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PART I: GENERAL INTRODUCTION AND STRATIGRAPHY. 

The present report is the result of studies begun in the summer 
of 1900, and continued with some more or less prolonged int13ITup
tions up to the present time. Parts of the field seasons of 1900, 
1901, 1906 and 1907, have been spent, in conjunction with'students 
of the Department of Geology of the Indiana University, in the 
study of the sections herein described and in the collection of fos
sils. The sections haveb~en selected with a view to the elucidation 
of the differences between the northern and southern portions of 
the area studied, and with reference to their accessibility and, to 
continuity of exposure. ' The last has presented more difficulties, 
perhaps, than any other requirement of the work; since continuous 
exposure is rare enough in any formation and especially so in a for
mation which, as is the case with the Cincinnati series, contains 
much intercalated shale. Nevertheless, as will be seen by a refer
ence to the sections themselves, this requirement has been met with 
a reasonable degree of success. Wherever possible exposures in the 
beds of creeks have been sought, since' cliff sections or those in rail
road cuttings are usually so submerged in talus that it is a very 
difficult matter to be sure that every specimen is exactly located as 
to horizon-a requirement that has at all times been adhered to as 
paramount. 

The exigencies of the last requirement will explain to some de- . 
gree the failure of mant ·rare forms to appear in the lists, and the 
seeming meagreness of some of the lists of species in parts of the 
series that in the Cincinnati region, as may be seen from the excel

\
lent paper of Nickles, have afforded a very large number. It must 
be remembered, however, that the forms listed in that paper and 
the various catalogues that have been published of the fossils of the 
Cincinnati group, represent the gleanings of the past half century 
from very numerous exposures, and by many collectors; and also 
that very many of them are of the rarest sort. No attempt has 
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been made to secure rare forms. The main purpose of the work 
has been to fix so far as possible the range of the commoner forms, 
which after all are the only ones that can be of much use in strati
graphie work. I have also tried to collect in such a way as to elimi- . 
nate the personal equation, in order to arrive at a more satisfactory 
estimate of the relative abundance of the forms. To this end I 
have avoided the practice of collecting large numbers of some par
ticular species just because it happens to be abundant or especially 
well preserved. I have attempted in any given exposure to obtain 
in their proper numerical ratio every species to be found in the 
given exposure. One matter must be taken into consideration in 
the comparison of the faunules of different zones in a: given sec
tion, namely, that some zones are of necessity much better exposed 
for collecting than others, and on that account may have a larger 
showing in the lists, although not really possessing a larger faunule. 
This is one of the sources of error that only years of careful zonal 
collecting can remedy; and the present report, it is hoped, will 
stimulate much further work of this sort in the Ordovician rocka of 
Indiana .. 

In many instances the section has been arbitrarily divided into 
divisions of a few feet in thickness, in order that the analysis of the 
section, foot by foot, might bring out the true relation of the faUn
ules. This haS been carried out in most detail in the upper part 
of the Tanner's creek section, where a five-foot division (one lap of 
the Locke level) was used, and in several cases even the top and 
bottom portions of the division were kept separate. That this is 
not an unnecessary refinement is shown by the fact that the faunule 
may change radically within a few inches of rock, in some cases, 
while in others the change comes on gradually, and is distributed 
through many feet of rocks. 

Not only has the exact level of the fossil been determined with 
the utmost care, but the location of the section and any given di
vision of the section on the map has been determined with equal 
care. In order to accomplish this a good large scale map was used 
and each division of the section accurately located and its number 
marked on the map. This gives the element of distribution equal· 
precision with that of range. The system of nomenclature used for 
the numbering of sections and their divisions is a modification of 
that used by Prof. H. S. Williams, to whom all stratigraphers are 
deeply indebted in so many ways. AccQrding to this system, used 
at the Indiana University, a number is given to each State, Indiana 
being No.1. Each town or locality at which collections are made 
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then receives another number, which is written after the number 
indicating the State, with the decimal point between. Thus, Tan
ner's creek, Indiana, is 1.34. Any given section at the locality re
ceives a letter. Thus the upper end of Tanner's creek is section A, 
and would be written 1.34A. The division of the section is then 
written after the letter as a number. Thus, 1.34A15, which would 
then mean Tanner's creek, Indiana, section A, number 15. All this 
is very compact and may be entered upon each specimen when the 
latter is finally installed in the museum. These numbers are also 
very convenient to enter upon the map or in the note-book, and 
upon library cards, on slides containing thin .sections of the fossil, 
etc. They convey a large amount of information in a very small 
space. 

In the description of the species I have, with very few excep
tions, given the original description of the species in the exact 
words of the author. This has been done because of the great 
number and variety of the publications in which these descriptions 
have appeared, and because of the increasingly great difficulty of 
obtaining many of them. . This report is not intended merely for 
the specialist, but for the amateur and local collector as well. It 
is intended to show what is known of the Ordovician fossils of In
diana and to serve as a stimulus to further work in the same direc
tion. In every case where the original description of a fossil is in
adequate, I have supplemented it with a further description, drawn 
wherever possible from my own materiaL I have not, however, 
used my own material when a better description could be gathered 
from the literature, and in many of the rarer forms this has been 
the case. I have made no attempt to revise the species and genera 
described in this report, except in the case of a few of the Bryozoa 
and Brachiopoda. Undoubtedly a great deal of revision is needed 
in some of the groups; but I believe that such revision should 
await the collection (If very much additional materiai. 

The illustrating of this report has given me the greatest trouble. 
,I have not possessed the means to hire the illustrations made, and I 
have not had the time to draw them myself with pen and ink as I 
should have liked to have done. The only thing left to me was the 
method of retouched photographs, reproduced by the half tone pro
cess. This has the advantage of faithfulness to the original, but 
suffers perhaps more than any other method from the carelessness 
of the engraver and the printer. The making of the illustrations 
has been an immense labor, even )Vith the potent aid of photog
raphy. 

[39] 
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By far the most abundant fossils of the Cincinnati group are 
the Bryozoa. In the majority of exposures one-half or more of all 
the spe()ies collected will be bryozoa, practically all belonging to the 
one order of Trepostomata (Monticuliporidae of older authors).· 
The extent ,to which these'fossils have 'been neglected heretofore by' 
Indiana collectors is shown by, the fact that while about 150 species 
of Bryozoa are listed in the present report, not more than thirty 
are listed in Kindle's catalog of Indiana fossils (published in 
1897). Undoubtedly it has been commonly known to the various 
Cincinnati collectors who have made a special study of the Bryozoa, 
that these forms occur in Indiana; but hitherto there has been no 
published record of the fact. Probably the reason for the neglect 
of these forms is to be found in the great difficulties in the way of 
their study, and in the tendency of those who depend on surface 
characters to throw them into a few well known species. While 
it is possible for a specialist in the group to make a fairly sure 
identification on the basis of external characters, even he will make 
mistakes occasionally, unless assisted by thin sections, showing the 
internal charMters. The preparation of such sections involves 'a 
great amount of labor, but it should always be considereq as a 
necessary part of the study of these forms. In the study of the 
material for the present report, I have prepared over 1,500 slides 
aggregating over 3,000 thin sections of Bryozoa. The method of 
preparation of such sections is now pretty well known, and I shall 
briefly describe it when we come to the consideration of that group 
of fossils. I only wish at the present time to emphasize the neces
sity of their preparation. 

Not only are the Bryozoa very abundant, but they are often 
most excellent zone markers. Mr. Nickles even goes so far as to 
subdivide the Eden and Lorraine formations into a series of bryo
zoan zones. 'l'heoretically this procedure has entire justification; . . 
but as a matter of practice in the field in the hands of any but an, 
experienced student of the Bryozoa, it is fraught with grave dif
ficulties, because of the uncertainty of identification of most of 
these forms by such study' as can be given them in the field; and 
every stratigrapher knows the value of easily recognizable forms in 
field work. I have therefore, whenever possible, made use of the 
Brachiopoda.as zone markers, and have found that some even of the 
wide-ranging species may be thus used if due attention is paid to 
their zonal variations and relative abundance. 

*The controversy as to whether these fossils are to be referred to the Bryozoa 
or to the corals may, I think, be consIdered as settled in favor of the former. 

http:Brachiopoda.as
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For such purposes the Brachiopoda are almost ideal. They are 
usually well preserved and abundant, and are reasonably suscepti
ble to changing conditions of environment, though not as quick in 
their response to such changes as some other groups. If, however, 
we learn to appreciate small variations we shall be in a position to 
make a more extensive, and I believe, a safer use of these forms 
than has been thought possible by some paleontologists. I have al
ready shown this to be the case in Platystropkia, and I shall try to 
make it as clear in some' other genera. Even so long-lived and 
ubiquitous a form as Rafinesquina alternata presents zonal varia
tions that can be utilized for our purposes. Not only can the small 
variations of species that mark the transition from zone to zone. be 
utilized by the stratigrapher, but the relative abundance of a given 
form frequently serves the purpose of marking a zone with equal 
certainty, and is much easier to use. For example, the sudden ap
pearance of Pledambonites sericeus in immense numbers in a cer
tain layer of the Richmond formation has furnished a ready and 
reliable means of tracing the horizon of its occurrence allover the 
Indiana region. Now Plectambonites sericeus is a very long-lived 
and widely-distributed form, and presents exceedingly little varia
tion throughout its r.ange; nevertheless, for the reason stated, it 
proves to be a most excellent· zone marker. On the other hand, 
some of the Brachiopoda have a very limited range in the Cincin
nati rocks. This is true, lor example, of Dinortkis retrorsa and 
Zygospira keadi, which make their appearance in some abundance 
at one particular level and are not met with elsewhere. Hebertella 
insculpta is a form of similarly though not so severely restricted 
range. Dalmanella meeki and Rkynckotrema dentata .mark con
siderably thicker zones, but nevertheless zones of very homogeneous 
faunal composition. 

Doubtless the Pelecypoda would make very delicate zone 
markers, but unfortunately they are scarcely ever abundant, and 
are usually very poorly preserved. Much the same i& true also of 
the Gasteropoda, while the Cephalopoda are in a- still worse plight, 
being usually in such a state of preservation as to make their iden
tification largely a matter of guesswork. 

Of other classes, the Crinoidea are almost never represented by 
anything more than the segments of the stems and an occasional 
plate of the calyx. Inchoate calices are extremely rare. Corals 
have a very feeble representation throughout the greater part of 
the Cincinnati group, although in the Richmond formation a few 
species are abundant, and two, namely Oolumn(J,ria alveolata and 
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Tetradium min'US are excellent zone markers. The Trilobites, ex
cepting the three species Calymene callicephala, Isotelus maximus 
and 1. gigas, are rare and poorly preserved, and the species men
tioned are such widely ranging forms and present so little variation' 
as to be of little use. The Ostracoda in the hands of a skillful stu
dent of the class would undobtedly prove excellent zone markers, 
since they are nearly always present in numbers and· do not range 
very widely. Their study is, ~owever, a matter of great difficulty 
and some uncertainty, and they present the same difficulties to the 
field geologist as the Bryozoa. Such forms as worms and problem
atica need not be considered in the present connection . 

•Passing by the question of the usefulness of some particular 
species as a zone marker, it is important to consider the value of the 
general or total expression of the faunule. 

It is perfectly possible for a given species or for several asso
ciated species to recur in several more or less .widely separated 
zones, but it is mQre than unlikely that an association of many 
species will ever recur in precisely the same association, that is, 
with the same species present in the same relative numbers. The 
expression of the faunule is therefore reliable within a given rather 
limited area; for the faunule may change laterally as well as ver
tically. This last fact calls for great care in the endeavor to trace 
zones over considerable areas; and makes: it safer in many instances 
to correlate by means of a particular species or a particular few 
species than by the faunal expression. 

In what has been said so far no mention is made of the use of 
lithology for purposes of the correlation of more or less widely 
separated exposures. There is not much to say. The Cincinnati 
series presents a succession of shales and limestones in which there 
is not much that is distinctive for the purposes of correlation. 
Certain major details may indeed be made out, such for example, 
as that the Eden beds consist mainly of shale with an occasional 
thin layer of limestone, while the Lorraine consists largely of lime
stone with intercalated shale. 'l'he lower Richmond CWaynesville) 
formation is .more predominantly shale than the middle Richmond. 
On the other hand the Saluda consists at Richmond almost entirely 
of limestone, while at Madison it consists of massive calcareous 
sandstones. To attempt to trace the smaller subdivisions of the 
Cincinnati series by means of lithology would be futile. On the 
whole I have considered it best to practically disregard lithology, 
so far as the correlation of distant exposures is concerned. Within 
small areas it will be found useful, if used with discretion. In one 
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instance the lithological characters of a stratum have served in trac
ing it over the greater part of the region. This is the case of the 
shale bed at the base of the Saluda formation. Even here, how
ever, the evidence of fossils has constantly been appealed to-in this 

. ,.\ase the presence of the Corals, Golumnaria alveolata ~nd Tetra:. 
dium minus. Farther east than the Indiana region, this shale bed 
fails, and the faunal evidence weakens to such an extent that the 
discrimination of the zone in question has remained up to the pres
ent time a matter of doubt. 

The area of the outcrop of the Ordovician rocks in Indiana com
prises all of the counties of Switzerland, Ohio, and Dearborn, ex
cept a very small p,rea in the northwestern corner of Switzerland; 
and the greater part of the Counties of Wayne, Franklin, Union, 
and Fayette, together with the eastern half of Ripley and the 
eastern edge of Jefferson. Besides' this area, which constitutes one 
continuous tract extending from Richmond on the north to Madison 
on the south, and having its western boundary nearly on a straight 
line extending from Hagerstown, in Wayne County, to Madison, in 
Jefferson County; there are several isolated, and very much 
smaller areas, in the counties of Decatur, Ripley, Jennings and· 
Clark .. 

The best known localities for the collection of fossils within this 
area are Richmond, Versailles, Madison and Weisburg. Besides 
these may be mentioned Lawrenceburg, Vevay, Moores Hill, Os
good, Laurel, Brookville, Liberty and especially the new cuts along 
the Big Four R. R. between Weisburg and Guilford, where there is 
now a continuously exposed section from the middle Utica to near 
the top of the Ordovician. This last series of exposures has been 
opened up since my collections were made from the Tanner's creek 
section, and it is a matter of regret that I have not had the time 
since to work up a new collection of material from this section. I 
hope at some future time to publish a revised section of Tanner's 
creek, based ort collections from these railroad cuts. I was unfor
tunately in the East during the time that these cuts were being ex
cavated and thus missed the rare opportunity to collect from the 
dumps as the material was carried out of the cuts. It is still pos
sible, however, to make very full and detailed zonal collections from 
this locality. 

I cannot conclude this introductory sketch without gratefUlly 
acknowledging the assistance that I have from time to time received 
from my students and others in the preparation of this report. 
During the first summer of my field work I was accompanied by 
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four studeuts, 'V. P. Jenkins, A. V. Redmond, John Crowley, and 
L. M. Moore; and during the second summer by A. V. Mauck, 
James Frazer, Frank Buser, and W. F. Oesterle. l\fost of the col
lecting was done in these two seasons and was very greatly aided 
by these gentlemen. During the summer of 1906, I was assisted in 
the field by G. E. Burton and Albert W. Thompson, and during the 
summer of 1907, by W. M. Tucker. To these men I am under es
pecial obligations. :Mr. 'rucker has rendered me assistance in the 
preparation of the maps that accompany this report, without which 
I could scarcely have brought the report to a qonclusion in the' time 
at my disposal. Miss Maude Siebenthal has retouched most of the 
photographs that illustrate the report, and has ip other ways been 
of great service to me. The follOWIng libraries have loaned me 
literature: State Library of New York, Congressional Library, 
Library of Chicago University, t;rerar Library of Chicago, and the 
State Library of Indiana. In addition, Professor Charles Schu
chert of Yale University lqaned me books and pamphlets from his 
own library and the library of Yale University. Dr. Stuart Weller 
of Chicago University very kindly sent me several of the types in 
the James collection of Cincinnati fossils. To my colleague, Dr. 
Beede, I am also under obligations for much advice and assistance 
in the work. Finally, I wish to acknowledge most gratefully the 
kindness of :!\t[r. W. S. Blatchley, the State Geologist, in making 
possible the publication and proper mustration of this report, and 
for many courtesies during its progress through the pres;:;. 

HIS'l'ORICAL SKETCH. 

The history of the investigation of the rocks of the Cincinnati 
group during the past three-quarters of a century has been sum
marized by Nickles in his paper on the Geology of Cineinnatil and 
the history of the various names of the larger subdivisions of these 
rocks is also given by Prosser in Bulletin No. 7 of· the Ohio Geo
logical Survey.2 It will not be necessary, therefore, to go into the 
details of this part of the discussion. I shall give very briefly the 
history of the names, as it is outlined by Nickles, following this 
with a chart showing these varioml names and their equivalence. 

This series of rocks was first known as the Blue Limestones of 
the :West, or simply the Blue Limestone. D'OrbigllY, for example, 
in his Prodrome lists a number of fossils from the" Blue Lime" of 

'Jour. Gin. Soc. Nat, Hist.. voL XX, No.2, 1902, pp. 52-60. 
'Revised Nomenclature of the Ohio Geological formations. Geological Survey of Ohio, 

Fourth series, BulL No.7, pp. 29-36. 
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Ohio. These so-called Blue Limestones were at first supposed to 
be equivalent to the Trenton limestone of New Yorks, an error that 
was not corrected for many years. With the extension of the care
ful investigations of Hall and others to the western localities, this 
mistake was gradually rectified. Hall in 18424 correlated the lime
stones exposed at low water in the banks of the Ohio River at New
port, Ky., with the Trenton, a correlatio,n that subsequent studies 
have shown to be correct. This correlation lead to considering the 
overlying series of rocks as the equivalent of the Hudson River 
shales of New York. This latter correlation was definitely made by 
Hall in 18435 • In 1862, however, he abandoned the term, consider
ing these rocks as younger than the New York series of shales 
known as the Hudson River group; but in 18776 he returned to 
the use of the term for the Ohio formations. In 1865 Meek and 
Worthen proposed the term" Cincinnati group," to take the place 
of the at that time discarded term Hudson River groUp.7 This term 
was adopted by the second Geological Survey of Ohio. The term 
did not, however, find general acceptance, and in 1879 a commit
tee of the Cincinnati Society of Natural History, with Mr. S. A. 
Miller as chairman, was appointed to consider the question of the 
names of this series of rocks. This committee reported in favor of 
the term Hudson River group. Their report will be found pub
lished in the Journal of the Society8. From this report Mr. U. P. 
James dissented9

• 'l'he term Cincinnati group still continued to be 
used by some of the Cincinnati geologists. In 1888 Edward Orton, 
Sr., State Geologist of Ohio, proposed, on the grounds of the reve
lations of well records, to discontinue the use of the term Cincin
nati group.'~ Walcott also in 1890 favol"ed the use of the term 
Hudson Rivergroup for these ro<.'ksY Finally PI'. Rue"demann in 
190012 showed that the series of !'lhales in the Hudson valley repre
sent beds ranging in age from the basal Trenton upward; and the 
name Hudson River Group was quietly dropped from geological 
nomenclature. By default of this older name, therefore, the very 
appropriate name of Cincinnati group or Cincinnati series became 
established. 

3Vanuxem, Amer. Jour. SeL, vol. XVI, 1829, p. 256. 
<Hall, Amer. Jour. Sci., vol. XLII, 1842, p. 61. 
~Hall, Trans. Amer. Assoc. Gool and Nat., 1843. pp. 267':"293. 
,"Hall, Proc. Amer. As.,oc. Adv. Sci.. 1877, vol. XXVI, pp. 25\}--265. 
'Meek and Worthen, Proc. Acad. Nat. Sci.. Philadelphia, 1865, p. 55. 
'Jour. Cin. Soc. Nat. Hi.t., I, 1879, pp. 193-4. 
"The Paleontologi.t, No.4. 1879, pp. 27-28. 

>oOrton. Gool. SUIT. Ohio. VI, 1888. p. 9. 
IlBulI, Gaol. Soc. Amer., I, 1890, pp. 335--356. 
1 ZRuedemann. Bull. New York State Museum, VIII, No. 42. 1900, pp. 564-568. 
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. Subdivisions. In 1873 Dr. Edward Orton4, of the Ohio Survey, 
subdivided the Cincinnati series into the Point Pleasant beds, ex
posed.in the north bank of the Ohio River about twenty-five miles 
east of Cincinnati; the Cincinnati beds extending from the low 
water mark at Cincinnati to the tops of the hills at that city; and 
the Lebanon beds extending from the top of this division to the top 
of the Ordovician system. The Cincinnati beds proper, he sub
divided into the River Quarry beds, 50 ft. thick, the Eden shales, 
250 ft. thick, and the Hill Quarry beds, 150 ft. thick. The Point 
Pleasant beds belong to the Trenton series, and the balance to the 
Cincinnati series as now understood: 

As far back as 1842, Hall had recognized the Utica shales in the 
Cincinnati section5 

• The rocks to which he applied the name were 
in part the same as the Eden shales of Orton. These rocks were 
also considered as equivalent to the Utica of New York by the com
mittee of the Cincinnati Society of Natural History, alluded to 
above. In 1888 Mr. Ulrich correlated the beds No. XIb of his 
paper on the Correlation of the Lower Silurian Horizons with the 
black shales of the l<'indlay wells, which Orton correlated with the 
Utica shales. These beds XIb of Ulrich are the same, practically, 
as the Eden shales of Orton, and have, according to Ulrich, a thick
ness of 225 feet6. In volume VI of the Ohio Geological Survey, 
Orton is disposed to doubt the presence of the Utica in the Cincin
nati section. In the Geology of Mimiesota (1897) Winchell and 
Ulrich definitely correlate the Eden shales with the Utica shales 
of the eastern province7• 

In 1902 Nickles published a paper on the Geology of Cincin
nati in which the term Utica is again used for these shales, and they 
are subdivided into three divisions, the lower, middle and upper, 
characterized by Bryozoas• These bryozoan zones are in ascending 
order the Aspido,Pora newberryi beds, 80 ft. thick; the Batostoma 
jamesi beds, 120 ft. thick; and the Dekayella ulricki beds, 6Q ft. 
thick. This same subdivision of the Utica into lower, middle and 
upper is repeated by Nickles in Bulletin No. 5 of the Kentucky 
Geological Survey (1905). In this publication, however, he uses 
the term Eden shale in preferenoo to Utica, and says in regard to 
this usage, "as the sediments [of the New York and Ohio valley 

'Orton. Geol. Surv. Ohio. vol. I, 1873, pp. 365-449. 
•Amer. Jour Sci. XLII. 1842, p. 61. 

'U1rich, Amer. Geologist. I, 1888. pp. 183-190, and p. 312. 

'!Winchell and Ulrich. Geol. and Nat. rust. Burv. Minn., vol. Ill. pt. II, pp. ci-cil. and 


ohart, p. Ixxxix. 
"Nickles. Jour. Cin. Soc. Nat. Hist" XX. No.2, 1902. pp. 66-74. 

http:posed.in
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regions] were deposited in different basins and under very different 
conditions, and as the faunas have scarcely anything in common, it 
seems better th.,at they should bear different names; hence Orton's 
name Eden is re"ived for the formation developed in the Ohio 
valley. " This proposed revival of the name Eden is, however, due 
to Foerste, who, in August, 1905, published the following opinion 
in Science: "The name Eden, well defined by Orton in the first 
volume of the 'Geology of Ohio' published in 1873, is revived for 
the strata which in the' Geology of Cincinnati' [Nickles] are iden
tilled as Utica."9 . 

Finally, in a paper on the James types of Lower Silurian Bry
ozoa, by Mr. Bassler (1906), is given a classillcation of the Cincin
nati series!, in which the term Eden is used for the greater part of 
these shales, with the older term Utica standing for the lower 5 ft., 
immediately overlying the Point Pleasant beds. To this lower 5 ft. 
the name Fulton is applied. In this classification the three sub
divisions of the Eden shales receive the names Economy, Southgate 
and McMicken, in the ascending order. . 

To the limestone beds overlying the Eden shales, Orton, as we 
have seen, gave the name Hill Quarry beds, with a thickness of 
about 150 ft. The top of this division was marked by the "lynx 
beds, " seen on the highest hills in the city of Cincinnati. In 
1842, Emmons had applied the name Lorraine to the series of are
naceous shales exposed about Lorraine in Jefferson. County, New 
York, and overlying the Utica shales2

• In the chapter on the cor
relation of the rocks of the Cincinnati group, in their report on the 
Paleontology of Minnesota, Winchell and Ulrieh proposed to apply 
this name (Lorraine) to the Hill Quarry beds of Orton3 • Since 
that time the term has been more or less commonly employed. In 
his paper on the Geology of Cincinnati (ante), Nickles uses the 
term Lorraine group for these beds and subdivides the group into 
six divisions, tiS follows, in the ascending order: (1) Mt. Hope, or 
Amplexopora septosa beds, 50 ft.; (2) Fairmount, or Dekayia as
pera beds, 80 ft.; (3) Bellevue, or "llontic1tlipora molesta beds, 20 
ft.; (4) Corryville, or Ckiloporella flabellata beds, 60 ft.; (5) M t. 
Auburn, or Platystropkia lynx beds, 20 ft.; (6) Warren, or Homo
trypa bassle1-i beds, 80 ft. (loc. cit., p. 75). This subdivision of the 
Lorraine was adopted by Bassler in 1903, in his paper on the Genus 

9Foerste, Science, N. S., XXII, Aug. 4, 1905, p. 150. 
lBassler, Proc. U. S. National Museum, XXX, No. 1442, p. 8. This cla.saificatioll it is 

stated is in course of publication by Ulrich. 
'Emmons, Nat. Hist. of New York, pt. II, geology of the Second District, 1842, p. 119. 
3Winchell and Ulrich, Goo!. and Nat,. Hi.t. Surv. Minn., vol. III, pt. II, 1897, p cli. 
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Homotrypa4 Here, also, Bassler accepts the names Utica and Lor• 

raine. In 1905, however, Foerste" proposed to discaxd the name 
Lorraine and suggested the name Maysville from Maysville, Ken
tucky, 'for this division. This latter name was adopted by Nickles 
in his paper on the Upper Ordovician Rocks of Kentucky6. In 
Prosser's paper on the Revised nomenclature of the Ohio forma
tions the name Lorraine is used7• It mustbe stated, however, that 
Prosser's manuscript was in the hands of the printer before- this 
later suggestion of Foerste was publi~hed. Finally in the paper by 
Bassler on the James Types (ante), in the classification proposed by 

. Ulrich, neither of the names Lorraine or Maysville are used, but 
the Utica, Eden and Lorraine (of other authors) are placed in a 
new division of larger rank, the Covington group, named from 
Covington, Kentucky (loc. cit., pp .. 8-10). In this classification the 
Mt. Hope and Fairmount divisions of Nickles are bracketed to
gether as the Fairview division, and the Bellevue, Corryville, and 
iVIt. Auburn divisions of Nickles are bracketed together as the Mc
Millan division. These two together, therefore, constitute what has 
heretofore been known as the Lorraine division of the Cincinnati 
group. Thus out of this kaleidoscopic shifting about of names 
emerges a practically new set of names for this group of rocks. 

For the upper division of the Cincinnati series Dr. Orton pro
posed the name Lebanon beds, with a thickness of nearly 300 ft. 
(ante). This division is now universally known as the Richmond 
formation, a name proposed by Winchell and Ulrich in the Geology 
of Minnesota8 The reason for the substitution of this name for • 

the older name of Orton was the fact that the name Lebanon had 
previously been used by Safford for a member of the· Trenton for
'mation of Tennessee. In Nickles paper (ante), the Richmond is 
divided into the low!:'!', middle and upper Richmond beds (loc. cit., 
pp. 88-95). Judging from the fauna given, the upp.er Richmond of 
Nicklesis the same as the Madison beds of Foerste (Saluda), which 
he named in 18969 , and to which he has devoted a very consider
able amount of study. In proposing this name, Foerste says: "In 
some regions these richly fossiliferous limestones and clay beds [of 
the upper part of the Cincinnati series] terminate quite abruptly 
40 to 60 feet beneath the Clinton, and are overlaid by a very argil

'Bassler, Proeeedings of the U. S. National Museum, XXVI. 1003, p. 567. foot note. 

sFoerste, Science N. S., vo!. XXII, 1005, pp. 149-152. 

'Nickles, Bull. No.5, Kentucky Geological Survey, 1005, p. 17, and table, p. 15 

'Prosser, Geological Survey of Ohlo, Fourth Series, Bul!. No.7, p. 3. But see remarks, 


p.34. 
"Winchell and Ulrich, Geo!. Nat. Rist. Surv. Minn., vol. III, pt. II, p. ciii. 
9Foerste, Indiana Dept. Goo!. Nat. Resources, 21st annual Rept., 1896. p. 220. 
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laceous rock, or very impure limestone, which is described in the 
next section under the name of the Madison hed." In the discus
sion that follows Foerste says: "In the vicinity of Madison, the 
top of the IJower Silurian is formed by a considerable thickness of 
argillaceous limestones, weathering on long exposure from light 
brown, more or less banded with darker brown, to even purplish 
tinted layers.. .. The fossils in these argillaceous lime
stones are confined to a few layers, and by far the greater part of 
the layers are without fossil remains. Beneath the banded lime
stones occur eight feet of the Favii~tella bed, which, near Madison 
seems to form a well marked horizon." These banded limestones 
form many picturesque waterfalls in the vicinity of Madison and 
Hanover. The ]t'avistella stellata is the Columnaria alveolata of 
the present report .. The typical :Madison bed, he further states, is 
commonly overlaid by limestone or shaly limestone containing fos
sils, among which are chiefly Lophospira hammelli, H olopea hub
bardi, and Leperditia caecigena. Labechia and Tetradium minus 
also occur in these upper limestones. Speaking of the northern 
continuation of the Madison beds, Foerste says: "North and 
northwest of the typical Madison bed, the top of the Lower Silurian 
rapidly changes in charact€r. It is replaced by a series of blue, 
often rather dark blue, very fine grained limestones. . . 
Lithologically, this rock is similar to the dark blue, fine grained 
layer forming part of the Murchisonia hammeli layer in more 
southern areas.. . The fiue grained, dark blue limestone, 
taking the place of the Madison beds, is interbedded with ordinary 
limestones, and with clays containing ordinary limestone fossils. 
Sections of this type begin to be exposed in northern J eft'erson 
County, and are typically developed at Versailles, along the whole 
length of Big Graham Creek, and for some distance n9rthwards. 
The correspondence of this section is very well seen in the exposure 
immediately north of Versailles, where 29 feet of this limestone, 
with its intercalated beds of clay and shale, are underlaid by 11 
feet of unfossiliferous brownish and bluish shales, corresponding to 
the shales at the base of the Madison beds near Madison. Below 
the shales are 12 feet of limestone and shale, containing Tetradium 
m·inor at many levels, and Favistella stellata at the very base. 
This is the characteristic horizon for Fav'istella in southern Indi
ana. . From the Baltimore & Ohio Southwestern Rail
road northwards, all comparison with the Madison beds is lost. 
The upper strata consist commonly of thin or shaly limestones, in
terbedded with clays, both usually abundantly fossiliferous. No 



620 REPORT OF STATE GEOLOGIST. 

demarkation can be made between these upper strata and the lower 
horizons of the Lower Silurian, corresponding to the separation of 
the Madison from the richly fossiliferous shales in southern Jeffer
son and Clark counties. This means that the Madison beds are re
placed northwestward by limeStones. . . . ." 

For a complete discussion of the literature of the Madison (Sa
luda) beds, the reader is referred to the paper by Dr. Foerste in 
the 24th annual report of the Indiana Geological Survey, pp. 45-68. 
In this place I merely desire to indicate the general conception of 
the Madison beds as set forth by the author of the name in his 
original paper. 

Finding that the name Madison beds was preoccupied, Foerste, 
in 1902, proposed to substitute the name Saluda for these beds, 
from Saluda Creek, six miles south of Hanover, Indiana. This 
latter name is therefore used in the present report. 

For the balance of the Richmond group-the lower and middle 
Richmond of Nickles~the name Waynesville1 , has been proposed 
for the lower division (for the most part); Liberty beds for the 
next higher division (Nickles, loco cit., pp. 207.208); and White
water division for the beds next above the Liberty (Nickles, loco cit., 
pp. 208-209) . These beds are followed by the Saluda of Foerste. 
Foerste, in 1905, recognizing the fact that the Whitewater division 
of the Richmond section cannot be differentiated in the more south
erly sections, proposed the name Versailles for the two divisions, 
Liberty and Whitewater. For the Warren division, referred to 
the Lorraine by Nickles in his paper on the Geology of Cincinnati, 
but considered by Bassler, apparently following an unpublished 
view of Ulrich, as referable to the Richmond, rather than to the 
Lorraine, Foerste also proposed the name Arnheim (from the small 
town of that name near Georgetown, Ohio), because of the preoccu
pation of the name Warren. (Foerste, loco cit., p. 150.) Of these 
names, Liberty is from Liberty, the county seat of Union County, 
Indiana; and Waynesville, from the town of Waynesville, in Ohio; 
while Whitewater is from the Whitewater River at Richmond, Indi
ana, along which through the city of Richmond these beds are well 
exposed. 

'Nickles, Amer. Geologist, XXXII, 1903, pp, 205-206. 

aFoerste, Scienca. N. S. vol. XXII, 1906, p. 150. 
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EXPLANATION OF SECTIONS. 

The detailed sections are given in the following pages without 
extensive comment, which is reserved till all the sections have been 
presented seriatim, in order that the whole subject of stratigraphy 
may be discussed in one place. While many sections have been 
measured besides those given in the succeeding pages, many of 
these have not yet been carefully collected from, or present nothing 
in addition to the points elucidated by the sections that hl,j.ve been . 
included. Some of the sections, especially those near the top of the 
Richmond formation, along the line of contact of the Ordovician 
and Silurian, have not been carefully collected from as yet, and 
nevertheless are included because they bear upon the question of 
the horizon, thickness and distribution of the Saluda formation. 
rfhe fauna of this formation is not extensive, but is nevertheless of 
very great interest, and I hope in a future paper to take it up in 
detail. The species listed from some of the sections of this forma
tion were identified in the field (with the exception of the Bry
ozoa). In general this practice has not been followed, but the ma
terial has been removed to the laboratory and carefully studied 
there. All of the locality numbers will be found carefully marked 
in on the accompanying map. 

It is necessary to explain thaf in a few cases the section numbers 
in the sections that follow do not correspond to those given in the 
body of the text where the localities are given after each species. 
This occurs in the case of section A at Richmond, Indiana (1.41A). 
The reason for this is that the section was measured at two differ
ent times, and that at the second measurement a somewhat different 
plan was adopted. All the collections are labeled, howev-.er, accord
ing to the numbers first adopted, and hence it became necessary to 
follow these original numbers in giving the localities after the 
description of each species. The numbers of section 1.41A, given 
on the chart, are those of the newer section. The equivalence of 
the old and new numbers will be found stated in the description of 
each section where such difference in numbering occurs. In the 
case of the general section along the Whitewater River at Rich
mond, numbers are used that do not correspond to those of the sev
eral sections (B, D, E), from which collections were made. The 
general section is a combination of these and bears its own numbers. 
In the case of the detailed section at Vevay (1.38A) the numbers 
are the original numbers, with the exception that I have added 
pumbers 84 to 88 to include the portion of the section designated 

http:howev-.er
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Ba-h in my paper on the Vevay section. This includes most of the 
Platystropkia zone. Species given as coming from 1.38P were 
found loose in association with Platystropkia lynx at Vevay. The 
general section at Madison, Indiana, also has its own numbers, 
which do not correspond to those of sections A, D and E, of which 
it is made up. . 

No description of the Tanner's Creek section is given. The 
chart and profile are considered as quite sufficient. The thickness 
of the various divisions can be obtained from the chart, and the ele

1vation of any collecting station above datum can be obtained from 
the profile. 

Some slight explanation of the chart is perhaps needed. The 
species, as will be noted, are given in alphabetical order at the left. 
The occurrence of any given species is indicated by a straight line 
drawn on the chart, the . weight of the line indicating the relative 
abundance of the species. In cases where the species is very abund· 
ant or dominant in the fauna the space is filled in solid black. At 
the top of the chart the localities are indicated, and by brackets are 
grouped into their respective sect~ons. Along the top margin is 
also given a scale of feet, each space, reading across the chart, 
equalling five feet. The datum taken is the low water level of the 
Ohio River at Lawrenceburg, Indiana. In this section dip is disre· 
garded. This does not introduce any considerable error, since the 
dip in the direction of the section is slight.l The highest exposure 
in the 'l'anner's Creek section is the Saluda division. For the re
mainder of the Richmond series that portion of the Richmond sec
tion coming above the Saluda, namely the Whitewater and Elkhorn 
divisions, is taken and added on to the Tanner's Creek section. 
'fhe whole, therefore, becomes a general section of the Cincinnati 
series of Indiana. 

LIST OF SECTIONS. 

'l'he starred sections are described in detail in this report. 
5.0A·-Section opposite the mouth of the Miami river, in the Kentucky 

bank of the Ohio river. extendmg from the level of the river 
to the top of the hill. Eden and Lorraine. 

'Allowance for the dip should be made, however, fox section 5.9A, which is 
nearly six miles removed from the balance of the section. The base of section 
1.34C is in real1ty probably not far from 60 ft., stratigraphically, above the top 
of section 1I.9A. This makes the Eden shales about ·220 ft. thick In this section, In
stead of 160 as the chart would seem to Indicate. 'l'hls discrepancy was reallzed 
too late to re.-draw the chart. In the balance of the section the direction changes 
from nearly west to northwest, or from that of the main·· dip toward that of the 
str1ke; and ,he dip no longer introduces any serious error. 



624 REPOR1' OF STATE GEOLOGIST. 

1.33A·-Sectlon at the road metal quarry on the hill just west of Law
renceburg, Indiana. Middle Lorraine. 

1.84C·-8ectlon along Tanner'!' creek from the level of the creek at Guil
ford to the top of the hill just east of Manchester Station, 
Indiana. Eden and Lorraine. 

l.84B·-Section along Tanner's creek from Manchester Station to the :ilrst 
railroad bridge west of Harmon's station, Indiana. Upper· 
Lorraine and Arnhelm. 

l.34A·-Sectlon from the level of Tanner'S creek at the second railroad 
bridge west of Harmon's station to the top of the first railroad 
cut north of Welsburg. Richmond. 

1.35A-Section of the hIgh hill in the south edge of Aurora, Indiana. Same 
beds as 1.33A3. 

1.35B-Section along Whitaker's branch from Dillsboro station to Moore's 
HlII, IndIana. Shows all of Lorraine and Richmond to neal' 
base of Saluda. 

1.36--Laughery creek, Indiana. 
1.3GB-Section of the north bluff of I,aughery creek, one mile west of Mil

ton, Indiana. Upper Utica. 
1.36C--Section of the north bluff of Laughery creek, two miles southwest 

cif Milton, Indiana. Upper Utica. 
1.37A to H-All within a radial distance of four miles from' Rising Snn, 

Indiana. Utica and Lorraine.. 
1.38A·-Sectlon of the hill back of Vevay, Indiana, beginning at the head 

of Main Cross street. Utica and Lorraine. 
l.38B*-Section along the old road (now closed) over the hill just back 

of Vevay. Same as 1.38A.. 
1.38C, D, E-Along Indian creek below Bennington, Indiana. Lorraine and 

Lower Richmond. 
1.38F-On the east-and-west road one mile northwest of Bennington, In

diana. Liberty beds. 
l.l~A·-Section In the gulley just north of the north end of the south cut 

at Madison. 
1.12B-Sectlon along Clifty creek two miles west of Madison, Indiana. 

Top of Lorraine to top of Richmond. . 
1.l2C-Section of Clifty Fall, Indiana. Saluda and Niagara. 
1.12D·-Sectlon of the North cut (Big cut) at Madison, Indiana. Liberty 

to Niagara. 
1.12E*-Sectian of the south cut, Madison, Indiana. Arnheim and Waynes

ville. 
1.12F·-Sectlon in the north side of the highway a short distance below 

the Hanging Rock, Madison, Indiana. Liberty. 
1.12G"'-Section at the falls an Razor creek, one and one-half miles west 

of China, Jefferson County, Indiana. Saluda. 
1.12H·-Section at the falls on Crooked creek, three miles north of Madi

son, Indiana. Saluda. 
1,5SA-Section on Indian Kentuck creek, half way between Canaan and 

Barberville, Indiana. 
1.58B·-Section In the north edge of the vili1l.ge of Canaan, Jefferson Ooun

ty, Indiana. Saluda. 

http:vili1l.ge
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1.58lr---One mile southwest of Canaan. Saluda. 

Ui9A-On Raccoon creek, ~)lle-half mile southeast of Olean, Ripley County. 

1.59B-One-half mile southwest of Cross Plains, Jefferson County. 

1.59C-One-half mile west flf Cross Plains. Saluda. 

L59D*-One and one-half ~iles due west of Cross Plains. Saluda. 

1.59E-Two miles due wesf of Cross Plains. Saluda. 

1.59:b'-'l'hree and one-half :miles due west of Cross Plains. Saluda. 

l.59G--Two mlles north of!Barbersville, Jefferson County. Saluda. 

1.59H*-One mile north of :BarbersviIle. Saluda. 

1.60C-Headwaters of Big: Graham cr('ek southwest of Versailles, Indiana. 


Saluda. 
1.00D-Two gulleys comiqg into Laughery creek from the west, one and 

one-half miles southeast of Versailles. Saluda. 
1.00E-East bluff of Laughery creek, two miles southeast of Versailles.' 

Saluda. . 
l.60F*-Cooper's falls, fOu/r miles south of Versailles. Saluda. 
l.00G*-North fork of Ce4ar creek, north of Versailles. Waynesville. 
l.00H*-West forlt of Ced/ar creek from the base of the "Eighty-foot" cliff 

to the crossi~g of the Osgood and Versailles pike. Liberty to 
Whitewater. I 

l.00I*-Wash bank sixty ~eet high at the junction of the North and West 
forks of Cedilr creek. Waynesville llnd base of Liberty. 

l.S1A·-On a small trlbu,ltary of Laughery creek, one and one-half miles 
northeast of rSgOod, Ripley County, Indiana. Saluda. 

1.6JB·-One and three-qu\irters miles northeast of Osgood. Saluda. 
1.61C*-Two !liiles north (If Osgood. Saluda. 
1.6lD and E-Three and! one-half miles northeast of Osgood, on a small 

western tributary of Laughery creek. Saluda. 
1.61F-Four miles north Of Osgood. Clinton and Niagara. 
1.61G-Three and one-half miles north of Osgood. Ordovician, Cliutoll 

contact, 
1.62A to F·...:...Along the 't'est branch of' I.aughery creek, four miles south

west of Bat€lSVille, Ripley County, Indiana. Saluda. 
l.68A-Section on Harpel"s branch, three-quarters of a mile north of Oldeu

burg, Frankl'n County, Indiana. Liberty beds. 
l.68B.D-Headwaters of Fl small southern trlbutllry of Big Salt creek, one 

mile northw4st of Oldenburg. Saluda. 
l.68E*-On Big Salt cr~t, exactly four miles west of Oldenburg. Liberty 

and Saluda.: 
1.64A and B"'-On a nor~h tributary of Big Salt creek, two miles west of 

Hamburg, Ftanklln County. Indiana. Saluda. 
l.64C-On Bull Ifork, twq miles northwest of Hamburg. Saluda. 
l.64D*-On western tributary of Big Salt creek, three miles north of Ham

burg. Saluda. 
L14Al-East end of the 1'Mound," three-quarters of a mile south of Laurel, 

Franklin Co~nty, Indiana. Top of Waynesville. 
1 . .14A2--Railroad cut jUlh across the river from Laurel. Base of Liberty 

beds. 
1.l4B-Big 	Sains creek [from the junction with Little Salns creek (near 

Laurel) to l.14G. Llbel'ty beds. 

[40] 
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1.140, D-'l'hl'ee and a half miles southwest of Laurel. Libm·ty. 
1.14F*. G*---On Big Sains creek, two miles nOl·tlJwPst of Laurel. Saluda 

and Whitewater. 
1.615A"-Headwaters of Duclt creek, three miles northeastof Laurel. Salu

da, Whitewater, Liberty. 
1.66A"-On a small eastern tributary of the east fork of Whitewater river. 

two and a half miles southeast of Quakertown, Union County, 
Indiana. Liberty and Saluda. 

1.67A"-At the quarry and along the small stream near the quarry, one 
mile west of the center of Liberty, Union County, Indiana. 
Liberty and Saluda. 

lAlA·-Section along Elkj:lOrn creek from the crOSSing of the I ..iberty pike 
to the falls, at the Boston pike. Ba.se of Liberty to Clinton. 

lAIB*-Small eastern tributary of Wliltewater river, one and one-half 
miles south of Abington, Wayne County, Indiana. Base of 
Uberty. 

1.41C*-Small western tributary of Whitewatel' river, four miles south
west of the Main street bridge at Richmond, Wayne County, 
Indiana. Base of Liberty. 

1.41D*-At the quarries just south of the steel bridge, one and a IIalf miles 
south of the Main street lwldge at Richmond, and along tlie 
river to Main street. Liberty and Whitewater. 

J.41E*-Along the West fork, Richmond, fl'om its junction with East fork, 
to Thistlewaite E'alls. Wbitewater. 

SECTIONS IN DETAIL. 
Section in Kentucky opposite the mouth of the Miami River (5.911). 

Ft. In. 
51--Covered to top of hill .......•.......................... 1l~ 
50-Fragments of Strophomenoid shells .................... . ;
49-Shale ..•................................ , . , .......... . 1 
48--Limestone. Fragments of Brachiopods ................ . 6 
47-Shale ............... , ................................ . 1 
46--Hard limestone with Rajinesqwina alternata ..... ........ . 5 
45-Shnle ................................................ . 2 4 
44-Limestone. Rajinesqulna abu,ndant .................. :. 15 
43--Covered, probably shale ..•...................•..•..... 17 6 
42-Shale ................................................ . 2 6 
41-Limestone ..•..............................•.......... 5 2 
40-Shale with thin layers of sandstone....•.••.......... '" 8 6 
39--Limestone with Bryozoa and Rajinesquina alteroata•..... 3 
38--Mostly shale .•......•.................................. 10 8 
97--Crystalline limestone. RajilleFlquina and Dalmanella mul

tisecta ....................................... '.' . " . .9 .. 
36--Shale ................................................. . 2 3 
315-Thin layers of bryozoaI limestone...................... . 1 
34-Shale ................................................ . 6 9 
33-Bryozoal limestone ........................ , .......... . (} 

32-Shale ................................................ . 7 
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Ft. In. 
31-Limestone, shale at top. Dalmanella (aa).............. 7 

30-00vered .....•.•...................................... 42 

29-00mpact highly cr,ystalline limestone; few fosslls. . . . .. .. 1:1 

28-Shale ... . . . . . . . . . . . . . . . • . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . 2 9 

27-Hlghly crystalline limestone containing \ fragments of 


Asaphtl-ll .......•.......... : ......•..•..•....••.•.• 7 

26--Shale ................................................ . 5 

2..~ompact limestone containing DalmaMlla multisecta. . . . . 0 

24-Covered, probably some limestone. . . . . . . . . . . . . . . . . . . . . • . 16 

23-Brachiopod limestone (?) .....................•........ 4 

22-00vered ....................................•......... 8 4 

21-Limestone. Raftnesquina alternata and Trilobites....... 3 

20-Shale ............. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 4 

19-0overed (probably shale) .............................. 16 

IS-Limestone (in place'!) ...........................•.... 6 

I7-Shale .......... ..•....... ........... ..... . ............ 10 8 

16-IJimestone. Bryozoa, Plecta.mlJonites serice/ls ........... 3 

lo-Shale ......•.......................................... 1 

14--Limestone. Da./1naneUa, Plectmnbonites 8ericeu8 •....... 2 

I3-Shale ................................................ . 7 

12-Sandstone ........................................... . 3 

I1-Shale ........ " . " ......................... " . . .. . . . . . 2 9 

IO-Limestone with Dalma.nclla .... ,....................... 3 

V-Shale, possibly some sandy layers....................... 5 

8--Hard compact limestone, very few fossils. ........ ...... 5 

7-Shale ................................................. 6 

6-Layer of crystalline, crinoidaJ limestone................ . 

5-Purtly covered, mostly shale .......................... , 33 

4-Sandy layer with Trinucleu8 conccniricul;............... 1 

3:--Shale ...•.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 4 

2-Liinestone containing Dalmanella mltltiseda (aa*), .. ".. 2 3 

I--Shale to level of Ohio river, , , , .. , .. , , ... , , ... , ... , ... , . 6 2 


Total section "., ..... ', ...... " ......... ' .... ,... 361 


Section of the hill 'on the Kentu.cky shore oppOsite the mouth of the Miami 
Rivel·. 5.YB. (Near S.YA.) 

Total Thickness 

Thickness. of Bed. 

Ft. In. No. Ft. In. 

321 68 80 .'Nearly all covered to the top of the hill. 

241 67 20 Partly covered, mostly limestone. Platystrophia 


laticosta, Bryozoa (aa). 

221 66 0 6 Layer of limestone with Callopora dalei (aaa), 


Zygospira cincinnatiensis, etc. 

220 7 65 15 Limestone and shale. CaUopora dalei (aaa). 

205 7 64 0 7 Hard fossiliferous limestone. Below this is /1 


layer with Callopora dalei (aaa). 


*a. abundant; aa, very abllllodp,nt; e, common; r, rare. 
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Total 
Thickne&l. 
Ft. In. 
205 

195 

185 
175 
169 

138 9 
138 7 
133 7 

133 5 
126 5 

126 5 
123 5 
123 
119 
119 
109 
103 
102 10 
98 10 
98 7 
97 7 
97 4 
94 10 

94 6 
92 2 
92 1 
88 1 
88 
83 
82 7 

67 7 
66 7 
65 9 
65 7 
64 
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Thickness 
of Bed. 

No. Ft. In. 
63 10 Shale and limestone. Limestone layers not so 

frequent as .In the dlvision below. 
62 10 Limestone with shale partings. Dalmanella mul

tisecta (aaa). Dekayia ulrichi (aa) in some 
layers. 

61 lOt Covered. 
60 
59 

58 
57 
56 

55 
54 

53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 

40 
39 
38 
37 
36 
35 
34 

33 
32 
31 
30 
29 

63 10 28 
62 10 27 
62 8 26 
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Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
(l2 2 25 0 4 Sandstone layer. 
61 10 24 1 3 Shale. 
00 7 23 1 2 Sandy loyer. 
59 5 22 0 8 Shale. 
59 2 21 0 2 Layer of sandstone. 
59 20 0 10 Shale. 
58 3 19 0 3 Very.fossillferous limestone. DaZmaneUa multi

soota '(aaa), Plootamoonites sericeus (c), Oalll
mene caZUcepnala, annelid jaws and crinoid 
segments, both abundant. 

58 18 1 5 Shale. 
56 7 17 0 2 Blue, hard, crystalline, fine-grained limestone. 
56 5 16 4 Shale. 
52 5 15 0 5+ Crystalline barren limestone. 
52 14 3 5 f:lhale with two thin sandstone layers. 
48 9 13 0 1 'l'hin layer of sandstone. 
48 8 12 2 Soft shale. 
46 8 11 0 1 Thin laminated sandstone layer. 
'46 7 10 5 Shale. 
41 7 9 11 Partly covered. SmalJ exposures of blue shale. 
30 7 8 0 2 Thin layer of limestone. 
30 5 7 5 Shale. 
25 4 6 0 1 Crinoldal limestone. 
21 4 5 4 Shale. 
21 2 4 0 2 Layer of sandstone. 

.1 2 3 20 Shale with occasional thin layers of soft sand· 
stone. 

1 2 2 o 2 Layer of coarse grained limestone with Trmu· 
cleu8 concentricU8, BlItnopora arct#)o1'a, and 
DalmaneUa multisecta. 

1 1 1 Shale to the level of the Ohio river. 

Section of the High HiU just 'west of Lawrenceburu, Tndianu. 1.3BA. 

390 5 90 Covered to the top of the hill at the Bockhorst 
house. 

HOO 4 H2 Upper heavy project;ing layers in the road metal 
quarry. Ptatllstropnia z'aticosta, P. 11lnllJ, He
bertella sinuata, Oallopora ramosa, Oallopora 
ruOOSlt, Bythopora oracilis. Same zone as 1MC 
14b. 

268 3 18 Exposed between the talus and the base of the 
heavy layers. More shaly. Fauna same as 
above. 

255 2 40 Covered by the talus from the clift: above. Fos
slIs from the upper layers are very abundant 
in the talus. 

215 1 215 Nearly all covered to the level of the Tanner's 
creek at the bridge across the Lawrenceburg 
and Aurora pike. 
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'l'he exposed portion of this section is all higher than any of the 
exposed portion of the section opposite the mouth of the Miami 
River. The two sections together show nearly 100 feet of the Lor
raine. The level of the creek at the base of this seetion is approxi
mately the level of the Ohio River. Fossils listed 1.33A3 are from 
Nos. 3 and 4 of this section. 

'l'he fauna of 1.33A3 is as follows: CalZopora ramosa, C. r1t
gosa, C. dalei (?), O. andrewsi, Bytkopom gracilis, Dekayia fron
dosa, D. injlecta, D. magna, Homotrypa curvata, H. obliqua, Pero
napora pavonia, 111onticulipora molesta, Atactop01'eUa mundula, A. 
ortani, Petigopora gregaria, P. petechialis, Arthropora Schafferi, 
Esckaropora sp., Aspidopora sp., Ceramop01'ella ohioensis, Stoma
topom injlata, Proboscina frandosa, P. auloporoides, Rafinesquina 
alternata, R. fracta, R. ponderosa, R. nasuta, Platystrophia lati
costa, P. lynx, Hebertella sinuata, Zygospira modesta, Allonychia 
.iamesi, Oyclonema sp., Ortkoceras sp., and several unidentifiable 
species (ilf gastropods and crinoids. 

Detailed, Section Of the Hill Back of Vevall, lrnliana. Beginning at the 

Head of Main Oross Street, and, Extending t~p the Gulley to 


Near the Top of the Hill. Nos. 86 to 88 are Along 

the Old, Road Over the Top ot the Hill. 


1.38 A and B. 

Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
aBO . 88 27 Heavy. compact limestone. Few fossils . 
au;~ 87 49 Thin, shaly limestone. Platystrophia lynx, P. 

laUoosta, HeberteUa sinuata, OaUopora ra•• 
mosa, Oallopol'a rugosa, Montieulipora mammu
lata. 

:3]3 86 n Shaly limestone same as that above. Hebertella 
sinuata, Platystrophia latioosta. 

303 10 85 () 4 Yellowish argillaceous sand1!tone. 
303 6 84 12 'fhin bedded limestone, containing Platystrophia 

latkosta, HeberteUa sinuata, Plectorthis plica
tella, Eschal'pora taloit01'mis, Oonstel/aria con
stellato,. 

291 6 83 o 6 Thicker layer of Ilmestone. Platllstrophia lati
costa, Oonstellaria c01!stellata. 

291 82 o 4 Yellow sandy layer. 

200 7 81 3 3 Covered. 

287 4 80 o 4 Argillaceous-arenaceous lImestone. 

287 79 14 Some covered. Mostly thin layers of limestone. 

273 78 o 5 Limestone. Rafinesquina alternata and Bryozoa, 

272 6 77 3 8 Covered. 

268 10 76 o 4 .Compact limestone. 
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Total Thickness 
ThicknesB of Bed. 
Ft In. No. Ft. In. 
2(;8 6 75 0 6 Oovered. 
268 74 3 8 Coarse grained limestone. 
264 3 73 1 3 Limestone. Platllstrophia latkosta, Esoharopora 

pavonia. 
263 72 o 4 Ooarse grained crinoidal limestone. Rafinesquina 

altemata (c) • 
262 9 71 . 3 Covered. 
259 9 70 o 3 Fine grained limestone. 
259 6 69 o 6 Shale. 
259 68 o 5 Coarse grained limestone. Rafinesquina alter

nata (aa). 
258 8 67 1 I< Coyered. 
257 66 1 'l'hicl, bedded. light gray limestone containing 

fragments of Rafinesquina altemata in abund
anee. 

256 65 8 Thin bedded bryozoal limestone. Vallopora aalei, 
Dekayia ulric7vi. Platystrop}~ia latioosta very 
small form. HeberteUa sVnuata. 

248 64 6 Covered. 
242 63 06 Bryozoal limestone. Dekayia ulriclu, ValZopoTa 

dalei, Platystrophia laticosta very small form. 
241 6 62 o 8 Covered. 
240 10 61 1 2 Limestone. Vallopora. dalei, Dalmanella m1tUi

sec to,. Top of the DALMANELLA MULTISECTA 
ZONE. 

230 8 60 8 8 Covered. 
231 8 59 o 4 Dark, drab limestone. Peronopora vera, Dekayia 

ulrichi, VaUopora cmmnunis, Dalmanella multi
secta. 

231 4 58 2 Covered. 
229 4 57 o 7 Compact limestone. Dalmanella multiseota (aa). 
228 9 56 25 Covered. (A recent restudy of this section re

vealed several exposed layers in this interval, 
containing DalmtPnella multiseota in abund
ance.) 

20:~ 9 o 6 Coarse grained crystalline limestone. Frag
ments of Dalmanella multisecta and Ratines
quina alternata abundant. 

203 3 54 o 6 Shale. 
202 9 53 o 3 Limestone. Dalmanella emacerata (r) . 
202 6 52 o 10 Shale. 
201 8 51 o 3 Gray limestone. D ekayia ulrichi (c). 
201 5 50 2 8 Shale. 
198 9 49 o 6 Coarse grained limestone. .DalmaneUa multiseo

tao Ooelaolema sp. Vallopora. 
198 3 48 1 Shale. 
197 3 47 o 3 Yellowish limestone. 
197 46 2 Sbale. 
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Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
195 45 5 Thin layers of limestone. Ooeloclema, Pet'ono

para 'I-'era, Oalwpora communis, BlIthopora 
arctipora, Dekayia ulric7l.i, Zygo8pira mnmn. 
natien,si8, DalmaneUa muZtisecta. 

190 44 2 3 Shale. 
187 8 43 0 6 Layers of calcareous sandstone. 
187 2 42 3 Shale. 
184 2 41 o 2 Limestone. Batostoma sp., Dekayia u~richi (c), 

OalZopora communis, Bythopora arctipora. 
184 40 3 8 Shale. 
180 6 39 o 8 Crinoidal limestone. Dekayia ulrichi, Oal/opora 

communi8. 
179 10 38 5 Shale. 
174 10 37 2 6 Bryozoal limestone in thin layers. Dekayi ul

ricM (aa), Ooeloclema commune (a), Stigma
teUa c~a<vis, Oallopora communis, Bato8toma 
implicatum, Zygospira mncinnatiensis. 

172 4 36 2 6 Shale and thin limestones. 
169 10 35 5 Bryozoal limestone. De1cayia 1tlrichi, Dalmanella 

muZtisecta. 
164 10 34 2 Shale. 
162 10 33 o 10 Hard limestone. Bythopora arctipora, Batostoma 

implicatum, Dalmanella multisecta, Zyo8pira 
cinctttnatien8is. 

ltl2 32 2 4 Thin limestone and shale. Oallopora onealli
sigUla1'oides, Bythopora arotipora, Dekayia ul
rwhi, BIl.tostom.a implicatum, DalmaneUa mul
tiseota. 

159 7 ,31 o 4 Limestone. Ooeloolema IIp., OerarnoporeUa ohio
en8i8, Peronopora vera, Oallopora onealli var., 
Batostoma implicatum, Escharopora acumi
nata, Daltoonella multisecta, TrinucleU8 con
centric'us. 

159 3 30 1 8 Shale. 
157 7 29 o 7 Limestone with argillaceous material in spots. 

Oallopora communis', Ataotopof'ella sp., Dal
manella multisecta, Retzia granulifera. 

157 28 o 8 Shale. 
156 4 27 o 4 Sandstone. 
156 26 6 3 Shale with thin layers of limestone. 
149 8 25 o 4 Dark crystalline limestone. 
149 4 24 5 4 Shaly limestone. Oeramoporella distittwta, Oallo

pora communis, Bythopora arctipora, Batos
toma implicatum, Peronopora vera, Dekayia 
ulncM', Dalmanella emaoer-ata, Zygospira mn
cinnatiensis, Acidaspis ceralepta. 
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Total Thickness 
Thieknees. of Bed. 
Ft. In. No. Ft. In. 
144 23 0 7 Crlnoldal limestone. OoelocZema commwne, Ba

tostoma implicatum, BlIthopora. arctipora, 
Peronopora 'Vera., DalmaneUa emacerata, Zllg08
pira cincinnatiensis, DalmaneUa multisecta, 
1'1'inucleus concentricus. 

148 4 22 2' 6 Shale. 
]40 10 21 o 3. Limestone, Ooelclema commune (aaa), Gallo

para communis', BlIthopora arctipora, Dekayia 
ult'ichi, DalmaneUa emacerata, Plectorthis sp. 

140 7 20 o 7 Shale. 
140 19 1 Thin layers of limestone with intercalated shale. 

Peronopora vera, DaZ1nanella multisecta (aa), 
ZllgQspira cincinnatiensis, DalmaneZZa emace
ra.ta. 

139 18 7 Shale. 
132 17 o 3 Limestone. Batostoma implicatum, Per.onopora 

lIer.1J, . Byt1wpora arctipom, DalmaneU4 muUi
secta. 

131 10 16 2 6 Shale. 
129 4 15 o 6 Compact limestone. Batostoma implicatum, De

kallia. ooscura, D. ulrichi, Dalmanella multi
secta. 

128 10 14 o 5 Shale. 
128 5 13 o 5 Compact limestone. Ooeloclema aZternatum (c); 

Bythopora arctipora, Oallopora sigillaroides, 
Dekayia uZrichi, Oallopora communis, Dalma
nella multisecta, Batostoma impUcatum. 

128 12 6 4 Shale with occasional thin layers of limestone. 
121 9 11 o 3 Limestone mottled with argillaceous material. 

Oallopora onealli, O. 1Wdulosa, Batostoma im
pUcatum, Peronopora vera, Goeloclema alter
natum (a), BlIthopora arctipora (c), Dekayia 
ulrichi, Dalmanella multisecta, Plectamoonites 
sericeus, Proetus sp. 

121 6 10 2 3 Shale with occasional thin even layers of lime
stone. 

119 3 9 1 Thin layers of fine grained compact limestone. 
Oallopora anealli, Batostoma implicatum, Dal
manella multisecta. 

118 3 8 1 Shale. 
117 3 7 o 5 Limestone mottled with argillaceous spots. Ba

t08toma implicatum, Per01Wpora vera, Dalma
nella multisecta. 

116 10 6 4 Shale. 
112 10 5 o 10 Dark blue limestone. Goeloc:l:Jma alternatum, 

Oallopora onealli, BlIthopora arctipora, Dalma
nella multisecta. 

112 4 4 6 Shale. 
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Total Thiekn .. "" 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
107 6 3 0 6 Dark blue limestonee containing DaZmanella mul. 

tisecta (c), and Plectambonites sericeus (c). 
107 2 6 So.ft blue shale expo.sed at the mo.uth o.f the 

gully near the Orphan Asylum at the head 
o.f Main Cro.ss street. 

101 1 101 Covered to the level o.f the Ohio. river. 

The top of the Eden shales in this section is considered to be 
where the characteristic Dallnanella multisecta leaves off, namely, 
at No. 61, although a few specimens of Dekayia ulricki are round 
in the fifteen feet above this. Platystropkia laticosta comes in im
mediately above this, and HeberteUa sinuata within a few feet. 
The top or the Platystropkia zone i~ apparently reached at the top 
of No. 87, 123 ft. above the top of the Eden. The complete faunal 
lists of' this. section are given in a paper by the writer, published 
in the American Geologist, December, 1901. 

Section of the Hill Above the Cemetery, One Mile Northeast of 
Vevay. 1.38G. 

390 5 40 Mostly covered to the extreme to.P o.f the hlll 
at an o.ld Io.g ho.use. 

4 78 Limesto.ne and shale co.ntaining numero.us specl· 
mens o.f Platystrophia ly1l3J, and HeberteUa 
sinuata. The fo.rmer more abundant in the 
upper part 'and the latter in the Io.wer. 

272 .. 3 25. . Several layers in this division contain' immense 
numbers o.f Callopora comm,unis and C. dalei, 
and o.ccasio.nal specimens o.f a small Platystro
phia allied to P. laticosta. The base o.f this 
division Is fo.rmed by the Io.west layer co.ntain
ing the Callopora. ConsteZlaria c01/'stellata Is 
ano.ther co.mmo.n fossil in this divisio.n. This 
is the Io.west dlvisio.n o.f the Lo.rraine. 

247 2 167 Mo.stly covered to. the level of the pike at the 
foot o.f the hill. DalmaneZla multisecta is the 
common fo.ssil. 

80 .. 1 80 Covered to. river level. 

Section in the Gully that Heads at the Culvert 210 Peet North of tIle ' 
North End of the South Cut on the P., C., C. dO St. L. E. E., 

Madison. 1.12A. 

197 45 10 .. Soft, blue shale. '£he top o.f this division and 
of the section is at the to.P o.f the stone but
ment of the CUlvert 210 feet north of the north 
end o.f the south cut. 

http:numero.us
http:Limesto.ne
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Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
11';7 44 1 2 Several layers of limestone with Cyclonema, 

Calymene callicepltala, Rafinesquina aUernata, 
etc. 

180 43 2 8 Shaly limestone. 
183 3 42 2 Crinoidal limestone. Bryozoa, Rafinesquina. 
181 3 41 5 Limestone and shale. 
176 3 40 o 3 Compact, close grained limestone. Rafines{Juina. 
]7(; 39 2 4 Limestone and shale. ZY!lospira modesta. 
173 7 38 o 4 Limestone. Ratinesquina (aaa) edgewise. 
173 3 37 G !) Argillaceoml compact limestone. Rafinesquin<l. 
Hit) (I 36 o (l Limestone. Brywoa (a). 
1110 35 5 8 Shaly limestone. 
100 4 34 o 8 Limestone. 
1m) 8 as 2 8 Shaly limestone. 
]57 32 o 8 Llmestone. Rafi,nesqu'ina, Gastropoda, Bryozoa. 
156 4 31 10 8 Shale with occasional 2 feet to 3 feet layers of 

limestone. 
145 8 30 o 3 Limestone. Ratinesquina edgewise (aim). 
145[, 2!) 6 9 Shaly limestone. Raf/,nesquina (aa), Modiolodoll 

(aa), Zll!lOspira m,odesta (aa). 
HIS 8 28 o 4 Blue fine, grained limestone. Zygospira modes/a 

(aaa). 
138 4 27 1 4 Shaly limestone. 
1::17 26 o 3 Blue fine grained limestone. Zygospira modesta 

(aaa). 
13(; 8 25 13 Shaly limestone. Rafittesquina, etc. 
]28 8 24 o 6 Very compact, fine grained limestone. No fossils; 
123 2 23 4. 2 Shale and limestone with excellently preserved 

specimens of Raf/,nesquina alternata (na). 
119 22 o 3 Limestone with top layer composed of immense 

numbers of Zygospira modesta. 
118 8 21 2 Rather coarse shale. 
116 8 20 S Lumpy, shaly limestone. 
113 8 19 08 Coarse to fine grained barren limestone. 
11:l 18 12 Lumpy, shaly limestone. Ratinesquina alter

nata, ZlIIJospira lIwdesta, Calymene calUcepha
la, Bryoy..oa. 

101 17 ;) 10 Limestone. Rafinesquina, Zygospira modesta 
(aa). 

1)5 2 Hi 1 Shale with thin layers of limestone. 
04 2 15 o 6 Very compact, fine grained, blue, barren lime

stone. 
1)3 8 14 o 8 Shale. 
O:l 13 o 5 Compact limestone. Oalyrnene calUcepnala, Zyg

osp-ira modesta. 
92 6 12 1 3 Limestone. Calymene calUcepnala (au), Ratt

nesquina, Bry(')Zoa. 
91 3 11 3 8 Shale with thin layers of limestone. 
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Total 
Thickness. 
Ft. In. 
87 7 
86 7 
86 

88 2 

82 2 

81 
80 8 
79 8 
79 6 
70 

59 •• 

Thickness 
of Bed. 

No. 
10 
9 
8 

Ft. 
1 
0 
2 

In. 

7 
9 

7 1 

1 2 

5 
4 
3 
2a 
2 

o 
1 
0 
0 

20 

4 

2 
G 

159 . . 

Thin argillaceous limestone. Bryozoa (au). 

Massive blue limestone. 

Limestone. Rafinesqutna, ZY(Jospira modesta, 


Bryozoa. 
Thin, argillaceous, yellow-spotted limestone. 

Platystrophia latioosta, Hebertella smuata. 
r~imestone. Hebertella (aa), Platllstrophia lynx, 

Rafinesquma nasuta. 
Bryozoal limestone. 

Shale. 

Limestone. 

Coarse crystalline limestone. Hebertella sinuata. 

Thin limestone and shale, very fossiliferous. 


PlatystmpMa lyn$, P. latioosta, Hebertella 
sit~uata, Dekayia trQndosa, Monticulipora marn
mulata, JJallopora ramosa, 0. rugosa are the 
common fossils. 'l'his division is exposed in 
the creek into which the gully empties, at u 
point several hundred feet down stream. 

Covered to the low water level of the Ohio river. 

The base of the exposed portion of this section represents the mid· 
'dIe part of the Lorraine-apparently the equivalent of the Belle-. ~.. 

vue beds of Nickles. These beds comprise Nos. 2 to 7 of the section, 
a thickness of about 24 ft. The balance of the section, 114 ft. in 
thickness, falls in the Rafi,nesquina zone of this report, which is 
about equivalent to the Corryville, Mt. Auburn and Arnheim of 
Nickles and Foerste. In the present section there is no representa
tive of the Mt. Auburn (Platystrophia lynx) beds. Very careful 
search fails to reveal a single specimen of the gerontic P. lynx, or 
any other form of that species above number 7 of the section. This 
114 ft. does not represent the entire thickness of this division, in 
this locality, since about 20 ft. of rock is exposed in the north end 
of the south cut above this section, and below the Dalmanella meeki 
zone. It appears, therefore, that the interval between the top of 
the Platystrophia zone and the base of the DalmaneUa meeki zone 
is at least 134 ft. This section, with the exception of numbers 1 
and 2, was measured layer by layer with the tape. 

The fauna. of No. 1.12A2 is as follows: OaUopora ramosa (0), 
O. rugosa (0), Montic~IUpora mammulata,--Pronopora pavonia, De
kayia frondosa, Bythopora gracilis, AtactoporeUa ortoni, Oeram
oporella ohioensis, Stomatopora inftata, S. arachnoidea, Arthropora 
schaffen, Platystrophia lynx (normal form aa), P, laticosta, P. 
cypha, H ebertella sinuata (0), Rafi,nesquin:t ponderosa, R. nasuta, 
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Plectorthis sp., Zygospira modesta, Crania scabiosa, Byssonychia 
cf. praecursa, Cyclora minuta, Orthoceras sp., Isotelus maximus, 
Conchiolites jlexuosus, Acidaspis sp. 

Section of the South Out at Madison, Indiana, BegVrvnf,ng at the Track 
Level at the South End Of the Out and Tel'minating at the E!lJtreme . 

Top of the E!lJposed Rock in the Out. 1.1i2E. 

ToW ~sThickness. 
Ft. In. No. Ft In. 
83 .. 3 30. . Heavy brown-weathering layers seen at the top 

of the west side of the cut. These layers con
taIn Dalmanella meeki In great abunc'ianL'C, 
especially in the upper part. 

53 .. 2 . 37 6 Conspicuous brown-weathering layers seen In the 
east side of the cut at the north end and un
derlying the layers of No. 3 in the west sIde 
of the cut. Practically all of tnts divIsion is 
repeated in the top of Section l.12A. 

15 6 1 15 6 Shal.e and heavy layers of limestone, Practically 
all covered by tah].s in the south end of the cut. 

'I'he fauna of No. 1.12E3 is as follows: Datmanella meeki 
(aaa), Rafinesquina alternata, Zygospira modesta, Leptaena rhom
boidalis, Strophomena planumbona, Platystrophia laticosta, Heber
tella sinuata, Plectambonites sericeus (r), Crania sp., Dicranopora 
ernacerata, Arthropora schafferi, Peronopora pavonia, Dekayia pro
lifica, Homot?'ypa cf. austini, Batostomavarians, Elidotryp.a simu
latrix, Ceramoporella ohioensis, Rhombotrypa quad1·(lta, Prasopora 
hospitalis, Bythopora delicatula, B. meeki, CaZlopora subnodosa, 
Bernicea primitiva, f;tomatopora sp., Nicholsonella vaupeli, Tenta
culites richmondensis, Acidaspis sp., Isotelus sp., Cyclonema bilix, 
Anomalodonta gigantea, Opisthoptera casei, Ctenodonta cingu
lata (n. 

Section at the Sharp Bend of the Road a Little Way Below the Hanging 
Rock, Madison. 1.12F. 

4 Oolumnaria reef. 
55 3 35 Limestone with shale partings. Contains a 

typical Liberty fauna. 
20 2 20 Shale and limestone. Nearly all covered by 

talus from above. 
1 Covered to river fu\'el, about 260 feet. . - :'- ;-:, 

The fauna of No. 1.12F3 is as follows; Rkynchotrema capax, 
Dinorthis subquadrata (c), Strophomena planumbona (c), Stropho
mena neglecta, Rafinesquina alternata, Hebertella occidentalis, H. 



Fig. 2. View of. the Big (North) cut at Madison, Indiana. The heavy, overhanging layers in the upper part of 
the right hand (west) side of the cut represent the massive sandstone bed of the base of the Saluda. The 
base of this bed is the layer a. The layer b is the top of the fossiliferous limestones and shales. 
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sinuata, H. Sp., Zygospira modesta, Plectambonites sericeus, Platy
stropkia acutilirata (rr), P. laticosta, Stropkomena subtenta (r), 
Dicranopora emacerata, Artkropora scka/feri, Bytkopora delicatula, 
B. meeki, B. striata, Oallopora subnodosa, O. sp. (with sharp monti
cules like O. ramosa), Oeramoporella okioensis, Prasopora kospitalis, 
Homotrypa ramulosa (?), H. cf. cylindrica, Rkombotrypa quadrata, 
Oonstellaria polystomella, Helopora sp., Isotelus sp., Oalymmene 
callicepkala, Acidaspis sp., Protarea vetusta, Streptelasma rusticum, 
Pterinea demissa, Isckyrodonta sp., Ot·tonella kainesi (Y?), Bys
sonychia suberecta, Oycloconcka milleri, Opistkoptera casei, Oonra
della dyeri, Poteriocrinites polydactylus, Glyptocrinus sp. (plates 

of calyx), Orania laelia (rf)" 

Section of the Big Out (North Out) Madison, Indiana. 1.UD. 

Total Thickness 
Thickuess. of Bed. 
Ft.. In. No. Ft. In. 
146 9 24 10 Massive, hurd, whitish limestone with numerous 

small cavities. 
136 9 23 5 Mas.slve blue limestone, full of small cavities or 

pits. 
131 9 22 5 Thin layers similar to No. 23. 
126 9 21 2 6 Blue shale. 
124 B 20 3 10 White luas81ve limestone, somewhat argillaceous 

at the top and more calcareous at the base. 
120 5 19 8 3 Shale. 
112 2 18 2 6 Massive white limestone. Base of the NIAGARA. 

i09 8 17 1+ Pink to salmon colored, coarse, crystalline lime
stone. 'This is the representative of the CLIN

TON formation. 
108 8 16 4 2 Massive iight colored arenaceous limestone. 
104 6 15 9 8 Thick-bedded, soft, argillaceous-arenaceous lime

stone. (Calcareous sandstone.) 
94 10 14 12 10 Argillaceous-arenaceous, somewhat calcareous 

thick bed. On the weathered surface streaked 
or banded with various colors-ash gray, bufl'. 
pink, etc. Ou fresh surface light brown. 

82 13 S G One massive, conspicuous arenaceous layer. This 
forms the base of the prominently overhanging 
bed in the ujJper part of the cut. 

78 6 12 7 . . Thin-bedded argillaceous-arenaceous, brownish 
weathering layers with calcareous streaks con
taining bryozol,l. 

71 6 11 o 4 Nothing to four inches of coarse limestone with 
numerous fossils. HebertelZiJ" etc. 

il 2 10 3 Arenaceous bed with Ienticles of limestone con
taining fossils, mostly bryozoa. 
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Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
68 2 9 2.. Limestone containing numerous large examples 

of Oolumnaria alveolata. Upper Columnaria 
leef. This layer runs under the tracks at the 
extreme north end of the big cut. 

66 2 8 6 Shale. 
60 2 7 1 2 Limestone containing numerous large examples 

of Ool'umnaria aZveoZata. Lower Columna ria 
reef. 

59 •• 6 5 3 'rllin layers of limestone alternating with argIl
laceous and sandy layers. The limestone lay
ers contain numerous bryozoa and He1Jertella 
occidentalis, and Rafinesquina aUernata. 

53 8 5 7 8 Arenaceous-argillaceous bed, massive in appear
ance on fresh exposure. 

46 4 6 Blue, fosslliferous limestone, shale and some 
arenaceous layers. 

40 3 10 Thin limestone layers with intercalated soft 
shale. RhynchotrC'rna capa:IJ, Hebertella ocm.
dentalis, Strophomena planumbona, Btreptelas
ma rusticum, Dinorthis subquadrata, Btropho
mena neglecta, Platystrophia acutilirata (r) 
are the characteristic fossils. 

30 2 8 Similar to No.3, but with numerous specimens 
of PZectambonites sericeu8 in some layers. 

22 1 22 Probably mostly ahale with thin layers of Ume
stone. Obscured by the talus from the higher 
layers. Base at the iron pipe on the west side 
of the tracks at the extreme south end of the 
cut. 

The thickness of the Saluda beds in the present section, if the 
lower Columnaria reef (which corresponds to the lower Tetradium 
reef in the sections farther north) be. taken as the base, is 50 feet 
(49 feet 8 inches). The thickness of the same division at Cooper's 
falls near Versailles is 58 feet. One and three-quarters miles south 
-of Versailles the thickness is 53 feet. Near Osgood the thickness is 
between 60 and 70 feet. 

The thickness of the Liberty division in the Madison section, 
if the PZectambonites horizon in the above section be taken as the 
base, is about 30 feet. It is also about 30 feet in the Versailles 
section. If the first appearance of HeberteUa insculpta be taken 
as the base of the Liberty, its thickness will be about 10 or 15 feet 
more. In the Richmond section the Liberty division is 40 feet 
thick and the Saluda, Whitewater and Elkhorn 130 feet. It is 
evident, therefore, that the thinning of the upper Richmond beds 
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in the Madison section is due to the absence of the Whitewater di
vision and not to thlj thinning of the other divisions, as has been 
commonly supposed. 

The fauna of No. 1.12Dl-6 is as follows: Strophomena planum
bona (c), S. neglecta (c), S. sulcata (r), H ebertella occidentalis 
(c), Rafinesquina alternata, Z ygospira. modesta, Plectambonites 
sericeus, Rhynchotrema capax (c), Dinorthis subquadrata (c) , 
Platystrophia laticosta, Hebertella sinuata, Crania scabiosa, Lep
taena rhomboidalis (r), Dalmanella meeki (rr), Platystrophia acu
tilirata, Dicranopora emacerata, Arthropora schaff en, Prasopora 
hospitalis, Oallopora sp. (sharp monticules), Bythopora meeki, B. 
striata, Batostoma varia bile, Stomatopora arachnoidea, Gonstellaria 
sp., Oalymmene callicephala, lsatdus sp., pterinea demissa, Oonra
della dyeri, Streptelasma rUsticum, Byssonychia sp. 

Section at the Hanging ROck. Madison. 

Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
46 •• 2 19 .. Upper argillac~us bed. The top'of this division 

Is formed by the Clinton IImestone, and the 
base by the calcareous layer that forms the 
lower crest of the falls at the north end of the 
big cut. 

27 .. 1 27 .. From the calcareous layer to the upper OoZum
naria reef. A.rgillaceous sandstone with cal· 
careous streaks. 

The measurements here were made with the tape. 

Section ot the Falls in the Small Gully West 01 the Railroad Tracks, ,Just 
NQI'th 01 the Big Out, Madison, Indiana. 

45 6 1 3 Clinton llmestone, 

43 10 5 4 Mottled limestone forming upper crest of falls. 

39 10 4 15 Mottled, rather soft, ash colored shaly sandstone, 


Somewhat calcareous. 
24 10 3 2 10 Strong calcareous layer. Forms the lower crest 

of the falls. 
22 2 15 Massive soft sandstone. Forms the conspicuous 

overhanging rocks in the cut. 
7 1 7 Soft. sandy shale with calcareOus streaks. This 

bed is nnderlain by the upper OoZumnaria reef. 
Measurements with the tape. 

[4:1] 
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General Section of the Outs on the P., 0., O. " St. L. R. R. at Madison, 
Indiana. 1.1M, E and D. 

Total 
Thiekn_. 

Thickness 
ofBed. 

Ft. In. No. Ft. In. 
4H7 8 107 From the top of the Clinton limestone to the level 

of the tracks at North Madison. 
$6() 7 45 From the upper Oolumnaria reef at the extreme 

north end of the north cut (big cut) to the 
Clinton limestone. 

315 . . H 65 · . From the level of the tracks at the south end 
of the big cut to the level of the upper Oolum
naria reef at the north end of the big cut. 

250 5 54 From the level of the top of Section A to the level 
of the tracks at the south end of the big cut. 

196 4 11 E'rom the lev~1 of the tracks at the north end 
of the south cut to the top of Section A (level 
of the top of the stone butment·of the culvert 
210 feet nOl·th of the north end of the cut). 

185 .. 3 47 · . From the level of the tracks at the south. end 
of the south cut to the level of the tracks at 
the north end of the south cut. 

138 .. 2 88 ·. From the level of the railroad tracks at the bot· 
torn of the grade at lIadison to the level of 
the tracks at the south end of the south cut. 

50 .. 50 ·. From the low water level of the Ohio river at 
Madison to the level of the railroad tracks at· 
the foot of the grade. 

'rhis section is made up from the data supplied by the engineer 
of the P., C., C. & St. L. R. R., in regard to the per cent. of grade 
and the distances through the cuts and between the cuts; and from 
measurements of the distance from the beginning of the grade at 
Madison to the south end of the south cut, and of the distance from 
the north end of the big cut to the top of the grade at North Madi
son; and from the data given in. Gannett's dictionary of altitudes 
(fourth edition) in regard to the elevation of the low water of the 
Ohio river, elevation of the railroad at Madison and elevation of 
the railroad at North Madison. 'Phe elevation of the Clinton lime
stone above the north end of the big cut was determined by meas
urement with a tape and the barometer. The data thus obtained 
are as follows: 

Low water level of the Ohio river 401 feet A:r.; elevation of 
the railroad at Madison, 450 feet A. T. ; elevation of the railroad at 
North Madison, 877 feet A.T.; per cent. of grade, 5.89 per cent.; 
distance from the foot of the grade at Madison to the south end 

), 
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of the south cut, IJ500 feet; distance through the south cut, 800 
feet; distance from the north end of the south cut to the top of 
section A (culvert· just north of the south cut), 210 feet; distance 
from the top of section A to the south end of the big cut (north 
cut), 890 feet; distance through the big cut, 1,100 feet; distance 
from the north end of the big cut to the top of the grade at North 
Madison, 2,580 feet. Total distance from the foot of the grade at 
Madison to the top of the grade at North Madison, 7,080 feet. 
Difference in elevation between Madison and North Madison ob
tained by multiplying this distance by the per cent. of grade 
(70.8x5.89), 417 feet. Difference in elevation between Madison 
and North Madison according to Gannett's dictionary of altitudes, 
427 feet. Thjs small discrepancy. is probably due to slight inac
curacy in the determination of the top of the grade at North Madi
son and the bottom of the grade at Madison. With this section 
the barometric measurements taken at several different times are 
in fair agreement. The average of these barometric measurements 
give' the difference in elevation between Madison and North Madi
son as approximately 400 feet. The elevation of the railroad at 
North Madison above river level as obtained by Locke level in 1900 
is 473 feet. This differs from the elevation according to Gannett's 
figures by only 4 feet. The elevation of the south end of the south 
cut above river level according to \ measurements with the Locke 
level made in 1900 is 140 feet. This differs from the elevation ob
tained by computation from the per cent of grade by only 2 feet. 

Sectkm Along the North Fork of Razor Oreek Five Miles North of 
Madison. 1.12G. 

Total Thieknees 
Thickness. of Bed.' 
Ft. In. No. Ft. In. 
50 8 8 2 4 Pink, coarse grained Olinton limestone. 
48 4 7 10 ,. Mottled impure soft limestone, forming six ledges 

with shale partings. Weathers gray, mottled 
with dark specks and with a flaky surface. 

a8 4 6 4 4 Heavy, harder layers forming the crest of the 
upper part of the falls. Mottled crystalline 
limestone. 

34 5 5 4 Arenaceous, shaly, soft, hlocky limestone. 
28 8 4 2 2 Impure crystalline limestone, mottled with yel

low specks. Forms the crest of the lower part 
of the falls. 

26 ti 3 16 " Arenaceous shale. "Shale bed," The upper lay
er, 1 foot 3 inches thick, is especially arenace
ous, 

http:70.8x5.89
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Total 
Thickness. 
Ft. In. 
10 6 
9 6 

No. 
2 
1 

Thickness 
of Bed. 

Ft.. In. 
1 
9 6 

Hard, massive layer of limestone. 
Blocky limestone with Tetradium 
Co~umnaria occurs at the base ne
level. 

throughou,t. 
ar ·the water 

Section in the North Edge ot the Village of Cana.an. 1.58B. 

47 4 Ordovician-Clinton contact. Limestone becoming 
shaly and arenaceous in the lower part; 

18 3 11 "Shale bed." Base de<;idedly arenaceous. 
7 2 5 Interval between the shale bed and the Te

tradium reef. 
2 1 2 Tetradium reef at the top; Columnaria reef at 

the bottom. Between this locality and Osgood 
the Cohiimnaria does not seem to be present, or 
at least is very rare. 

Section in an Eastern Tributary of the East Fork of indian Kentuck Creek, 
Four Miles Southwest of Cross Plains. 1.59H. 

67 13 

61 
59 

12 
11 

55 
54 
52 6 

10 
9 
8 

52 7a 

38 
37 

7 
6 

27 5 

19 
18 6 

4 
3 

16 2 

5 1 

6 

2 
4 

1 
1 
0 

14 

1 
10 

8 

o 
2· 

11 

5 

Brownish, concretionary limestone. The Clinton 
rests directly upon this division. 

Tetradium. 
Hard, fine-grained limestone, thinner than Nos. 

Sand 9. 
'.rhick, wave-marked layer. 

6 Same as No. 8, with shale partings. 
6 Hard, dove colored, fine-grained, white weather

ing layer. 
Thin, impure, lumpy layers of limestone, gray, 

somewhat mottled; somewhat ripple marked. 
ConspicUous hard limestone layer. 
Soft, gray, mottled, uneven, lumpy l1mestone. 

Few fossils. 
Soft, bloclry, dark, jOinted shale, somewhat ripple 

marked but not so arenaceous as the shale bed 
below. 

6 Hard layer of limestone. 
6 A one-foot luyer of hard, blue limestone overlain 

by shale. 
Ripple-marked and snn-cracked shale. "Shale 

bed." An arenaceous, heavy bed at the base. 
MaSSive, hard layer of .limestone underlain by 

soft shale. The base of this division is formed 
by the lower Tetradium reef. 



~ 

Fig. 3.-Cooper's Falls, four miles south of Versailles. The top of the "shale bed" is at a and the base at b. 
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Section in a Gully Entering the E(L8t Fork of Intjian Kentuclc Oreek fro'm, 
the Ea.8t, FOl~r Miles Sonthwel.ft of CroS8 Plains. 1.59G. 

Total Thickness 
Thickness. of Bed. 
Ft. In, No. Ft. In, 
58 H S 38 I;imestone and shale. The layers immediately 

under the Cllnton are hard and light colored. 
Toward the lower part of the division the 
rock Is more argillaceous, and somewhat in
clined to be ripple marked like the shale bed. 

20 ,~ 4 15 Ripple-marked and sun-cracked shale. "Shale 
," bed." Somewhat arenaceous. 

5 6 3 0 8 Hard limestone layer. 
4 10 2 1 10 S~~,even light colored shale: 
8 1 8 a!9cky f!hale and Umestone. Base formed by the 

lower 'P"itradium reef. 
'~<;"'. ~: 

" 
Section Three and One-Half Miles Southwest of Oloan (in the Gully 

that Oros.~es the East-West Road Two Miles Due West, of, 
Oross Plains).. 1.59D. 

15 Limestone. Directly overlain by the Clinton 
limestone. 

28 2 15 'l'op of this division Is the upper Tetradium reef. 
Mottled soft limestone and shale. More argll
laceous than the same division farther north. 
The base of this division Is formed by the 
massive hard limestone that commonly over
lies the shale bed. 

13 1 8labby. sun-cracked and ripple·marked drab 
shale. The "Shale bed." The base 113 formed 
by a hard layer of limestone, and this is over
lain by about two feet thickness of more are
naceous rocit than is seen farther north at thlR 
horizon. 

Section Of Oooper's FaUs, Four MUes south of Versailles. 1.60F. 

58 4 80 From the base of the Clinton to the crest of the 
fails. Limestone. 

28 3 5 From the crest of the falls to the top of the 
shale bed. Limestone. 

23 2 10 Sun-cracked lind ripple-marked shale. The 
"Shale bed." 

13 1 13 Upper eight feet soft shale underlain by a rather 
hard, massive, impure limestone layer about 
two feet thick. Underneath this the limestone 
is blue, mottled and interspersed with are
naceous materIal. The Tetmdium reef forms 
the base of this division. 

Heifbt of the falls 35 feet, by tape. 

http:Sonthwel.ft


Fig.4.-8hale bed on west fork of Cedar Creek, Versailles, upper massive 
la.yer at top of exposure a. 

Fig. 5.-Base of shale bed at 1.59D. Here the base of the bed· is becolll
in~ ~uite arenaceous1 
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Section Along the West Fork 01 Oedar OrfllJk, VersaUles, Indiana, Irom the 

Base 01 BO-Foot OUff to the Point Whe1'l~ the Osgood-Versaille8 


Pike Or08ses the Oreek. 1.60H. 

Total Thieknesa 
Thioknesa. of Bed. 
Ft. In. No. Ft. In. 
101 11 9 Uneven, . thin-bedded, lumpy, yellow-weathering 

limestone. Platllstrophia acutilirata sene//). 
(aa), Monticulipora epidermata (rr), Homo
trypella NMtiOO (c), H omotrypa 'Wortheni (a). 

92 . 10 5 At bottom of rond metal quarry, near the pike, 
mas~lve, hurd limestone layer. 

87 9 18 Coarse ·grained rather soft gray limestone In 
thI~k layers; thin-bedded in the top 4 feet. 
Mostly unfossiUferous, fossils small and ob
scm·e. Some layers contain Pelecypods rather 
commonly. This Is the "Mottled bed" of thIs 
report. 

69 8 4 Heavy, hard, tine-grained layers ImmedIately 
overlying the "Shale bed." No fossIls. 

65 7 8 6 Shale bed. '.rhis bed consists of thIn layers of 
rather hard, calcareous drab shale, conspIcuous
ly rIpple-marked and sun-cracked. The layers 
vary In thIckness from a fraction of an inch 
to several inches. .The whole bed Is conspicu
ously jointed, the jOints (mnln system) run
ning N. 73° E. 

56 6 6a 2 Base of the shale bed, consistIng of about 2 feet 
of very hard, barren limestone. 

54 6 6 9 6 Dark-colored limestone oontaining Tetradtum 
(aaa), especIally at the base. Some of the 
individuals measure as much as 4 feet 7 inches 
In diruneter. 

45 5 8 Dark-colored. uneven limestone, Bryozoa (aaa). 
ThIs is the Bryozoa bed of thIs report. 

37 4 5 Limestone; not very fossiliferous; top a hard, 
thIck layer. 

32 - 3 7 Limestone in rather thIck layers. 
25 2 5 Exposure in bed of creek and also In the SO-foot 

cUlT of the thiek layers of limestone contaIn
ing Plectamb01lUes sorice-us (aaa). 

20 . . 1 20.. Lower 20 feet of the SO-foot cliff. 1\1ostly lime
stone. Platystrophia acutilirata, Rhllnchotre
ma capMJ, etc. Very fosslllferous. 

Base of theseetion is the creek bed .at the base of the 8()..foot cliff. 
This cliff Is one-half mile up stream from the junctIon of thenortb and 
south forks of Cedar creek, in the north bank of the creek. 

The fauna of No. nia &'l follows: Homotrypa worthem (a), 
H. consteZZariformis,H. cf. austini, Homotrypella rustica (c), Mon-
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ticulipora epidermata, M. sp.· (very similar to M. mammulata) By
thopora meeki (c), Dekayia subramosa (c), Peronopora pavonia 
var., Rhombotrypa quadrata (sm!lll ramose form with well de
veloped monticules), Callopora sp. (sharp mqnticules similar to C. 
1'amosa), Ceramoporella ohioensis, Ptilodictya plumaria, Platystro
phia acutilirata senex, P. acutilirata, P. laticosta, Hebertella occi
dentalis (c), H. sinuata, Rafinesquina alternata, Zygospira modesta, 
Streptelasma divaricans (c). S. rusticum (r), Protarea vetusia, 
Byssonychia richmondensis, B. sp.(may be B. suberecta), Ischyro
donta elongata, Opisthoptera casei, Protowarthia subcompressa, 
Schizolopha moorei, Lophospira tropidophora, Lophospira sp. 

. 'I'he fauna of No. 5 is as follows: Hebertella occidentalis, 
Platystrophia laticosta (large, very plump), Strophomena ap., Ra
jinesquina alternata, Zygospira modesta, Dicranopora emacerata 
(c), Bythop01'a delicatula, B. meeki, Rhombotrypa quadrat a (aaa), 
Monticulipora epidermata (rr), Dekayia subramosa (c), Callopora 
subnodosa, Arthropora shafferi, Rhinidictya sp. (c), Homotrypa 
cf. austini, HomotrY1Ja sp. (frondescent with well-developed monti
cules), Homotrypa ap. (frondescent, smooth), Calapoecia cribri
farmis (r), Streptelasma rusticum, Protarea vetusta (r), Stroma
topora sp., Isotelus maximus, Pterinea demissa, Lophospira cf. 
ampla. 

Section of the High Wa.~h Bank on the West Fork of Cedar Creek, ,lust 
Abo1:e thc Jltnetion. wUh the North Fork. 1.601. 

Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
60 .. 2 40. . Highly fossiliferous limestone and shale. Rhyn

chotrema capalC, Strophomena planumbona, 
Heuertella occidentalis, protarea vetusta Strep
telasma rusticum, Batostoma, va,ria,n8, BI/tho
pora meeki, Leptaena rhombotdaUs (a), Platy
strophia laticosta (abundant in the lower five 
feet), Rhombotrypa, quadrata. 

20 .. 1 20.. • Shale and limestone. Dalmanella meeki is the 
charad:eristic f08Sll. To creek level. 

This exposure is not adapted to the making of a detailed section 
011 account of the amount of talus on the surface of the exposure. 

Section Along the North Fork Of Cedar Creek, Just North of VersaUlell. 
1.60G. 

86 13 5 Fairly thick layers of limestone. Plectambonites 
sericeull (aaa). Base of the Liberty beds. 

81 12 20 Covered. 
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Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
61 11 4 'l'hin limestone layers with shale partings. Bryo

zoa (aaa). 
57 10 5 Covered. 
52 9 2 Limestone. Leptaena rltomooidali8, Plat1lstro

phia .laticosta, Batostoma varians, Deka1lia 
prolljWa, etc. 

00 8 5 Covered. 
45 7 Shale and limestone. Dalmanella meeki, Plat'11

strophia la.tWosta.• 
44 6 1'0 Covered. 
34 5 2 DaZm-anella mecki, Plestamoonites serieeus, Lep

taena rhomboidalkl, etc. 
32 4 4 Thin l1mestone and shale. Dalmanella meeki 

(aaa). 
28 3 10 Covered. 
18 2 3 Several thln layers of limestone separated by 

bands of soft blue shale. Dalmanclla meeki 
.. (aaa). 

Hi 1 15 Covered to the level of Laughery creek at the 
mouth of Cedar creek. 

Seotion on a Small Westem Tributary ot Laltghery Greek, Two Miles 

Northeast ot Osgood. I.BIA. 


75 8 15 Top = base of the Glinton. Nearly all covered. 
Several compact layers exposed neal' the top 
in contact with the overlying CUnton. 

00 7 Exposed at 1.61C near the Clinton -contact shown 
at No. 8 of this section. Nodular limestone 
and shale containing numerous fossilS. Platy
stmphia Zatieosta, P. lynm, Hcbertella occiden
talis, ~trophomena sulcata, Stmphomena 
neglecta, Streptelasma divarioans, Protarea ve
·tu8ta, Rhombotrypa quad.rata, Homotrypa 
wortheni, Peronopora 1)avonia. 

55 U 2fi Partly covered. The exposed portions like No.7. 
30 5 7 Soft, gray, mottled limestone. Few fossils. 
23 4 11 Soft, gray, mottled limestones like No.5. The 

top of this zone is formed· by a layer in which 
Tet1·ad.ium is very abundant. Upper reef. 

12 3 10 Ripple-marked and sun-cracked gray, slabby 
shale. The Shale Bed. The upper part Is 
formed by a strong, massive layer. Perfecttv 
typical. 

2 2 Massive layer of limestone. Forms the base of 
the shale boo. 

Several fpet of limestone containing Tetradium 
tIl abundance. This is the 101ver Tetradi1l11l 
ree.f. 
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Section on. the West Braneli.of Laughery Greek, Four Mites Southwes~ 
Of Batesville. 1.62D. ' 

Total Thickness 
Thickness. orBed. 
Ft. In. No. Ft. In; . I . 

49 !) 6+ .. Sl:taly, nodular limestone.· Il'osSUiferous. 
43 8 8 Bard, tllin layers of limestone. 
42 5 1 5 10 Shaly limestone. Sameas No.9. 
36 7 6 1 3 Thicker luyers of limestone, 
35 4 5 17 6 Soft limestone and shale, "Mottled bed." 
17 10 4 4 8 Bard, massive limestone overlying the ·"Shale 

bed." Ligbt .blue. 
13 2 3 6 8 Ripple-marked. and sun-cracked, slabby shll\e; 

The "Shale bed." ·l 
6 6 2 1 Massive, drab, burren llmestone, somewhat shdly 

in the upper part.. The massive layer und~r
lying the shale bed. 

;) 6 1 5 6 Somewhat arenaceous, much joInted shale, In
clined to be massive in the lower part. 

'l.'he base of the section Is creek level. 

SecHon on the West Branch 'of Laughery Greek, Four Miles Southwe8t 
Of Batesville. 1.(j2F. 

63 3 9 40 Covered to the top of the hill. 

23 3 8 1 Shale lik~ that of No.6. 

22 3 7 0 8 Compac1: limestone layer. 

21 7 6 5 Ripple-marked .and sun-craCked, slabby shale. 


Nos. 6, 7 and 8 constitute the "Shale bed." 
16 7 5 1 Massive layer at base of Shale bed. 
15 7 4 10 10 Light colored, uneven limestone layers, varying 

in thiclmess from 1 foot to 10 feet, with in
tercalated soft, dark colored shale. Some lay
ers contain a few specimens of Tetradium. 
The uppet' few inches is a black, fine shale. 

4 9 3 1 3 Massive gray llmestone. with pockets of calcite 
and good specimens of Tetrad'um. 

3 6 2 2 Spaly limestone and blue shale. 
1 6 1 1 6 From water level to top of a layer containing 

GoZ1~mnaria. aZveolata. 

Base of the section is the level of the creek. 

Section One and One-Half Miles Northwest of Oldenburg. .1.(J3D. 

81 4 70 Covered to top ot hill. 
11 3 3 Massive,. hard, gray, barren limestone layer. 
8 2 7 Ripple-mai'kedand sun-craCked, slabby sha.le. 

"Shale bed." 
1 1 Massive layer below the shale bed. 

http:Braneli.of


Fig. 6.-8hale bed at 1.64B. The man is standing on the lower massive 
limestone layer a, with his head opposite the upper massive layer b. 

Fig. 7.-"Massive (limestone) bed" at the quarries Ii miles south of Main. 
street, Richmond (1.41D). 
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Section 00 Big Salt Greek, Four Miles West of Oldenburg. 1.68E. 

Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
107 4 60 '. Mostly covered to the top of the hill. Base a . 

massive bed of limestOne a few feet in thick
ness. 

47 3 4+ "Shale bed;" perfectly typical, but thinner than 
usual. 

43 2 1 Massive, barren, gray limestone layer. 
42 1 42 Well-defined limestone layers from 1 inch to 6 

inches in thickness. The upper ten feet contains 
Tetradium. P~ectambonUe8 sericeus occurs in 
abuudance a few feet above the level of the 
creek at the base of the section. 

Sectioo 00 the North Fork of Big Salt Greek, Two Miles Wesl of 
Hamburg. 1.61tB. 

120 10 11 Pink, coarse-grained, crystalline, massive lime
. stone. Clinton. 

109 9 40 Partly covered. The top layers consist of gray, 
shaly limestone contaIning Platystrophia lati
costrt, P. ly1UV, Rhynchotrema capaiJJ, Heber
tella occidentalis, Strophomena Buleata, Homo
trypa w()rtheni, Streptelasma divarieanB. Some 
of the layers present very much the same 
lithological appearance as the upper beds con
taining P1atY8trophia 111m/} on Elkhorn creek, 
south of Richmond. The layers exposed at the 
base of this division at creek level contain 
Rhynehotrema dentata (abundant in one lay
er), Stl'ophornena Bulcata, Monticulfpora epi
dermata, Rhombotrypa quadrata, Perooopora 
pavonia, Platystrophia acutiUrata-BeneiJJ, P. 
laticosta, Ba~ostoma varians, streptelasma 
rusticum, Streptelasma divaricans, etc. 

69 8 15 ~tthe base of this division Tetradium occurs 
. abundantly, about 9 feet below a bed of shale 

that resembles to some extent the true "shale 
bed," but entirely lacks its associated beds. 

54 7 20 Limestone. and shale. 
34 2 6 1 10 Very hard, gray, barren limestone. Upper mas

sive bed. 
32 4 5 4 Drab to gray limestone with intercalated soft 

shale. Probably this is the calcareous repre
• sentatlve of tM upper part of the Shale bed. 

4 2 2 Typical sun-craeked and ripple-marked, alabby, 
drab shale. The "Shale bed." 
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Total 
Thickn_. 

Thicknees 
of Bed. 

Ft. In. No. Ft. In. 
:.16 Ii S 1 \} Very hard, calcareous layer. When considerably 

weathered it splits up into thinner plates that 
resemble the layers of the shale bed. 

26 •. 2 4 Light colored, nodular, arenaceous Hmestone, 
separated from the ~verlying, massive layer 
by a thin bed of black, grltless, carbonaceous 
shale. At the base of this zone is a layer con

. taining Tetradium in abundance. 
21 1 21 Limestone with intercalated shale exposed in the 

bed of the creek for half a mile down stream 
from the locality of No.2, and conto.inlng the 
characteristic fauna of the Liberty beds . 

•gectiolt Along the Western Branch, of Big Salt Creek, Three Miles North 
of Hamburg. 1.6.t,D. 

117 22 10 Hard, brownish layers of nearly barren lime
stone. '.rop in contact with the Clinton. 

107 21 ;:; Blue limestone and shale. 
102 20-19 5 .Limestone and shale. The upper layer (No. 20) 

contains bryozoa very abundantly. 
97 18 10 Covered. 
87 5 17 o 5 Rough, hard layer of limestone. ..... 
87 16 13 Oovered except at the top, which consists of soft, 

blue shale. 
74 15 o 4 Irregularly jointed and cracked layer of lime

stone. 
73 6 14 2 Limestone. 
71 6 13 3 Slabby, brown to drab, sun-cracked shale. 
68 6 12 S Blocky, blue, much jointed, arenaceous shale. 

The main joints are only a few inches apart 
and run S. 20° W. 

62 6 11 o 6 One layer of barren, arenaceous limestone. 
62 10 1 Shale. 
61 9-8 I') Blue mottled, coarse-grained, fossiliferous Hme

stone. The top a hard layer containing Strep
tCUlJtma rusticum in abundance. 

7-6 15 Partly covered. Limestone and shale, contaiu
ing Tetradium at.the top (No. 7). 

41 5 1 Hard, barren, blue, fine-grained limestone. 
40 4 4+ Shaly, somewhat calcareous bed. 
35 6 3 1 Hard, bluish gray, ('oarse-grained, foss1Uferous 

limestone. Oontains Tetradium. 
2 54 Mostly fosslllfetous limestones with intercalated 

soft, blue Shale. Some of the limestone layers 
are. fine-grained, hard and barren. Typical 
Liberty fauna. 

o ('I 1 o 6 Wave-marked, hard layer of Umestone with PZec
tambonites sericeus abundant. 
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SECTIONS NEAR LAUREL. 

B60tion in a Gulhl .Entering Big Bains Greek from the Northea8t, Two M6d 

One-Qluwter Miles Northwest of Lalu'el. 1.1I,F. (No. 285 of 


Foer8te'8 Paper.) 
Total Thickness 

Thiclmess. orBed. 
Ft. In. No. Ft,. In. 
91 18 5 Pink, coarse-grained limestone. Olinton. Overlain 

by the light-colored, hard limestones of the 
Niagara formation. 

86 17 15 Mostly strong layers of rathel' barren limestone 
with some intercalated gray shale. 

71 16 8 Brownish to yellowish, blue·mottled bed of are
naceous, soft limestone. Platystrophia and 
HeberteUa common at the base. 

63 15 7 Soft, gray, somewhat arenaceous shale, blocky 
and much jOinted. 

56 14 5 Three to five feet of overhanging layers of lime
stone. 

51 13 10 Mostly soft, gray, blocky, somewhat arenaceous 
shale. Some limestone layers contain Platt/
stl'ophia acutUirata-seneat and HeberteZla occi
dentalts, and numerous bryozoa. 

41 12 10 Mostly like No. 13. 
[1'1 11·10 5 Combined thickness of Nos. 10 and 11 is 5 feet. 

Upper part a massive, hard Umestone with 
'l'etmdit~m at the top. Lower part soft, gray, 
arenaceous shale. This Is probably the upper 
Tetmdill.m l·ee/. 

26 9 2+ Thick ledge of limestone! 
24 6 8 2 Heavy layer, weathering into thin, conspicuously 

overhanging layers. Limestone. 
22 6 7 3 Hard, nodular layers, projecting still more than 

those above. 
19 6 6 1 6 Softer shale and limestone. Shale dark and 

somewhat carbonaceous. 
18 5 1 Harder and somewhat arenaceous limestone. 
17 4 2 Tetradill.m large and abundant. 
15 3 3+ Limestone projecting in breast of lower water

fall. Underlain by very soft shale; 
12 2-1 12 Shale and limestone with some thick ledges to 

level of Saius creek. 

Section on Big Bains Greek One-Quarter Mile Up Stream from 1.1I,F. 1.14G. 

27 6' 15 Soft, noClular limestone and shale. Rhyncho
trema dentata occurs at the top. 

12 5 1+ Rather.massive limestone hiser. 
10 8 4 3 Uneven, rather arenaceous shale and limestone. 
7 8 3 2 Massive layer of limestone. 
5 8 2 5 Limestone layers from two inches to 8 inches 

th1ek, with dark, somewhat carbonaceous shale 
partings. 

o 8 1 o 8 Black, grltless, carbonaceous shale. 
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Section Along the Headwaters 01 Little Duck Oreek, Three MileB 
Northwest 01 Blooming Grove, Franklin Oounty. 1.65A. 

Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
56 4 1 Hard, thick layer of limestone. 
55 3 4 Partly covered, uneven layers of limestone. 
51 2 1 Hard, thick layer of limestone. Contains Tetra

dmm. 
50 1 50 Partly covered limestone and shale, with the 

typical Liberty fauna. Base a layer contain· 
ing Plectambonites sericeus in abundance. 

Section Along a Small Tributary of Whitewater River, Two and a Half 
Miles Southeast 01 Quakertown, Union Oounty, India-na. 1.66A. 

95 3 15 No rock exposed to top of hill. 
80 2 35 Very little exposed rock except at the -top, wllel'e, 

in about three feet of soft, nodular shale, the 
following species were found: Streptelasma 
aivaricans, S. rusticum, Rhynchotrema capax, 
Strophomena sl~lcata, PlatY8trophia acutili
rata, P. latic08ta, Protat'ea vetu8ta, Ptiloaictya 
plumaria, Homotrypa ttabellaris, Rhombotrypa 
quaarata. At the base of this dIvision Tetro,
aium oceurs In great numbers, loose, but evi
dently not far out of place. 

45 1 45. .• Nearly all well exposed limestone wIth shale 
partings. At the base Plectambonites 8ericeu8 
occurs in abundance. 

Section at the Quarry and Along the Small Tributary 01 Sllver Oreek, One 
Mile West of the Center of Liberty, Indiana. 1.6"IA. 

68 .. 6 40 .. Nearly all exposed, limestone with shale part· 
ings. The top of this divIsion is formed by a 
thick layer containing Tetradlum in abundance. 

28 5 10 Rather even, hard layers of limestone exposed 
in the quarry. 

18 4 2 Limestone containing Plectambonite8 8ericeu8 in 
abundance. Exposed in the ereek just across 
the road from the quarry. 

16 3 1 To level of th~ baSe of the quarry. At this level 
in the creek Plectambonite8 is very abundant. 

15 2 10 'l'hin layers of limestone with intercalated beds 
of soft; blue shale. Plectambonite8 occurs at 
the base of this division in a wave-marked 
layer. 

5 1 5 To the level of Silver creek. 
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SEOTIONS NEAR RIOHMOND • 

.8cctioo Along Small EMtern Triautary of Whitewater River, One ana One
Half Miles South of Abington, Wayne COllntll. 1..UB. 

Total Thickness 
TlUckness. of Bed. 
Ft. In. . No. Ft. In. 
26 3 15 Shale and thin limestones, mostly loose pieces. 

Rhllnehotrema capafl), Hebertella insculpta, 
Strophornena planumbona, etc. 

11 2 5 6 Shale and thin limestones. Platystrophia Zati
costa, 8trophomena planumbooa, Dalmanella 
meeki, Batostoma varians, etc. 

5 6 1 5 6 Shale and thin limestones. Dalmanella meeki, 
PlatjJatrophia laticosta, Batostoma varians, 
H omotrypa (tabellaris, etc. 

Section of Elkhorn Creek, Four Miles South of Richmond. 1.41A. 
(SectIon measured in 1907.) 

180 18 lOt. . CUnton at Elkhorn Falls. Ten to twelve teet 
thick at the falls. Probably someWhat thicker 
farther up stream. 

170 •. 17' 4i.. VE'ry soft shale, weathering rapidly to a clay. 
It Is the presence of this shale bed that causes 
the Clinton ledge to overhang so conspicuously 
at the falls and along the upper end of the 
gorge. No.1 of 1901 section. 

IGG 16 6 Hurd, brownish to greenish, coarse-grained, fair
ly even layers of limestone seen at creek leyel 
just below the mill and at the top of the 30
foot cliff in the north side of the gorge about 
one mile down stream from the falls. Con
tain Platystropltia lynx-moritura (aa), H eber
tella I$inuata ( a ) and H omotrypa wortheni 
(0). No.2 and lOb of 1901 section. 

11)0 1511 25 Blocky, shaly, somewhat arenaceous limestone; 
fairly massive at the bottom and more shaly 
at the top. Fauna much the same as that of 
No. 16. No. lOa of 1901 section. 

135 15 1 Strong, granular, reddish layer. Fossils mostly 
small and poorly preserved. 

134 14 5 Soft, blue, untosslliferQus shale exposed at the 
base of the 30-foot cliff, one mile below the 
falls. 

129 13 10 Soft, blue shale with a few thin limestone lay
ers exposed in the south bank of the creek 
Ilbout one-half mile farther down stream. No. 
9 of 1901 section. 

119 12 20 Some heavy, hard layers; mostly covered. These 
layers contnin Rhynchotrema dentata at the 
base. 

99 11 . 10 Mostly covered. 

[42] 
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TotaJ 
ThieknllSll. 

Thickness 
oiBed. 

Ft. In. No. n. In. 
89 10 5 J'\odular limestone with Rhynchotrema dentata 

(aa) exposed along the creek in the open paS
ture just west of the road that runs straight 
south from Richmond. No. 8 of 1901 sectIon. 

84 9 Hi Uneven, nodular, shaly, blue, highly fossHiferolls 
limestone exposed In a long, low cllff In the 
east bank of the creek about one-half mile 
down stream from No. 10. Rhynchotrema 
dentata occurs at the top of the exposure. At 
the base occurs the form of Platllstrophta acu- . 
tiUrata with very long cardinal angles. Strep
telasrrnl rusticum (aa) very large. No. 7 of 
1901 section. 

69 8 3+ .• Same as No.9. This Is the Interval between 
the top of the exposure at the spring and the 
exposure of No.9. 

66 7 25 At the spring near the crossing of the east-and
west road in Section 29, long cliff exposure 'of 
nodular, very fossil1ferous limestone and shale. 
Rhynchotrema oapalD (aaa ) • MonticuUpora 
epidermata (a), Rhllnchotrerrnl dentata (r). 
No.6 of 1901 section. 

41 6 o 14+ Hard, strong. rather c'Qarse-gralned layer of 
limestolIe seen at creek level in No.7, .and in 
both banks of the creek for some distance 
down stream. It contains numerous pockets 
of calcite and an occasional small specImen of 
Tetradium. 

5 10 Layers of IlmestolIe from two inches to 8 inches 
thIck, with Intercalated shale.· Rhynchotrema 
capalD large and abundant. Platllstrophia "taft
costa, Strophomena n6glecta. 

4 10 Covered. 
8 10 Mostly fairly even layers of limestone. Exposed 

In the south bank of tlie creek about a quar
ter oia mile east of the crossing' of the Lib
erty pIke. No. 5 of 1901 section. 

10 2 9 About 200 feet up stream from the Liberty pike 
brIdge. Mostly limestone (with shale part
ings). Dinorthis sUbquadrata, HeberteZla in
sculpta, Strophomena planumbona. 

1 1 1 Thick limestone layers exposed at creek level 
just above the Liberty pike bridge. Plectam
bonites sericeu8 (aa) occurs at creek level. 
No.4 of 1901 section. 

The base of this section is about 50 feet above the'level of the 
Whitewater river at the mouth of Elk~orn creek. Occasional ex
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Fig: S.-View of the cliff below the sewer at the west end of South G street, Rich
mond. This exposure shows the entire thickness of the Libel'ty beds. The Pl6c-
tambtmites layer is at X. 
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posures of rock occur throughout some 30 feet of this distance. 
Plectambonites occurs 25 feet below the base of this section. 

Seotion on Small Western 

SQuth1vest of the Main 


Total Thickness 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
23 •• 1 16. . Very fossiliferous thin limestone and shale. 

Pleotambonites sericeus (aaa), Strophomena 
planumbona (c), RhiJ/lwhotrema caparc (c), 
Strophomena neglecta, Dmorthis subquaitrata, 
Platystropkia acuUlirata (r), Rhombotrllpa 
quaarata, Oallopora sfl,bnoaosG, etc. 

7 .. 2 5. . TAmestone layers in creek bed just below No. :).. 
Din,Orthis subquaarata (c), Strophomena pla 
numbona (a), Plectambonites sericeus (rc). 
H eberteUa insculpta (rr), Orania laelia, Fenes
tella sp., Rh'oPalbnaria ven'osa, etc. 

2 <I 2. . Limestone and shale. Same fauna as No.2.' 

Section at the Quarries Just S,Outh uf the Stee~ Highway Briage, One ,ana 

Oue-Balf Miles S,Outh 'of the National R'oaa, Richmonll, ana Along 


the River tram the Briag'e'~'o the National Roaa. LUD. 


No.2 of this section is the basal member of the section. 
40 .. ' ,1 20 . . Quarries just south of the steel bridge, one mile 

south of the National road. Thin limestones 
and shale, with thicker beds at the top. Rhyn
chotrema capaaJ (aall), Dinorthis subquaarata 
(a), OonsteUar-ia lim-itaris, Ilnd O. P,Olystl}
mella. 

20 .. 2 20 'Exposure in the east bank of the river at the 
mouth of a sewer 'nearly three-quarters of a 
mile south of the National road., The, Plec
tanibonitcs sericeus layer Is here six feet above 
river level. This is- the ,lowest exposure of 
the Richmond beds in 'uie immediate viCinity 
of Rlchmo~d. 

, ? 

The' fauna of L41Dl is as follows: Dinortkis subquadrata 
(a), Ra{inesquina alter'nata (c), Rkynckotrema capax (aaa), Zy
gospira modesta (c), Platystropk'ia acutilirflta (e), H ebertella occi
d~ntalis (re), Strop/tomena neglecta (e), S. planumbona (e), 
Streptelasrna rusticum (r), S. divaricans (rc), Protarea vetusta 
(.c), Dicranopora emacerata (e), Artkropora skafferi (c), Bytko
pora striata (c),'B. delicatula' (re). B. meeki (re), Batostoma' 
varians (rr), Rkombotrypa quadrata (aa), PrasQPora kospitalis 
(re), Callopora subnodosa (a), Constellaria Umitaris (r), C. poly
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Fig. 9.-Thist1ewaite Falls on West Fork, Richmond. Rhynchotrema dentata 
beds. 

Fig. lO.-Sun-oracks in the "Shale Bed," on west fork of Cedar Cteek, 
Versailles. 
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stomella, HomotrypeUa rustica (r), Homotrypa ftabeUaris (r), H. 
cf. austini (c), Amplexopora sp., Oeramoporella okioensis (rr), 
Proboscina frondosa, Calymmene callicepkala (rr), Ortkoceras sp., 
Pterinea demissa, (]yclonema sp., Byssonyckia sp., Cornulites sp. 
and several sp. of .ostracoda and Crinoids. This is the typical 
Liberty fauna. 

The fauna; of 1.41D2 is .the same, with the addition of Plec
tambonites sericeus (l1aa) , Stropkomena subte1,ta, Fenestella sp., 
H elopora elegans, and Anomalodonta gig ant ea. 

Section Along the West 	Fork of WMtewater River at Richmond, 
Indiana. 1.41E. 

In this section No. 1 is at the top 1)f the section and No. 7 at the base. 

Total Tlnckne.s 
Thiokness. of Bed. 
Ft. In. No. Ft. In. 
41 8 1 8.. Exposures in the bank above Thistlewaite falls, 

on the west fork of Whitewater river, about , 
one and one-quarter mlles north of the Na

'tional road bridge across Whitewater river. 
Thin, lumpy limestone. Rhynchotrema den
tata (aa). Several species of Gastropods, in
cludtngSalpingostoma richmondense (c), Stro
phomena 8ulcata (r). 

33 8 2 10.. Layers in the breast of the falls. Helivier lay
ers at the top. Limestone. MonticuHpora epl
dermata (c), PlatystropMa acutilirata var., 
8fmea1 (c), Homotrypa wortheni. 

23 8 3 5 ,West side of creek just below the falls. Bryozoa, 
(aaa), M onticulipora epidermata, etc. 

18 S 4 5 Just north of 0., R. & M. R. R. bridge. 'l'h1n, 
!!haly limestone. RhYfj,chotrema capaa1, high
est spec1mens. Plectam bonites sericeus (rr). 

13 8 5 4 8 Just south of 0., R. & M. R. R. bridge. Rhyn
chotrema capo,I/) (aa). 

9 5 About one-eighth mile north of the road bridge 
across the west fork. Ptilodictya plumaria, 
etc. 

4 .. 7 4 .. A short distance north of the junction of. the 
east and west forks of the rIver. LImestone 

" and intercalated shale. Callopora very simIlar 
to C. rugosa. No specimens of Rhynohotrema 
aentata. 

For the faunas of this section see the species chart. 
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Section Along the Whilewatet· River at Riohmond, Indiana. 1.41D,1JJ. 

Genera I Section. 
Total Thic"!nees 

Thickness. of &4""" 
li't. In. No. Ft. In. ; 
107 13 11 t5a.me as No. 12. Contains Rhllncnotrema den· 

, tat,. 
96 12 18 'Nodular lilllestone and shale. Many of the iay

ers are. several inches thick and fairly con
tinuous. Rhllnelwtrema dentata ( a ) , These 
beds are seen along the top of the"gorge from 
the National road to Thistlewaite falls. on 
the west fork of the river, Il;bout a mile north· 
west of Richmond. They form the falls and 
the exposures ill the bank of the creek above 
the falls. ' 

78 11 20 Soft, nodular limestone and shale exposed along 
the gorge from the quarries one mile south of 
Richmond to the falls. Rh'll1tchotrema den· 
tata occurs sparingly in the upper part of this 
zone. The characteristic fossils 
ohotrema caplIi» (except in 'the 

are: Rh,JItIr 
upper part), 

< • 
Platystrophia, acutilirata, Hebertella oocidenr 
talis, Monticulipora epidermata, Homotrypella 

,,.. 

,'ustica, Ptilodictya plumaria, Salpingostoma 
1'ichmondensw. 

10 5 Same as No. 11. Forms the top layers of the 
quarries on the east side of the river one mile 
south of Richmond (at the steel bridge). Base 
of the so-called Whitewater division. 

5H 9 0 5 Firm, hard layer of limestone. This and the five 
divisions below are best seen at the quarries 

'\ in the east bank of the river just south of the 
steel bridge, one mile south of Richmond. 

52 5 8 '1'hick layer of hard limestone, separated frolll 
No. 9 by a parting of shale. 

51 5 7 1 2 Shale and thin limestone. 
50 3 6 2 3 Massive llmestone layer that Is sometimes seen 

in well weathered exposures to split into sev· 
eral thinner layers. Coarse grained and with 
occasional pockets of! Calcite crystals. Fossils 

i do not readily weather out. 
48 o 0 5 Dark, soft, gritless shale, apparently somewhat 

carbonaceous. 
.47 6 4 1 Fairly firm layer of limestone that is seen on 

weathering to split into several layers. Nos. 
4 to 9 probably represent the interval of the 
shale bed in the s(!Ctlons farther south, or tbe 
massIve limestone layers associated w1th it. 

" i~ 
.... '~*,,_ ....,,4 ... 
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Total Tbicknes•. 
Thickness. of Bed. 
Ft. In. No. Ft. In. 
46 6 3 40 .. Fairly even, compact layers of limestone from 

an inch or less to six or eIght inches in thick
n,ess, with beds of illtercalated shale. Some 
of the limestone layers are quite fine grained 
and barren, 'while others, especially toward 
the base,' are coarser grained and very highly 
fossiliferous. Typical Liberty fauna. DinQT'
this subquadrata, Rhynahotrema capax and 
Stl'ophomena planumbona are the common 
brachiopods. Plectambonites' sericeus occurs 
at the base. LIBERTY FORMATION. 

() 6 2 o 6t Strong layer of limestone containing Plee
tambonites sericcus in such abulldance as to 
completely fill the top of the layer. 

\1 .. 1 6 .. Very fossiliferous limestone with shale partings. 
Plectambonites sericcus, Hebertella Vnsculpta 
and Strophomena planumbona are the common 
fossils. River level. 

Nos. 1 and 2 are best exposed at the mouth of a sewer near the slaugh
ter houses in the south edge of Richmolld. No. 3 is also beautifully ex
posed here and along the gorge to the National road. No beds lower than 
the base of this section are shown in the near vicinity of Richmond. 

DISCUSSION OF THE STRATIGRAPHY. 

It has been seen that prior to the work of Messrs. Ulrich, 
Nickles and Foerste, and the writer, practically nothing definite 
was known regarding the detailed stratigraphy of the rocks of the 
Cincinnati series. In 1900 the writer published a portion of his 
field notes of that season and drew certain conclusions as to the 
faunal zones into which he proposed to divide this series of forma
tions. These were as follows in the ascending order: Dalmanella 
multisecta zone, Rafinesquina alternata zone (or lower Rafinesquina 
zone), Platystrophia zone, Rafinesquina {meta zone, Dalmanella 
meeki zone, Streptelasma zone, Strophomena zone, and Rhyncho
trema capax zone. Of these zones the further progress of the work 
has resulted in the definite retention of the first, third, fourth, fifth 
and seventh. The lower rafinesquina zone is a well characterized 
zone, as can readily be seen froma study of the faunas. It is per
haps better characterized by the abundance of Callopora dalei than 
of any other species. It is in part the Mount HQpe or Amplexo
pora septosa beds of Nickles. I have found, howev~lj" that the 
Platyst1'ophia laticosta comes in sparingly well down in this zone, 
and that on the lithological side it is characterized bya predomi
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Fig. ll.-Cut No. I, Tanner's Creek. Just south of Guilford station. Upper 
'Eden shales. 

Fig. 12.--Out No. II, just north of Guilford. Upper Eden shales. Base of 

Lorraine at top of cut. 


• 
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nance of limestone, although the shale element is greater than in 
the next zone. It has seemed best, therefore, to begin the Platy
strophia zone with the setting in of the limestones and the small 
form of. P. laticosta. This carries the base of the Platystrophia 
zone somewhat lower than in my former paper, and eliminates the 
lower Rafinesquina zone. The Streptelasma zone is not feasible, 
inasmuch it is now evident that this species (S. rusticum) is not re
stricted to any well characterized zone but is found in both the Lib
erty and Whitewater beds. The Strophomena (planumbona) zone 
is extended in harmony with the ideas of Nickles and Foerate to 
include all of the Liberty formation; and the Rhynchotrema capax 
zone gives way for reasons similar to those that apply in the case 
of the Streptelasma zone. Rhynchotrema capax zone might, how- . 
ever, be retained as a general designation of the Liberty and White
water divisions of the Richmond formation, to which this species 
is practically restricted. 

Of the names that are retained in this report: The DalmaneUa 
multisecta zone is a well marked and compact division, both litho
logically and faunally. As will be sool?- from the sections 5.9A, 
1.340 and 1.38A, this is the zone of predominant shale (the Utica 
or Eden shale of this and other reports) . It is about 240 feet thick 
in Indiana. Nickles, as we hltve seen, has subdivided this zone on 
faunal grounds into three divisions, which he called the lower, mid
dle and upper Utica, characterized by bryozoa, and these di
visions have now received formation names (Economy, Southgate, 
McMicken). My study of the faunas of.the lower division is not 
complete enough to warrant me in discussing the reality of this 
faunal diVision. rrhe upper division is very well characterized, as 
long ago pointed out by Ulrich, by the great abundance of Dekayia 
ulrichi, and may well be called the Dekayia ulric hi zone. It is from 
50 to 70 feet thick. Limestone layers are rather more numeroUs in 
this zone than in the lower portions of the Dalmanella multisecta 
zone, and the shale is somewhat lighter colored. The lithological 
facts are presented by the columnar sections drawn to scale, much 
better than is possible by desqription. (Sections 5.9A and 1.38A.) 

The Platystrophia zone as the term is used in this report is the 
greater part of the Lorraine as it has generally been understood. 
It is about 100 feet thick, taking the base· where the Dalmanella 
multisecta disappears and Plafystrophia laticosta (small form) be
gins, and the top where the PltJ,tystrophia lynx and P. laticosta dis
appear. As I have remarked under the description of P. lynx, 
the gerontic (gibbous) form (jf that species that characterizes the 

• 



Fig. 13.-Cut No. V, Tanner's Creek. The man is standing at the base of 
the Plati8trophia zone. 

Fig. 14.-Cut No. VII, Tanner's Creek, showing the predominance of lime
stone in the typical Lorraine formation. 
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Mount Auburn beds of Nickles at Cincinnati and other places in 
Ohio is found very sI1aringly in Indiana, only an occasional speci
men being see in a thin zone some 50 feet or more above the top of 
the Platystrophia zone, as the term' is used in this report. That 
there is no bed of abundant specimens of this gerontic form of P. 
lynx in Indiana is a certainty. On Tanner's creek every inch of 
the Cincinnati series from the upper .Elden shales to the top of the 
Liberty formation is now exp6sed' 'ihthe railroad cuts, as can be 
seen from the profile' published in the present report. Any such 
bed as caps the' highest hills at Cincinnati could not possibly be 

'overlooked. The normal form of P. lynx is present in considerable 
numbers in this section, though not by any means as abundant as 
in the Vevay section. At Madison and Clifty Creek, west of Madi
son, Indiana, the upper part of the Platystrophia zone is well ex
posed, and there is none but the normal, large form of the species. 
In section 1.12A every inch of the interval between the abundant 
occurrence of this normal form of P. lynx and the base of the Dal
manella meeki zone is exposed, and I have hunted the rocks with 
the greatest care without finding a single specimen of P. lynx in 
this interval. For Indiana, therefore, the gerontic lynx is not ordi
narily available as a zone marker. The true top of the Platystro
phia zone is where the normal P. lynx disappears. I may remark 
that on Straight Creek below Arnheim, Ohio, this horizon is some 60 
or 80 feet below the point taken by Foerste as the base of the Arn
hei.m division. It is true that in that section there is a thin bed of 
Platystrophia lynx at that elevation above what I should call the 
termination of the true Platystrophia zone (Bellevue beds). At 
the lower horizon on Straight Creek the Platystrophia lynx is pres
ent in immense numbers through a considerable thickness (50 feet) 
of rock; and is associated with Hebertella sinuata, as in the Indiana 
localities. This lower zone is, I am sure, the same as the zone of 

. Platystrophia lynx at Vevay, Madison and elsewhere in Indiana. 
The Platystrophia zone is characterized lIthologically by the pre
dominance of limestone. In the lower part the layers are rather' 
Rtrong and hard, and have sometimes been quarried for found~ 
tions of houses, etc. The zone of these stronger limestone'olayers IS 
the Hill Quarry beds of Orton. The' upper part of the Pto.tystro
phia zone is eharacterized by thinner and more nodular limestone, 
especially where the P. lynx comes in abundantly. In the latter 
zone the rock is quite soft and shaly. This zone is capped by lay
ers of hard, nearly barren limestone, in which the only common 
fossils are Rafine.squina fracta and Cyclora min,uta. 
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The Rafinesquina fracta zone (upper Rafinesquina zone) or 
Rafinesquina zone, as I now propose to call it, is equivalent in 
part to the Arnheim formation. It is characterized throughout 
by the great abundance of Rafinesquina. alternata (several varie
ties), and at several levels by immense numbers of Zygospira mod
esta. This latte~ feature can perhaps be best seen in section 1.12A. 
Prlt . this entire zone, and no others, is exposed in cuts 
NO's: . XI on Tanner's Creek. On Tanner's Creek this zone 
is about 110 feet thick. In the Madison section (1.12A) the same 
zone is about 134 feet thick. Lithologically the zone is character
ized by the predominance of shale, although the limestone layers 
are more frequent than in the Eden formation. Occasional thick, 
strong layers are present. It is in this zone, about 30 feet below 
the top, that the peculiar Dinorthis retrorsa occ)lrs. Faunally the 
zone is marked by the coming in, toward the top, of a number of 
species that are characteristic of the Richmond formation-for 
example Batostoma varians, Homotrypa ftabellaris, Dalmanella 
meeki (rare): At the same time it has a goodly number of Lor
i'aine species at the bottom. The upper 60 feet of this zone is the 
Arnheim of Foerste. The lower 50 feet falls in the Corryville and 
Mt. Auburn of Nickles. In Indiana, however, the zone of g~rontic 
Platystropia lynx is, as pointed out above, practically lacking, and 
the rocks from the top of the Platystrophia zone (of this report) 
to the base of the Waynesville form a unit both faunally and lith- . 
ologically. If a faunal designation of the lower 50 feet is desired 
it might be called the Oallopora rugosa zone. In Ohio this portion 
is said to be characterized by Ohiloporella ftabellata. The upper 
part of the Rafinesquina zone (Arnheim) is said by Nickles to be 
characterized by H omotrypa bassleri. According to present usage 
the line between the Richmond and Lorraine will fall at about the 
middle of the Rafinesquina zone. In cut No. X, on Tanner's Creek, 
a layer 6 inches to 10 inches in thickness, containing oc'casional 
specimens of the gerontic Platystrophia lynx, occurs eight and one
half feet above the level of the tracks at the north end of the cut. 
This layer I have taken as the equivalent of the Mt. Auburn of the 
Cincinnati section, and as, therefore, marking the boundary be
tween the Lorraine and Richmond. 

The Dalmanella meelti zone is the Waynesville division of the 
Richmond formation. It is an exceedingly homogeneous zone both 
faunally and Lithologically. Dalmanella meeki (or Dalmanella 
jugosa) is pr~sent throughout the zone, often in prodigious num
bers. Other common fossils are Bythopora meeki, B. delicatula, 
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E"idotrypa simulatrix (in the upper part), Tentaculites richmond
ensis, Leptaena rhomboidalis (near the top). At abo.ut the mid
dle of the zone Calymmene caUicephala is very abundant. This 
species is alSo. found rather commonly in most of the layers of 
the zone. Platystrophia laticosta comes in abundantly near the 
top of this zone. All of these facts are well exhibited on the chart 
of the Tanner's Creek and Richmond sections. The zone is all 
beautifully exposed in the cuts on the new line of the Big Four 
Railroad along Tanner's Creek. Cut No. XIII exposes nearly the 
entire zone, and no others. The base of the zone may be seen in 
the small cut No. XII, just south of No. XIII, and the top may 
be studied in cuts Nos. XIII, > XIV, XV, and XVI. Lithologically 
the zone consists of shale, for the most part, and thin, soft lime
stone layers, which are neady always highly fossiliferous. Often 
the shells of Dalmanella meeki are present in immense numbers in 
the shale just under or over a layer of limestone. In such situa
tions thousands of specimens of all stages of growth ean be ob
tained perfectly free from the matrix. The bryozoa 'also are fre
quently found preserved in the same manner in the calcareous 
shale layers, and can then be obtained in great numbers and in the 
highest" state of perfection. 

This zone is not exposed at Richmond, but the extreme top of 
it may be seen near the mouth of Elkhorn Creek, four miles south 
of Richmond, and again about Abington, seven miles southwest of 
~ichmond. It is well exposed along the north fork of Cedar Creek 
north of Versailles (1.60G), though here the base is not shown. 
In the high wash bank at the junction of the north and west forks 
of Cedar Creek (1.601) the top of the zone is exposed, overlain 
by the base of the Strophomena zone. In the south cut at :Madi
son, Indiana (1.12E), the lower part of the zone is exposed near 
the top of the cut. Here the zone is considerably thinner than in 
the Tanner's Creek section, namely, about 56 feet thick .. It is 
extremely well exposed on Whita.ker's Branch, along the line of 
the B. & O. S. W. R. R., between Cold Springs and Moore's Hill. 
In Ohio, the best localities .are about Oregonia, Lebanon, and 
Oxford. 

The Strophomena or Strophomena planum bona zone, as it may 
perhaps'with greater propriety be called, is not as definitely char
acterized by that fossil as the zone just described is by the Dal
manella meeki. Several o.ther species are present in equal or even 
greater strength; for example Rhynchotrema capax, Bythopora 
meeki, and Rhombotrypa q1tadrata. These latter species are not, 
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however, restricted to the zone. The base of this zone is charac
terized by the presence of a number of brachiopods in enormOllS 
numbers. These are H ebertella insculpta, Plectambonites sericeus, 
Leptaena rhomboidalis and Platystrophia laticosta, the two last 
barely overlapping from the zone below. H ebertella insculpta is 
confined to about fifteen feet of rock and is abundant in only about 
the middle five feet of this. The first appearance of this species 
is taken by Foerste to mark the base of his Liberty formation. 
As will be seen from the chart of the Tanner's Creek section, this 
level is separated by only five feet from the horizon of the high
est specimens of Dalmanella meeki. The 8trophomena planum
bona comes in exactly· where Damanella leaves off, and Rhyncho
trema capax comes in in the same layers with H ebertella insculpta. 
Plectambonites sericeus comes in in immense numbers in a wave
marked layer, about 18 feet above the top of the Dalmanella 
meeki zone (in the Tanner's Creek section). The occurrence of 
this species is perhaps more interesting than that of any otherR 
of the species in the zone. This species is not uncommon in the 
lower part of the Dalmanella multisectazone. It is totally absent 
from the Platystrophia and Rafinesquina zones, and only a few 

. specimens have been found in the Dalmanella meeki zone. It also 
occurs only very sparingly above the base of the 8trophomena 
planumbona zone. .An occasional specimen is seen in the White
water division. In the base of the 8trophomena zone, however, the 
species is common through about fifteen feet of rock, and extremely 
abundant in several (sometimes only one) layers. It usually, in 
the sections seen by the writer, comes in in a wave-marked layer, 
six to ten inches thick. The top of this layer is usually so filled 
with the species that O:(1e can scarcely find a point on the rock that 
is not occuped by a specimen. The specimens are nearly always 
beautifully preserved, showing that they were not drifted, but 
apparently were imbedded where they grew. 

This lower part of the 8trophomena zone, characterized by the 
above-named abundant brachiopods, might very well be separated 
out as a distinct zone. Leptaena rhomboidalis extends nearly 
throughout it, and could give its name to the zone: A glance at 
the chart will show that with'Leptaena rhomboidalis appear a cOn
siderable number of other species. Chief of these are Platystro
phia latwosta, Hebertella sinuata, and Rafinesquina loxorhytis, 
which all have about the same range in this part of the section. 
Other species that appear or reappear at this same level are 
Rhombotrypa quadrata,Prasopora hospitalis, and Dekayia pro
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lifi,ica, all of which are common in this (Leptaena) zone, though 
extending beyond it. The Leptaena zone will also be found to be 
persistent in the Indiana region. 

Faunally the Stropkomena planumbona zone (Liberty beds) is 
thus seen to be pre-eminently a brachiopod zone, although other 
fossils are not wanting, and several of the bryozoa are abundant. 
It is also interesting for the number of species that represent re
currences of species that are known from lower zones. Platystro
pkia laticosta and Hebertella sin~ata are Lorraine forms. Lep
taena rkomboidalis occurs in the Trenton; Plectambonites seri~ 
ceus in the Trenton and Eden formations. Rhynchotrema capax 
is apparently a lineal descendant of the Trenton R. increbescens 
(R.inaequivalve) ; and Prasopora kostyitalis, considered by Nichol
son as a variety of P. selwynii of the Trenton rocks, is at all events 
more suggestive of the Trenton faunas than of anything else. 

On the Lithological side this zone is characterized by predomi
nance of Limestone layers. Some of these layers attain a consid
erable thickeness (for the Cincinnati series), eight inches to a foot 
not being unusual. Especially toward the top of the zone the 
limestone layers are strong and frequently very fine-grained and 
barren of fossils. The most striking thing about the Liberty beds, 
next to their pronounced faunal characters, is the presence of 
these well-defined layers of Limestone, separated by comparatively 

. thin layers of shale. In the southern part of the Indiana area 
the upper layers become more argillaceous, even slightly arena
ceous, and contain very few fossils. This phase can be seen be
tween Versailles and Madison. 

Good exposures of this zone can be seen on Tanner's Creek, 
especially in the new railroad cuts (Nos. XVI and XVII); at the 
eighty-foot cliff on the west fork of Cedar Creek, north of Ver
sailles; at the south end of the Big cut, at Madison; on Big and 
Little Sains Creeks near Laurel; along Elkhorn Creek south of 
Richmond; in the quarries and 'along the gorge south of E.ich
mond (1.41D), and at the type locality near Liberty, Indiana. 

'l'he Tetradium zone or Saluda formation immediately succeeds 
the Strophomena zone, and presents the most peculiar set of lith
ological characters of any zone in the Cincinnati series. In the 
southern part of the Indiana region nearly all of the zone is argil
laceous or arenaceous. The rock as it occurs at Madison and 
Hanover has been variously described as argillaceous limestone, 
arenaceous limestone, calcareous sandstone, calcareous shale, etc. 
As a matter of fact, even the most arenaceous portions of this rook 
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will usually be found to contain more or less lime carbonate; and 
the more calcareous layers will usually contain more or! less argil
laceous or arenaceous material. The zone in this southern area 
presents every evidence of shore-line deposition. Not only the 
presence of the coarser terrigenous sediments, but the ripple marks 
and sun-cracks that abound in the more shaly layers, and the 
presence of reef-building corals (Tetradium and Columnaria) at
test this fact. In the northern portion of the Indiana area, on the 
other hand, the Tetradium zone has been difficult to recognize, and 
as I shall now show hag not heretofore been properly located in the 
Richmond section. In order to elucidate this point I have pre
pared a series of carefully measured sections from Madison on 
the south to Richmond on the north. These sections are plotted to 
scale in PI. E. Iu the construction of this diagram the various 
sections are set up on the horizon of the lowest Tetradium reef 
which is a persistent layer in all of the sections. ,The sections 
are spaced out along the diagram to the true seale of miles, which 
is given on the heavy line that marks the horizon of the lower 
Tetradium reef. The vertical seale of the sections is of necessity 
much exaggerated, but is the same for all of the sections. This 
scale is given on the left margin of the Madison section. 

Beginning now at Madison, the section will be seen to contain 
two layers characterized by Columnaria alveolata, separated from 
each other by an interval of about six feet of argillaceous rock. 
The upper one of these reefs, as can be seen from the sections 
farther north, is the horizon of Tetradium, which does not seem 
to occur at Madison. Seven feet above the upper Columnaria reef 
is the base of the thick bed of calcareous sandstone that forms the 
conspicuously overhanging layers in the Big cut and at the Hang
ing Rock, and in the Falls about. Hanover. This bed in the Madi
son section is 18 feet thick, and is arenaceous throughout. At the 
top of this arenaceous bed and separating it from the more argil
laceous and calcareous beds above is a hard, strong layer of lime
stone (best seen in the falls in a small gully just north of the 
Big cut). Between this limestone layer and the Clinton comes 
about twenty feet of drab, mottled, argillaceous limestone. 

We have, then, at Madison, the coral reefs overlain by a mas
sive ,bed of sandstone, and ·this in turn overlain by a bed of im
pure limestone. Now, if this series be traced northward, it will 
be seen that the Colurnnaria of the upper reef is replaced by 
Tetradiumj the massive bed of calcareous sandstone becomes thin
ner and more argillaceous) and the upper bed of ar~illaceous lime

(481 
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stone becomes thicker and more varied in character, so that a 
number of well-defined divisions can be made out. Even in sec
tion No.2, only five miles north of Madison, these latter characters 
begin to appear. The comparison of these sections can be carried 
out sufficiently well on the diagram, so that detailed discussion of 
each section is unnecessary. In the Versailles section Columnaria 
is absent, but the Tetradium is present in great numbers through 
a thickness of about nine feet of rock, being especially abundant in 
the lower part of this interval. Above this Tetradium reef comes 
the" Shale bed" of this report. This, it will be seen, is the repre
sentative of the massive sandstone bed of the Madison section. In 
the Versailles section this ,., shale bed" is eight and one-half feet 
thick, and is overlain and underlain by a hard, thick, strong layer 
of limestone. Above this "shale bed" come' 18 feet of mottled 
argillaceous limestone, practically unfossiliferous. This bed is 
overlain by five feet of massive, thick limestone, quarried, here and 
at Osgood for road metal. Above this bed comes a zone of nodu
lar,shaly, highly fossiliferous limestone--the upper fossil bed ·of 
this report. 'l'he fauna of this last zone is significant in containing 
among other species J1onticulipora 'epidermata and Homotrypa 
wortheni, two of the characteristic species of the Whitewater di
vision of the Richmond section. The most abundant brachiopod 
of this bed is Platystrophia acutilirata senex, another Whitewater 
species • 

. The characters of the "shale bed" as they are exhibited in 
the sections about Versailles must be carefully noted in order to 
appreciate the extreme usefulness of this stratum in making out 
the stratigraphy of the sections farther north. It consists of a 
very sharply defined stratum of hard, slabby, calcareous, drab 
shale, conspicuously ripple-marked and sun-cracked, and is always 
overlain and underlain by firm, thick layers of hard, barren lime
stone, which sometimes on prolonged weathering tend to split into 
laminae similar to those of the shale bed. Below this bed at an 
interval of a few feet comes the Tetradium reef, and below the 
latter, in some of the sections, a Columnana reef. Thus is formed 
by the "shale bed" and its associates an unmistakable horizon. 

Going farther north, the same features are presented at Os
good, in the bed of the stream along' the old right-of-way east of 

. that town. Here the Columnaria is very abundant and beauti
fully preserved. Still far:ther north (Section No.8), two miles 
north of Osgood, the "shale bed" may be seen in the bed of a 
small western tributary of Laughery Creek, underlain by the usual 
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associate.." the Tetradium and Oolumnari(l reefs. In this section 
there is also a Tetradium reef 11 feet above the" shale bed." A 
Tetradium layer is also present 15 feet above the "shale bed" in 
section No.5, south of Versailles. Aside from the presence of this 
upper Tetradium reef in this section there is very little departure 
from the appearances p~esented in the Versailles section. About 
23 feet abcve the shale bed in this section is the upper fossil bed, 
which here contains Strophomena sulcata and Streptelasma divari~ 
cans, two more of the characteristic fossils of the Whitewater di
vision. This bed' is separated from the Clinton by 'an interlTal of 
about 15 feet of apparently rather hard, barren limestone. 

On West Laughery Creek, about a mile southwest of BaUs
town, are numerous fine exposures of these beds. Section No.9,.is 
typical of these exposures. In this section the Tetradium reef, 
underlain' by the Oolumnaria reef, is separated by an interval 
of ··10 feet from the "shale bed." The latter is 6 feet 8 inches 
thick, and is overlain and underlain a.s usual by massive layers of 
limestone. The upper fossil bed is separated from the "shale 
bed" by about 23 feet of mottled lim~stone, and here again Strep
telasma divaricans and Strophomena sulcata are common. 

Two miles west of Hamburg, Franklin County, on a small 
w(lstern tributary of Big Salt Creek, occur exceptionally fine ex
posures of these beds. Here the entire interval from the "shale 
bed" to the Clinton is exposed. The "shale bed" is only two feet 
thick in this section, but between it and the upper ma.ssive layer 
of limesto{le is a stratum of three feet four inches of thin lime
stone layers, which undoubtedly is the calcareous representative 
of the upper part of the "shale bed." In this section the lower 
Tetradium reef is five feet below the "shale bed" and the upper 
Tetradium reef is 20 feet above the "shale bed." Fifteen feet 
above the upper Tetradil£m reef in, a layer of blue, nodular, soft 
limestone, occur numerous typical examples of Rhynchotrema 
dentata. Associated with this species are Monticulipom epider
mata, Streptelasma divaricans, Strophomena sulcata, and Platy
strophia acutilirata var. senex. This, it will be seen,is a typical 
Whitewater fauna, occurring 40 feet above the shale bed!' ItH 

may be remarked in pa.ssing that the "shale bed" in this section in 
everything but its lessened thickness is perfectly typical and ha.s 
all of the usual associates. . 

1'he next section of interest is five and one-half miles south
west of Laurel on a small western tributary of Big Salt Creek. 
In this section the two Tetradium reefs are present and are sepa, 
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rated from each other by an interval of about 20 feet as in the 
preceding section. At the horizon of the shale bed in this section 
we have instead of the usual sun-cracked, slabby shale, four feet 
of thin limestone, overlain and underlain by the usual massive, 
hard, barren layers of limestone. In other words, the "shale bed" 
has become completely calcareous, owing to the constantly increas
ing distance from the shore line as we go northward. The asso
ciates are there in this case, but not the shale bed. From now on, 
therefore. we shall have to speak of the massive limestone bed, or 
"massive bed." The Tetradium occurs in the usual abundance in 
the lower part of this" massive bed." Oolumnaria is absent, as it 
is in all sections north of this one. In the other sections about 
Laurel the appearances are substantially as in the section just de
scribed, and can be sufficiently well made out in the diagram, 
and in the detailed descriptions of the sections. One point needs 
mention, namely, that in the sections on Big Sains Creek there 
is associated with the massive bed more or less black carbonaceous 
shale, of the same sort as that seen above the shale bed in the cut 
north of the station at Weisburg, and in association with the 

-massive bed in the Richmond section, as will be pointed out pres
ently. (See Figs. 7 and 16.) 

East and north of Laurel, good sections are infrequent. On 
the headwaters of Big Duck Creek, three miles northeast of Laurel, 
there is, however, a very good section exposing nearly all of the 
layers from the Pleetarribonites serieeus stratum to the "massive 
bed. " Here the "massive bed" is separated from the --wave
marked Pleetambonites layer by an interval of 50 feet, occupied 
by the typical rocks and fauna of the Liberty formation. The 
Tetradiu-m is present in the usual abundance. 

The next section is east of Whitewater River, about two and 
a half miles southeast of Quakertown, in Union County. Here 
the "massive bed" with the Tetradium is 45 feet above the Plee
talltbonites layer. 

At Liberty there is an excellent exposure of the beds named 
from that place, along a small stream emptying into Silver Creek 
about a mile west of the center of the city. The "massive bed" 
containing Tetradium is here also 45 feet above the Pleetambonites 
layer. 

The next section is' the exceptionally fine series of exposures 
along Elkhorn Creek,' four miles south of Richmond. In this sec
tion nearly every layer is exposed from the -base of the Liberty 
beds to the Clinton limestone. Here, also, as in the sections just 



Fig. l&.-Upper fossil bed on creek along "Right-of-way," east of Osgood, 
with a massive bed of limestone beneath. 

Fig. I6.-Top of shale bed in Cut No. XVIII north of Weisburg station. The 
hammer rests on the Tel:radium layer a. Just below this layer is the bed 
of black carbonaceous shale b, and below this the "shale bed" c. 
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described, is present, at an elevation of 40 feet above the Plec
tatnbonites layer, the "massive bed" of limestone containing Tetra
diunt. Her~, however, the Tetradi1tm is rare and consists of small 
and imperfect specimens. About 40 feet above this massive bed 
is' the base of the zone of Rkynckotrema dentata. The intel'val 
is here occupied by: nodular limestone and shale in which there 
is a fauna chiefly. char~cterized by the abundance of Rkyncko
trema capax and Platystropkia acutilirata. Above the Rkyncko
tr~ma{lentata zone,' which' is about 35 feet thick, come 15 feet of 
verysoft blue shale, and above this 25 feet .of blocky, argillaceous
calcareous shale, which is capped by six feet of hard, brown lime
stone. 'The 'latter stratum is separated from the Olin ton by four 
feet of Clay. This upper zone, between the top of the Rkyncko
trema dentata zone a:{ld the Olinton, is characterized by the abun
dance of a variety ~fPlatystropkia lynx (P. lynx var. morit'lrtra), 
and is named in this report the Elkkorn division of the Richtn{)nd 
series. Faunally: it is to be known as the moritura zone. ·If we 
go back for a moment to the sections about Osgood, it will be seen 
that in the extreme top of these sections ocCurs a form of Platys
tropkia lynx, probably the same as that found in the Elkhorn 
division. In the section (1.64B) west of Hamburg there occurs 
directly·tff1derneath the ·Olinton a .bed:ohjat"k.:(lol{)l'e!'!, coa~e lime
stone, very similar ~ that in the upper'p~~toftheElkhorn divi
sion at Richmond, and containing the same species, Platystropkia 
moritura and Hebertella sinuata. This association of species can 
also be seen in the . .sections west of Laurel (1.14F, etc;) in a simie 
lar limestone and .atthe sa,me horizon.. We evidently have here 
in the more southern sections .the thinned representative of the 
Elkhorn division, as we have just 'seen that these sections con
taill a thinned representative of the Whitewa.ter division. 

~In the section eJ-posed along the Whitewater Ri;ver at Rich7 

mdnd thf~ "massive bed" is beautifully shown at .the quarries near 
thlf',Steel bridge, south of the city. Here no specimens of ,T-.etra~ 
dium were found after a prolonged search. The other character
istics of the bed are typicaL One feature of this massive. lime-: 
sto,n,e 'beil (which in the great thickness of the layers i~lf ii'! 
unusual for·the Oincinnati group) that is seen in the morc'.north: 
ern exposures is the presence of large pockets of calcite crystals, 
This feature is well shown at the quarries.: Here, also, the dark 
carbonaceous shale is seen associated with the bed as in the Laurel 
and Weisburg sections. 'raking this aSsociation of lithological 
characters in connection with the interval between this bed and 
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the Plectambonites layer, and the fact that the bed can be traced 
almost continuously from the region of Hamburg and Laurel, 
where it is definitely and undeniably shown to be the same hori
zon as the "shale bed," and adding to this the fact that the fauna 
of the Whitewater occurs well above the "shale bed" at Hamburg, 
Osgood and Versailles, it seems to me certain that the massive bed 
of the Richmond section is the northern representative of the shale 
bed and the lower Tetradium reef. 

What now is the general conclusion of this discussion of the 
stratigraphy of the Tetradium zone? First of all, as stated above, 
the "massive bed" of the Richmond section is the calcareous rep
resentative of the "shale bed" and the Tetradium reef. This bed 
has a total thickness at Richmond of about six feet. Second, the 
same zone in the Madison section is 30 feet thick (the shale bed 
plus the two coral reefs). Third, the mottled bed of the Madison 
section represents some portion of the Whitewater division, modi
fied lithologically and faunally by proximity to the shore-line. 
Fourth, the rest of the.Whitewater division and probably all of 
the Elkhorn division is lacking in the Madison section. This last 
conclusion carries with it the further conclusion that, fifth, there 
is au unconformity at tbe top of the Ordovicion system, and the 
l\fadison region was above water while these upper beds 'at Rich
mond were being deposited. 

In regard to this last 'point, it may be said that the presence of 
an unconformity does not rest solely upon the facts presented 
above. F'oerste has shoWn in his various papers on the Silurian 
rocks of Indiana that the Clinton varies greatly in thickness, 
being sometimes totally lacking; that it often contains fragments 
of Ordovician limestone, 'sometimes amounting to. a veritable brec
cia; and that the surface of contact of the Ordovician and Silu
rian is far from uniform. 

'l'hat the above interpretation of the racts shown by the sec
tions of the upper part of the Cincinnati group is very different 
from pa"qt and current interpretations is very evident. To those 
who may be inclined to question my view of the subject I may 
say that the facts are mostly new; that our conclusions in regard 
to the stratigraphy of t~e Richmond series have heretofore been 
based upon very insufficient evidence; and that these sections 
presented and discussed in the. present report are the first series 
of carefully measured sections of this series of rocks ever pub
lished. 
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·GENERAlvPROBLEM8. 

The discussiol1 of the stratigraphy of the Cincinnati rocks cal)-' 
not be concluded without some meution of the exceedingly' inte~
esting general problems presented by both the lithological and 
faunal sequence rep-resented in this series of deposits. Noonewlfo 
sees these rocks in !p.e fie~d can fail to be impressed first" of 'an 
by ':the wond~rful succession of thin argillaceous limestones arid 

"shales. Scarcely any of the limestone layers are pure; they nearij 
alwaxs. coRtaii:\, 1IlOre or less terrigenous material. On the other' •. 
hand, most of the shale is more or less calcareous. The phY9ic~1 
conditions suggested are those of a ra.ther shallow epicontinent!tl· 
sea receiving fine silt from a low-lying land surface on which a.' 
moist climate afforded the .conditions for rather complete ~hemicaI 
disintegration of the rocks. . 

-The interminable succession of limestone and shale la.yerS-h~ 
ordinarily been looked upon as suggesting >acontinual, . sJ.owoscii
lation of the sea level up and down. . While it may be necessary 
tcr: call in this familiar process to account for some of the larg~r' 
variations in the type of sediment, such, for example, as the c4-a.nge 
from predominant shale in the Eden to predominant limestone in 
the Lorraine; .and back to shale in the lower Richmond; I ani ,iii
clined to think tltat the possibilities in the 'way of alternative ex
planations of these changes in the type of sediment have not by 
any means been exhausted. . 

First of all, for the minuter alternation 01 calcareous and ter
rigenous sediments, I think we may look to climatic rather than to.. 
epeirogenic changes; and these climatic changes need not, it seentS" 
to me, be of great magnitude. It is well known that lime-secreting 
organisms, such as make up the faunas of the Cincinnati serles 
(bryozoa, brachiopodg, ete.), require, not deep, but merely elear 
water of the favorable temperature, and with the ·proper food ~up
ply. For such organisms an influx of den a" 'small amount of . 
mud is a prohibitive condition. It is then the cause of the alter.na-: .. 
tion --of. comparatively clear and comparatively muddy water con-·. 
ditioIDLthat we seek; and it is precisely here that changes in clF 
matic conditions-in . the relative humidity-come in play. .If 
is, of course, a., well-known fact that the greater part of the silt 
supplied to the deltas of rivers is brought down during a compara
tively small portion of the year, that is, there is an annual varia
tion in the supply of silt. It is doubtful if this small-period fluctu
ation in t~e supply can be recognized in a geological fOl'Illation. 

http:alter.na
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It may account, as suggested by Gilbert, for some part of the 
'lamination of shales. There are, however, certain more or less 
definite variations of longer period, in the amount of rainfall, such, 

'for example, as the ele;ven-year and the thirty-six-year cycle. In 
addition to these there are still more pronounced climatic changes, 
of unknown cause, extending over long periods of time, which 
might account even for 'some of the .arger variations in the type of 
sediment. It is thought th~t the v;riation in the amount of ter
rigenous sediment, necessary to produce the change from impure 
limestone to calcareous shale, is not necessarily very great. The 
influx of a small amount of mud may be sufficient to drive out 
such organisms as the Trepostomata and many of the Brachiopoda 
(some of the latter, for example Rafinesqu·ina alternata, !;leem to 
have been able to accommodate themselves to a consider'ably in
creased supply of 'mud).; and since this cuts off the supply of .cal
careous ooze, it acts in a. two-fold way to cause the accumulation 

~ , 
of a dep?sit of sediment comparatively free from lime. For, first, 
since the limestones of the Cincinnati series are in general impure, 
the indications are that some terrigenous material was accumu
lating over the sea bottom at all times, and if the ::tSfial supply 
of lime from lime-secreting organisms was for any reason cut off, 
there would arise, from this cause alone, a deposit of mud. What 
iR needed, therefore, is a rather delicate adjustment of the major
ity of lime-secreting organisms to nearly clear water, and a rela
tively small variation in the climatic conditions on the land sur
face that is the source of supply of the silt: Both of these require
ments find ample illustration, it seems to me, in present-day con
ditions. 

Another cause of the interleaving of calcareous and terrigenous 
sediments that may 'legitimately be appealed to, I believe, is the 
shifting position and strength of currents, especially shore cur
rents, undertow, and tidal currents; since it is these currents that 
are chiefly instrumental in distributing the sediments to various 
parts of the sea bottom. Now the rate and amount of change iIf 
the strength of shore currents and of the undertow, are dependent 
~pon the varying strength of the wind. In time of great !;jtorms, 
Utlmparatively coarse sediment may be carried out to considerable 
4istances from land. We may very likely have in the occasional 
iery thin layers of saI).dstone in the Eden shales an illustration 
tf this last phenomenon. To what extent the varying strength of 
QUrrents, due to the vlJ,rying force of the wind, may have pro
duced successive layers of shale and limestone. is a question that 
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h,as not received the attention that it merits. It would seem to 
me that some of the thinner bands of shale intercalated with the 
limestone layers may have been due to this cause. 

The shifting of the position and direction of currents is ordi
narily due to changes in the contour of the coast line; and these 
may be brought about by erosion and deposition along the 
coast. Where the wind is variable in direction there is a contin
ual shifting of the position and direction of shore currents from 
this cause. In some climates there is a seasonal change of the 
direction of the wind that may produce marked shifting of the 
position and direction of shore currents. Other changes of longer 
period may correspond to the long period climatic changes al
ready mentioned. The changes in the direction, position and 
force of currents due to the causes enumerated above must direct 
the chief supply of silt, now to one part, and now to another part 
of the sea bottom. Probably only the longer period changes of 
this sort have had much to do with producing distinct beds of 
limestone and shale, for lime-secreting organisms could not gain 
a footing in a locality subject to very frequent influxes of muddy 
water. That the arrangement of the layers of shale and limestone 
in the Cincinnati' series is not adverse to the above interpretation 
seems to me certain. Any measurement of two sections of the 
same stratigraphic interval in two nearby localities will always 
show considerable differences in the details, showing that the thin
ner beds are constantly pinching in and out. This indicates that 
the limestone was accumulating in patches over the sea bottom. 
While this may be due in part to the fact that organisms tend to 
live in colonies, it may also very possibly be due to the shifting 
about of the supply of terrigenous silt, in the manner above de
scribed. Another fact of frequent observation in the Cincinnati 
rooks that bears upon the same question is the evidence that many 
times great numbers of organisms were rather suddenly buried 
where they grew. The presence of immense numbers of perfectly 
preserved fossils along the plane of contact between a limestone 
and a shale stratum indicates this. Some more or less sudden in
crease in the supply of material, or' change in the direction or 
force of the transporting agent is indicated. The presence of 
definite currents along the sea bottom is indicated by the rather 
common occurrence of immense numbers. of flat shells, such as 
those of Rafinesquina alternata, arranged edgewise like the "shin
gle" along the bed of a stream; and' a cousiderable agitation of 
the water, at times, is proved by the wave-marked layers of lime
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stone that occur at several levels in the Cincinnati series. The 
latter may be due to storms of exceptional violence, or possibly 
to very exeeptional oscillations of the water generated by earth
quake shocks. 'Some of these wave-marked layers seem to have 
very wide extent, as; for example, the layer in which Plectam
bonitessericeus occurs 'so abundantly, near the base of the Liberty 
fOrmation. 

To sum up this discussion: There seems to be no necessity, in 
the case of the greater number of smaller alternations of shale' 
and limestone in the Cincinnati rock&, to appeal to epeirogenic 
causes, as has ordinarily been done. Tpese alternations may be 
explained by calling into play only th~"'wen-known processes that 
are going on on any sea bottom, not t~o deep or too far ~emoved 
from the land. Even the larger variations in the type of sedi
ment may be due to the larger variations in the same set of causes. 
Where a new falllla comes in suddenly, however, as in the base of 
the Liberty, we may probably look to epeirogenic readjustments 
to account for both the change in the fauna and the change in the 
type of sediment. 

The problems presented by the faunal succession in the Cin
cinnati series are still more interesting than those presented by 
the lithological succession. In the paper by Nickles on the Geology 
of Cincinnati (u,nte) , thirty-two species are listed, o'9-t of over 600 
that occur in the Cincinnati region, aJl ranging throughout the 
Cincinnati series. For a thickness of 700 feet of .rocks this is a 
surprisingly small number. If these species be examined, it will 
be seen that they also, for the most part, occur in the Trent~n 
series, so that they represent a fauna inherited from the preced
ing epoch. It is interesting that only three of these widely rang
ing species are Bryozoa, and these three (Stomatopora arack
noidea, S. delicatula and Ceramoporella' okioensis) belong to the 
most primitive type of that class, showing the persistence of un
specialized types. A few other species that are present in the 
Trenton reappear here and there in the Cincinnati series but do 
not extend through it. Such, for example, ru:e Plectambonites 
sericeus, Platystropkia lynx, Leptaena rkomboidalis, etc.; the 
first and last appearing in the Richmond formation where they are 
associated with a number of other species more or less closely 
related to Trenton forms (Rkynckotrema capax, D'inortkis sub
quadrata, Streptelasma rusticum, Protarea vetusta, Prasopora' kos
pitul:is, and a large number of Homotrypas, a genus that finds its 
fullest representation in the Trenton). 
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While, therefore, the aspect of the Cincinnati faunas is a con
stantly changing one, the changes seem to be due more to a rather 
quiet evolution within the area of the epicontinental sea occupied 
by these faunas, than to any pronounced irruptions of species from 
other provinces, if we except the influx of outsiders in the 
Richmond. Such facts as the reappearance of Plutystropkia lynx 
in the Lorraine (it is quite lacking in the Eden) or the appearance 
of the large group of H eterotrypidae in the same formation, may 
be explained by the probability that these forms or their imme
diate ancestors were living in some portion of the same general . 
province during Eden' time. The family of Bryozoa mentioned 
has representatives in the Eden (Dekayia ulricki, etc.) as, well as 
in the ·Trenton. In the Lorraine it deployed into a large group 
of species, all of which are nearly enough related to represent an 
intra-provincial evolution. If we take another group of Bryozoa, 
the genus CaUopora, which is also well represented in the Trenton, 
we find the Lorraine species related rather to the Eden than to 
the Trenton forms. Callopora dalei of the lower Lorraine is re
lated to C. communis of the upper Eden and still more closely, 
probably intimately, to C. nodulosa of the Eden. C. ramosa again 
shows transitional forms to C. dalei, the latter being regarded as 

'a variety of the former by Nicholson. Again C. rugosa of the 
upper Lorraine is an undoubted variety of C. ramosa. Another 
genus, Amplexopora, is represented in the upper Eden and lower 
Lorraiue by the species A. septosa, and its variety multispinosa. 
Later are produced in the middle and upper Lorraine A. cingulata 

, and A. robustu, both close relatives of A. septosaj and in the very 
top of the Lorraine, the species A. pustulosa (again closely related 
to A. septosa), the latter species extending on. into the Richmond. 
The genus' Homotrypa is represented in the Eden by a single 
species (or variety), H. praecipta, a variety of the common H. 
curvata of the Lorraine. The great depl{)yment of these genera 
in the Lorraine seems to be sufficiently well explained by the more 
favorable conditions represented by the clearer waters of that 
epoch. 

These favorable conditions of the Il{)rraine were terminated by 

an influx of muddy wate:r, which gradually drove out the typical 

Lorraine fauna, and evidently was accompanied or perhaps pro

duced by some more or less widespread epeirogenic disturbance. 

This gave us the fauna of the Waynesville, which was developed 

under similar conditions, and contains in some respects a similar 

group of species to the Eden. 'For example, Dalmanella meeki (or 
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jugosa) takes the place of D. multisecta of the Eden, Batostoma 
varians is related rather closely to B. jamesi of the Eden, and 
Bythopora delicatula suggests B. arctipora of the Eden.. There is 
also a small species of Callopora quite similar to C. sigillaroides, 
and what appears to be a species of Dekayia not unlike D. ulric hi 
of the Eden. In the upper part of the Waynesville the incursions 
of the outside species (Leptaena rhomboidatis, etc.) begin to be 
felt. One interesting fact connected with the basal member of 
the Richmond (Arnheim) is the presence, in a very thin zone, of 
the foreign species Dinorthis retrorsa. 

The chief faunal fact of the Richmond is, as has been several 
times mentioned already, the coming in of a large number of 
species that find their nearest relatives in the Trenton series. For
merly it was quite the custom to refer these species to well-known 
Trenton forms. That this was a mistake has long ago been learned 
by the more careful studies of these faunas, which we owe to Mr. 
E. O. Ulrich more than to any other student of these rocks. The 
fact remains, nevertheless, that these species of the Liberty and 
Whitewater divisions of the Richmond find tbeir nearest relatives, 
not in the Lorraine, but in the Trenton faunas. In my account 
of the Liberty formation, given above, I have brought out the 
leading facts bearing on this point. In the Richmond section the 
fauna of the Whitewater division succeeds that of the Liberty 
without break; but farther south in Indiana there is intercalated 
between these two divisions a coral reef and finally in the Madi
son region the Whitewater fauna is entirely lacking, the fossilifer
ous portion of the Richmond formation practically terminating 
at the base of the arenaceous Saluda beds. In the upper part of 
the Saluda beds in the Madison region and for a short distance 
northward, there is a meagre fauna (Lophospira hammeli and its 
associates). What portion of the sections farther north this zone 
corresponds to is not. certainly known, but judging from the 
studies of Foerste, it should fall at about the level of my upper 
fossil bed (No. 11 of section 1.60H) , and if this is the case, it 
may be a representative of some portion of the Whitewater divi
sion. 

In the Richmond section there is also, as may readily be seen 
from the detailed section along Elkhorn Creek (1.41A)" a very 
well-marked fauna above the Whitewater fauna, and separated 
from it by a band of nearly barren shale. This ,latter fauna is 
that of the Platystrophia moritura zone, or Elkhorn division of 
the Richmond. It is a very interesting fauna in that it presents a 
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reappearance of a number of typical middle Lorraine species, as 
pointed out several years ago in my paper on the genus Platystro
phia. Most interesting of these species are Platystrophia lynx var. 
moritura which differs very little from the large (normal) lynx 
of the top of the Platystrophia zone (Bellevue beds), and H eber
tella sinuata, scarcely differing at all from the large Lorraine 
form. In addition to these two fossils the beds in question con
tain Platystrophia laticosta, and a CaUopora not differing appre
ciably in external appearance from C. ramosa. On the other hand, 
they contain at least one form that is characteristic of the White
water beds,· namely H omotrypa wortheni, and probably also the 
common Richmond bryozoan, Prasopora hospitalis. The return 
of these common Lorraine species of Platystrophia and Hebertella 
after an absence from nearly 400 feet of rock is certainly an in
ttiresting fact. It may point to the extermination of the exten
sive brachiopod fauna of the Liberty and Whitewater by the· in
flux of terrigenous sediment at the begilllling of the Elkhorn stage, 
thus leaving the field free, when the waters once again cleared, 
near the close of Richmond time, for the return of these old and 
long-lived inhabitants to their former haunts. 

The presence of a coral reef separating the Liberty and White
water beds has already been mentioned. This zone of reef build
ers is best developed in the Madison region, probably because there 
the water was shallowest and the coast line near at hand. . Trac
ing the coral zone northward, one of the genera, Columnaria, 
soon disappears but comes in again between Versailles and Ham
burg, disappearing finally at the latter place. Tetradium can be 
traced north as shown further back, to Richmond, where it is 
very rare, and the specimens have the appearance of having been 
drifted. The presence of these corals is in line with the other 
evidences f)f the shoaling of the Richmond Sea, and the presence 
of a coast line not far southwest of the Madison region; a con
dition due, no doubt, to the culmination of the epeirogenic re
adjustment that had begun in Waynesville time, and had resulted, 
first in the lowering of some barrjer, admitting an outside fauna, 
and finally, in Whitewater time, had probably brought the entire 
southern Indiana region out of water. 

As to the bearing of these facts and interpretations upon other 
provinces, it seems to me, in the absence of equally detailed strati
graphic work in other places, to be rather too early to make any 
definite. statements. The rocks called in this and other reports on 
the Cincinnati· region,Lorraine, are, I am convinced, the homo
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taxial equivalents of the typical Lorraine of New York, or better, 
they are in large part equivalent. If this be true, and if the 
Richmond represents, as indicated above, a period of epeirogenic 
disturbance and readjustment, I think we are to look upon the 
Medina of New York as equivalent in part at least to the Rich
mond. Mr. Ulrich has already advanced this opinion, and I be
lieve it will turn out to be correct. The Medina and Oneida rep
resent the culmination of an elevatory movement and a readjust
ment of land and water relations that was undoubtedly wide
spread, and was followed by an equally widespread subsidence, 
that culminated in the limestone forming epoch of the Niagara. 
In the Indiana region there is no set of deposits that so well rep
rsents the culmination indicated by the Medina and Oneida 8edi
ments of the New York province as the later portions of the 
Richmond. 
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PART II: DESCRIPTION OF SPECIES. 


COMPLETE LIST OF SPECIES REPORTED FROM THE 

CINCINNATI SERIES OF INDIANA, WITH THEIR 


HORIZON, SO FAR AS KNOWN. 

COBALS AND SPONGES. 

1. Beatricea nodulata Billings: See B. nodulosa Billings. 
2. Beatrlcea nodulosa Billings. Saluda. 

2a. Beatricea undulata Billings. Saluda. 

3. Calapoecia cribriformis :Nieholson. Lower Richmond. 
4. Columnaria aJveolata Goldfnss. BAse of the Saluda. 
O. Oolufnll.aria inaequalis Hall. :Not a Cincinnati group species. 
6. Favistalla steliata Hall. See Columnarla alveolata. 
7. Labechla montifera Ulrich. Upper part of the Richmond formation. 
8. 	 Protarea vetusta Hall. Liberty and. Whitewater divisions of t.he 

Richmond formation. 
9. 	 Strephochetus rkhmondensis Miller. Upper part of the Richmond 

formation. Whitewater. 
10. Streptelasma crasllum Hall. :Not found in the Cincinnati group. 
11. 	 Streptelasma divaricans. Whitewater division of the Richmond for

mation. 
12. Streptelasma par'Vulum Hall. Not a Cincinnati group species. 
13. Streptelasfna raawa;ns Hall. Not a Cincinnati group species. 
14. 	 Streptelasma rusticum Billings. Liberty and Whitewater divisions 

of the Richmond formation. 
15. 	 Strofnatooeriufn riohmondense Miller. See Strephochetus richmon

densls. 
16. 	 Tetraaiufn {tbrat1lfn Safford. The form that occnrs in the Cincinnati 

group of Indiana is T. minus. 
17. 	 Tetradium minus Safford. Base of the Saluda and sparingly through

out the Saluda. 

ElCHINollERMATA. 

18. Agelacrinus faberi Miller. Riclullond formation. 
19. Anomalocrinus incurvus Meek and Worthen. Richmond (?). 
20. Dendrocrinus caesi Meek. Richmond. 
21. Dendrocrinus polydactylus Shumard. Richmond. 
22. Ectenocrinus simplex Hall. Richmond. 
23. Glyptocrinus decadactylus Hall. Richmond (?). 
24. Glyptocrinus dyeri Meek. Richmond. 
25. Heterocrinus juvenls Hall. Lower Richmond. 
26. ldiocrinus 8ubcra8su8 Meek and Worthen. See Iocrinus subcrassus. 
27. Iocrinus subcrassus Meek and Worthen. Lorraine. Richmond (?). 
28. Lepadocrinus moore! Meek. Richmond. 
29. Lepidodiscus faberi Miller. Richmond. 
30. Lichenocrinus crateriformis Hall. Utica. Richmond (11). 
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31. Llchenocrlnus dyeri Hall. Richmond. 
32. Lichenocrinus pattersoni Miller. Richmond. 
33. Lichenocrinus tuberculatus Miller. RiChmond. 
34. PaJeaster specwsa Miller and Dyer. See paleasterlna speciosa. 
35. Paleaster wycotfi Miller and Gurley. Richmond. 
36. Paleasterina speciosa Miller and Gurley. Richmond. 
37. PoteriocrinU8 casei Meek. See Denilrocrinus casei. 
38. 	 Poteriocrinites pol1ld~t1llu8 Shumard. 'See Dendrocrlnus polydacty-

Ius. 
89. Protaster granuliferou6 Meek.' See Taeniaster granul1ferous • 

. 40. Urasterella grand!s Meek. Richmond. 
41. Taeniaster granullferous Meek. Richmond. 
42. Xenocrinus baeri Meek. Richmond. 

BRACHIOPODA. 

43. Oarnarotoechia ventricosa Hall. Not a Cincinnati group species. 
44. Catazyga head! BlIlings. Richmond. 
45. Crania laella Hall. Liberty division of the. Richmond formation. 
46. Orania reticuZaris Miller. See 'J'rematls reticularls. 
47. Crania scabiosa Hall. Lorraine and Richmond. 
48. Dalmanella emacerata Hall. Upper Eden shales. 
49. 	 Dalmanella meek! Miller. Waynesville. The characteristic fossil of 

this formation. (= D. jugosa James.) 
50. Dalmanella llluitisecta Meek. Eden shales. The characteristic fossil 

of this formation. 

5~. Dinorthis retrorsa Salter. About the middle of the Arnheim. 

52. Dinorthls subquadratu' Hall. Middle portion of the Liberty. 
53. Heber'tella bQ1'ealis Billings. Not a Cincinnati group fossil. 
54. 	 Hebertella insculpta Hilll. Base of the Liberty bedS. Characteristic 

fossil of this horizon. 
55. HebertelJa occidentaIis Hall. 1..ibel'ty and Whitewater divisions. 
56. 	 Hebertella sinuRta Hall. Lorraine, Liberty, Whitewater and Elk· 

horn divisions. 
57. 	 Leptaena rhomboidalis WlIckens. Top of the Waynesville and base 

of the Liberty. Very common at this horizon. 
58. 	 Leptaena tran8ver8ali8 Wahlen,berg. See Plectambonites transver· 

salis. 
59. Leptobolus lepis Hall.. Lorraine. 
60. Lingula covingtonensis. Hall and Whitfield. Lower Eden. 
61. Orthis borealis BiIllngs. See I:Iebertella borealis. 
62. Orthis centm8a Miller. See Plutystrophia costata. 
63. Orthis fissicosta Hall. Lorraine. 
64. Orthis tricenarta Conrad. Not a Cincinnati group species. 
65. Platystrophia ,acutilirata Conrad. Liberty and Whitewater divisions. 
66. 	 Platystrophia acutilrata val'. senex Cumings. Upper part of the 

Whitewater division. 
67. Platystrophia costata Pander. Lower Lorraine, and upper Eden (1). 
68. 	 Platystrophia lynx Eichwald. 1...orralne. '1'his is the characteristie 

fossil of the middle and upper part of this formation. 

[44] 
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69. 	 Platystrophia lynx var. latieosta Meek. Lorraine, Waynesville, 
Whitewater, Liberty and Elkhorn. The characteristic fossil of 
the lower and middle Lorraine. 

70. Platystrophla lynx var. cypha James. Upper part of the Lorraine. 
71. 	 Platystrophia lynx var. moritura Cumings. Elkhorn division. This 

is the characteristic fossil of this division. . 
72. Platllstrophia unicostata. See P. cypha. 
74. 	 Plectambonites sericeus ·Sowerby. Eden shales, WaynesvlIle (rare), 

base of Liberty (very abundant), Whitewater (rare). This is 
one of the characteristic fossils of the base of the Liberty. 

75. Plectamoonites transversaUs Wahlenberg. Not a Cincinnati groul' 
species. 

76. Plectorthis ella Hall. Lorraine. 
77. Plectorthis plicatella Hall. Lower Lorraine. 
78. Plectorthis triplicatella aleek. Lower Lorraine. 
79. Ratinesquina alternata Enunons. Throughout the CincinnatI group. 

Especially characteristic of the Arnhelm. 

SO. Raf/,ne8quina alternata var. alterni8triata. Same as n. alternnta. 

81. Ratinesquina alternatll var. fracta Meek. Top of Lorraine. 
82. 	 Rll11nesquina alternata var. loxorhytis Meek. Top of Waynesville 

and base of Liberty. 
88. Ratinesquina altel'nuta var. nasuta Conrad. Upper Lorraine. 
84. Ratlnesquina alternata val'. ponderosa Cumings. Upper Lorraine. 
85. Retziu granulifera Meek. Upper Eden. 
86. Rhllnchonella. ventricosa. naIl. See camal'otoechia ventricosa. 
87. Rhynchotremu capax Conrad. Liberty and Whit.ewater divisions. 
88. 	 Rbynchotrema dentata Hall. Liberty (very rare). Whitewater. 

This is the characteristic Brachiopod of the Whitewater division. 
89. Schlzocrania tilosa Hall. Trenton to Lorraine. 
90. 8treptorhynchus elongatum James. See Strophomena planumbona. 
91. 8treptorhynchus vetustum James. See Strophomena vetustll;.:i 
92. 8trophornena incurvata Shepard. Not a Cincinnati group species. 
93. Strophomena neglecta Meel,. Liberty and Whitewater dh'isions. 
94. 	 Strophomena planum bona Hall, Liberty (common), Whitewater. 

This is the characteristic brachIopod of the Liherty division. 
95. Strophomena planoconvexa Hall. Lorraine. 
96. Strophomenu sinuatu Meek. Lower Lorraine. 
97. Strophomena subtenta Hall. Liberty. 
98. 	 Strophomena sulcata Verneuil. Top of the Liberty ( rare). White

water division (common). This is one of the Characteristic fos
sils of the WhItewater division. 

99. 8trophomena tenuistriata Sowerby. See Leptaena rhomboidulis. 
100. 	 Strophomena vetusta James. Lower Richmond 0). (See S. neglec

ta Meek.) 
101. 	 Trematis millepunctatu Hall. Not comillon throughout the Cincin

nati series. 
102. Tremutis reticularis Miller. Lorraine. 
103. Triple8£a cuspidata Hall. Not a Cincinnati group species. 
104. Zygospira clncinnatlensls Meek. Upper and middle Eden shales. 
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105. Zygospira henm Billings. See Catllzyga bead!, 
107. 	 Zygospira modesta Hall. Tbroughout the Oincinnati group in nearly 

every layer of limestone. 

BRYOZOA. 

108. Amplexopora cingv.lata Ulrich. Middle and upper Lorraine. 
109. 	 Amplexopora multispinosa CumIngs. Top of the Eden and base of 

tbe Lorraine. 
110. Amplexopora petasiformis (Nicholson). Eden. 
111. 	 Amplexopora pustuJosa Ulrich. Upper Lorraine and Lower Rich

mond. 
112. Amplexopora robusta Ulrich. Middle Lorraine. 
113. Amplexopora septosa (Ulrich). Lower Lorraine. 
114. ArthrllPora cleavlandi (James). Upper Eden. 
115. 	 Arthropora shafferi (Meek). I,orraine and Richmond. A common 

fossil. 
116. Arthrostylns tenuis (James). Upper Eden. 
117. Atactoporella llluitigranosa (Ulricb). Lower and middle Lorraine. 
118. Atactoporella mundula (Ulrich). Middle Lorr,aine. 
119. Atactoporella newportensis Ulrich. I~wer Eden. 
120. Atactoporella ortoni (Nicholson). Middle Lorraine; 
121. Atactoporella schuchert! Ulrich. Lorraine and Richmond. 
122. 	 Batostoma impUcatum (Nicholson). Middle and upper EdeIi. COlli' 

mono 
123. Batostoma jamesi (Nicholson), Middle and upper Eden. 
124. .Batostoma variabile UlriCh. Upper Richmond. 
125. 	 Batostoma varians (James). Arnheim, Waynesville and Liberty di

visions of the Richmond. Common. 
126. Bernicea primitiva Ulrich. Richmond. 
127. Bythopora arctipora (Nicholson). Eden. Very common. 
128. Bythopora delicatula (Nicholson). Richmond. Common. 
129. 	 Bythopora graciJis (Nicholson)'. Middle and upper Lorraine. Abund

art . 
130. 	 Bythopora meekl (James). Waynesville,Llberty and Whitewater di

visions of the Richmond. Common. 
131. 	 Bythopora striata Ulrich. Waynesville, LIberty and Whitewater di

visions of the Richmond. Rare. 
132. Callopora andrewsi (NIcholson). Upper Lorraine. 
133. 	 Callopora dalei (Edwards and Haime). Lower Lorraine. Very 

common. 
134. Callopora frondosa Cumings. Whitewater division. 
135. Callopora nodulosa (Nicholson). Upper Eden. 
136. Callopora onealll (James). Lower Eden. 
137. Callopora onealli communis (JUDIe!:'). Upper Eden. Veryabull(lant. 
138. Cullopora oneall! sigillaroides (Nicholson). Eden. C()mmon. 
139. 	 Callopora ralllosa (d'Orbigny). Middle and upper Lorraine. Very 

common. A characteristic fOE!sll of this part of the Lorraine. 
140. 	 Callopora ralllosa rugosa (Edwards and Haime). Upper Lorraine. 

Common. 
141. Callopora cf: ranlosa. At several levels in the Richmond. 
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142. CaUopora cf. rugosa. In the upper part of the Whitewater division. 
143. Callopora subplana Ulrich. Lower Lorraine and upper Eden. 
144. 	 Callopora subnodosa Ulrich. Throughout the Richmond series. Com· 

moD.. 
145. Calloporella circularis (James). Lower Richmond. 
146. CeramoporeHa distincta Ulrich. Eden. 
147. Ceramoporella granulosa Ulrich. Eden and Lorraine. 
148. 	 Ceramoporella ohioensis (Nicholson). Throughout the Cincinnati 

series. Common. 
149. Chlloporella 1iabellata Ulrich. Upper Lorraine. 
150. Coeloclema alternatum (James). Middle and upper Eden. 
151. Ooeloclema ooncentricum (James). See C. commune Ulrich. 
152. Coeloclema commune Ulrich. Eden. 
153. 	 Coeloclema owen! (James)"'. Associated with the gerontic form of 

PZat1l8trophia lll'lUI! in the upper part of the Lorraine. 
154. Constellaria constellata (Vancleve) Dllna. Lower Lorraine. 
155. Constellaria constellata prominens Ulrich. Base of Lorraine. 
156. Constellaria limitaris (Ulrich). Liberty division. 
157. 	 Constenaria polystomella Nicholson. Liberty and Whitewater di

visions. 
158. Dekayia appressa Uirich. Upper Lorraine. 
159. Dekayia aspera (Edwards and Haime). Lower and middle Lorraine. 
160. Delmyia cystata Qumings. Middle Lorraine. 
161. Dekayia frondosa (d'Orblgny). Lorraine. 
162. Dekayia in1iecta (Ulrich). Upper Lorraine. 
163. Dekayia lobata Cumings. Middle Lorraine. 
164. Dekayia magna Cumings. Middle Lorraine. 
165. Dekayia obscura (Ulrich). Upper Eden. 
166. Dekayia paupera (Ulrich). Upper Lorraine. 
167. Dekayia pelllculata Ulrich. Upper I~orraine. 
168. 	 Dekayia prollfica (Ulrich). Waynesville, Liberty and Whitewater 

diviSions of the Richmond. Especially abundant at the base of 
the liberty. 

169. Dekayia subfrondosa Cumings. Lower Lorraine. 
170. Dekayia subpulch~lla (Nicholson). Lower Lorraine. Whitewater (1). 
171. Dekayia subramosa (Ulrich). Whitewater. 
172. 	 Dekayla ulrichi (Nicholson). Upper Eden. This is the character

istic fossil of the upper Eden. 
173. Dekayia ulrichi robusta (Foord). Upper Eden. 
174. 	 Dicranopora emacerata (Nicholson). Lorraine and Richmond. Com· 

mono 
175. Dicranopora fragilis (Billings). Lower Richmond (1). 
176. 	 Eridotrypa slmulatrix (Ulrich). Waynesville and Liberty divisions 

of the Richmond. 
177. Escharopora acuminata (James). Lower Eden. 
178. Escharopora falc1formis (Nicholson). Lower Lorraine. 
179. Escharopora pavonia (Edwards and Haime). Lower Lorraine. 
180. Fenestella granulosa Whitfield. Liberty and Whitewater divisions. 

-Tnl.,. species W8.I! collected on 'I'anner's creek, after the greater part of my 
manuscript had gone to the printer. 
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181. Graptodictya perelegans (Ulrich). Waynesville. 
182. Helopora elegans Ulrich. Liberty, Whitewater. 
183. Helopora harrlsi James. Lower RiChmond. 
184. Homotrypa austini Bassler. ' Liberty, WhItewater. 

'185. Homotrypa communis Bassler. Waynesville. Common. 
186. 	 Homotrypa oonBtellariformls Cumings. Saluda and Whitewater (at 

VersaUles). ' 
187. 	 Homotrypa curvata Ulrich. Lower !,.orraine ('I), and upper Lor

raine. 
188. Homotrypa cylIndrIca Bassler. WhItewater. 
189. Homotrypa dawsoni' (NIcholson). Arnhelm, Whitewater (rare). 
190. Homotrypa llabellaris Ulrich. Liberty and Whitewater. Common. 
191. Homotrypa tiabellaris frondosa Cumings. Arnheim. 
192. Homotrypa :ftabellarls spinifera Bassler. Whitewater. 
193. Homotrypa nicklesi Bassler. Whitewater. 
194. Homotrypa nitlda Bassler. Upper RIchmond. 
100. Homotrypa obllqua Ulrich. Lorraine. 
196. Homotrypa praecipta Bassler. Upper UtIca and lower Lorraine. 
197. Homotrypa ramulosa Bassler. Liberty, Whitewater. 
198. Homotrypa wortheni (James). Whitewater and Elkhorn. Common. 
199. 	 Homotrypa wortheni prominens Bassler. Extreme upper part of,the 

Liberty and, Elkhorn. 
200. Homotrypella rustica Ulrich. Whitewater. Common. 
'201. Leptotrypa calceola(MUler and Dyer). Lower Lorraine. 
202. Leptotrypa clavaeoidea (James). Upper LorraIne. 
203. 	 Leptotrypa discoidea, (Nicholson). Upper Lorraine (?), lower Lor

raine. 
204. Monotrypella aequalIs UlrIch. Lower and middle (?) Eden. 
205. Monotrt/peZZa. quadrata (RomInger). See Rhombotrypa quadrata. 
206. MonotrvpeZla s'ubquadrata Ulrich. ' See Rhombotrypa subquadrata. 
207. 	 Monticulipora epidermata UlrIch and Bassler. Whitewater. This is 

one of the most abundant and characteristic bryozoa of the 
Whitewater beds at Richmond. 

208. Montwulipora lrreguZaris Ulrich. See Stigmatella Irregularis. 
209. 	 MonticulipoJ,'a mammulata d'OrbIgny. Upper LorraIne. Common and 

characteristic. 
210. MonticuUpora moZesta Nicholson. See M. mammulata. 
211. Montlculipora parasitlca Ulrich. Liberty and Whitewater divisions. 
212. 	 Nicholsonella vaupeli (Ulrich). Upper Lorraine and base of Liberty, 

and upper part of Whitewater. 
213. Peronopora pavonla (d'Orbigny). Lorraine arid Richmond. 
214. Peronopora deci¢ens (Rominger). See P. pavonia. 
215. Peronopora vera Nickles. Eden. 

21'6. Petigopora asperula Ulrich. Middle and upper Lorraine. 

217. Petlgopora gregaria Ulrich. Upper Lorraine. 

218. Petlgopora petechia lis (Nicholson). Lorraine, Richmond (1). 

219. 	 Prasopora hospltalls Nicholson. Throughout the Richmond. Com

mon. 
220. Probosclna auloporoides (Nicholson), Lorraine and Richmond. 
221. Proboscina frondosa (Nicholson). Lorraine and Richmond. 
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222. Ptilodictya plumaria James. Whitewater. 
223. Rhombotrypa crassimuralis'(Ulrich).' Upper part of the Whitewater. 
224. 	 Rhombotrypa quadrata (Rominger); WaYnesville, Liberty and 

Whitewater divisions of tht' Richmond. A very common fossil.' 
225. Rhombotrypa Bubquadrata (Ulrich). Base of the Liberty (1). 
226. 	 Rhopalonaria venosa Ulrich. Upper part of the Waynesville and, base 

of the Liberty. . 
227. Rhinidictya lata (Ulrich). Waynesville. 
228. Rhinldictya parallela (James). Lower Eden. 
229. Spatiopora maculosa Ulrich. Lower Lorraine. '. 
230. 	 Spatiopora tuberculata (Edwards and Haime). Lorraine and Rich· 

mond. 
231. Stictoporella f1exuosa (James). Lower and middle Eden. 
232. Stigmatella clavis (Ulrich). Eden. 
233. Stlgmatella crenulata Ulrich and nassler. WaYnesville. 
284. Stigmatella irregularis (Ulrich). Lower Lorraine. Not certainly 

known to occur in Indiana. 
235~ Stigmatella personata Ulrich and Bassler. Elkhorn. 
236. Stigmatella spinosa Ulrich and Bassler. Upper Richmond. 
237. Stomatopora arachnoidea (Hall). Eden, Lorraine and Richmond. 
23S~ Stomatopora inflata (Hall). Eden, Lorraine and Richmond.' 

GASTEBOPODA AND PTEROPODA. 

239. BetUwophon oilooatus Sowerby. See PJ;otowarthia bilobata. 
240. Bellerophon gorbyiMiller. Lorraine ('I). 
241. Bellerophon mohri Miller. Middle Richmond. 
242. BellerophOn subangularIs Ulrich. Middle RiChmond. 
243. Bucania craSSfl UlrIch. Uppermost beds of· the Richmond. 
244. Bucania ell!pansa Hall. See Salpingostoma expansa. 
245. Bucania simulatrix Ulrich. 'Whitewater. 
246. Clathr9spira subconica ~IIall). Lorraine and Richmond. 
247. Conradella dyeri (Hall). Richmond. 
248. Oonraaella ayeri cellulo8aUlrich. Not found in the Cincinnati group. 
249. Conularia formosa Miller and Dyer. Richmond. 
250. Cyclonema bilix (Conrad). Richmond. 
251. Oyclonema oilill! conicum Miller. See C. bilh:. 
252. Cyclonema bilix f1.uctuatum (James). Richmond. 
253. Cyclonema biIix humerosum Ulrich. Upper half of the Lorraine, and 

Richmond~ 

254. 	 Cyclonema bilix mediale Ulrich. Lowe,r half of the Lorraine. Com· 
mono 

255. Cyclora minuta Hall. Lorraine and Hicblllond. 
256. Cyclora parvula Hall. Richmond. 
257. Cyclora pulcella Miller. Liberty. 
21'\8. Oyrtolite8 ayeri Hall. See Conrudella dyerl. 
259. Oyrtolite8 inornatu8 Hall. See Microceras inornatus. 
260. Oyrtolltes magnu8 Mmer. See Oxydiscus magnus. 
261. CyrtoUtes ornatus Conrad. Lorraine and Richmond. 
262. Helicotoma marginata UI'rich. Elkhorn. 
263. Holopea hubbard! Miller. Saluda. 
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264. Hormotoma beZlWincta (Hall). Not a Oincinnati group species. 
265. 	 Hormotoma gracilis (Hall). Utica. Probably does not occur in In

diana. 
266. HQrmotoma trentonen8is Ulrich. Not a Oincinnati group species. 
267. Hyolithes (1) dubius Miller and Faber. Richmond. 
268. Hyolithes versaillesensis Miller and I"!'aber; Richmond. 
269. Liospira vitruvia (Billings). All divisions of the Olncinnati gI·oup. 
270. Lophospira acuminata Ulrich•. Middle Richmond. 
271. Lophospira ampla Ulrich. Richmond. 
272. Lophospira biclncta (Hall). Richmond. 
273. Lophospira bowdeni (Safford). Lorraine. 
273a. Lophospira hammeli (Miller). Saluda. 
274. LopMspira mllltigruma (Miller). See Lophospira tropidophora. 
275. Lophospira tropidophora (Meek). Whitewater. 
276. Loph08pira ventricosa (Hall). Not a Oincinnati group species. 
277. Microceras inornatus Hall. Lorraine and Richmond. 
278. 	 illurchisonia bellicincta Hall. See Hormotoma bellic1ncta and H. 

trentonensis. 
279. illurchisonia graciliS Hall. See Iiormotoma gracilis. 
280.· iIlurchisonia hammeli Miller. See Lopbospira hammeli. 
281. iIlurc1tisonia milwri Hall. See Lophospira bicincta. 
282. iIlurchi80nia fnultigruma Mi1ler. See Lopbospira tropldophora. 
283. iIlurchisonia venlricosa Hall. See Lopbospira ventricosa. 
284. Oxydiscus magnus (Mlller). Richmond. 
285. Pleurotomaria subconica Hall. See Olathrospira suhconica. 
286. Pleurotomaria tropidophora Meek. See Lophospira tropidophora. 
287. P1'otowarthia biZobat'Us (Sowerby). Not an American species. 
288. Protowarthia canceilata (Hall). Eden, Lorraine and Richmond. 
289. Protowarthla suhcompressa Ulrich. Lower Richmond. 
200. Raphistoma richmondensis Ulrich. Middle Richmond. 
291. Salpingo8toma ewp!msa (Hall). Not a Cincinnati group species. 
292. SaIpingostoma rlchmondensls Ulrich. Whitewater, upper part. 
293. 	 Schizolopha moorei Ulrich. Upper part of the Richmond. Whit('

water. 
294. Tentaculite8 richmonden8i8 Miller. See Oornulites richmondensis. 
295. 	 Tentaculites tenui8tri(!tu8 Meek and Worthen. See OornuUtes tenuis· 

triatus. 
296. Trochonema madisonense' Ulrich. Richmond. 
297. '1 ryblldhim indianense Miller •. Richmond.. 
298. Tryblidium madlsonense Miller. Richmond. 

PELEOYPODA. 

200..Allonychia jamesl (Meek). Upper Lorraine. 
300. Ambonllchia amllgdalina Hall. Not a OincinnatI group species. 
301. Ambonllchia amllgdaloi4ea. See A. amygdalina Hall. 
302. 	 Ambonllchia bellistriata Hall. Not found in theOinclnriatl region. 

See Byssonychia radiata. 
303. Ambonychia carinata (Goldfuss). Not an AmerIcan speCies. 
304. Ambonllchia costata Meek. See Anomalodonta costata. 
305. Ambonllchia jame8i Meek. See Allonychia jamesi. 
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306. Angellum owneatum Miller. See Cyrtodonta cuneata. 
307. Arwdontopsis (1) milleri Meek. See Orthodontiscus milleri. 
308. Arwdontopris (1) 1mionoides Meek. See Ischyrodonta unionoides. 
309. Anonlalo(Jonta casei Meek and Worthen. See Op!sthoptera casel. 
310. Anomalodonta costata Meek. Lower Richmond. 
311. .Anomalodonta gigantea Miller. Waynesvl1le and Whitewater. 
812. Byssonychia alveolata Ulrich. Upper Lorraine and lower Richmond. 

SIS. Byssonychia grandis Ulrich. Lower Richmond, Whitewater (1). 

S14. Byssonychia obesa Ulrich. Whitewater. 

S15. Byssonychia praecursa Ulrich. Upper Lorraine. 

S16. Byssonychla radiata Hall. Eden, Lorraine and Richmond. 

SUi. Byssonychia richmondensis Ulrich. Whitewater. 

S16. Byssonychla suberecta Ulrich. Lower and middle Richmond. 

317. Byssonychia tenuistriata Ulrich. Richmond. 

Sl8. Clidophorus tabula Hall. I,orraine. 

S19. Clionychia excavata Ulrich. Richmond. 

320. Ctenodonta cingulata Ulrich. Waynesville. 

321. Oycloooooha millen (Meek). See Orthodontiscus milleri. 

S22. Cymatonota typicaHs Ulrich. Waynesville, Whitewater (1). 

S23. Oypricardites sterlingensi8 Meek and Worthen. See Whitella ster· 


Hngensis. 
324. Cyrtodonta cuneata (Miller). Richmond. 
325. Erldonychia crenata Ulrich. Whitewater (1), lower Richmond. 
326. Ischyrodonta deciplens Ulrich. Whitewater. 
327. Ischyrodonta elongata Ulrich. Middle Richmond. 
S28. Ischyrodonta miseneri Ulrich. Whitewater. 
329. Ischyrodonta modiollformi.s Ulrich. Whitewater. 
330. Ischyrodonta ovalis Ulrich. Middle RIcbmond. 
331. Ischyrodonta truncata Ulrich.. Middle Richmond. 
332. Ischytodonta unionoides (Meek). Lower Lorraine. 
333. Megaptera casei Meek IlIld Worthen. See Opisthoptera casel. 
334. Modiolodon declivis Ulrich. Middle Richmond, Arnbeim (1). 
335. Modlolodon obtusus Ulrich. Lower Lorraine, Waynesville {1). 
336. Modiolodon subovalis Ulrich. Richmond. 
337. Modiolodon subrectus Ulrich. Richmond. 
338. Modiolodon truncatus (Hall). Lorraine. 
339. 	 Modiolopsis cinclnnatiensis Hall and Whitfield. See Whiteavesia cin· 

cinnatiensis. 
340. Modiolopsis concentrica Hall and Whitfield. Waynesville. 
341. Modiolopsi,s modiolatis Hall. See Modlolodon obtusus. 
342. Modiolopsis phola4itormis Hall. See Whiteavesia pholaditormis. 
343. ModiolopsIs versaillesensls Miller. WaynesvUle (probably). 
344. 	 Opisthoptera casel (Meek and Worthen). LIberty, Whitewater, Elk-

horn. 
345. Opisthoptera obl1qua Ulrich. Richmond. 
346. Orthodesma canal1culatum Ulrich. Richmond. 
347. Orthodesmaparallelum (Hall). Not a Cincinnati group species. 
348. Orthodesma rectum Hall and Whitfield. Lower Richmond. 
349. Orthodesma subangulatum Ulrich. Richmond. 
350. Orthodontlscus milleri Meek. Lower Richmond. 
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351. Ortonel1a balnesl (Mlller). Whitewater. 
352. Pterlnea corrugata (James). Waynes~l1le. 

353. 	 Pterlnea demissa (Conrad) . Lorraine and Richmond. A common 
fosstI. 

354. 	 Pterinea insueta (Emmons). Very probably not a Cincinnati group 
species. 

355. Rhitimya byrnesi Miller. Richmond. 
356. 	 Sedgwickla fragllis Meek. Lower Lorraine. May not occur in In

diana. 
357. Sphenolium richmondense Miller. Middle Richmond. 
358. TelUnomya hilll MUler. Saluda. 
359. Whlteavesia cincinnatiensis (Hall and Whltileld). Lower Eden. 
360. Whiteavesia pholadlformis (F,[all). Richmond. 
361. Whitella obliquata Ulrich. Lower Richmond. 
362. 	 W1J,itella sterlingensiB (Meek and Worthen). Probably does not oc

cur in Indiana. 
363. Whitella umbonata Ulrich. Lower Richmond. 

CEPHALOPODA. 

364. Cyrtoceras amoenum Miller. Richmond. 
365. Oyrtoceras hallianum d'Orbigny. Not a Cincinnati group species. 
366. Oyrtoceras ~amellatum. See C. lamellosum. 
367. 01lrtoceras lameUosum. See C. halUnnnm. 
368. Cyrtoeeras tenuiseptum Faber. Richmond. 
369. Cyrtoceras thompsoni Miller. Upper Richmond (1). 
370. Flnaoceras approaJimatum Hall. Not a Cincinnati species. 
371. Flnaoceras magniven,trum Hall. Not a Cincinnati species. 
372. Endoceras proteiforme Hall. Throughout the Cincinnati group. 
373. Gomphocerl1s indinnensis lI-liller and Faber. Richmond. 
374. Gyroceras baer! (Meek and Worthen). Middle Richmond. 
375. Ormoceras te1tuittlum Hall. Not a Cincinnati species. 
376. Orthoceras billncl1tum Hall. Richmond. 
377. Orthoceras byruesi Miller. Upper Lorraine. 
378. Orthoceras carleyl Hall and Whitfield. Upper Lorraine (?). 

379. Orthoceras duseri Hall and Whitfield. Lower Richmond. 
380. Orthoceras gorbyl Miller.' ,The horizon of this species Is not known. 
381. 	 Orthoceras junceum Hall. Lower Eden. Probably does not occur In 

Indiana. 
382. Orthoceras mohri Miller. Waynesville. 
383. 	 Orthoceras spinale. The ,Identity of this species Is not known. No 

such species Is known from the Cincinnati group of Indiana. 

Cm:a:I:PEDIA. 

384. PlumuU.tes jamesi Meek. See Lepidocoleus james!. 
385. ,Turrilepas jamesi (Meek). See Lepldocoleus james!. 
385a. Lepldocoleus jamesi (Meek). Richmond. probably also in the other 

divisions of the Cincinnati group. . 
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OSTRACODA.. 

386. Beyriohia ohambersi MfIIer. See Ceratopsls chambersI. 
387. 	 Beyrichia hammeli Miller' and Faber. See Ctenobollna ciliata Ham

meli. 
388. Beyriohia ooulitera Hall. See Ceratopsis ocullfera. 
389. 	 Beyrichia striato-marginata Miller. See Eurichilina striato-margi

nata. 
390. Bollia pumila Ulrich. Richmond. 
391. Ceratopsis chambersi (Miller). Eden. Richmond (1)_ 
392. Ceratopsis chambersi robusta. Ulrich. Lower Richmond. 
393. Ceratopsis ocuIifera (Hall). Lorraine. 
394. Ctenobolina ciliata hammeli (Miller and Dyer). Arnheim. 
395. Entomis madisonensis Ulrich. Saluda.' 
396. Eurychllina striato-marginata Miner. Saluda. 
397. Leperdltia caecigina Miller. Saluda. 
398. Primitia c1ncinnatiensls (MllIer). Richmond. 
399. Prlmitia impressa Ulrich. Waynesville (?). 
400. 	 BtrepuZa. .quaarilirata simpZea: Ulrich. See Tetradella quadrillrata 

simplex. 
401. Tetradella quadrilirata (Hall and Whitfield). Lower Richmond. 
402. Tetradella quadrilirata simplex Ulrich. Richmond. 

TRILOBITA. 

403. Acidaspls ceralepta (Anthony). Eden. 
404. Acidaspis cincinnatiensis Meek. Eden, Lorraine. 
405. ACidaspis crosotus James. Eden. 
406. 	 Calymmene caUicephala Green. Eden, Lorraine and Richmond. A 

common fossil. 
407. Ceraurns icarns (Billings). Whitewater. 
408. 	 Ceraurns pleurexanthemus Green. 'Lower Lorraine and base of 

Waynesville. 
409. Dalmanites breviceps Hall. Waynesville. 
410. 	 Dalmanites callicephalus (Hall).' Probably not founjl in the Cin

cinnati group. 
411. lsotelus maximus Locke. Hather common in all divisions of the Cin

cinnati group. 
412.' t SQteZus' gigas. See 1. maximus. 
413:-'1'Phacops oallicephalus. See Dalmanites callicephalus. 
414. Phaoops gaUicephahlll. See P. callice))halns. 
415. ·Pt-oetus spurlock! Meek. Lower Lorraine. 
419. 1'rlnucleus concentricus Eaton. J..ower Eden. 

ANNELIDA. 

417. ConchioUtes oonica. See Cornulites fiexuosus Hall. 
418. Cornulites fiexuosus (Hall). Throughout the Cincinnati group. 
419. Ortonia minuta. See COl'IluUtes minor. 
420. Cornulites mInor (NIcholson). Lower Lorraine. 
421. CornuUtes richmondensis (M1l1er). Waynesvllle. 
422. Cornulites tenuistrlatus (Meek ailjl Worthen). RIchmond. 
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SPONGES AND CORALS. 

DIAGNOSES OF GENERA. 

BEATRICEA Billings. 

Cylindrical or angulated stems, often fluted and ranging in 
size to over ten feet in length and a foot in diameter. A central 
tube wi~h cystose ta.lmlae and a peripheral vesicular structure 
characterize the fossil. (Grabau). 

CAlJAPOEQIA Billings., 

Corallum massive or branching. Corallites prismatic, poly
gonal, geuerally hexagonal. Tabulae nunierous. Numerous short. 
well marked septa. Mural pores large, disposed in vertical rows 
between the septa. (Zittel). 

CO~UMNARIA Goldfuss. 

Corallum maSsive, hemispheric, pyriform or irregularly spher
oidaL Often of large siZe. Composed· of prismatic or polygonal 
corallites, which radiate outward from the base of attachment. 
Walls of corallites not excessively thickened, and contiguous: coral
lites in contact throughout, except sometimes near their mouths. 
Walls imperforate. Septa well developed and lamellar, extending 
from the top to the bottom of theviscel'al chamber, not quite reach
ing to the center of the tube. A long and short series alternate 
with each other. Tabulae very numerous and well developed, com
plete and nearly horizontal, not placed at corresponding levels in 
contiguous tubes. (Nicholson.) 

LABECHIA .}filne-Edwards .and Haime. 

Corallum a laminar expansion, attached by a portion of the 
base, the remainder of the lower surface covered by a concen
trically striated epitheca. Upper surface with rounded or elong
ate, solid· tubercles, separated .by an imperforate calcareous mem
brane. Internal structure consisting of a great number of cylin
drical calcareous columns directed vertically upward from the 
basal epitheca, their upper ends forming the surface tubercles. . In
terspaces between the columns occupied by a series of lenticu1ar 
vesicles with their convexi.ties directed upward. (Nicholson.) 
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PROTAREA Mllne-Edward$ and Baime. 

Encrusting. Cells simple, polygonal. Small sharp points at 
the angles of most of the calices. Calices shallow. Septa less 
trabecular than in most of the Poritidae. Toothed at the margin; 
the teeth nearest the center simulating a small columella. No pali. 
(Edwards and Haime.) 

STREPTELASMA Hall. 

Turbinate, often curved. Septa numerous, altel1lately long 
and' short; the free edges of the longer septa twisted together in 
the center to form a pseudocolumella. Tabulae few or absent. 
Position of the principal septum is recognizable on the exterior by 
a system of pinnately diverging costal ridges. (Zittel.) 

TETRADIUM Dana. . 
•• Ooralla aggregata, tubulis ceZlisque quadrangttlatis composita, 

septis parietibusve te'nuissimis j cellis lamellis angustis 4 stellatis . 
•, Coralla massive, consisting of 4-sided tubes, and cells with 

very thin septa or parietes; cells stellate, with 4 narrow lamellae. 
"This geuus is near Receptaculites, but differs in having very 

thin parietes, and four distinct rays within the cells, one to each 
side. The species answering to the description, is a fossil of un
certain locality, in the collections of Yale College, New Haven. 
The cells are about half a line in breadth. The name, from the 
Greek 't'E't'pa~, four, alludes to the quadrate structure. "-Dana, 
Zoophytes of the Wilkes Exploring Expedition, 1846, p. 701. 

DESCRIPTION OF SPECIES. 

BEATRICEA NODULOSA BillIngs. 

Plate I. llgs. la, lb. 

Beat1-icea 1~odulosa Billings, 1856. Gool. Surv. Canada, Rep. Prog
ress for 1856 (1857), p. 344. 
, , D~sc1-iption.-The surface of· this species is covered with ob

long, oval, subtriangular projections from one to three lines in 
height, each terminating in a rounded blunt point which is nearer 
to one end of the prominence than the other. Some of the pro
jections are six or seven lines in length at the base, and half as 
wide. Generally they are smaller, and often with a nearly circu
lar base; the distance between .them is from one to three lines. 
They exhibit in some specimens a tendency to an arrangement in 
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row~ following the length of the stem. In some instances these 
rows wind around the stem in spirals. In addition to these charac
ters, the whole surface is fretted with minute points, and these 
when partially worn show a perforation in the centres. 

"In a specimen three inches in diameter, the diameter of the 
central' tube is three-quarters of an inch; the transverse septa are 
thin, very concave, and at distances from each other varying from 
one line to one inch. 

"Locality and formation.~Anticosti, at Wreck Point, Salmon 
River and Battery Cliff. Lower Silurian. "~Billings, loco cit. 

Saluda formation in Indiana. 

BEATRICEA UNDULATA Billings. 

Plate I, fig. 1. 

Beatricea undulata Billings, 1856. Goo!. Surv. Canada, Rep. 
Progress, for 1856 (1857), p. 344. 
, , Description.-The surface of this species is sulcated longi

tudinally by short, irregular, wave-like furrows from two lines to 
one inch across, according to the size of the specimen. In other re
spects it appears like B. nodulosa: The lal;gest specimen is ten feet 
five inches in length, about eight inches in diameter at the large 
end, and six inches and a-half at the smaller extremity. Another 
short fragment is fourteen inches in diameter. 

" All the specimens of both species are replaced by carbonate of 
lime, but show more or less perfectly the septate character of the 
central tube and the concentric arrangement of the layers of the 
stem. They are generally broken up into short pieces. 

"Locality and formation.-Cape James, Table Head, two miles 
east of Gamache Bay, and numerous other localities in the Middle 
Silurian. "-Billings, loc. cit. 

Saluda formation in Indiana. 

CALAPOECIA CRIBRIFORMIS (Nicholson). 

Plate I, figs. 1I·lIb; Plate V, fig. 1. 

Oolumnopora cribriformis Nicholson, 1874, Geol. Mag., N. S. de
cade II, vol. I, p. 253, fig. 1. 

" Spec. OItar.-Corallites far the mast part hexagonal or penta
gonal, averiging about one line and a half in diameter, sometimes 
more or less. Septa in the form of strong vertical ridges, from 
twenty to twenty-four in number, equally developed, never reach
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ing the centre, or extending more than quite a short distance into 
the interior of the corallite. Between each pair of septa is a row 
of large oval or circular mural pores, so that there are from 
twenty to twenty-foUr rows of these openings in each corallite, gen
erally about four on each face. Not only are the rows of pores 
thus extraordinarily numerous, but the pores are of unusually 
large size, and are placed close together, about three of them oc
cupying the space of one line measured either vertically or trans
versely. The walls of the corallites thus assume a completely 
cribriform appearance, and look as if composed of a series of ver
tical pillars (the septa) united by horizontal cross-bars. Tabulae, 
in the specimens observed, imperfect, from three to four in one 
line . 

. , At first sight, especially when viewed from above, Columno
pora cribriformis presents a striking resemblance to Columnaria 
alveolata, Goldfuss; the shape and size of the corallites being alike 
in both species. The specimens of Columnaria alveolata which are 
found in the Trenton limestone, so far as I have seen, have, also, 
short septa, in the form of strong ridges, which extend inwards for 
a very small distance; and this still further increases the .resem
blance just spoken of. In the latter species, however, the walls of 
the corallites are compact, and are not perforated by pores, and 
this of itself is a sufficient point of distinction. On the other hand, 
Oolumnopora cribriformi:; is distinguished from all the massive 
species of Favosites, both by the well-marked septa and by the 
large size and enormous number of the mural pores. From .Miche
linia, C. cribriformis is separated by the fact that the tabulae are 
certainly not vesicular,whilst the pores are much larger and'more 
closely set than.in any species of the former genus, and the septal 
system is at the same time much better developed. In the only 
specimens I have seen, the tabulae of C. cribriformis are poorly 
preserved, and nothing is left of them except their bases. This 
state of things, however, is quite commonly observable in speci
mens of Columnaria and J!1avomtes; and I entertain no doubt but 
that the tabulae of the present fOl'ln were really complete and in all 
respects well developed."-Nicholson, loco cit. 

This species is reported by Nicholson from the Cincinnati 
group, near Cincinnati, Ohio. 

Nicholson has shown the calices in his figure, reproduced in this, 
report, as considerably smaller than in the fine specimen which I 
figure. He says, however, in his description that in the size of the 
corallites the species does not differ from Oolllmnaria alveolata, 
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and in giving the dimensions of the corallites in another plaCe he 
allows some latitude in this respect. The large specimen figured 
by me was found loose at Richmond, Indiana. I have also seen a 
small specimen from the Liberty formation on Tanner's Crook, In
diana, and another in the base of the Saluda on Cedar creek, near 
Versailles, Indiana. (1.34A15a.) 

COLUMNARIA ALVEOLATA Goldfuss. 

Plate Ii I1p. 4, 40.. 

Oolumnaria alveolata~ Gbldfuss, 1826, Petrefacta Germaniae, p. 72, 
pI. xxiv, :/igs.7 a-c.-Pavistella stellata Hall. 
'( Oolumnaria hemispherica, tubis e basi radiantibus inaequali

bus longitudinaliter. striatis, lam ellis stellarum remotis e centro ra
diantibus et marginalibus alternis.-Petrefactt~m calcarem e cal
careo transitorio Americae septentrionalis."-Goldfuss. (The 
above description. is taken from the second edition of the Petre
facta, 1862). 

This is the form commonly known in the Ohio valley region as 
Favistella stellata Hall (1847) and shown by Nicholson to be the 
true Ool1tmnaria alveolata Goldfuss.· 

Nicholson's very excellent description of O. alveolata is as fol
lows: 

"Spec. Ohat·.-'()oralhun massive, subhemispheric, or pyriform, 
often attaining a very considerable size. Corallites prismatic, 
hexagonal or pentagonal, but often more or less drawn out along 
one axis, the larger ones being from rather less than two to over 
three lines in their long i\jameter, and having numerous smaller 
tubes interspersed amongst them. Walls of the corallitesmore or 
less amalgamated, the line of division between contiguous tubes 

. still remaining quite distinct. Mural pores apparently wanting. 
Septa unequally developed, alternately large and small, the latter 
quite rudimentary, and the former extending usually across two
thirds of the distance betwoon the wall and the axis of the visceral 
chamber, or even reaching the last-mentioned point. The septa are 
thin and flexuous, but completely lamellar, and the number of each 
series varies from about twelve to fifteen or more. . Tabulae com
plete, horizontal, or somewhat flexuous, about six in the sp~e of 
two lines. Calices polygonal, unequally-sized, moderately deep, 
with thin margins, usually closely contiguous, but sometimes sep~ 

"The form described by Hall from the Black River formatioD of New York as 
O. a!vllo!ata GoldtuBs Is not that species, and has been renamed O. han. by Nichol
son, Paleozoic Tabulate Corals, 1879, p. 200. .. 
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arated by slight interspaces; the floor formed by the uppermost 
tabula, the surface of which is striated by the radiating septa."
Nicholson, Paleozoic Tabulate Corals, 1879, p. 195, pI. x, figs. 1, 1a. 

In the Richmond formation of Indiana this species marks one 
of the most persistent zones in the whole formation, namely the 
base .of the Madison beds or Saluda formation (Foerste). Here 
the characteristic hemispherIcal heads occur in great numbers. The 
bed of the creek along the old right-of-way east of Osgood, is one 
of the best localities known to the writer, although they may be 
found in abundance at and about Madison. Between Versailles 
and Madison for a considerable interval, this coral is very rare, and 
its place seems to be taken by a very--Iarge species of Tetradium. 

LABECHIA MONTIFERA Ulrich. 

Plate I, figs. 2·2b. 

Labechia montifera Ulrich, 1886, Contributions to American 
Paleontology, p. 33, pI. ii, figs. 9, 9a. 
"This species forms large crusts, rarely more than 5 mm. in 

thickness, upon foreign bodies. (Usually species of Orthoceras.) 
The surface is undulating and elevated at intervals of 6 mm., more 
or less, into large conical monticules, the slopes of which are 
marked by irregularly intermittent, radiating ridges; the inter
vening spaces between the monticules is covered quite uniformly bJ 
numerous unequal small granular eminences, of which about ten 
occur in 5 mID.; sections prove these to be the projecting ends of 
vertical pillars. In transverse sections 41< the pillars are41< 41< 

of an irregularly stellate form; their size is variable, but those 
occupying the monticules are always the largest. The intermediate 
spaces are crossed by a variable number of faint, curved lines, 
representing the cut edges of lenticular vesicles which occupy the 
apace between the pillars. In vertical sections .. 41< .. the pil
lars are seen to be rather unequal, and separated from each other 
by a loosely-wo~en vesicular tissue. The v~icles vary much in 
size, but are disposed to arrange themselves in obscure layers. 

"It is possible that this species ought not to be considered as 
congeneric with L. conferta, E. and H. (the type of the genus) as 
the differences between them may be of greater importance than I 
now believe them to be. In transverse sections of L. conferta, the 
vertical pillars appear as simple, round columns, and look quite 
different from the irregularly stellate section presented by the 
pillars of L. montifera. Another but less important difference is 



SPONGES AND CORALS-DESCRIPTION OF SPECIES. 705 

found in the different habits of growth. Thus L. montifera is an 
encrusting form, while L. conferta grows into free laminar expan
sions, covered on the lower side by a concentrically striated epi
theca. Another species, forming masses as much as one foot in 
length, is not uncommon in the upper part of the Cincinnati 
group at Clarksville, 0., and other localities. Specimens of L. 
montifera are rather rare at the same horizon. The specimen fig
ured was collected at Madison, Indiana. "-illrich, Zoc. cit. 

I have seen a number of good specimens of this species in the 
upper. part of the Richmond formation (Saluda) in the vicinity 
of Osgood, Indiana. One very fine specimen, completely covering 
the conch of an Orthoceras, firmly imbedded in the rock of a creek 
bed about four miles northeast of that place, was seen, at a hori
zon a ,little below the base of the Saluda. The other specimens 
seen were about twelve feet above the base (}f the Saluda. Ulrich 
does not give the horizon of the type, but doubtless it came from 
a similar leveL 

PROTAREA VETUSTA Hall. 

P~ate I. fig. 5. 

Porites t vetusta Hall, 1847, Pal. New York, vol. I, p. 71, pI. xxv, 
figs: 5 a-b. 
" A subhemispheric coral, composed (}f irregular concentric lam

inae; cells vertical to the laminae; openings upon the surface, 
nearly circular, with internal vertical lamellae which reach half 
way to the centre. 

"To some extent, this specimen presents the character of POR
ITES, in a great degree of perfection. The surface of the speci
men being weathered, the radiating lamellae are often obliterated. 
The centre of the cells are also destitute (perhaps from weather- • 
ing) of the fine elevated points characteristic of some recent spe
cies of PORITES. 

"This is the (}nly species known to me in the lower term of 
our system, which presents, in any degree of perfection, the char
acters of recent PORITES. "-Hall, Zoc. cit. 

The diameter of the calices of Hall's species is not stated in 
the above description. As measured on his figure in the Paleon
tology of New York, the average is rather less than a millimetre. 
In the specimen figured by me the diameter of the calices averages 
rather over one millimetre, in many instances one and one-half. 
The diameter of the calices of P. verneuili E. and H. is stated to 
be about three millimetres. No figure (}f the latter is given, and 

[45] 
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the description is very meagre, bnt the size of. the calices wonld 
seem to me to preclude the possibility of, our species being the 
same. Whether the common Richmond form is to be referred to 
Hall's species or not, does not seem to me to be a question to de
cide on the basis of so slight a variation in the size of the calices 
as I have indicated above. It can be settled only by a careful com
parison of the Richmond and Trenton forms point by point. For 
the present, therefore, I prefer to refer the Richmond form, as 
has heretofore been done, to the species P. vetusta. 

1.34A13a, 13b, 14a, 16, 17, 18, 19,20,22. ',' .1.41A4, 6, 7, 8, C1,_ 
2, 3, D1, 2, 3, E1, 2, 3, 4, 15 .... 1.12F3. 

A study of these localities shows that th~ species is restricted to 
the Liberty and Whitewater divisions of the Richmond forma
tion. 

STREPHOCHETUS RICHMONDENSIS Miller. 

Plate II, figs. 8·8b. 

Stromatocerium richmondense Miller, 1882, Jour. Cincinnati Soc. 
Nat. Rist., vol. v, p. 41, pI. ii, fig. I-lb. 
"This is a small, globular or spheroidal sponge, consisting of 

numerous, irregularly concentric, mo~e or less wrinkled, calcareous 
laminae, separated by interlaminar spaces, filled with minute corti
cal tubes. It is destitute of the larger orifices and canals that 
usually occur in Stromatopora, and I have been unable to ascer
tain that the concentric laminae are perforated by canals; they are 
apparently more dense than the intervening spaces, but it is not 
supposed that they constituted a barrier to the circnlation. The 
sponge appears to consist of minute tubes radiating from a cen
tral point, in aU directions; these are cut short by a laminar eov

• ering, which forms a basis for the minute radiating tubes to spread 
in all directions, from its outer surface, lmtil they are likewise 
arrested by another covering, which, in turn, forms the basis for 
radiating tubes, and so on to the 10th or 15th covering. These 
coverings appear in cut and weathered specimens as irregularly 
concentric laminae. In magnified sections it shows an apparent 
vesicnlar structure, but no spicules have been determined. I have 
referred the species to Stromatocerium because it agrees with that 
genus in its general texture, and seems to be destitute of the 
larger canals and superficial openings that characterille the genus 
Stromatopora. 

"It occurs in great abulldance, in some of the rocky strata, in 
the upper part of the Hudson River group, at Richmond, Ind. 
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Dr. John T. Plummer, in a communication to the A.merican Jm£r
nal of Science, many years ago, called the specimens 'pisolitic balls 
embedded. in the solid rock,' He said these pisolitic strata vary 
from two to ten feet in depth, and are frequently found blended 
with the marlite. However, I did not find them in such massive 
strata, but there are some layers of rock about three or four inches 
in thickness, largely made up of specimens of this little sponge, 
that may be found on the high ground immediately above the rail
road bridge, in the northern part of the city. It is found at other' 
places, in that locality, and may be regarded as a common species. " 
-Miller, loco cit. 

This species occurs at Richmond in the upper part of the 
Whitewater division, 

STREPTELASMA DIVARICA:.~S Nicholson. 


Plate I, figs. 6, 6a. 


Palaeophyllum d·ivaricans Nicholson, 1875, Pal. Ohio, II, p; 220 

pI. xxii, figs. 10, lOb. 
"CUrallum usually free, sometimes apparently attached, com

pound, 'formed of conical, turbinate corallites, which are produced 
by lateral gemmation; or rarely by fission, and which are directed 
outward from the parent, usually at a more or less open angle, 
and are never in actual contact with one another [ ?]. The number 
of corallites in the corallum, so far as observed, varies from two to 
six. Septa from fifty-eight to sixty-two, alternately large and 
small, the large ones becoming twisted as they approach the center 
or the visceral chamber: where they unite with one another later
ally, and form a more or less developed central mass of vesicular 
tissue [pseudocolumellaJ. No dissepimentsor columella. Tabulae 
unknown. Wall with a well-developed epitheca, with longitudinal 
ridges corresponding with the septa within~ and also with faint 
encircling striae and a few shallow annulations of growth. Calice 
deep, with a flattened space at the bQttom. Free edges of the 
septa not furnished with spines or denticnlations. Apparently no 
fossette. 

"The best preserved specimen which came under my notice 
consists of two corallites, one budded from the side of the other 
at nearly right angles. The largest corallite has a length of nearly 
ten lines, a diameter of calice of seven lines, and a depth of calice 
of four lines. Another specimen consists of six nearly equally 
sized corallites, apparently produced by parietal gemmation, and 
having a length of five or six lines, and a diameter at the calice of 
about five lines. Another specim,en cODsists of two large corallites 
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which appear to have been produced by fission, being attached 
only by their pointed bases, and being nearly in contact with one 
another. 'fhe length of. the largest of these corallites js more than 
an ineb and a half, and its diameter at the calice is ten lines. 
Another specimen, precisely similar in its mode of growth, is at
tached to the dorsal valve of RhynchoneUa dentata, Hall, the 
length of the largest corallite being only three lines, and the diam
eter of the calice the same. 

"'l'he specimens from which the above description was taken 
in most respects closely resemble Streptelasma corniculum, Hall, 
especially as concerns their twisted septa; but they possess a much 
smaller number of septa (if specimens of the same size be com
pared), and they are always rendered composite by the production 
of lateral buds or by cleavage. 

"With Palaeophyllum rugosum, Billings, the present species 
cannot be confounded for a moment, the former constituting large 
masses of: scarcely separate corallites, which vary from one to si~ 
lines in diameter." Nicholson, loco cit. 

The types are said to be from the Cincinnati group, Cincinnati, 
Ohio. This is certainly in error. The species is strictly a Rich
mond formi and I have not seen it except in the upper part of 
the latter formation. In the Whitewater division at Richmond 
it is common, and at other localities where beds of this age are ex
posed I have collected the species, especially in the vicinity. of 
Laurel, Indiana. It is quite constantly associated with Rhyncho
trema dentata. In the description above, the fact is mentioned that . 
one of the specimens was attached to the valve of R. dentata. 
'l'his species may accordingly be taken as one of the markers of 
the Whitewater division of the Richmond formation. Its range is 
by no means as great as that of Streptelasma rusticum. 

1.41A4, 5, 6, 7, 8, C2-3, Dl, 2, 3, E4, 5, 6 and the localities 
mentioned above. I have a number of specimens frum Tanner's 
Creek that are probably referable to this species. They come from 
the upper part of the Liberty formation. 

STREPTELASMA RUSTICUM (BillIngs). 

Plate II, figs. 2·2b. 

Petraia rustica Billings, 1858, Geological Survey of Canada, Re
port of Progress for 1857, p. 168 (not figured). 
"Description.-Straight or slightly, curved, covered with a 

strong epitheca, which is more or less annulated with broad, shal
low undulations; radiating septa about one hundred or usually a 
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little more; much confused in the centre, where they form a vesi
cular mass [pseudocolumella]; every alternate septum much 
smaller than the others, only half the whole number reaching the 
centre. Length from two inches and a half to three inches and a 
half. Diameter of cup one inch to one inch and a half; depth of 
cup half an inch or somewhat more. 

, 'This species appears to be the same as that described by 
Edwards and Baime under the name of Streptelasma cornicu lu tn. 
The true S. cornicul~tm of Mr. Hall is a very different species, 
being always shorter and much curved. "-Billings, loco cit. 

This species is reported by Billings from the Hudson River 
(Cincinnati) group of Canada; and there is very little doubt that 
it is specifically identical with the very common form of the Rich
mond of Indiana and Ohio. Several other species of StreptBtasma 
have from time to time been reported as occur~ing in the Cincin
nati rocks, but it seems certain that aside from S. divaricans this 
is the only species to be accredited to these rocks in the Cincinnati 
region. 

This species has ordinarily been reported as occurring through
out the Richmond formation, but I have not found' it in the 
Waynesville or Arnheim members of that formation. It is espe
cially characteristic of the Liberty and Whitewater divisions. It 
is generally absent in the Saluda and Elkhorn divisions. 

1.34All, 12, 13a, 14a, 15a, 15b, 16, 17, 18, 19, 20, 21. ... 
1.41A4, 5, 6, 7, 8 .... 1.41D1, 2, 3.... 1.4101, 2-3 .... 1.41E1, 2, 
3, 4, 5, 6.... 1.12Dl-6, E3, F3. 

'1 ErrRADIU~I MINUS Safford. 

Plate II, figs. l·le. 

Tetmdiurn minus Safford, 1838, Am. Jour. Sci., 2d ser., vol. 
XXII, p. 238. (Not figured.) 
"We include in this species massive specimens (generally 

small), the tubes of which are only from one-fourth to one-third 
of a line in breadth. The tubes in some specimens are quite regu
lar, in others, though generally four-SIded, are more or leSj'l irregu
lar and have the aspect on the upper surface of Chaetetes., La
mellae as in T. fibratum."-Safford, loco cit. 

The specimens of this species seen in the Richmond formation 
l:11'e often of great size, one measured by the writer being nearly 
nve feet in diameter. It characterizes very strictly the Saluda di
vision of the Richmond, and is especially abundant and persistent 
at the base of this division, where it is often associated with Col
umnaria alveolata. 
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ECHINODERMATA. 

DIAGNOSES OF GENERA . 
. ANOMALOCRINUS Meek and Worthen. 

Revised by Wacbsmutb and Springer. 

General form depressed, calyx comparatively large, rather shal
low:, subglobose; arrangement of plates extremely irregular, scarce
ly two plates being of equal size. Basals five, small, subequal, part
ly. ~iqden by the column. Radials irregular, all differing in size and 
form, simple or compound, sometimes divided vertically. The left 
alltero-dorsal radial is cempound, composed of two pieces; that 
of t4e opppsite side and the anterior radial are simple. The left 
posteI.'o-latl'lral radi81. is the largest plate in the calyx, and. either 
simple or bisected vertically, composed of two nearly equal parts. 
The lower segment of the left antero-lateral is subquadrangular, 
the angle along the baso-radial suture being so obtuse as to form 
almost a straight line; upper side truncate and slightly convex. 
Tpe ~pPer segment is irregularly hexagonal, truncate above and 
below, much wider at the lower than the upper side, widest across 
the lateral angles. The two together have almost the dimensions 
of the single radials, but, in place of being wider than high, they 
are higher than wide, with a narrow concavity for the reception 
of the brachials. The fifth radial-the right postero-Iateral one-
rests against the truncate upper side of a large azygous plate, and 
as this stands in line with, and . has nearly the form and propor
tions of the lower section of the compound radial, and the radial 
plate the form of its upper segment, the two appear in the speci
men as forming jointly another compound radial. 

There is also among the rays a great diversity in the number 
of brachials, and this gives to the specimen that abnormal, irregu
lar outline which is so characteristic of the genus. Some of the 
rays have two, others three brachials, while the right posterior ray 
has generally four or. more. 

Arms long, bifurcating at regular intervals, widely divergent, 
rather stout at their origin ; tapering upward. They are com
posed of a succession of rather long, quadrangular pieces, inter
rupted only by the atillaries which are pentangular, and which 
divide the main arm, and each division of the arm, into two equal 
parts. The pinnules are slender, composed of long pieces, given 
off from every arm joint, but at one side only in succession-not 
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alternately-until the next bifurcation of the arm, when on both 
divisions they all change to the opposite side. By this arrange
ment there are always 8 to 10 pinnules in succession, first on one 
side, then on the other. The first pinnule occurs on the second 
arm plate, not on the first, but every succeeding plate is pinnulated 
with the exception of the bifurcating ones. The proximal pinnule 
after each bifurcation is considerably heavier and longer, almo!3t 
arm-like, and bifurcating, the others are simple. The arm furrows 
are shallow but wide, only one side having sockets for the recep
tion of pinnules. 

The ventral sac is tubular, and rests upon the left side of the 
posterior radial as in the Heterocrinidae. The proximal plate of 
the tube is large, subquadrangular, and is succeeded by other ap
parently large pieces. Of the plates on the ventral side little 
is known. 

Column very large, almost circular, pentapartite, highly orna
mented; central canal large, star-shaped, the projections located 
interradially. The structure of the column along the axial canal 
resembles that of Bar1jcrinus, and Vasocrinus, with which AnO
malocrinus agrees also in the form of the. calyx. (Wachsmuth and 
~pringer.) 

D~NDROCRINUS Hall. 

General form of the crinoid elongate and slender. Calyx ob
conical, higher than wide, Unsymmetrical. UnderbaSals five, sIm
ilar in form, scarcely of medium size, but extending beyond the 
column. Basals five, the largest plates in the calyx; four of them 
equal, hexagonal, the fifth or posterior one heptagonal, truncate 
above for the support of a large anal plate. Radials alternating 
with the basals all around, simple in four or the rays, pentagonal 
and of about equal size. The right posterior radial is compound, 
divided by a horizontal suture into two halves, which taken to
gether, have about the form of the simple plates,only slightly 
longer; Brachials two to five, some long and narrow and others 
short and wide. Anals one, sub quadrangular. Arms long, branch
ing; ambulacral furrow deep. Pinnulae wanting. Dome UN
known. Ventral sac str.ongly developed, composed of numerous 
small, hexagonal, alternately interlocking plates of equal size, 
strengthened by little transverse or slightly oblique costae, and 
so arranged as to present an ascending zigzag appearance; Col
Ullin pentagonal, or, exceptionally, round. (Wachsmuth and 
Springer.) 
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ECTENOCRINUS Miller. 

General form very elongate; calyx small subcylindrical, moder
ately expanding; basals five, unequal; radials irregular, four 
plates in three series, before the bifurcation of the free arms, am} 
three in each of the other two series; arms ten, long; pinnules 
strong; azygous plates three, following each other, but not in a 
direct line; vault unknown; column very long, round, tripartite, 
and attaching by an expanding base. This genus is founded upon 
Heterocrinus simpZex Hall, as the type, because the genus Hetero
crinus was founded upon H. keterodactylus as the type, which is 
quite widely removed from H. simplex. (Miller.) 

GLYPTOCRINUS HaI1~ 

Calyx obconical or subglobose; plates thin, often highly orna
mented; the fixed brachials passing imperceptibly into arm plates, 
and the interbrachials into disk plates; the arms rising vertically 
from the edge of the tegmen. Basals five, of uniform size, form
ing a small cup. Radials and costals of nearly equal size; . the sec
ond costal hexagonal. Distichals varying in number, there being 
but two in species in which palmars take part in the calyx; but 
when the second bifurcation takes place in the free arm!!, they are 
quite numerous, frequently six to eight or more in the calyx, fol
lowed by several others in the free arms. When this is the case, the 
seoond distichal gives off a large pinnule; while in the other the 
proximal pinnule is developed into an arm. Arms' rarely branch
ing beyond the second bifurcation, rising vertically from the calyx; 
they are long, slender, rounded on the back, and composed of a 
single series of short, slightly wedge-shaped pieces, which do not 
interlock. Pinnules slender, closely arranged; the proximal ones 
the stoutest, and frequently incorporated into the calyx. Inter
brachials definitely arranged; the first large, resting upon the 
sloping upper faces of the radials; there being two plates in the 
second row, and two, sometimes three, in the higher ones. The 
anal side widest, having generally three plates in the second and 
all succeeding rows. Interdistichal spaces large, composed of nu
merous small plates; some species also having interpalmars. Ven
tral disk depressed-hemispherical, very slightly extending above 
the level of the arm bases; the ambulacra subtegminal, except near 
the periphery, where some of the small covering pieces are exposed, 
but the course of the ambulacra is indicated by surface ridges. 
Plates of the disk very minute and irregularly arranged, decreas
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ing in size toward the arms. The arrangement of the larger plaWs 
at the summit is also irregular, being unlike that of orals, which 
probably are not repre~ented. Column roUnd; axial canal large, 
pentalobate, the lobes directed interradially, except.in one species 
in which the stem is pentangular and the central canal radially 
disposed. (Wachsmuth and Springer.) 

HETEROCRINUS Hall. 

Redefined by Wachsmuth and Spri;nger. 

Calyx small, sub cylindrical, tapering but slightly from the eol. 
umn upward. Basals five, more or less unequal, without under
basals; the so-called underbasals of Meek representing the upper 
stem joint. Radials very irregular, and varying among the rays 
in number as well as in size. There are two segments in the two 
antero-lateral rays, while the three remaining rays have but on(" 
this, however, nearly as large as the two in the other rays. The two 
plates at the right posterolateral side consist of the azygous piece 
-the lower one-and of the radial, which upon its upper side sup
ports the brachials, giving off laterally a small ventral' tube. 
Arms ten, composed of single joints, alternately united by syzygy, 
with strong pinnules from every second joint. Column tripartite, 
almost circular; axial canal large, pentalobate, the lobes directed 
interradially. (Wachsmuth and Springer.) 

IOCRINUS Hall. 

General appearance somewhat similar to Perdacrinus; . COlD

paratively larger than H eterocrinus ;. arms longer and more· he
quently bifurcating; calyx more broadly spreading, and perfectly 
symmetrical up to the top of the radials,· giving the form· of a 
short, . inverted, pentagonal pyraniid with the five sides deeply 
concave. Underbasals undeveloped. Basals small,· pentagonal . 

. Radials· comparatively large, strong, all pentagonal, and of' t'he 
same height; their upper margins truncated for· nearly their· ~ri
tire breadth for the junction of the succeeding pieces. Brachh\ls 
three to four in each ray, the upper one auxiliary, and supporting 
the first free divisions of the arms. In the right· posterior ray 
there is interposed between the true brachials and radial plate a 
pentagonal bifurcating piece, which. is evidently free and moVti:tble 
like the bra~ls, and of the same width. This peculiar plate, 
which is truly radial, !1upports on its right sloping side the usual 
number of brachials, and on the left a row of quadrangularpla~ 

http:except.in
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vertically arranged" extending to the tips of the arms, and forming 
the posterior wall of a large ventral tube. In external appearance 
these plates resemble the brachia Is and arm plates, only they are 
somewhat higher and not quite as wide; they are gibbous, and 
form an elevated ridge, which causes this appendage to resemble 
an arm or a branch of the ray, and so it was considered by Hall 
in his description of H eterocrinus polyxo. Both sides of the mesial 
ridge are indent~d to accommodate other plates, of which there are 
two to each mediah plate, one abutting against the middle part, 
and the other opposite the suture. These lateral plates are delicate, 
1hrec,or four times wider than high, and, like the other, longitudi
'Dally arranged. Each of them contains a rather deep furrow, 
w,hich in perfect specimens is arched over by a row of wedge
shaped plates .which stand out prominently and appear very much 
like pinnulae. Arms bifurcating frequently, gradually tapering; 
ar.m pieces like the fr:ee radials, all projecting at the upper edge, 
thereby prQducing a sort of imbrication. Pinnulae unknown. Col
umn strong, distinctly pentagonal, the angles in line with. the 
radial. plates of the body. ( Wachsmuth and Springer.) 

LEPADOCRINUS Conrad. 

Body oblong or ovoid, consisting of four series of plates; first 
series four; second series five; third series four j fourth series 
five; pectinated rhombs three to five; arms three or four, recum
bent, and consisting of a double series of interlocking plates, rest
ing. in sh!lllow grooves; plates poriferous, cohimn tapering. 
(Miller.) 

LICHENOCRINUS Hall. 

"Bodies parasitic on shells and other foreign substances. Form 
di!:lcoid or depressed7convex, with a proboscidiform appendage ris
ing from the' center. Disc composed of an indefinite number of 
polygonal plates, and apparently having no .distinct mode of. ar
rangement. ,Proboscis perforate, and in· the known species formed 
of five ranges of short plates alternating and interlocking at their 
margins. The fossils' for ,which this generic name is proposed are 
small par,asitic seab~like bodies, usually found adhering to the 
smooth surfaces of shells and other foreign substances.' ~ (Han, 
Qriginal diagnosis;) 

P ALAEASTER, Halt . 

Stellate, disc small;' two· ranges of plates: in eachambulacral 
gt.oove, and two on either side, adambulacral and marginal; fOllr 
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ranges of pores in each groove; oral plates in pairs at the base of 
the rays; dorsal plates polygonal, sometimes spinous, madreporic 
tubercle. (Miller.) 

PALAEASTERINA McCoy. 

Pentagonal, depres&ed, with plated disc that fills up the angles, 
leaving the rays but slightly produced; ambulacra shallow, bor
dered by subquadraie plates. (Miller.) 

, TAENIAS1'FlR Billings. 

No disc or marginl;ll plates; rays long, flexible, spinous; adam
bU,lacral platt's elongated; two rows of ambulacral pores j ossicles 
contraeted in the middle. (Miller.) 

XENOCRINTJS Miller. 

Basals four, forming a low cup, which is decagonal at the upper 
end j five of its sides supporting the five radials, the five others the 
interradials and anal pla.tes. This arrangement gives to t4,tl basals, 
owing to their abnormal number, a very irregulat: form, np two of 
the plates being alike. :Radials generally a . little larger tllan the 
costals. Costals two, the sides bending abruptly inward and form
ing highly elevated ridges j the distichals to about the fifth or 
eighth plate form part of the calyx. The lower of these plates are 
larger, and more or less resemble the costals, while the,upper ones 
are more like free arm plates. Arms ten, simple, rather stout; 
composed of very short cuneiform pieces, which at the tip!) of the 
arms slightly interlock. Interradial spaces deeply impfilSsed'; 
composed of numerous minute pieces without definite arra~gement; 
they rest upon the basals, separating the rays -from their bases 
up. Anal interradius wider than the four others; divided 19n9itu
dinally by a row of folded plates,. which like the, radials' have a 
prominent ridge upon the, outer surface, and a groove .at the j:qner 
floor. The ridge ends in '0. small protuberance containing the anal 
opening, which points upwards. Intf;lrdistiohalspaces a1&o 4eeply 
depressed, and filled by irregular,minute plates, which, like those 
between the main rays, P$.ss 'imperceptibly into the disc. Ventral 
disc comparatively flat, comp()$ed throughout of very small pieces; 
orals being unrepresented, and the disc ambulacra filubteWninal. 
Column quadrangular, with pentangular central canal, ~he angles 
of which are directed interradi ally. (Wachsmuth agd Springer',) 
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DESCRIPTION OF SPECIES. 

ANOMALOCRINUS INCURVUS (Meek and Worthen). 

Plate Ill. figs. 1·le. 

H eterocrir.us T (Anomalocrinus) incurvus Meek and Worthen; 
1865, Proc. Acad. Nat. Sci. Philadelphia, p. 148. 

"Body expanding rapidly from the base to the summit of the' 
first and second radial pieces, where it is more than twice as wide 
as high; composed of the five basal, five first radial, and two sec
ond radial pieces. Basal pieces pentagonal, of moderate. size, 
wider than long, and forming together a low, rapidly·expanding, 
pentagonal cup. First radial pieces in three of the rays from 
three to five" tiDies as large as the basal pieces, wider than long, 
two hexagonal and one heptagonal-all with their superior lateral 
angles strongly incurved between the arms, and each with a strong 
protuberant, rounded facet above, for the reception of the small 
succeeding radials. In the remaining two rays, the first pieces 
are smaller and lower than those of the others, and each penta
gonal in form, with the upper side horizontally truncated its en
tire breadth; for the reception of a larger second radial, which 
in these two rays agrees in size and form, as well as in being in
cluded as a part of the walls of" the body, with the large first pieces 
of the other rays. Succeeding radials not more than one-third as 
wide as those included in the walls of the cup, and forming small, 
rounded, widely separated free arms, consisting of one to three 
quadrangular and one pentagonal pieces to each ray. Arms above 
the first bifurcation on the second or third pentagonal free radial, 
in two of the rays seen, bifurcating again on the third piece, and, 
in onf, instance, sending off nearly at r-ight angles from the sec
ond piece after the first division, a strong tentacle, or small lateral 
branch. 

"First anal piece pentagonal, longer than wide, and resting 
between the left sloping side of a large second primary radial 
and the right sloping side of' a first primary radial, with rather 
less than half its length projecting above the former, and without 
extending down so as to bring its base in contact with any of the 
other plates below. In the jndividual examined, this piece is 
strongly incurved, and Sl~JlPorts on its inner truncated end an 
oblong, narrow second' anal, which in its turn supports a smaller 
third piece, all of whitlh art'! arranged in a right line, and prob
ably form one side of a proboscis. 

http:eterocrir.us
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"Surface smooth, or only with traces of fine granules. Sutures 
a little concave. Column comparatively strong and rounded near 
the base, where it i!'l composed of short joints, and marlred with 
obscure, regular longitudinal striae. 

, 'Height of body on the anal side, 0.28 inch; do. on the oppo
site aWe, 0.22 inch; gre~test breadth above (allowing for a slight 
accidental compression) about 0.38 inch; . breadth of free arms at 
their connection with the body, 0.08 inch; breadth of column at its 
connection with the base, 0.16 inch. 

"This species presents points of analogy both to H eterocrinu8, 
Hall, and p ybocrinus, Billings, and yet seems to differ from both 
to sucl1~an extent that if we could be sure some of its peculiarities 
are not abnormal in our specimen we would be inclined to view it 
as the type of a' new genus. As we have seen but the one speci
men, however, which is not complete in all its parts, we have con
cluded to place it, for the present at least, as the type of a sub
genus under H eterocrinus. It differs from the typical species of 
that genus in having the column round instead of pentagonal, and 
in having only the first primary radial pieces in three of the rays, 
and two in each of the others, included as a part of the walls of the 
body; while its preceding primary radicals are very narrow, and 
form small, rounded, distinctly separated arms, instead of being 
nearly as wide as those soldered in the walls of the cup. Another 
pec}lliarity is the strongly incurved superior lateral angles of the 
large radial pieces around the margin of the cup between the 
arms. 

"In the rather unsymmetrical form of the body, the slender 
proportions of the free arms, and its general aspect, it resembles 
Hybocrinus, from which it differs in having but one anal piece 
connected with the walls of the cup, and in having two of the rays 
and two of the primary pieces included in the wall, while its free 
arms bifurcate twice or oftener, instead of being simple from 
their origin. "-Meek and Worthen, Zoe. cit. 

The type is from the "upper part of the Cincinnati group" 
at Cincinnati, Ohio. 

·1.1?E3 ('). 
DENDROCRINUS CASEI Meek. 

Plate IV, lIgs. 2·2b. 

Dendrocrinus easei Meek, 1871, Amer. Jour. ScL, 3d ser., II, p. 295 
(not figured). 
"Column very distinctly pentagonal, the aJ;lgles at the connec

tion with the body being continuous with strong ridges passing up 
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the sutures between the basal pieces and to the middle of the sub
radials. Body pentagonal-obconic, a little wider above than high. 
Base<wider than high, strongly pentagonal, being deeply excavated 
up the middle of each piece, and very' prominent at the lateral 
sutures; basal pieces wider belew than high, pentagonal in form, 
with the· mesial angle above salient, ahd tbe superior lateral sloping 
sides much longer than the lateral. Subradial.pieces of moderate 
size, those seen, hexagonal in form, .and all very convex in the 
middle, from which point they send one strongly elevated ridge 
.to meet others on each of the surrounding plates, and others 
corning up the sutures between the ba.sals, while on 
each side of all these ridges, excepting sometimes those passing to 
the first radials above, there is usually a smaller, less elevated 
ridge; the surface of the body being thus divided by these ridges 
into very profoundly excavated triangular spaces, in the middle 
of which the corners of the body plates meet. First radial pieces, 
excepting one of the anal side, larger than the subradials, about as 
wide as high, with a general pentagonal outline, the upper side 
being longest and deeply excavated for the reception of the COrn

paratively narrow free radials or arm pieces; one on the right 
of the anal series, shorter than the others, pentagonal in form, and 
supporting above another larger radial that is included as a part 
of the wall of the body, and corresponds with the ·first radials in 
the other rays, excepting that it is shorter; all convex and sending 
~ strong ridge to each of the contigUOUS body plates below, while a 
number of much smaller ridges pass horizontally across from .one 
to another of .these pieces on each side. Arms or free rays com
paratively rathm:Jlatrow, distinctly rounded on the outer or.dorsal 
side, and eompo~d.pf transvel'$ely oblong pieces. that are about 
twice as wide as long below the first bifurcation; in the first ray 
on the right of the anal seri~s, bifurcating on the fourth free 
piece, beyond which they are seen to be long and composed of 
proportionally narroW pieces j but their mo!le of bifurcation, if 
they divide again, and their structure in the other rays, cannot 
be made out from the specimens at hand. Anal series unkpQwn. 

"Ventral extension of the body more than four times as long 
as the latter, and as seen fiattened by pressure, of greater breadth; 
as usual, composed of numerous small equal, hexagonal, alternately 
interlocking pieces, that are strengthened by little oblique costae 
so arranged as to present an ascending zigzag -appearance. Sur
face, excepting the strong costae of the body plates,' and the smaller 
ones of the ventral part, without ornamentation. 
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"Height of body to top of fi~st radials, 0.39 inch, greatest 
breadth at top, 0.32 inch. Length of incomplete ven~ral extension, 
1.95 inch;' breadth of same as flattened, near upper end, 0.65 inch; 
breadth of arms below the first bifurcation, 0.12 inch. 

"This bea\ltiful species seems to be a true Dendrocrinus, as it 
can be seen to have two of the primary radials on the right of the 
anal series, included as a part of the walls of the body, while all 
its other parts seem to conform to the structure of that group. The 
differences between Denlirocrinus and Poteriocrinites are not very 
great, and it is thougl1t by some that the former should stand only 
as a subgenus under Poterioerinites. If so, the name of this species 
when written in full would be Poteriocrinites (Dendrocrinus) 
casei. In general appearance it resembles Palaeocrinus angulatus 
of Billings, but it differs in having the costae of its body, in part, 
with a smaller one on each side; while its column is very much 
more strongly pentagonal. Of course, it also differs in the generic 
character of having its ventral part extended upward nearly or 
quite as long as the arms. 

"It may be that the species here described is the same figured 
by Mr. Christy, in his 'Letters on Geology,' as a Pentacrinite 
(without a specific name), as it came from the same horizon, and 
from about the same region of the country. It does not, how
ever,agree exactly with his figures in details. 

"The speeific name is given in honor of L. B. Case, Esq., of 
Richmond, Indiana, to whom I am indebted for the use of the 
finest specimen of it I have seen. I am 'also under obligations· to 
C. B. Dyer, Esq., of Cincinnati, for the use of two smalle:c, and 
nearly as good specimens. Figures of the species, with a full de
scription, will be given in the Ohio Geological Report. "-Meek, 
loe. cit. 

The type is from the Richmond formation at Richmond, In
diana. It has also been found near Oxford, Ohio. 

DENDROCRINUS POLYDACTYLUS (Shumard). 

Homoerinus polydaetylus' Shumard, Trans. St. Louis Academy of 
Science, vol. I, 1857, p. 78. 

I have not been abletiI ilbtain a copy of part I of the first 'vol
ume of the Transactions Of the St. Louis Academy of Science,and 
therefore am· unable to q®te the' original description. 

A' fraginelitof a considerable portion of the base {)f the calyx 
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of this rather common species was found at Madison (1.12F3). 
reproduce herewith Meek's very excellent figure of the species from 
the Ohio Paleontology. 

ECTENOCRlNUS SIMPLEX (Hall). 

Plate IV. figs. 10. 1011.. 

Hetet'ocrinus si'lnplex Hall, 1847, Pal. New York, I, p. 280, pI. 
lxxvi, figs. 2 a-d. 

"Body slender, very gradually expanding above the base, and 
composed of five regular divisions above the pelvic plates; pelvic 
plates five, four of them irregularly pentagonal, and one with the 
lateral and upper margins equal; costal plates in two of the divi
sions single, hexagonal, and supported on the straight upper edges 
of the pelvic plates, those of the three other divisions double, the 
lower one pentagonal with the lateral margins short, the second one 
quadrangular; scapular plates quadrangular, with the upper sides 
concave and supporting a pentagonal arm-joint; arm-joint sup
porting.on its oblique upper edges a double series of obliquely 
quadrangular or rhom~oidal plates,which gradually diminish in 
size; column subpentagonal, composed (near the pelvis) of alter
nating thicker and thinner plates. 

"This species is readily identified by its structure, which is 
peculiar in the form of four of its pelvic plates, and the double 
or subdivided costal plates in three of the divisions; the body and 
arms, when closed together, present a slender subcylindrical form, 
scarcely attracting attention, from their resemblance to a collec
tion of small individual columns. The small fragment of a column 
attached, which is crushed, can scarcely be characterized, but it is 
clearly pentagonal.' '-Hall, loe. cit. 

The types are from the Lorraine, at Cincinnati, Ohio. The 
species is reported in Kindle's list from Madison, Indiana. Prob
ably it does not occur there. 

GLYPTOCRlNUS DECADACTYLUS Hall. 

Plate IV. tlg. 9. 

Gtyptoerinu8 decadactylus Hall, 1847, Pal. New York, I, p. 281, pI. 
lxvii, figs. 1 a-f; pl. lxxviii, figs. 1 a-u. 

"Bodycupshaped, with ten arms, which support twenty tentac
ulated fulgem; pla.tes all marked by strong elevated radiating 
ridges;· pelvic plates five, pentagonal, SlUpporting upon their upper 
oblique edges five heptagonal costal plates, which are succeeded by 
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five hexagonal second costals in a direct line; scapular plates 
heptagonal, resting directly upon the straight upper side of the 
second costal.s, and supporting on their two upper oblique edges 
two hexagonal arm-joints, which in turn. support a second arm
joint, and this one two hexagonal hand-joints, the latter sustaining 
the ~gers; fingers composed of a column of fimbriated joints, 
which are quadrangular below and cuneiform above; column 
round or obtusely pentagonal, varying in its character at different 
distances from the body. . 

"In addition to the regular series of plates supporting the arms 
and fingers, there are numerous intermediate ones, of which a hex
agonal intercostal. plate, a first pair of hexagonal interscapular 
plates, and a second pair of heptagonal interscapular plates, the 
latter truncated above, are always regular and uniform. Between 
these last interscapular plates there is usually an irregular inter
scapular joint, and several pectoral plates. The number and ar
rangement of the latter does- not appear to be always uniform; 
but I have not been able to find specimens where every part could 
be satisfactorily examined. Between each pair of arms there. are 
three or more plates, and between each pair of :fingers one or more 
plates at the base. The capital plates, and their arrangement, are 
shown in the enll;trged figure of the crown, fig. 1 d, pI. 77. [Pal. 
N. Y. vol. I.] The mouth is depressed and obscure. 

, 'The body of this species is readily recognized by the strong 
radiating ridges which mark the surface of all the plates below the 
tentaculated fingers. The surface is also marked by five more 
prominent ridges, which, proceeding from the first costal plates, 
bifurcate on the. scapular plate, the divisions extending to the base 
of each pair of fingers. In these characters of the surface, and 
in its general structure, it resembles some the species of the Genus 
ACTINOCRlNUS, from which it differs in having five instead of 
three pelvic ·plates. 'l'here is some difficulty in making out the 
entire structure, since the plates usually adhere very closely, and 
some of the pectoral and interbrachial plates are very small. The 
important parts, however, and the plates proceeding to the arms, 
are readily and clearly determined. 

"This fossil is usually found destitute of the column; and I 
have not been able to decide satisfactorily whether aU the frag
ments found with it are parts of the same, or belong to two species. 
The· first, which evidently belong to this species, .and form the 
upper part of .the column, consist of joints, having a small base 
resting upon the broader disc of the next one below, giving more 

[46] 
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freedom of motion. Other portions have the upper surface of the 
disc excavated, and the column appears to be composed of a series 
of cUps, alternating in size and placed one within the other, having 
the uptyel" edges either smooth or funbriated. These columns have 
usually a distinct round alimentary canal, with the upper and 
lower sUrface marked by fine rays, more deeply impressed nea~ 
the edge. In other parts of the column, where the plates are 
more nearly equal in size, the upper and lower surfaces have a 
pentapetalous impression or elevation radiating from the alhnen
tary canal. This character, in fine, becomes the prominent and 
. characteristic one of the greater proportion of the fragments of 
columns which we :find; and they present all the variety of broad 
equal :smooth joints with even surfaces, or of similar joints with a 
thin plate interposed, and of columns composed of moniliform 
joints with smaller OheS between; or of distant rounded joints; 
sometimes deviating slightly from a cylindrical form. "-Hall, 
loco cit. 

Oo]umn round, with large pentalobate axial canal; the nodal 
joints a little the widest. The supposed infrabasals of this species . 
are really the upper stem joint. (Wachsmuth and Springer.) 

The probable presence of this species is indicated at a number 
of localities by the characteristic segments of the column. I have 
seen no calices, however, and therefore have not entered the species 
in any of my faUIial liSts. 

{lLYPTOCRINUS DYERI Meek. 

Plate IV, fig. 8. 

Glyptocrinus dyeri Meek, 1872, Proc. Acad. Nat. Sci. Philadelphia, 
p.314. 
"Body globular-sutturbinate, being wider than high, with sides. 

rounding under to the base. Sub-basal pieces obsolete, or, if pres
ent, not exposed externally. Basal pieces (subradials of some) 
very small, and projecting as a thin rim below, much. wider than 
high, and presenting a trigonal general outline, though the lateral 

. angles are doubtless minutely truncated. First radial pieces of 
moderate size, heptagonal in form, and wider than long; second 
and third a little smaller, the second being hexagonal, and the 
third pen~gonal, and supporting on its superior sloping sides the 
first divisions of the rays. Secondary radial or supraradial series 
each composed of from eight to eleven pieces, rapidly diminishing 
in length upward to the secolld bifurcation or commencement of 
the arms, just below which a few of the smaller pieces seem to be 
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free and bear pinnulae on their inner sides; farther down, the 
second and fourth secondary radials of each ray give off, alter
nately on each side, smaH divisions that do not become free, but 
are spldered into the interradial walls, though they can be' traced 
t-o the summit of the body, where they merely give origiu to piu
nules. 

"Anal area a little wider than the interradial areas. First 
anal plate of about the same size as the first radials, hexagonal in 
form, and supporting in the next range three pieces, arranged 
with the middle one higher than the others; while ahove these, 
three smaller pieces can be seen arranged in the same way in the 
third range, and three to four or five in the fourth, which is as 
far up as they can be traced. The middle plates of this series form 
,a direct :y-ertical row, that have a rather prominent mesial, rounded 
ridge extending all the way up from the middle of the lowest 
piece, of about the same size as those passing up the primary and 
secondary radial series, while the other plates on each side and 
other parts of the lowest pieces are ornamented with radiating 
costae of smaller size, like those on the intel'radial pieces. 

"Interradial areas not excavated below, but hecoming moder
ately concave above; first interradial pieces of about the size of 
the second primary radials, hexagonal in form, and supporting two 
other somewhat smaller pieces in the next range, that bear between 
their superior sloping sides a fourth smaller piece, while above 
these there are two pieces in the next range that connect with the 
pieces of the little lateral divisions of the secondary radials, and 
perhaps some other. small intercalated pieces filling the upper part 
of the interradial areas. 

"Axillary areas flat, and each occupied below by a hexagonal or 
heptagonal piece of about the size of the second piece of each sec
ondary radial, while the space above is occupied by several much 
smaller pieces. 

,Arms four to each ray, rounded on the dorsal sides, slender, of 
moderate length, very gradually tapering, simple, and composed 
of very short, slightly wedge-formed pieces, each of which bears a 
pinnule at its larger inner lateral end; pinnules slender, rather 
clof'lely arranged, deeply furrowed on the inner f'lide, and apllar
ently composed of rather long joints . 

. "Surface of body plates all ornamented with-distinct radi~ting 
costae, starting. from the Qenter of each piece, and p-~ing one 
to each of its sides so as to connect with others on each contiguous 
piece; of these costae, those passing up the middle of each of 
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the radial series are a little larger and more prominent than those 
of the interradial plates, while they bifurcate with the rays so as 
to send a division up each of the secondary radial series, toward 
the upt>er part of which they become more prominent and rounded, 
being there of about the size of the free arms. Column unknown. 

"Height of body, 0.60 inch; breadth, about 0.68 inch; length 
of arms, 1.05 inch; thickness of same, 0.05 inch; number of joints, 
in a space of O~10 inch near the base, eight. 

"This beautiful species reminds one, by its sculpturing, of 
the common typical species G. decadactylus, from which, however, 
it may be at once distinguished by its proportionally broader and 
shorter body, with sides rounding regularly under to the· column 
instead of being obconical. It also has proportionally more slender 
arms, and. differs materially in having, in each secondary radial 
series, from nine to eleven pieces between the first bifurcation of 
each ray and the arm bases, instead of only two. In the form of 
its body, it agrees more nearly with G. ornatus"of Billings; but it 
differs materially from that species in having twenty arms instead 
'If only ten, as well as in less important details. 

"Thespecmc name is given in honor of Mr. C. B. Dyer, of 
Cincinnati, Ohio, to whom I am indebted for the use of the very 
fine specimens from which the description was made out.' '-Meek, 
loco cit. 

Column round; the nodal joints somewhat larger; the axial 
canal pentalobate, and moderately large. (Wachsmuth and 
Springer.) 

The type is from about 100 feet below the tops of the Hills at 
Cincinnati, Ohio. The species is reported in Kindle's list from 
Madison, Indiana. 

HI1JTIDROCRINUS HETERODACTYLUS Hall. 

Plate III, 11gs. 5, 5a. 

Heterocrinus heterodactylus Hall, 1847, Paleontology of New York, 
vol. I, p. 279, pI. lxxvi, figs. 1 a-c. 
"Body short, rounded, subcyl!ndrical, tapering above and be

low; pelvis composed of five small pentagonal plates, which are 
succeeded by the same number of larger costal plates, and these 
again by five scapulars; arms irregularly subdivided; column 
pentagonal, composed of thick joints, which are nodulose at the 
angles; joints alternating in size as they approach the pelVis. 

"This is a peculiar species, remarkable for the small size of the 
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body when compared with the column. The irregularity of the 
arrangement of the plates in the arms and fingers is likewise a 
striking characteristics of the species, which is constant in two 
specimens from different localities. In one of the arms, the scap
ular plate supports a regular series of six or more plates of similar 
form without division. The arms atthe right and left of this one 
are again unlike each other. The one on the left has three regu
lar and gradually diminishing joints above the scapular, and of 
the same form; the last one supports the cuneiform joint, which 
again supports a double row of joints (or a pair of fingers). The 
arm on the right of the first mentioned, consists of a pair of 
quadrangular joints, each of which supports a cuneiform joint. 
In the remaining two arms, no plates have been traced beyond the 
scapulars, and consequently the entire form of the species cannot 
be determined. Sufficient is visible, however, to show the irregular 
character of the arms, from which its name is given. "-Hall, 
loco cit. 

Reported by Hall from the Hudson River group (Cincinnati 
series) of New York and Ohio. To this species I have referred 
segments of the colunm of a common crinoid from many localities 
i~ the Utica and Lorraine. As I have seen no complete specimens 
of the species I have not listed it in the faunas of the various sec
tions. 

HETEROORINUS JUVENIS Hall. 

Plate III, tIgs. 8-8b. 

Hetet'ocrinus juvenis Hall, 1866, 24th Rep. New York State Mu
seum, p. 212, pI. 5, figs. 9,10. (Advance sheets.) 
"Body minute, the greatest diameter of the cup not exceeding 

a line, and the height from the base to thcl top of the first arm 
plates a line and a half. 

"Basal plates appearing only as ~ ~ ,angular points at the lower 
lateral angles of the adjacent subraainls. Subradial plates wider 
than high, hexagonal. Three of the first radial plates higher than 
wide, each supporting a single sm,liler arm plate, which presents 
the appearance of having had anoth.~r plate above; the other two 
radial plates are short, quadrangular; one of them supporting a 
small plate above, and the other one a wedge-form plate, upon 
which rest two other small plates, one larger than the other; the 
largest of these has the position and appearance of an anal plate. 

"Surface of plates smooth. 
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"Column distinctly pentangular, nearly as large as the diam
eter of the calyx, composed of alternating thick and thin plates. 

"This crinoid may be only the young of some previously' de
scribed species; but as there have been several individuals found, 
all presenting the SaJn(' characters and of about the same size, I 
have thought proper to designate it as a distinct species for the 
present. "-Hall, Zoe ..cit. 

The type is from the upper part of the Cincinnati group at 
Lebanon, Ohio. 

IOCRI~US SUBCRASSUS (Meel>: and Worthen). 

Plate IV, figs. 7, 7a. 

Hete1'O(;1'inus s'ubcrassus Meek and Worthen, 1865, Proc. Acad. Nat. 
Sci. Philadelphia, p. 148. (Not figured.) 
"This species agrees so nearly with the last [Heterocrinus cras

sus] in most of its ,characters as to render a detailed description 
unnecessary. It will be readily distinguished, however, by its 
smaller size, as well as its less robust appearance, and the different 
aspect of its arms. 'l'his latter difference consists in the more slen
der appearance of all the divisions, and particularly in the joints 
of which they are composed having their upper margins project
ing beyond the base 'of each' succeeding piece above, so as to pre
sent a kind of upward imbricating appearance and roughness, not 
seen in the arms of H. crassus. ' 

"As in the last. its rays bifurcate first on the fifth and sixth 
pieces, and one of them gives off a branch (n on the left side of 
the second radial, above which it bifurcates regularly on the 
sixth piece. After the first regular division on the last radial 
piece, some of the arms are seen to divide again on the fourth, 
others on the fifth, and others on the sixth pieces, after which one 
division is known to bifurcate on the sixth piece, and still again 
on the thirteenth. 

, 'Breadth of body at the summit of the first radial piece'S, 0.27 
inch; height of do., 0.13 inch; length of rays from top of first 
radial pieces to the first bifurcation, 0.21 inch; entire length of 
arms from first division to extremities, about 1.50 inch. Breadth 
of column at its connection with the base, 0.15 inch. "-Meek and 
Worthen, loco cit. , " 

'l'he type is from the "upper part of the Cincinnati group" 
at Cincinnati, Ohio. R.eported from Madison, Indiana, byW. T. 
S, Cornett. Probably does riot occur there. 
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LEPADOCRINUS MOOREI (Meek). 

Plate IV, figs. 6-6b. 

Lepocrinites moorei Meek, 1871, Amer. Jour. Sci., 3d ser., tI, p. 
296. (Not figured.) Lepadocystis moorei.) 

"Body obovate. Base forming nearly one-fourth the height of 
the body, its four pieces being about as wide as long, of nearly 
equal size, and irregularly pentagonal in form, excepting one on 
the anal side, which is hexagonal. The five pieces of the second 
range of irregular form and size, two on the anal side being longer 
than wide, and extending up to form the lower margin of the prin
cipal opening, which is moderately large, and placed about one
third the length of the body below the top. Arrangement of the 
plates above not clearly made out. Pectinated rhombs four, com
paratively large, one situated at the suture between one of the 
basal pieces and the contiguous piece of the next range above, on 
the anterior side of the body; another on the side to the left 

. of the opening, and arranged with its longer axis directed trans
versely, on a line with the opening, while the other two are nearly 
on a line with t.he right side of the opening, on three pla.tes that 
corner together, the arrangement being such that their longer 
axes diverge at right angles upward; in these, 15 to 20 of the 
little bars lnay be coonted. 

, 'Recumbent arms short, or confined mainly to the upper side, 
ur extending down nearly to the opening on the anal side, another 
to the two rhombs to the right of the opening, a third to that on 
the left, and the fourth to the anterior side, the direction of all 
being thus nearly or quite at right angles to each other. Column 
thick at the base of the body, but tapering rapidly below; as 
usual, composed of yery thin pieces. Surface of body plates 
!uarked'by distinct radiating lines. 

"Height of body, 0.46 inch; breadth, about 0.36 inch; thick
ness of column at its connection with the base, 0.14 inch. 

"This species ileems to agree well with the genus Lepocrinites 
of Conrad, excepting in the very UDusual character of having four 
rhombs instead of only three. As one of these, how.ever, seems to 
be merely rudimentary, or in other words, not' perforated by little 
slits, I can scarcely think its presence a generic character. 

"I believe this is the first example of this group of Oystideans 
that has been found in the Lower' Siltlrian, in this coutltry. It 
occurs, however, in the upper part of the lower series, where some 
of the other fossils begin to reseinble Upper Silurian types. 
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"It has been proposed to correct the orthography of Mr. Con
rad's genus to Lepadocrinus, and if this orthography should be 
adopted, the name of our species would be written Lepadocrinus 
or Lepadocrinites Moorei. The most usual cust{)m, however, has 
been to retain the original orthography of generic names in· such 
cases. "-Meek, lOG. C'~t. 

'l'he type is from the Richmond formation at Richmond; In
diana. 

LEPIDODISCUS FABREr (M1l1er). 

Plate IV, fig. 11. 

Agelactinus faberi Miller, 1894, Jour. Cin. Soc. Nat. Hist., XVII, 
p. 156, pI. viii, figs. 24, 25. 
, "l'his species is founded upon a. single specimen, that is very 

much broken up and attached to the valve of an Qrthis occiden
talis. It is about the size of an average Agelacrinus cincinnatien
sis. The body is circular, depressed planoconvex, and composed of 
numerous squamirorm plates that imbricate inward from the per
iphery toward the center. The larger plates occur in the rim that 
surrounds the extremities of the arms: The arms are much broken 
up in our specimen, but there seem to be four sinistral and one 
dextral, composed of interlocking plates, as is usual in this genus. 
The surface of all the· plates is densely and beautifully tubercu
lated. 

, 'This species is distinguished from all others, in rocks of the 
same age, by the tuberculated plates. It is also distinguished from 
Agelacrinus cincinnati6nsis and A. pileus by the absence of the 
great number of SIDall plates that form the periphery in those 
species, and also by having the larger plates of the body, in the 
rim, that surr9unds the ends of the rays. ' 

"Found by Mr. C. L. Faber, in whose honor the specific name 
is proposed, in the extreme upper part of the Hudson River 
Group, about half way between Osgood and Versailles, Indiana, 
and now in his collection. "-Miller, loc. cit. 

LICHENOCRINUS CRATERIFORMIS Hall. 

Plate IV, figs. 12-12b, Plate III, fig. 2. 

Lichenocrinus crateriformis Hall, 1866, 24th Rep. New York 
State Museum (Advance sheets), p. 217, pI. vii, fig. 7. 
"Body small, distinctly subpentagonal, subdiscoid, with an 

elevated margin and strongly depressed center; composed of~me
ilium-sized polygonal plates. Proboscis minute, central.. 
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"This species differs from the preceding [L. dyeri] in its more 
elevated margin, and in the absence of the five prominences of the 
disc; the proboscis is much smaller in proportion to the size of 
the body, and the whole is composed of a smaller number of larger 
sized plates. "-Hall, loco cit. 

1.12E3 (n. 
LICHENOCRINUS DYERI Ball. 

Pla.te IV, fig. 5. 
" \ ' 

Lichenocrinus dyeri Hall, 1866, 24th Rep. New York State Mu
seum (Advance sheets), p. 216, pI. vii:, figs. 1-6. 

"Body small, discoid, depressed in the middle, with five slight 
elevations midway between the center and the edge of the disc. 
Proboscis strong, composed of short plates. Disc composed of 
very small polygonal plates. Surface Smooth. "-Hall, loco cit. 

A more adequate description of this species is given by ]'vIeek 
in the Ohio Paleontology, as follows: . 

"Body depressed-discoidal, nearly circular, or obscurely pen
tagonal in outline; composed of a great number of very small, 
slightly convex, nearly or quite smooth pieces, of very unequal 
size imd form, the larger ones often somewhat longer than wide, 
with their longer dianleters directed inward and outward; cen
tral depression small; column-like appendage comparatively stout 
at its basal, or attached end, where it is sub-pentagonal, or nearly 
round, and composed of about five or six ranges of very short, 
distinctly and regularly interlocking pieces; perforation at base 
pentagonal, and scarcely equalling ••e-third the diameter of the 
appendage at that point. Interior unknown. 

"Diameter of an apparently adult individual, 0.32 inch; con
vexity about 0.09 inch; thickness of column-like appendage, at 
its connection with the body, 0.08 inch; length unknown." 

The type is from the top of the hills at Cincinnati. 
Reported in Kindle's list from Ripley County, Indiana. 

LICBENOCRINUS P ATTERSONI Miller. 

Pla.te IV, figs. 4, 40.. 

Lichenocrinus pattersoni Miller, 1879, Jour. Cin. Soc. Nat. Hist., 
II, p. 118, pI. x, figs. 6, 6a. 
"Body robust, round or sub-circular, pla,no-convex, with a de

pression around the column, composed of numerous plates of un
'equal size, having no regular geometrical form, and disposed with
out any definite order of arrangement. If the plates, in the speci



730 REPORT OF STATE GEOLOGIST. 

men illustrated, could be arranged, in regular concentric series, 
there wOl.ud be, about eighteen ranges, between the column and the 
circumference. 

"The plates are smooth. 
"The column-like appendage is large, round and composed, as 

in other species, of' five ranges of thin plates. 
"The plates, in this species, are as large as the plates in L. 

crateriformis, and as numerous as in L. dyeri, but they have 
neither the arrangement nor form of either."-Miller, loco cit. 

According to Miller this species probably occUrS at Versailles, 
Indiana, "in the upper part of the Hudson River Group." 

LICHENOCRINUS TUBERCULATUS Miller. 

Plate IV, fig. 3, 

Lic~kenocrinus tuberculatus Miller, 1874, Cin. Quar. Jour. Sci., I, 
p. 346, fig. 3B. 

"Body discoidal, circular in outline; lower surface, or sur
face of attachment, fiat, or conforming to the surface to which 
it is attached; upper surface strongly convex or subhemispheric, 
with a deep circular depression in the central part, &round the 
column; upper .surface of body composed of nume~ous, irregularly 
arranged, thin, pentagonal or hexagonal plates, nearly uniform in 
size, smooth on the under side and highly convex or tuberculated 
on the outer surface. Excluding the plates immediately surround
ing the column, within the central depression, which are much 
smaller than the others, the ~mainder win nnmber about one hun
dred. Interior filled with upright lamelliform plates, radiating 
from a central poiI).t, on which the exterior plates appear to re
pose. Column pentllgonal, length unknown .. 

"Diameter of a medium-sized specimen 3/12 inch, convexity 
1/12 inch; but Mrs. M. P. Haines, of Richmond, Indiana, to whom 
I am indebted for the specimen engraved, informs me that she 
has recently found specimens varying from 1/12 to 6/12 of an 
inch in diameter. 

"It is distinguished from L. crateriformis, which species it 
most resembles, by it..'1 tuberculated plates. It differs, too, in its 
greater convexity, more abrupt centrf11 depression, and greater uni
formity in the size of its plates. 

It is found in the'vicinity. of Richmond, Indiana, in the upper 
part of the Cincinnati Group. Small specimens, very closely re
sembling this species in gemjral outline, are found near Clarks
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ville, in Clinton County, Ohio, but differing, in the specimens ex
amined, in this important regard, that the plates appear to be 
smooth inRtead of tuberculated. "-Miller, loco cit. 

P ALAEASTERINA SPECIOSA Miller and Dyer. 

Plate III, fig. 8. 

Palaeasterina speciosa Miller and Dyer, 1878, Jour. Cin. Soc. Nat. 
Bist., I, p. 30, pI. i, fig. 7. 
"Pentagonal; rays obtuse at their apices; greatest distance 

from point to point about 2 1/2 inches; breadth of body between 
rays about 1 1/3 inches, and distance from tip of ray to next ad
joining tip on either side about 1 1/2 inches. 

"The marginal plates are small and somewhat hemispherical, 
near the termination of the rays, they gradually enlarge and be
come square, and then' rectangular as they approach the disc, 
until at the narrowest part of the disc or body of the fossil they 
are twice as long as wide. There are about 50 marginal plates be
tween the apex of one ray and the next one adjoining, or in a per
fect specimen of this size about 250. 

"The back or dorsal side is covered with numerous plates 
(probably in a complete specimen of this size there would be 1,000 
or more), which are very prominent in, the center or somewhat 
conical, and seem to have been joined together with deeply ser
rated edges. The plates have from three to eight of these inden
tations, which give them a beautiful star-like appearance. 

"The ambulacral grooves are narrow and deep, as shown by 
the sharp ridges on the back of the specimen. The small dorsal 
plates which cover the ambulacral pieces are exfoliated in some 
places, and show two rows of ambulacral plates coming evenly to
gether, and forming the sharp ridge. "--Miller and Dyer, loco cit. 

Reported by Kindle from Richmond, Indiana, on the authority 
()f James. 

URASTERELLA GRANDIS Meek. 

Plate Ill, figs. 6-6b. 

Stenaster grandis Meek, 1872, Amer. Jour. Sci., 3d ser., III, p. 
258. (Not figured.) 
"Attaining a very laI'ge size, with the body. or disc compara

tively small, or only of the breadth of the united inner ends of the 
five rays. Rays long, slender, gradually tapering, and very flex
ible, widest at their immediate connection with the body, where 
they seem to be more or less depressed, but becoming more nearly 



732 REPORT OF STATE GEOLOGIST. 

terete fanher out. Dorsal side of body and arms composed of 
numerous subtrigonal piec~ that rise into pointed tubercles, or 
sometimes assume almost the character of short spinules, and are 
arranged in quincunx, so as to form about eight rows near the 
middle of the rays; those of the outer two rows being a little 
larger than the others. Dorsal pores appsrently rather large, and 
passing through between the concave sides of contiguous pieces. 
Ventral side of body unknown. That of the rays composed of the 
usual single row of transverse ambulacral pieces on each side of 
the well defined, rather deep, and moderately wide ambulacral 
furrows. Adambulacral pieces rather more than twice as long as 
wide, with their longer diameters at right angles to the ambulacral 
furrows, and rounding over from end to end so as to be most 
prominent in the middle; while they do not connect with each 
other by fiat sides, but have little projecting processes, and corre
sponding sinuses, apparently for the purpose of imparting greater 
flexibility to the rays. 

"Breadth of body, 0.63 inch; length of rays, 2.40 inches; 
breadth of same at their connections with the body, 0.36 inch. 
Diameter across from the tips of rays on opposite sides, about 5.50 
:inches. . 

"Not having seen the under side of the body of this speciet>, 
I am not quite sure 1hat it is exactly congeneric with.Mr. Billings's 
typical species of Stenaster. It does not show the peculiar contrac
tIon of the inner ends of the ray&, seen in his S. Salteri, from 
which it also differs in a marked degree ~n the much greater lengt11 
and slenderness of its rays. In these characters, however, it agrees 
more nearly with his S. pulckellus and S. Huxleyi; though it 
differs from the first specifically in having proportionally larger 
rays, with more numerous dorsal pieces, and in attaining a mudt 
larger size. I had suspected that it might possibly be the S. Hux
leyi, but on comparing drawings, and the foregoing description, 
sent to him for that purpose, with his typical specimen of S: Hux
leyi, Mr. Billings writes that he has no doubt whatever that it jg 

entirely distinct. 
"The specimen shows' a few short spines connected with the 

adambulacral pieces; but neither their exact mode of attachment, 
nor their arrangement, can be very clearly made out. They seem, 
however, to connect with these pieces along their joining edges, 
iustead ()f springing from their crests. . 

"Adopting the suggestion already made by another, that the 
uame Stenaster for this group should be replaced by McCoy's 
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name UrastreZla, previously suggested, incidentally, for apparently 
congeneric forms, the name of the species here described wouI.i 
become Urastrella grandis.n-Meek, lac. cit. 

The type of this species is from the Richmond formation at 
Richmond, lndiana. 

TAENIASTER GRANULIFERUS (Meek). 

Plate III, fig. 7. 

Pt'otaster f granuliferus Meek, 1872, Amer. Jour. Sci., 3d ser., IV, 
p. 274. (Not figured.) 
"Disc small, apparently circular; rays rather slender, and o"!' 

unknown length. Dorsal surface of disc and rays covered by an 
integument composed of innumerable minute grains of calcareonq 
matter. Ventral side of disc not well exposed in the specimen bllt 
apparently provided, in the interradial spaces, with minute spine~ 
directed outward. Oral pieces not well exposed in the specimen. 
Arm-pieces regularly alternating, but apparently rectangular at 
their inner ends, and Hot interlocking along the minute mesial im
pressed line, ]onger transversely than in the direction of the length 
of the rays; each largely excavated at its anterior outer end so 
as to form a large pore, or pore-like depression, and divided 
transversely by a furrow into two parts, the anterior one of which 
is very short, and the posterior longer and marked by a minute pit 
at its inner end; about eight or nine of these pieces in each range 
of each ray included within the margin of the disc. Outer arm
pieces (adambulacral of some) smaller than those of the inner 
ranges, and placed edge upward, with an oblique outward direc
tion so as to imbricate outward or toward the extremities of the 
rays; each bearing one or more minute articulating spines. 

"Breadth of disc, about 0.43 inch; breadth of arms at their 
inner ends, 0.10 inch. 

"The only specimen I have seen that is certainly known to be
long to this species is very imperfect, being merely an incomplet~ 
disc, and the inner ends of the rays. It does not conform to the 
characters of Protaster given in Prof. Forbes's diagnosis, in all 
respects, since its disk, especially on the upper side, is covered 
by an integument composed of a vast number of very minute 
grains of calcareous matter, instead of distinct imbricating scales. 
It is therefore not improbable that perfect specimen~ would show 
other characters that would warrant the establishment of a new 
genus or sub-genus for such forms, in which case the name Ale}»
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daste1' might be applied to the group, which would probably also 
include Protaster gregarius of Meek and Worthen. 

"I have intentionally avoided, in the foregoing description, the 
use of the terms ambulacral and adambulacral pieces, applied by 
some in describing the arms of species of Protaster and similar 
forms, because it see~ doubtful whether these terms can' be prop
erly applicable to such types. I should certainly think not, if these 
types belong to the Ophiuroidea (in which no ambulacral furrows 
exist) instead of to the Asteriodea. According to Dr. Wright, how
ever, Protaster Miltoni of Salter has a well developed madrepori
form body, and hence would belong to the Asteroidea. Yet it is 
very curious that these types seem to have no proper ambulacral 
canals, and we have apparently no positive evidence that the vis
cera of the animal were not confined to the disc, as in the Ophiu
roidea. "-Meek, loco cit. 

The type of this species is from the Richmond formation at 
Moores HiH, Indiana. 

XENOCRlNUS BAERI (Meek). 

Plate IV, figs. I, ia. 

Glyptocrinus baeri Meek, 1872, Amer. Jour. Sci., 3d ser., III, p. 
260. (Not figured.) 
"Body of about medium size, globose~obconoidal. Sub-basal 

pieces apparently not developed, or very small. Basal pieces short 
and pentagonal. First primary radials of comparatively moderate 
size, presenting a genel'al pentagonal outline; second a little nar
rower than the first, but of nearly the same length, with a general 
heptagonal outline; third a little narrower than the first, but 
of nearly the same length, with a general pentagonal form. Sec
ondary radials, consisting of about four pieces in succession, on 
each upper sloping side of each third primary radial; the first 
two or three of each series only about one-third smaller than the 
second primary' radials, while above these the succeeding pieces '" 
soon become much shorter free brachials. Interradial pieces nu
merous, small, of very unequal size, and without any regularity of 
arrangement. Anal series unknown, but probably consisting of a 
mesial series of hexagonal pieces resting one upon another, and a 
greater numQer of much smaller pieces irregularly arranged on 
each side. Axillary spaces each occupied by some six or more 
very small pieces. 

" Arms ten, rather long, simple, widest a little above their bases, 
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and thence gradually tapering to their ends; composed of very 
short pieces, so strongly cuneiform as to appear almost to taper 
to nothing alternately on opposite sides, while each supports a 
pinnule at its thicker end, along the inner margins. Pinnules very 
long, moderately short, nearly in contact, and composed of pieces 
three to four times as long ~ wide. Surface of body plates with
out costae or striae; those of the primary and secondary radial 
series more prominent than the much smaller pieces filling the in
terradial spaces, and thus forming somewhat flattened ridges, more 
or less interrupted at the sutures, and abruptly beveled at the 
sides; interradial and axillary areas roughened by a minute pro
jecting central point on each of the little pieces filling them. 

"Column of moderate thickness, apparently nearly round, or 
perhaps subpentagonal near the base, and composed of alternateiy 
thicker and thinner pieces, the former of which project a little 
beyond the others. 

"The body. of the only specimens of this species I have seen, 
are too much distorted by pressure to afford accurate measure
ments, but it seems to have been about 0.45 inch in height, by a 
little less in breadth; while its arms measure 0.07 inch in breadth 
at the widest part, a little .above the top 'of the body, where about 
eight arm pieces may be counted in a length of the same extent. 

"This species will be readily distinguished from all of the de
scribed forms of the genus, resembling it in other respects, by hav
ing only ten simple arms, and by the large number and small size 
of its interradial pieces. In the latter character it resembles G. 
nealli, of Hall, from which, however, it differs materially in almost 
every other respect, but more particularly in having only ten in
stead of twenty arms, which are also stouter. Its interradial and 
axillary spaces likewise differ materially in not being distinctly 
excavated, and in having each of the little pieces .by which they 
are filled provided with a little projecting point. 

"The specific name is given in honor of Dr. O. P. Baer, of 
Richmond, Indi'ana, to whom I am indebted for the use of the 
specimens from which the description has been prepared. "-Meek, 
loe. cit. 

Lower arm joints rectangular. Anal side divided by a longi
tudinal row of anal plates,. shaped like the radials and costals. 
Column quadrangular, with obtuse angles; the joints extended 
outward into long knife-like edges. (Wachsmuth and Springer.) 

The type is from' the Richmond formation at Richmond, In
diana. 
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BRYOZOA. 

METHODS OF STUDY. 

The Trepostomatous Bryozoa require, as indicated in the intro
duction, certain special methods of study. A few of the more com
mon and characteristic forms may readily be recognized in the field 
without special preparation, but for the greater number, and for 
all forms, if the maximum of accuracy is required, means must 
be employed to ascertain the internal characters. The method now 
employed with great success is that of the preparation of thin sec
tions. Before describing this method, however, I wish to call at
tention to a method suggested by Mr. Bassler, which I also had 
made some use of prior to his publication. The method in ques
tion consists of slightly etching with acid (HCl, preferably) a 
smoothed portion of the surface of the specimen, and moistening 
with water, when the structural details can be quite distinctly 
seen with a good hand lens. This method is very simple and ex
peditious, and will suffic~ for the identification of almost any of 
the commoner and better known forms, or for use in preliminary 
sorting, prior to selecting the specimens for more careful investi
gation. ' 

For the more careful and complete study of the internal char
acters nothing can take the place of thin sections. 

These may be prepared in the following very simple manner. 
Procure a piece of sandstone such as is used for the finer grades 
of grindstones and whetstones; or, better still, purchase a few 
pounds of emery, or carborundum (the latter is the best material, 
and can be obtained at small expense from the Oarborundum 00. 
of Niagara Falls) of a medium grade of fineness. In addition 
to the coarser sandsto.ne or carborundum a very fine-grained razor 
hone, or the finest floated carborundum (No. FF~) should be ob
tained. For grinding with the carborundum it will be necessary 
to have several pieces of plate glass, or smoothed pieces (plates) 
of iron or copper. The other supplies needed are an alcohol lamp, 
or a Bunsen gas burner, if gas is available, and a mounting stage, 
which may be made by supporting a thin, flat metal plate on a 
couple of uprights at a sufficient height so that the lamp or Bun
sen burner may be placed beneath it. A pair of blacksmith's nip
pers, and a fairly thick grade of microscope slides, cover glasses 
(% in. square, for most purposes) and Oanada balsam, which can 

http:sandsto.ne
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be obtained in collapsible tubes from Bausch & Lomb, or Queen 
& Co., complete the list of apparatus. 

Before starting to make the section the specimen should be 
carefully inspected to ascertain the proper place to nip off the 
small fragment for grinding. In general at least two kinds of 
sections will be needed of each specimen-one parallel with the 
surface (tangential) and another cutting the wO€cia lengthwise 
(longitudinal). The pieces should, therefore, be nipped off in 
such positions that these two kinds of sections can be obtained by 
proper grinding. The fragments should now be ground on the 
sandstones or carborundum plates, keeping the plates well supplied 
with water, until a smooth, well-polished surface, cutting the 
zooecia in the required direction, is obtained. The specimen is 
next dried and cemented to a glass slide in the following manner: 
place a drop or two of the balsam on the slide and lay the slide 
on the mounting stage, which should not be too hot. Let the 
balsam simmer until the volatile matter is evaporated so that when 
the balsam is cold it will be hard and firm, but not too brittle. 
The proper degree of evaporation can be easily ascertained by 
picking up a tiny drop of the hot balsam on the point of a needle 
and cooling it, and then pressing the drop down upon some hard 
surface (of stone or metal). When the hardened· drop snaps 
quickly off the needle, the balsam is ready to receive the polished 
fragment of the fossil. If the balsam is still tough or sticky, the 
evaporation should be carried farther. The specimen may be 
placed in the balsam on the slide, smoothed side against the glass, 
before the evaporation is complete, and the evaporation continued. 
Great care should be taken to make sure that no bubbles remain 
between the specimen and the glass. The tendency to the forma
tion of bubbles may generally be avoided if the stage is kept at 
a modcrate temperature. When the balsam has reached the re
quired consistency, the slide with the fragment adhering to it is 
removed and allowed to cool. It may be cooled quickly by placing 
it on a dry cool piece of metal or stone. When cold the balsam 
should be hard and firm and without any tendency to pull. The 
specimen is now found to be securely cemented to the glass. and 
the grinding cau be begun. Lay the slide with the specimen down
ward, upon the coarse sandstone or carborundum plate, and place 
the thumb near one end of the slide and the first and second 
fingers near the other end and rub the specimen against the plate, 
which should be kept well supplied with water, using a moderate 

[471 
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and steady pressure, and keeping the slide always as nearly par
allel to the grinding plat~ as possible. Continue the grinding on 
the coarse plate till the specimen is reduced to the thickness of thin 
cardboard, and then transfer to the fine grinding plate or razor 
hone, and continue the grinding till the specimen is so thiu that 
all the structural details can be readily seen with a microscope 
magnifying about 20 diameters. 

The thin flake of rock may now be covered with a cover glass 
in the usual manner, or, since in the grinding, the slide has prob
ably become more or less scratehed and disfigured, the flake may 
be warmed until the balsam is softened, and pushed, with the 
needles, off onto another clean slide, and then mounted. 

If the balsam is too soft, the thin flake will be pulled to pieces 
and ruined. On the other hand, if the balsam is too hard and 
brittle, the flake will probably, at some stage of the grinding, 
separate fr(}m the slide entirely and be broken or lost. Only expe
rience can teach one the proper degree of evaporation of the bal
sam. The properly mounted slide should be immediately labeled, 
and numbered in a manner to indicate the horiz(}n and locality 
of the specimen, and the balance of the specimen from which the 
piece for grinding was nipped, should receive a duplicate label 
and number. 

A great deal of time may be saved by using a diamond saw 
both for cutting the piece to be sectioned from the original speci
men, and for trimming the greater portion of the fragment from 
the slide aiter it is cemented down preparatory to grinding. By 
doing this, much time may be saved in the grinding. A perfectly 
satisfactory foot-power diamond saw may be arranged by obtain
ing a fO'Jt-power emery wheel and putting the saw on the chuck 
in place of the emery wheel. The necessary accessories for .keeping 
a supply of water on the edge of the wheel and preventing the 
water from flying in the face can be supplied by anyone with a 
little ingenuity and at a trifling expense. The app'aratus which 
I have used to cut many hundreds of sections cost about twelve 
dollars, exclusive of the diamond saw. 'fhe latter can be obtained 
from ~ number of dealers, and will cost in proportion to the 
diameter of the saw. At .present the price is about eight dollars 
for a six-inch saw. 
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DIAGNOSES OF GENERA. 

AMPLEXOPORA Ulrich. 

Zoarium ramose, subramose or massive, in the ramose forms 
arising from an expanded base. Surface smooth or monticulose. 
Zooecia prismatic, polygonal, thin walled in the axial region and 
more or less thickened as they pass into. the peripheral region, 
the flexure at the transition from the immature to the mature re
gion usually abrupt. Boundary line between adjacent zooecia as 
seen in sections usually very distinct. Acanthopores always pres
ent and sometimes strongly indenting the walls; never of great 
size. Diaphragms complete, usually horizontal, but sometimes in
elined, or simulating cystiphragms. 

ARTfIROCLEMA Billings. 

Zoarium jointed, composed of numerous sub cylindrical seg
ments, celluliferous on all sides, arranged in a pinnate manner; 
articulation both terminal and lateral. Segments of three kinds, 
primary, secondary and tertiary. The first set forms the strong 
central stem, of which each part has normally one or two sockets 
on opposite sides for articulation with the smaller segments of the 
second set. The latter generally articulate in like manner, termi
nally with each other and laterally with the still more slender 
segments of the third set. Zooecia subtubular, each occasionally 
with a diaphragm, their apertures ovate, oblique, the inferior bor
der more or less prominent, arranged in rows between longi
tudinal ridges. Interspaces usually striated, often grano-striate. 
(mrich.) 

ARTfIROPORA Ulrich. 

Zoaria bushy, spreading in a plane, composed of numerous, 
essentially equal segments; joints simple, bifurcating, or with 
several short lateral branchlets, the extremities solid and rounded 
for articulation with succeeding segments. Zooecial apertures 
elliptical, surrounded by a delicate peristome. Interspaces with 
one or more thread-like ridges, variously disposed, sometimes short 
and vermicular, at other times forming continuous longitudinal 
wavy lines, or ranged in a concentric manner about the apertures. 
Peristomes and ridges each with a row of minute papillae. In
terior with the primiti.ve cell elongate, narrow, one or both hemi
septa, and lined with minute dots between the zooecia in the 
peripheral region. Mesial laminae zigzag in transverse sections. 
without "median tubuli." (mrich.) 

http:primiti.ve
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ARTHROS'l'YLUS Ulrich. 

Zoaria bushy, branching dichotomously, the whole consisting or 
numerous, exceedingly slender, subquadrate, equal segments, 
joined to each other by terminal articulation. Zooecia arrangen 
in three (perhaps more) rows, usually between longitudinal ridges; 
the fourth face, commonly the widest, with longitudinal striae 
only. (Ulrich.) 

ASPIDOPORA Ulrich. 

Zoarium consisting of one, or two or more superimposed, thin 
expansions, each 1 mm. or less thick, rarely parasitic, generally 
free, with an epithecal covering on the concave lower side; 
typically composed, according to age, of from one to many sub
equal parts, each gently COllvex, with the zooecia increasing in 
size from their margins to near ,their centers. Acanthopores 
usually present, always small. Diaphragms horizontal and closely 
set in the mes6pores, usually wanting in the zooecial tubes, but 
one or more cystiphragms occur in most of the latter. (Ulrich.) 

A'l'ACTOPORELLA Ulrich. 

Zoariuni gcnerally forming thin crusts over foreign bodies, 
rarely lobate or subramose. Surface commonly with monticules. 
Zooecia with very thin inflected walls, their apertures irregularly 
petaloid; internally with cystiphragms. Mesopores angular, nu
merous, often completely isolating the zooecia; at first open and 
distinctly tabulated, but, when fully matured, largely or entirely 
filled by a deposit of sclerenchyma. Acanthopores very numerous, 
varying in size with the species, encroaching more or less upon the 
zooecial cavity. (Ulrich.) 

ilA'l'OSTOMA Vlr1eil. 

Zoaria irregularly ramose, with a large basal expansion. Zo
oecial walls thin, and irregularly flexuous in the axial region, more 
or less thickened in the peripheral. In the most typical species the 
walls are irregularly ovate, thick and ring-like in tangential sec
tions, with neighboring zooecia in contact only at limited points, 
the mesopores numerous, Closed at the surface, and irregular in 
shape a,nd size, and the acanthopores abund.ant and with a larger 
central cavity than usual. Species vary from these to forms hav
ing polygonal, thin-walled zooecia and very few meso pores and 
acanthopores. Diaphragms strong, horizontal, complete, few 01' 
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wanting in the axial, more abundant in the peripheral region. In 
the axial region of transverse sections the tubes are divisible into 
two sets, one larger than the other. (Ulrich.) 

BERNIOEA Lamouroux. 

Zoaria incrusting, forming circular or irregular patches. In
dividual zooecia as in Stmnatopora and Proboscina, but contigu
ously arranged in more or less regular spreading series. 

BYTBOPORA Miller and Dyer. 

Zoaria consisting of usually very slender branches, though in 
one species they may attain a diameter of a centimeter or more. 
Surface smooth, or, :in one species, with small spine-like nodes. 
Mesopores usually few or almost lacking, rarely abundant. Aper
tures of zooecia usually oblique, elongate in the direction of the 
branch, narrowing, in the typical species, above. In B. meeki they 
may be circular or even subpolygonal. Acanthopores well devel
oped, sometimes numerous ; rarely wanting. Diaphragms almost 
wanting in the zooecia, sometimes fairly numerous in the meso
pores. Wall structure granular in B. meeki. 

CAr~LOPORA HalL 

Zoarium usually ramose, rarely subfrondescent, oj' pyriform; 
surface smooth or tuberculated. Zooecial tubes with thin walls, 
varying according to the number of me'sopores from circular or 
oval to polygonal in cross-section. Apertures closed in the perfect 
state by centrally perforated and often radially marked or orna
mented plates, which are left behind as growth proceeds to form 
floors (diaphragms) of succeeding layers. Mesopores angular or 
rounded, more or less numerous, sometimes surrounding the 
zooecia; closely tabulate. Zooecial tubes attaining their full devel
opment slowly, with closely arranged diaphragms in the attenuate 
proximal ends, and fewer or no diaphragms in the middle part of 
their length. In the peripheral region these structures commonly 
increase again in number. Transverse sections show that in the 
axial region the tubes are of two sizes, the larger ones with six, 
seven, and most commonly eight sides, the smaller set four or five
sided. (Ulrich.) 

Zooecial walls amalgamated; acanthopores entirely lacking. 
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CALLOPOREIJLA. Ulrich. 

Zoaria free or encrusting, thin expansions. Surface smooth or 
undulated. Zooecial tubes cylindrical, with thick walls, separated 
by one or two rows of angular meso pores. Zooecial apertures sub
circular, arranged in regular intersecting series. Diaphragms 
llumerous, straight. Acanthopores small, few. 

CERAMOPORlULLA Ulrich. 

Zoaria incrusting, often becoming massive by superposition of 
. numerous thin layers. Zooecial tubes short, their walls thin. 
Apertures more or less oblique, hooded, commonly of oval shape. 
The hoods are directed away from the centers of small maculae 
marking the surface at rythmical intervals. Mesopores abundant, 
often completely isolating'the zooecia, their apertures usually open, 
sometimes closed by a thin membrane. Diaphragms only rarely 
present. CUlrich.) 

OHILOPORELLA Ulrich. 

Zoaria nsmg Up in fiabellate fr()nds or compressed branches, 
from a greatly expanded heavy crust. Zooecial tubes long; very 
tbin walled, large, and of irregular shape in the axial region. 
"Valls much thickened near the surface. Apertures ovate, the 
lunarium conspicuously elevated. Mesopores numerous. Dia
phragms few, generally absent. emrich.) 

COELOCLEMA Ulrich. 

Zoaria ramose, branches hollow, lined internally with a striated 
ppitheea. Surface with or without maculae. Zooecial tubes short, 
with rather thick walls; apertures suboval. Peristome complete, 
but highest at the posterior side, making the aperture appear more 
(oblique than it really .is. Lunarium scarcely distinguishable in 
tangential sections. Mesopores fairly numerous, rather equally dis
tributed among the zooecia. Diaphragms usually absent; occa
sionally one may be observed closing the apertures. elilrich.) 

CONSTELLARIA Dana. 

Zoaria growing from a slightly expanded base, into erect 
fronds, or more or less flattened, sometimes anastomosing, 
branches. Cells of two kinds, true zooecia with subcircular aper
tures, surrounded by a slight peristome; and ang-alar thin-walled 
interstitial cells.' At subregular intervals the surface exhibits ap
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parently solid stellate maculae, that may be more or less elevated 
above the general plane of the surface, or depressed below it. Be
tween the slender and often bifurcating rays of the macula an 
equal number of small groups of true cells occur, which may be 
placed on a plane with the surrounding surface, or, as is more 
commonly the case, be more or less prominently elevated into a 
radially divided monticule. The true cells are best developed in 
the inter-monticular spaces, where they are more or less isolated by 
interstitial cells, the mouths of which are, however, closed at the 
surface; in consequence, the interstitial spaces and maculae appear 
t.o be solid. In sections, the axial region is seen to be oc<\upied 
only by the true zooecial tubes; here they are polygonal, with 
very thin walls, and few or no diaphragms. As they approach the 
surface their walls are slightly thickened, and a large number of 
'thin-walled interstitial tubes are abruptly developed. These some
times have flexuous walls, and are divided by a large numqer of 
horizontal diaphragms, whieh, especially just beneath the surface 
of fully matured C!l:amples, are closely crowded, and placed upon 
the same level in contiguous tubes. Small spiniform tubuli are 
numerous, but only in fully matured zoaria. (Ulrich.) 

DEKAYIA Milne-Edwards and Haime. 

Emended by Cumings. 

Zoarium ramose, or variously compressed, or lobed, or frondes
cent; growing upward from a more or less broadly expanded basal 
attachment. Surface smooth or variously ornamented with monti
cules, maculae or spines. The cells in the monticules and maculae 
may be either larger or smaller than the a~erage. Zooecia poly
gonal, sub polygonal or rounded. Mesopores few to numerous, an
gular. Acanthopores always present, typically of two sizes, the 
smaller present only in the mature region. Interzooecial walls 
always thin in the axial region, and sometimes in the mature re
gion; at times considerably thickened in the mature region, al
ways consisting (in sectioIlS of the mature region) of three 
elements: a medi;in zone (11sUally light colored), in which are 
lodged the mesopores and acanthopores; a definite dark band on 
either side, bounding the median zone and encircling the zooecia; 
and a band (usually light colored) of sclerenehyma immediately en
circling the zooecial cavity. Diaphragms few or almost lacking, to 
numerous; nearly always straight and horizontal. Only in excep
tional cases are a few cystoid diaphragms present. When mes~-
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pores are present the diaphragms are more numerous in the meso
pores. (Cumings.) 

I see no re880n to modify my contention that the genera Hete
rotrypa and DekayeZla should be combined with the genus Dekayia 
to form a single genm!. This is not the place to go at length into 
the discussion of this point; but since Mr. ffirich h88 recently in a 
revision of the Trepostomata adhered to his original grouping of 
the species here referred to the genus Dekayia, a word of expla
nation is demanded for rejecting his views. ffirich and Bassler 
say" 88 to the value of the three genera discussed by Mr. Cumings, 
we do not deem this the proper place to go into the subject in de
tail. However, we still consider the three genera distinct and very 
convenient in classification if not wholly natural groups. It is 
true that Ulrich some years ago expressed the idea of combining 
the three genera" but this was at a time when Dekayella W88 the 
only genus of the three of which ,species were known in the Mo
hawkian and Utica, and when it seemed quite probable that the 
Lorraine species of Dekayia and H eterotrypa were derived from 
the earlier genus. Now typical species of both Dekayella and 
H eterotrypa are known to range side by side through the Mohawk
ian and Cincinnatian groups." And again, "Cumings has shoWn 
that acanthopores of all sizes, grading from that of the small set 
to the large kind are present in the same section of various species 
of Dekayia, Heterotrypa, and Dekayella. We admit that this is 
so if the section passes through all the stages of growth from the 
very mature part of th~ zoarium to the less mature regions." 

We pass by the matter of convenience of the thrp.e groups into 
which Ulrich has divided these species, since the only satisfactory 
basis for a genus is the natural group. The question seems to be as 
to whether two sets of acanthopores are present in all three groups 
or are confined to the single group of Dekayelia. Ulrich and B88S
leI' contend that the latter is the C88C if the fully mature portion 
of the zoarium alone' is considered. Anyone is at liberty to ex
amine figures 7, 10, 12 and 14, on plate ix of my paper on the re
'\'ision of these genera, and conclude whether they cut the mature 
or the immature region of the zoarium. These sections, 88 any 
one knows who is familiar with the appearance of tangential sec
tions of the Trepostomata, cut the fully matured portion of the 
zoarium; and they just as surely contain the two sets of acan- . 
thopores. Figure 9 cuts just at the passage from the immature 
to the mature portion of the zoarium, and also shows the two sets 
of acanthopores. In the type species of the genus Dekayia--D. 
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aspera, two sets of acanthopores are shown in the fully matured' 
region of the zoarium, as shown in figure 10, plate ix, of my paper, 
and again in figure 10, plate x. There is besides these facts the 
important fact that the species Dekayia subfrondosa Cumings, 
shows these two sets of acanthopores beyond any question, and in 
the basal portion of the zoarium has the polygonal zooecia and few 
mesopores of Dekayia (s. s.) and in the terminal branches has the 
rounded zooecia and the numerous mesopores of Dekayella Ulrich. 
While it has the tabulation of the zooecia in H eterotrypa, and it 
is also a definitely frondescent species as in H eterotrypa. 'raken 
together these three genera form one single compact group, with 
a fair representation throughout· the Mohawkian and Cincinnatian 
series. This group presents within itself no more variation than 
the genus Homotrypa which has the same or greater range and is 
niore prolific of species. 

DICRANOPORA. Ulrich. 

Zoarinm large when complete, composed of num~rous small 
ligulate joints. 'l'he segments are flattened, from one-fourth of 
an inch to one inch in length, with the edges subparallel to near 
the upper end where they suddenly diverge, and are dichoto
mously divided into two short branches, the ends of which are 
thickened and solid, and articulate with the next succeeding seg
ments. Cell-mouths ovate to subquadrate, and arranged between 
raised longitudinal lines. Usually the cells in from one to three 
rows along the margins have an oblique direction. No inter
stitial cells. (LTlrich.) 

ERIDOTRYPA Ulrich. 

Zoaria ramose, branches slender.. Zooecia more or less oblique 
with thick walls, the tubes intersected by diaphragms only. The 
latter may be wanting in the axial. region, are in most cases ab
sent for a short distance within the apertural edge, but always 
present and close together in the turn from the axial into the 
narrow peripheral region. Mesopores with close-set diaphragms, 
varying in number, sometimes abundant, at other times very few. 
Acanthopores small, never numerous, sometimes wanting. (LTl
rich.) 

ESCHAROPORA Hall. 

"Coral consisting of a solid cylindrical or subcylindrical stem, 
gradually tapering above, expanded and attached by root-like ram
ifications below; surface entirely celluliferous; mouths of cellules 
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oval, scarcely contracted, enclosed in a rhomboidal space formed 
by elevated oblique lines which cross the coral in two directions; 
cellul0s consisting of oval tubes of nearly equal dimensions 
throughout, which radiate in an ascending direction from an im
aginary axis." (Hall, original diagnosis.) 

Zoaria bifoliate, simple or branching, pointed below, and artic
ulating into a spreading base as in Ptilodictya. Zooecia arranged 
in regular diagonally intersecting series throughout. In the small 
species these rows extend in a continuous line across the fronds, 
but in the larger forms their course is interrupted at more or less 
regular intervals by the development of raised clusters of large 
cells. Apertures rounded, elliptical or subcircular, set into sloping 
areas; the latter generally of rhomboidal or hexagonal shape and 
sharply defined, in other cases longitudinally confluent, and con
nected by a narrow channel. (Ulrich.) 

FENESTELLA Lonsdale. 

"Professor Phillips having informed me that the late Mr. Miller 
of Bristol employed the word Fenestella to distinguish a mountain 
limestone coral possessing generic characters similar to those of 
the fossils represented PI. 15, f. 15 to 19, I have conceived it my 
duty to adopt the name, though not published; and I have ven
tured to call one of the species Fenestella Milleri, as a tribute of 
respect to departed talent. 

Gen. Char.-A stony coral, fixed at the base and composed of 
branches which unite by growth and form a cup. Externally the 
branches anastomose, or regularly bifurcate; internally they form 
a network, the intervals. being generally oval. One row of pores . 
on each side of the branches externally, the openings being cir
cular and projecting when perfect. The branches, when regularly 
bifurcated, are connected by distant, transverse processes, in which 
no projecting pores are visible. In well-preserved specimens of 
the base of apparently old corals, the pores or foramina on one 
side of the branch have united by growth to those on the side of 
the adjoining branch, and constitute solid ba~s, either stretching 
transversely and simply across the intervals, or uniting obliquely 
three and sometimes more together. "-Lonsdale, Murchison's Silu
rian System, p. 677. ]839. 

The above is the original diagnosis of this genus by Lonsdale. 
In the Geology of Russia and the Ural Mountains, Lonsdale so 
modified his diagnosis of the genus as to include a very much wider 
range of forms, having the zooecia on either the inside or outside 
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of the zoarium. Within recent years the genus has been very nar
rowly restricted (see Ulrich in Zittel-Eastman Textbook of Paleon
tology) to forms like Fenestella plebeia, with the zooecia on the in
side of the zoarium. That this is not in keeping "wi.th the original 
diagnosis of the genus can be seen by anyone who will read it as 
quoted above. In my studies on the development of F enestella I 
have shown that whether or not the zooecia are on the inside or 
outside of the zoarium is a matter of very considerable importance 
in the Fenestellidae; and hence that it follows that the restriction 
originally placed on the genus by Lonsdale, limiting it to forms 
with the zooecia on the outside of the zoarium, is important and 
should still enter into any diagnosis of Fenesiella. That the genus 
as at present constitut~d is still an unnatural group is certain; 
and much redistribution of the species into other and probably 
several new genera will be required when the ontogeny of the 
various forms is finally worked out. Such work is necessarily slow 
and favorable material exceedingly scarce, nevertheless it is, I be

.. lieve, the only way to place this group of fossils in a satisfactory 
condition taxinomically. In the meantime it is probably not wise 
to disturb the present arrangement of the species, however un
satisfactory it may be. The only species lniown from the Cincin
nati group has, if I am not mistaken, the zooecia on the outside 01 
the zoarium, as have the majority of the keeled species of the older 
rocks. Nothing is as yet known concerning its ontogeny, although 
I have made considerable effort to obtain favorable material, 
which is so far lacking. 

GRAPTODICTYA Ulrich. 

Zoaria rising from a pointed articulating base into continuous 
dichotomously divided narrow fronds. Zooeciawith subcircular 
apertures, surrounded by a low peristome, subpolyg'onal in outline. 
Interspaces depressed, generally linear, sometimes with one or two 
fine tortuous elevated iines; vertically lined in longitudinal sec
tions, but with the lines interrupted. 'Median laminae straight in 
transverse sections. (Ulrich.) 

HELQPORA Hall. 

"Simple or branching cylindrical stems, often swelling at the 
upper extremity, poriferous on all sides; pores oval or subangular, 
arranged between longitudinal elevated lines." (Hall, original 
diagnosis. ) 

Zoaria consisting of numerous, subequal, small, cylindrical seg
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ments, articulating terminally, poriferous on all sides. Zooecial 
tubes somewhat oblique, geniculated or proceeding to the surface 
in a straight line. Apertures slightly oblique or appearing direct, 
suboval, arranged in diagonally intersecting series (section a) or 
between more or less well defined longitudinal ridges (section b). 
In section a the apertures are usually without a peristome, but an 
acanthopore occurs immediately beneath each. In section b the 
acanthopores are wanting, but a peristome, generally incomplete 
and prominently elevated posteriorly, is present. Axial tube very 
slender. (ITlrich.) 

ffirich believes that further study of the two sections of this 
genus as here constituted will result in their separation into dis
tinct genera. 

HOMOTRYPA Ulrich. 

"Zoarium ramose to subfrondescent; surface smooth, or with 
more or less prominent monticules. Cells circular, ovate or poly
gonal, with moderately thin walls. At intervals there are groups 
of larger-sized cells, which again sometimes inclose small stellate 
maculae, consisting of much smaller, angular cells. The surface 
extensions of spiniform tubuli may often be observed at the angles 
of the cells. In the axial portion of the branches or fronds, the 
tubes are immature, and may be crossed by straight diaphragms; 
usually diaphragms are entirely wanting in this region. The tube
walls are excessively thin until they reach the peripheral regions, 
when they are much thickened, and bend outward to open at the 
surface. In the peripheral or mature portion of the zoarium, the 
tubes are provided with a series of cystoid diaphragms; the space 
intervening between their flexuous inner line, and the opposite 
wall of a tube, is crossed by equally numerous straight diaphragms. 
~he tube-walls 'are perforated by rather large connl~cting foramina. 
IIf the tuberculated species the spiniform tubuli are numerous, 
but very small, and not easily recognized, while in the smooth 
forII\s they are much larger, and constitute a conspicuou<; feature 
in sections. The internal stru<:.ture of the small tubes, which form 
the maculae of some species, ~s not remarkably different from t"I-Jat 
of the ordinary tubes. The only difference that I have been abl.' 
to detect is found in the fact that cystoid diaphragms are but 
rarely developed in them." (ITlrich, original diagnosis.) 

According to Bassler, the species of Homotrypa may be classed 
int.o two well-defined groups. In the typical section (Homotrypa 
C1trvata group), diaphragms as well as cystiphragms, are present 
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ill the peripheral region. T·he second (Homotrypa communis 
group) seldom, if ever, has the diaphragms developed either in 
the axial or the peripheral region of the zooecial tubes. This 
group is the more common in the Richmond formation. Ulrich's 
statement, therefore, in regard to the presence of diaphragms in 
the mature region will hold only for the curvata group-the only 
one known at the time his diagnosis of the genus was drawn up. 

'J'he acanthopores, which are practically lacking in some of 
the species recently de.."Icribed, do not present the peculiarity with 
regard to the tuberculated and smooth species that Ulrich men
tions in his original description, although that, again, was true 
of the species known at the time his diagnosis was written. In the 
communis group they commonly present an indistinct or fuzzy ap
pearance in tangential sections. Several of the recently described 
species show the communication pores very beautifully. In fact, 
they are a very common sight in thin tangential sections of the 
thick-walled species generally. I believe there can no longer be 
any doubt of the verity of these structures. 

This is one of the most important and abundantly represented 
genera of the Trepostomata. It is well represented in the Mohawk
ian series and again abundantly represented in the Richmond for
mation, with a meagre representation in the Utica, and a fair 
representation in the J-Iorraine. 'J'he communis group is confined 
to the Richmond formation, as now defined. 

LEPTOTRYPA Ulricb. 

The genus Leptotrypa has recently been restricted by Ulrich 
and Bassler to a fraction of the species formerly referred to it. 
This is eminently proper since the genus as until recently consti
tuted formed an incongruous group. The type species is found 
to belong to the Amalagamta and is placed in the H eterotrypidae 
(sic.) . As restricted, the genus includes several parasitic forms 
(L. minima, L. ornata and L. clavicoidea, and several undescribed 
species) . Ulrich and Bassler give the following very brief diagno
sis of the genus as restricted: 

Zoarium forming thin, evenly spread, parasitic expansions; 
acanthopores very small, never abundant; no mesopores. 

MONOTRYPELLA Ulrich. 

This genus has recently been restricted by Ulrich and Bassler 
to the genotype and such other ramose AmpZexoporidae as differ 
from Amplexopora only in the absence of acanthopores. The gen
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otype (M. aequalis), or rather the specimen from which the orig
inal set of figured sections were cut, is certainly without acantho
pores, but, Ulrich and Bassler state, no other of the specimens that 
have heretofore been referred to that species is without them. 
'I'hese authors are inclined to treat the original specimen of M. 
aequalis as unique, although they admit the bare possibility that 
it may be an abnormality. It would seem to me better, since all 
the other species except the genotype and M. pulchella have now 
been removed from the genus, to entertain the view that the geno
type is abnormal and remove it to the genus Amplexopora, thus 
doing away entirely with the genus Monotrypella, which seems 
to rest on such an insecure foundation. 'l'he species M. quadrata 
and its near relatives are removed by Ulrich and Bassler to the 
new genus Rhombotrypa. 

MON'l'ICULIPORA d'Orbigny. 

"Cellules serrees, poriformes a la surface, d'un ensemble ra
meux ou encroutant couvert de petites sailles coniques." -d 'Or
bigny, Prodrome de Paleontologie,' p. 25, 1860. 

The above diagnosis is quoted merely as a matter of historical 
interest. The forms placed in the genus Monticulipora by d 'Or
bigny, under the original diagnosis, would constitute a very con
siderable section of the Order Trepostomata as now understood. 
By successive restrictions the genus has come to consist of only a 
few very closely related and characteristic species. For this re
striction we are indebted to our foremost student of the fossil 
Bryozoa, Mr. E. O. Ulrich. The following is Ulrich's diagnosis 
of the genus: 

"Zoarium massive, lobate, subramose, laminar, incrusting, or 
frondescent. Surface usually tuberculated; sometimes even. Mon
ticules closely arranged, usually conical, often elongated or com
pressed. Zooecia polygonal, generally rather small, with thin and, 
internally, peculiarly granulose walls. Mesopores few" generally 
absent entirely. Cystiphragms present in the zooecial tubes, both 
in the axial and !)eripheral regions of the zoarium, usually in con
tinuous series, but often isolated. Acanthopores small, more or 
less numerOus." 

ll.ecently a "few forms heretofore referred to the genus, as re
stricted, have been removed to the new genus Orbigny ella by Ul
rich and Bassler. The forms so removed lack the granulose wall 
structure of M. marnmulata and have less clearly defined cysti
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phragms. As now constituted the wall strUcture is the most impor
tant character of the genus Monticulipora. 

NICHOLSONELLA Ulrich. 

Zoaria consisting of irregularly intertwining flattened branches 
or fronds, sometimes laminated. Zooecia tubular, with a few dia
phragms in the mature region. Apertures circular, with a faint 
granose peristome. Interspaces wide, occupied by numerous angu
lar mesopores, that more or less completely isolate the zooecia. 
Walls of both the zooecia and mesopores thin, and in the mature 
region traversed longitudinally by minute tubuli. The inter
zooecial spaces are filled by a calcareous ueposit, into which the 
minute tubuli continue, but in which the mesopore wulls become 
unrecognizable. Mesopores with rather thick and munerous dia
phragms. (mrich. ) 

PACHYDICTYA UlrIch. 

Zoaria bifoliate, consisting of irregular wide branches, large 
and small, and more 01' less undulating, leaf-like expansions, or of 
narrow, subparallel-margined, aml dichotomously branching stipes. 
Margins. acute, with a nonporifel'ous border, obliquely striate or 
granostriate. Surface with small maculae and, about them or tak
ing their places, clusters of zooecia of more or less obviously larger 
size than the average; occasionally montiferous. In other cases 
these clusters are represented by the marginal rows of apertures 
which are commonly of larger size, with wider interspaces. and 
less regularly arranged than those of the central rows. Zooecial 
tubes arising rather abruptly from the mesial laminae, the primi
tive cells with thin walls, longitudinally art.'anged, of elliptical, 
semi-cordate, or subquadrate form, in most cases partially sepa
rated from neighboring cells by small interstitial vesicles. Toward 
the surface their walls are thickened, often ring-like, subelliptical 
in cross-section, usualJy completely isolated, theinterspaces solid 
excepting that they are traversed by one or more, straight or 
flexuous, series of minute tubuli. One or more (the number de
pends upon age of example) complete diaphragms in each zooecial 
tube. Apertures usually elliptical, rarely subangular, the "clos
ures" with a subcentral small opening. Interspaces grano-striate, 
concave and forming a peristome about the zooecial apertures, or 
thrown up into longitudinal ridges. Median tubuli between the 
halves of the double mesial plate, (mrich.) 
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PERONOPORA Nicholson. 

Zoarium laminar or encrusting. Two distinct sets of tubes 
are present, distinguished hy their size and structure. The large 
tubes (zooecia) are furnished with incomplete tabulae (cysti
phragms) of the type of those found in the corresponding tubes 
of Prasopora. The mesopores are numerous, interspersed among 
the zQoecia, sometimes partially aggregated into clusters; their 
tabulae always more numerous, close set, horizontal, and complete. 
Acanthopores are usually largely developed, though occasionally 
apparently wanting. The walls of the zooecia are thickened and 
seemingly fused together in adjoining tubes, their primitively du
plex character being entirely lost. (Nicholson.) 

The above diagnosis is slightly modified from the original diag
nosis of Nicholson, the changes being merely in the substitntion 
of the modern terminology for his. 

Nicholson's Peronopora frondosa is our P. pavonia; his 
P. molesta is -our Monticulipora molesta and his P. cincinnatiensis 
is our 11tonticulipora cincinnatiensis, while his P. O1·toni is our 
Atactoporella ortoni. It will be seen therefore that the present 
coneeption of the genus is quite different from that of Nicholson. 
The genus was restricted to its present significance by Ulrich in 
1882. As now understood the genus is restricted to bilaminar 
forms such as P. decipiens'Rominger ( P. pavonia d'Orb.); and 
the addition of this restriction is almost the only change that need 
be made in the above diagnosis of Nicholson. The zoaria are, how
ever, never genuinely incrusting, though they do frequently arise 
from a broadly expanded base. The surface is sometimes smooth, 
and sometimes has low-rounded monticules. Maculae of smaller 
cells than the averRfSe are quite commonly present and sometimes· 
form a conspicuous feature. The zooecia spring from either side 
of a double median plate or lamina, are at first prone, but rapidly 
turn outward and emerge at right angles to the surface. Apertures 
circular or sub polygonal. The other characters as in the diagno
sis of Nicholson, given above. 

PETIGOPORA Ulrich. 

Zoaria consisting of small, more or less circular patches, on 
the surface of other bryozoa, or of brachiopods, etc.· Always thin, 
with short, direct zooecia, no mesopores, and rather large acantho
pores. The acanthopores sometimes give rise to spines at the sur
fa~e. Diaphragms few or lacking. Walls rather thick at the 
surface. 
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It is quite possible that some of the species referred to this 
genus are the young of species of Dekayia. In some cases, how
ever, they have a different range from any species with which they 
might reasonably be thus associated; and in such eases it is hard to 
believe that they can be young stages. Some of the species are 
quite common and widely ranging forms. 

PRASOPORA Nicholson and Etheridge Jun. 

Zoariu;rn consisting of concavo-convex, hemispherical, subglobu
lar, conit'..al, pyriform or more or less irregular masses with a wrin
kled epitheca on the basal surface. Upper surface either smooth 
or with more or less prominent monticules. Zooecia polygonal or 
rounded, thin-walled, usually more or less completely isolated from 
each other by small angular mesopores; direct. Acanthopores 
nearly always present, but scarcely ever abundant or large. Dia
phragms numerous and close-set in the mesopores; less. abundant 
and more widely spaced in the zooecia, where they are always ac
companied by a well-developed, usually overlapping series of large 
cystipbragms. In some species the cystiphragms are isolated and 
present semicircular, semielliptical or pyriform outlines, at times 
one being superposed upon another. They may occur on one or 
both sides of the zooecial wall. The diaphragms nearly always 
spring from the backs of the cystiphragms. 

This genus is most abundantly represented in the Trenton 
rocks, is absent in the Utica and Lorraine and is represented by 
a' single abundant species in the Richmond of Ohio, Indiana and 
Illinois. 

PROBOSCINA Audouin. 

Zoaria adnate, creeping over the surface of brachiopods, 
corals, other bryozoa, etc. Zooecia subtubular, more or less im
mersed in the coenenchyma, with circular erect apertures. AI'
ranged in two or more continguous series. This feature consti
tutes the chief difference between this genus and 8tomatopora. 
Budding lateral or terminal, or both. 

This genus, although having a very small specific representa
tion, is present in most of the divisions of th,e Ordovician rocks 
from the Black River formation to the top of the Richmond, and 
llsually in considerable abundance of individuals. 

Under the diagnosis of the genus 8tomatopora will be found 
a discussion of the status of that genus and the present one. 

[48] 
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PTILODICTYA Lonsdale. 

"Thin, elongated expansions, having on each surface small 
quadrangular cells not convex, which penetrate the coral obliquely, 
and are arranged with respect to the surface, along the middle of 
the specimen, parallel to the elongated direction of the coral, but 
on the sides obliquely from it. Surface, a very thin calcareous 
crust traversed by slightly raised ridges, marking the boundaries 
of the cells; towards the margin the crust thickens, the indica
tions of the cells are less distinct, and at the edge are invisible; 
but cells are traceable close to the margin where the crust has been 
removed; opening of the cells small, transversely oval T no indi
cation of a central partition parallel to the surface." (Lonsdale, 
Murchison's Silurian System, p. 676, 1839.) 

'fhis genus, which has been the receptacle at various times of 
a large and varied assortment of more or less unrelated forms, was 
restricted to its present bounds by illrich in 1893, in the Geology 
of Minnesota, p. 165. I have ventured to quote the original diaga
sis of Lonsdale as a matter of historical interest, in view of the 
increasing difficulty of obtaining access to Murchison's great work. 
Ulrich's diagnosis is as follows: . 

Zoaria bifoliate, simple, unbranched, lanceolate or falciform. 
terminating below in a solid, striated, pointed base, which orig
inally fitted loosely in the centrally situated cup-shaped depression 
or socket of a small basal expansion. The latter grew fast to for
eign bodies, is radially striated, and has small cell openings in the 
furrows between the striae. In very young examples, and in cer
tain small species in which this condition seems to be permanent, 
the entire zoarium consists of longitudinally arranged, narrow, ob
long-quadrate zooecia. As growth proceeds new zooecia, both 
wider and differently arranged, were added on each side. These 
lateral zooecia may be arranged in oblique or transverse rows, so 
as to produce the "pinnate" or "plumose" arrangement prevail
ing in the typical species, or they may form diagonally intersect
ing rows, with groups Of large cells or subsolid spots raised at 
regular intervals into monticules. Zooecial apertures subquadrate. 
rhomboidal, or rounded, the shape depending largely on their ar
rangement. Both ihemisepta usually well developed. Primitive 
ceil, with thin walls, subelongate, hexagonal, or lozenge-shaped. 
in contact at all sides. ln'the vestibular or outer region, the' walls 
are more or less thickened, solid, and with a double row of ex
ceedingly minute dots; the latter rarely preserved and seen only in 
tangential sections. No median tubuli. emrich,) 
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RHINIDIC'l'YA Ulrich. 

"Zoaria composed of narrow, compressed, dichotomously di
vided branches, with the margins sharp, straight, and essentially 
parallel; attached to foreign bodies by a continuous expanded 
base. 'Zooecial apertures subcircular or elliptical, arranged alter
nately in longitudinal series between slightly elevated, straight or 
flexuous ridges, carrying a crowded row of small, blunt spines. 
Space immediately surrounding apertures sloping up to summits 
of ridges." (Tnrich.) 

RHOMBOTRYPA Ulrich and Bassler. 

"Ramose Amplexoporidae with zooecial tubes in the axial r~
gion regularly quadrate or rhombic in cross-section. Acanthopore!l 
usually wanting, always shallow, rarely distinguishable internall~r. 
True mesopores absent, but wall-less tabulated interzooecial spaces 
occur in several of the species." . (Ulrich and Bassler.) 

'I'his genus has recently been erected by Ulrich and Basslet, 
for the reception of the species of which the well-known Monot1'Y
peZZa quadrata (Rominger) is the type. The chief and almost, tl\(~ 
only difference between Monotrypella and the new genus is in th'J 
quadrate of rhombic cross-section of the zoOecia in the immature 
regiou of the latter. Since this peculiarity seems to be very con
stant, however, there seems to be ample warrant for the establish
ment of the genus. 

The quadrate zooecia are usually best seen in cross-sections of 
the branch; but they are also frequently beautifully shown at the 
ends of branches, and sometimes, especial ly in small individuals, 
they form a conspicuous feature of the greater portion of the en
tire surface of the branch, and give it a characteristic. and unmis
takable appearance. The genus is not known to occur in rocks 
older than the Richmond formation, but it is quite characteristic 
of the latter. It is represented by one species in the Lockport 
shales of the Niagara series. 

RIlOPALONAIUA Ulr,ich. 

"Zoarium adnate, excavating the surface of the host so as to 
become usually about half embedded in it; consisting, so far as 

• known, of fusiform internodes or cells connected by extremely deli
cate tubular stolons, the whole arranged in a primate manner. 
Zooecia unknown, probably deciduous and developed by budding 
from a subceutrally situated pore in the internodes." (ffirich and 
Bassler.) 
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'file (;:;::ly evidence usually seen of the presence of this genus 
is the peculiar pits excavated by the stolons in the surface to which 
the organism was attached. These tell us nothing about the zooecia 
except their arrangement. The oldest known species is R. venosa 
from the Richmond formation. 

SPATIOPORA Ulrich. 

"Zoaria forming thin parasitic crusts upon foreign bodies, the 
shells of Orthoceras being the most favored. Surface even or with 
monticules. Zooecia short, with direct and more or less irregularly 
shaped apertures. Lunarium scarcely perceptible even in thin· 
sections. Mesopores very few, usually absent, when present oc
curring chiefly as 'maculae.' Interspaces often with large blunt 
spines (r acanthopores). Walls of zooecia moderately thin, with 
the characteristic structure pertaining to the family." (Ulrich.) 

Sl'ICTOPORELLA Ulrich. 

, 'Zoaria bifoliate, growing from a broad basal expansion into 
narrow, parallel-margined, branching stipes, simple leaf-like 
fronds, or cribrose expansions. Zooecia with the primitive portion 
tubular, unusually long, generally without hemisepta, the inferior 
one only occasionally being present. Apertures elliptical, placed· 
at the bottom of a sloping area, the latter usually polygonal. More 
or less numerous, thick-walled, untabulated mesopores occur be
tween the zooecial apertures and line the zoarial margins. lVlacu
lae, composed of clustered mesopores, and sometimes of zooecial 
apertures of larger size than the average, commonly scattered over 
the surface of the frondescent species. Tangential sections of 
favorably preserved specimens show that both the zooecia and the 
mesopores are separated from each other by a sharply defined line 
of minute pore-like dots. True median tubuli and diaphragms 
wanting." (Ulrich.) 

STIGMA'l'ELLA Ulrich and Bassler. 

" Zoarium variable, ranging from incrusting to irregularly 
massive or ramose. Zooecia angular, rounded, or irregularly peta
loid, the shape depending upon the presence (or absence) of meso
pores and the number of acanthopores. Typically the zoarial sur
face exhibits at regular intervals maculae or spots composed of 
mesopores, although in some species the usual monticules or clus
ters of large cells occur. Acanthopores always present but variable 
in nnmber, intermittent, developed chiefly in narrow zones, some
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times inconspicuous but more often so numerous as to give the sur
face a decidedly hirsute appearance. Mesopores, when present, de
veloped in mature region only, their number variable even for the 
same species. 'l'he zooecial tubes have thin walls in the axial re
gion and these become but slightly thickened in the peripheral re
gion, where a few unusually delicate diaphragms are inserted. In 
vertical sections the walls exhibit at rather regular intervals in' the 
peripheral region thickenings somewhat similar to those occurring 
in Stenopora. These thickenings occur approximately at the same 
height in the walls, and tangential sections through these zones 
give the full development of acanthopores. Minute structure of 
walls as shown in tangential sections, of the type that characterizes 
the Heterotrypidae." (Ulrich and Bassler.) 

Ulrich and Bassler have recently erected this genus to receive 
several forms that have heretofore been referred to the genera 
Monticulipora, Monotrypa and Leptotrypa Df Authors, and for a 
number of recently described species. The distinguishing char
acter is the periodic thickening of the walls, and the intermittent 
development of theacanthopores. Of described species this genus 
includes LelJtotrypa davis, L. irregularis and Monticulipora 
dychei. 

STOMATOPORA Bronn•. 

Zoaria adnate, forming delicate dichotomously branching chains 
of zooecia, creeping over the surface of foreign bodies. These 
branches frequently inosculate in such a way as to give to the 
whole expansion a r~ticulate or web-like appearance. The indi
vidual zooecia are tubular, pear-shaped, oval, club-shaped, some
times almost hemispherical; arranged in one or more series; more 
or lcss immersed in the coenenchyma. Apertures round, salient. 
sometimes notably drawn out; usually situated at the distal end 
of the zooeeium, but sometimes near the mi9dle of its upper sur
face. WaUs finely porous. 

This diagnosis will, I believe, admit both the Ordovician and 
Mesozoic forms commonly referred to this genus. There is no ques
tion, however, that this is an unnatural group as it stands. I can
not take the space at the present time to discuss the various points 
which arise in a critical consideration of the great array of spe
cies which it is the habit of £tudents of the Bryozoa to ref.er to 
this genus and to the genus Proboscina. I wish only to call atten
tion to the work of Mr. W. D. IJang of the British Museum, which 
is along precisely the lines that may be expected to yield the most 
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valuable results, and which has already been the means of show
ing us the artificiality of the group as at present constituted. Mr. 
Lang's studies are still in progress, and I sincerely hope that he 
will at some time take into consideration the older Paleozoic as 
well as the Mesozoic species. It seems to me certain that these 
species, sO widely separated, in time will be found to fall into dis
tinct genera. As Lang has already pointed out, the genera Sto
matopora and ProbosGina are polyphiletic in origin, "and in some 
cases a given species of Proboscina may beat the head of a series 
of forms, the simplest of which are undoubtedly Stomatopora." 
In like manner I believe it will be found tb,at Stomatopora as at 
present constituted will afford material for a number of genera 
standing as radicals of lines leading into various genera of CyloRto
mata besides the genus Proboscina. These genera will be found to 
converge in the older rocks into a few (and possibly one) very 
simple types. The ordovician type of Stomatopora comes surpris
ingly near fulfilling the conditions not only of a primitive Cyclos
tome, but of a primitive Bryozoan. The time is not yet ripe to 
go into this fertile subject further than to make suggestions, and 
this I have done in my paper on the Development of Paleozoic 
Bryozoa, to as great an extent as the facts at hand permit. The 
method of Lang is in entire agreement with my own, namely, to 
study first the ontogeny (or rather the astogeny) of the individu
als of a species and then to construct the genera strictly on the 
basis of phyletic relationships thus pointed out. This is the method 
of Hyatt and Beechar and Jackson, that has already proved so 
valuable in the rearrangement of the genera of the Brachiopoda, 
Cephalopoda, and Trilobita. 

DESCRIPTION OF SPECIES. 
AMPLEXOPORA CINGULA'fA Ulrich. 

Plate VI, figs. I, la; Plate XXVI, fig. 3. 

Amplexopora cinguZata Ulrich, 1882, Jour. Cin. Soc. Nat. Hist., 
V, p. 254, pI. xi, figs. 5-5c. 

, 'Zoarium ramose, consisting of cylindrical or subcylindrical 
branches, which divide dichotomously at irregular intervals, and 
vary in diameter from three to seven-tenths of an inch. The sur
face is perfectly smooth, and destitute of monticules. When in 
the best state of preservation, the cell-apertures are subpolygonal, 
the walls are moderately thin, and occupied by small granules. In 
the usual conditiop. the cell-apertures are rounded, the walls com
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paratively thick and smooth. The surface also shows groups of 
from seven to fifteen cells, of a larger size than the average, their 
diameter varying from 1/80th to 1/6Dth of an inch, while that (}f 
the smaller ordinary cells is ahnost constantly about 1/90th of an 

. inch. 
"Tangential sections show that the cells are of one kind (i. e., 

no interstitial tubes are present), and that, between the groups of 
larger cells, they are of a very uniform size. The original polygo
nal walls can still be readily recognized; but their internal cavi
ties are more or less rounded by a secondary deposit of dark, con
centrically laminated sclerenchyma, which has a variable thick
ness in the different sections. . The original line of demarkation 
between adjoining tubes is always more or less distinctly preserVed, 
and is made especially conspicuous by the numerous small spini
form tubuli, which, in this species, are developed only on the line 
of junction. One is situated at each angle, and one or two more 
on the line between the angles. 

"IJongitudinal sections show tbat the tubes in the axial region 
have very thin walls, and are traversed by remote horizontal dia
phragms, from two to three times the diameter of a tube distant 
from each other. As they approach the surface, they bend out
ward rather abruptly, their walls are much thickened, and the 
diaphragms become much more numerous. The tube-wall in the 
peripheral region is divided into four longitudinal portions, by 
three distinct dark lines. The two inner portions represent the 
original walls of two adjoining tubes, and are composed of a 
fibrous structure, the fibers being directed obliquely upward .to 
meet along the dark central line. The two outer zones, which are 
of a darker color than the inner layers, represent the secondary 
deposits within the original polygonal walls of the tubes. The 
diaphragms in the outer portion of the tubes are usually nearly 
horizontal. All of my sections, however, show a few very pecn
liar diaphragms. In the section they are represented by two 
curved plates which spring from the. opposite walls of the tube, 
nearly meeting, either in the center, or nearer one side of the 
tube-cavity, when they proceed as nearly parallel lines downward 
to the next. straight diaphragm. Their shave was undQubtedly that 
of a funnel, of which the posit.ion of the lower tublar portion, with 
regard to the expanded mouth, was somewhat erratic. 

, 'In transverse sections the tubes in the axial region have very 
thin walls, and are strictly polygonal." illrich, loe. cit. 

To this species I have referred a specimen from the lower part 
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of the Lorraine, that seems to possess all of the characters enumer
ated above except that I have not detected any of the infundibular 
diaphragms mentioned by Ulrich. The walls are also not quite as 
thick as represented in Ulrich's figures. 

1.34014a. 

AMPLEXOPORA PE~rASIFORMIS (Nicholson). 


Plate VI, I1gs. a, .311.; Plate XXVI, fig. 2. 


ilionticulipora (Monotrypa) petasifm'mis Nicholson, 1881, Genus 

Monticulipora, p. 190, fig. 40. 
"Spec. GJuw.-Corallum small, discoidal, from six to eighteen 

lines in diameter, somewhat variable in shape, but always with a 
fiat or concave base, which may be in part attached parasitically to 
some foreign body, but is always covered with a concentrically 
striated epitheca over the rest of its extent. From this basal plate 
the short corallites spring nearly at right angles throughout, and 
they either form a thin disc, or "they give rise, more commonly, to 
an expansion which is thin at its edges, but is prominently elevated 
towards its center, thus resembling in form the 'cap' of many 
mushrooms. In other cases, there may be two of these promi
nences; and, whether single or double; the superior elevation may 
project above the base to a considerable height as compared with 
its width at the base.. The maximum height varies from three 
lines to nearly one inch. The upper surface is covered with the 
calices, which are thin-walled, polygonal, and approximately equal 
in size, varying from 1/80th inch to 1/60th inch in diameter. 
There are no small interstitial corallites of any kind, but the sur
face shows numerous clusters of tubes which are slightly larger 
than the average, and which are very slightly elevated above the 
general level. The walls of all the corallites are thin and delicate, 
no thickening taking place as the snrface is approached. The 
tahulae are numerollS, complete, equally developed throughout the 
entire length of the corallites, straight or slightly curved, and 
mostly from l/lOOth to lj90th inch apart. 

"Obs.-This form from its general aspect would be set down 
as a near relation of Montic~d,ipora petropolitana, Pand., from 
which, however, it is even superficially separable by its peculiar 
and seemingly constant form. In its minute structnre the present 
species is quite distinct from M. petropolitana, Pand., and, in fact, 
possesses cha:racters which sufficiently distinguish it, from all the 
forms externally like it. 'l'angential sections show that there is 
a total absence of small interstitial tubuli, and that, except for the 
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previously mentioned existence of clusters of corallites of a size 
slightly above the average, the tubes are approximately alike in 
size. The walls are exceedingly thin, but nevertheless, in sections 
sufficiently thin, show a distinctly duplex character, the boundary 
lines between the walls of contiguous tubes being expanded into 
angular nodal points at their angles of junction. Long sections 
show that there is no difference in internal structure between the 
average corallites and the clusters of slightly larger tubes which 
are interspersed amongst these, all being furnished with numerous 
complete tabulae. The two species mo!?t nearly allied in structure 
to the present form are M. undulata, Nich. (the rounded examples 
from the Hudson River Group), and M. irregularis, lTIrich. From 
the former of these, M. petasiformis is distinguished by its differ
ent external shape, by the fact that its corallites spring perpen
dicularly from a basal epithecal plate, instead of radiating from a 
basal or central point, by the absence of even a few small coral
lites, and by the mqch greater development of the tabulae, these 
structures not being disposed at corresponding levels in contiguolls 
tubes. From 111.. irregularis, Ulrich, the present species is readily 
separated by its want of the nodulated surface and radiated coral
lites of the former, and by the great abundance of its tabulae."
Nicholson, l·oc. cit. . 

5.9A6 .... L340ii. 

AMPLEXOPORA PUS'l'ULOSA Ulrich. 

Plate VI, figs. 4-4b, Plate XXVI, fig. l. 

Amplexopom pusMtlosa lTIrich, 1890, Gool. Illinois, VIII, p. 451, 
pI. xxxvi, figs. 3-3e. 
"Zoarium subramose, lobate or irreg~arly compressed, of an 

average thickness of eight mm- Surface rarely smooth, generally 
$et with low monticules, about 2.6 mm. apart from center to cen

-ter, consisting of groups of larger cells with a few small ones. 
Zooecial walls a little flexuous, thickened somewhat in the cortical 
region. Zooecia polygonal, hexagonal and pentagonal, about nine 
in two mm. Apertures subpolygonal, those in the monticules one
half larger than the others. In the axial region the diaphragms 
are about twice their diameter apart, but become more numerous 
as the peripheral region is reached, where they are somewhat less 
than a tube diameter apart. Acanthopores fairly numerous, com
monly situatedJat the angles. Usually there are two or three super
posed mature regions with diaphrams' very crowded where the 
transition from one to the next takes place. 
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"This species differs in several important respects from A.. J 
septosa Ulr. In that species acanthopores are more numerous and 
project into the visceral cavity, tubercles are wanting or but 
slightly elevated and the growth is strictly ramose. "-Ulrich, 
loco cit. 

1.34ll4-5. Occurs abundantly just above the level of the 
gerontic Platystrophia lynx layer in cut No. X on Tanner's Creek. 

AMPLEXOPORA RQBUSTA Ulrich. 

Plate VI, figs. 5-5b. 

Amplexopora 1'obusta firich, 1883, Jour. Cin. Soc. Nat. Hist., VI, 
p. 82, pI. i, figs. I-lb. 

"Zoarium ramose, consisting of cylindrical, oftener of flattened 
branches, dhiding dichotomously at rather frequent but irregular 
intervals, and usually varying in diameter from .4 inch to .7 inch. 
A very large specimen in my cabinet has a length of 4.3 inches; 
the central stem is flattened, and varies in diameter from 1.1 inches 
to 1.7 inches. The bases of two branches' are on one side, and 
three on· the other, the mean diameter of which is about .6 inch. 
Monticules are not developed. The cells are moderately thin
walled, polygonal, and consist of one kind only (i. e., the Inter
stitial cells are wanting); their arrangement is quite regular, and, 
\dlen well preserved, show at the angles of junction the elevated 
points of the spiniform tubuli. At intervals of about .15 inch 
the surface exhibits conspicuous clusters of cells larger than the 
average, with a mean diameter of 1/60th of an inch. The smaller 
or ordinary cells have a diameter varying from 1j100th to 1j9Oth 
of an inch. 

"Tangential sections show that the cell-walls are comparatively 
thin and polygonal, and that their cavities are only occasionally 
rounded by a secondary deposit of sclerenchyma; and further 
that the original line of separation between adjoining cells is 
always more or less distinctly marked; The spiniform tubuli do 
not constitute a conspicuous feature in sections of this species, 
and unless carefully examined might be overlooked .•With an oc
casional exception they always occupy the angles of junction of the 
cells. (Their appearance is very well represented by the figures.) 
Lastly, in many sections some of the cell~cavities inclose a small 
circnlar ring, that is due to the peculiar funnel-shaped diaphragms 
seen ill longitudinal sectio,ns. 

"In longitudinal sections the tubes in the 'inlmature' region 
al'e thin-walled. and crossed hy straight diaphragms from two to 
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four tube-diameters apart. The nearly equal curve of the tubes, 
from the axis of the. branch to the peripheral portion, constitutes 
a characteristic feature of the spe~ies. As they enter the periph
eral or 'mature' region their ·walls are considerably thickened, and 
the diaphragms become much more numerous, being from less than 
one-half to one tube-diameter distant from each other. The funnel
shaped diaphragms noticed in the preceding species (A. cing ulata) 
are much more numerous in this species. Not infrequently two 
or three open into each other in such a manner that by the coales
cence of the contracted parts of the superimposed funnels. a 
smaller irregular tube is found w~thin the propel' tube-cavity. 
These diaphragms in their normal condition are represented in the 
section by two thin ,converging lines, springing from the walls of 
the tubes, and nearly meeting near the center of the tube cavity. 
Frequently, however, one of these lines is missing. In this case 
the diaphragm extends from one wall nearly across the tube toward 
the opposite wall. 

"Superficially, the species above described resembles the type 
of the genus, though not' nearly enough to be confounded with 
it by one experienced in the determination of this group of fossils. 
The cell-walll' are thinner, and the groups of larger cells more con
spicuous in A. robusta than in A. cingulata. Internally, the com
paratively thin cell-walls and numerous funnel-shaped diaphragms, 
and the small number of spiniform tubuli of A. robusta will fur
ther distinguish it from that species. Care must be taken in sep
arating the species from lI-fonotrypella aequalis, Ulrich, which the 
smaller specimens of A. robusta strongly resemble. The former, 
however, is restricted to the lower 150 feet of the strata exposed 
at Cincinnati, 0 .., while the latter is limited to a few feet of strata 
at least 225 feet higher in the series." -lTIrich, loc. cit. 

A description of this species is inserted because, although I am 
not sure that I have any specimens that can certainly be referred 
to it, nevertheless it mnst quite certainly occur in Indiana. 

AMPLEXOPORA SEPTOSA Ulrich. 

Plate VI, figs. 6-6b; Plate XXVI, fig. 4. 

Atactopora septosa Ulrich, 1879, Jour. Cin. Soc. Nat. Rist., II, 
p. 125, pI. xii, figs. 7-7c., 
, 'A ramose species, growing from an expanded base, by which 

it is attached to foreign bodies. Branches bearing considerable 
resemblance to those of Ohaetetes (Monticulipora) pulchellus or 
/letcheri. Surface exhibiting low, broad and rounded tuberosities; 
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which are placed at distances apart 'of about one line, and carry 
groups of larger tubes than those of the ordinary size. Tubes 
small polygonal, qUittl regularly arranged, without any minute 
interstitial cells; walls thin; about eight of the tubes, of average 
size, occupy the space of one line; about six of the tubes of larger 
size occupy the same space. Pseudo-septa well devel9Ped,more 
easily detected in slightly worn specimens than in those perfectly 
preserved; from one t.o five in each tube. 

"In longitudinal sections the tubes are seen to be nearly verti
cal in the middle of the branch; here they have very thin walls, 
and are cro~d by excessively thin and remote tabulae; they then 
bend abruptly outward, and as the surface is approached the 
tabulae are more closely set, and the walls become stouter; here, 
als(}, the pseudo-septa make their appearance, as is demonstrated 
by the darker lines which extend parallel with, and between, the 
true walls of the tube. The diaphragms are so thin that they can 
easily be (}verlo(}ked. 

"In tangential sections the pseudo-septa are very conspicuous 
and usually number three or f(}ur in each tube. Transverse sec
tions show the tubes in the center of the branch to be polygonal, 
witb(}ut minute intercellular tubuli, and witb very thin walls. 

"From an external examination, when the pseud(}-septa are not 
visible, it is not an easy matter to distinguish specimens of this 
species from certain varieties of Chaetetes (Monticulipora) pul
chell-us; but when worn there is no difficulty, as the septa, when 
viewed through a hand lens, give a peculiar and characteristic 
appearance to the specimens. Of course, tangential sections will 
immediately demonstrate their distinctness. The ramose growth of 
the species will distinguish it from the· other species of Atacto
pora. ' '--Ulrich, loe. cit. 

This is a very characteristic and easily reCognized species, 
owing to the presence of a very large number of acanthopores that 
conspicuonsly indent the zooecia. The" pseudo-septa" mentioned 
in the ahove description are these acanthopores. Tabulae are 
rather nnmerous in the mature region and are frequently more or 
less curved, sometimes appearing to run into each other, as seen 
in longitudinal sections. This feature, however, is not peculiar 
to the present species, but characterizes more or less constantly all 
tbe species of Amplexopora. The boundary line between adjacent 
zooeeial walls is very well marked. 

1.34013 .... 1.38Ba, Imd at other localities in the base of thE' 
Lorraine. 
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AMPLEXOPORA SEPTOSA var. MULTISPINOSA Cumings. 


Plate VI, figs. 2·2b; Plate XXVI, fig. 5. 


Amplexopom multispinosa Cumings, 1901, Am. GeoL XXVIII, ~. 


376, pI. xxxiv, figs. 7-10. 
"Zoarium consisting of frequently branching cylindrical or 

sub-cylindrical stems of an average diameter of from 8 to 10 mm. 
Surface with inconspicuous maculae. Cells of average size about 
0.2 mm. in diameter. 

"ln longitudinal sections the cells are seen to be thin-walled 
in the axial regioll and without diaphragms. They bend somewhat 
abruptly toward the surface, becoming greatly thickened and at 
the same time developing in the passage from the immature to the 
mature region a considerable number of diaphragms, many of 
which are curved or even coalesce, giving the false appearance of 
cystiphragms. Near the surface diaphragms are again lacking. 

"In tangential sections, cutting the mature region, the cell
walls are thick, with very clearly defined true walls thiekly inter
spersed with small acanthopores and covered by a copious deposit 
of secondary sclerenchyma. "-Cumings, lOG. Git. 

'!'his form is very close to A. septosa and is not considered by 
Bassler as distinct from that species. The examination of a con
siderable number of specimens, however, from a number of locali
ties has convinced me that there are rather constantly two groups 
of the A. septosa, one in which the walls are conspicuously in
dented by the acanthopores (the typical A. septosa) and one, the 
present form, in which the walls are seldom indented. It has 
seemed to me, therefore, wise to retain the name multispinosa as a 
varietal designation. Besides Milton and Vevay, Indiana, the form 
occurs in the Tanner's Creek section. 

1.34C8, 13 .... 1.38A24·32 .... 1.35C5. 

AMPLEXOPOHA FILIASA. 

Plate v, fig. 2; Plate Vll, figs. I·lb. 

Amplexopora filiasa Ulrich and other American authors (not d 'Or
bigny). For figures of this form see Ulrich, Geo1. Ill. VIII, pI. 
xxxvi, figs. 7, 7a. 

I am at a loss to whom to credit this species. That it is not the 
lIf ontiGulipora filiasa of d 'Orbigny is shown by. the figure of a thin 
section recently published in the Annales de Paieontologie (Tome 
II, Fasc. II). The figure referred to suggests MontiGulipo1'a ep'i
dermata Ulrich and Bassler, although l\f. Thevinin (lOG. cit.) sug



766 REPORT OJ<' STATE G.E01,OG1S1'. 

gests Prasopora falesi James. I cannot determine from the figure 
published by Thevinin whether his reference is correct or not, 
in as much as the wall structure cannot be made out from the 
figure. At all events M. filiasa d'Orbigny is-certainly not the same 
as the species commonly referred to it in this country. Whether 
Edwards and Haime bad the same species as the one figured by 
1'hevinin, cannot be determined from their meagre description. 
Nicholson evidently had the form now commonly known as A.m
plexopora jlliasa, and if that is the case should probably be credited 
with the species. This point cannot be settled, however, Until Ed
wards and Haime's type is investigated. Very probably d 'Or
bigny's type set of specimens contained several species. Whether 
d 'Orbigny indicated any particular specimen as the type, or, if 
not, upon what basis :LVL Thevinin made his selection of the type, 
I do not presume to say. 

The form commonly known in this country as A'rnplexopora 
filiasa is a massive species, sometimes attaining a diameter of sev
eral inches, and more or less lobate. The surface is covered with 
rather small monticules and the zooecia are regularly polygonal, 
and without mesopores. Iqternally the zooecia are thin-walled, 
even in the mature region, acanthropores are few and small, and 
the zooecia are crossed by straight diaphragms, from less than a 
tube diameter to several tube diameters apart, and present in the 
immature as well as the mature region. 'fhe wall structure is as 
in other species of Amplexopora. 

This species is not uncommon near the top of the J.1orraine. 
1.38P. 

ARTHROPORA CLEAVELANDI (James). 

Plate XXVI, fig. 10. 

Ptilodictya cleaveland·i James, 1881; The Paleontologist, No.5, 
p. 38. (Not figured.) 
"Polyzoary, so far as observed, consisting of slightly oval, or 

flattened two-edged fronds, about half a line wide, and 1,4 to Y2 an 
inch long. Giving off short lateral branches, varying from nearly 
right to acute angles, from half a line to one line apart, arranged, 
generally, in an alternating manner, but in some cases opposite 
to each other. Fronds celluiferous on both sides, with five or six 
rows on each face of the main stem, of oval, or sub-circulal' cells, 
arranged alternately, and four or five rows on the branches. No 
elevated or dividing line at the lateral margins of the fronds, as 
in some other species of this genus. Four or five cell apertures, in 
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the space of half a line, measuring diagonally across the frond. 
The best preserved specimens show the cell walls as distinct, and a 
depressed, sinuous line between, with the margins of the cell 
mouths slightly raised. Internal structure not observed. 

"This species bears some resemblance to Pt: skaferi, Meek .(Pal. 
of 0., vol. 1, p. 69, pI. 5), but differs materially in the rounded.. 
non-striate, instead of fiat, sharp striate edges of the fronds of that 
species; and the single depressed line between the cell apertures, 
instead of a striate surface. "-James, loco cit. 

This spe0ies, according to Bassler (James Types, p. 14), is 
characterized by slender generally non-bifurcating segments, and 
by the numerous and small lateral branchlets springing out at 
nearly right angles from the main stem. According to the same 
author Ptilodictya grakami James and Ptilodictya d~tbia Ja~es 
are synonyms of Artkropora cleavelandi. 

1.34C8, 9, 10, 11. 

ARTHROPORA SHAFJ!'ERI (Meek). 

, Plate XXVI, fig. 9. 

Ptilodictya (Stictopora) skafferi Meek, 1872, Proc. Acad. Nat. 
Sci. Phila. (Febru8,ry, 1872), p. 317. (Not figured.) 
"Polyzoum small and delicate, consisting of slender,compressed 

divisions, that give off on each side rather closely arranged, regu
larly alternating, lateral branches of the same breadth as the main 
I'ltems, from which they diverge at an angle of about forty degrees; 
lateral branches in the same way giving off on each side very short 
lobe-like, alternating projections; lateral margins of all parts very 
narrow, sharp, and minutely striated longitudinally, in well-pre
served specimens; pores apparently without raised margins, more 
or less oval longitudinally. alternatly disposed in longitudinal and 
obliqne rows. so as to present a quincuncial arrangement; the 
number of longitudinal rows varying from five to about seven in 
the breadth of a stem or branch; spaces between the pores, meas
nring transversely to the stems and their divisions, about equal to 
the breadth of the pores, but greater, measuring in the direction 
of the oblique and longitudinal rows; all the interspaces orna
mented. in perfectly preserved specimens, by very minute, more or 
less waved or fiexuom striae. 

"Size of entire polyzoum unknown; breadth of stems and 
branches, 0.05 inch; number of pores in 0.05 inch, measuring in 
the direction of the oblique rows, about 4 to 6, and, in the same 
space. measuring longitudinally, from 3 to 4. 
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"This very delicate little form will be readily distinguished 
from the other known Silurian species by its small size and peculiar 
plumose mode of growth, and particularly by its very minute striae 
between the pores. Stictopora raripora, Hall, from the Clinton 
group' of New York, 'is as delicate a form, but differs materially in 
its mode of growth, and particularly in its very much less numer
ous pores. 

"The specific name is given in honor of Mr. D. H. Shaffer, of 
Cincinnati., Ohio, to whom I am indebted for the use of a very fine 
specimen of it; I also have good specimens from Mr. Dyer's col
lection. "--Meek, lac. cit. 

The above description, together with the figure given herewith, 
will make the identification of this fairly abundant species easy. 

1.33A3 .... 1.34013, 14b .... 1.34A1, 3, 7, 8, 14b, 15a, 16, 17, 
18b, 19-21, 20, 21. ... 1.34Bl-3, 4-5 .... 1.41A4, 5, 6, 9, lOa, lOb ... . 
1.41B1, 2, 3 .... 1.4IC1, 2; 3 .... 1.41D1, 2, 3 .... 1.41E3, 6 ... . 
1.12A2 .... 1.12E3 .... 1.12F3 .... 1.12Dl -6. 

AR'l'HROSTYLUS TE~UIS (James). 

Plate XXVI, figs. 8·8e. 

H elopora tenttis James, 1878, The Paleontologist, No.1, p. 3. 
"Polyzoary minute, consisting of straight, angular or cylin

drical stems, with a single row of cells on the face exposed; cell 
apertures oblong, with raised margins, arranged between strong 
longitudinal lines, and separated about the distance of their longer 
diameter; about 6 cells in the space of a line, including the inter
spaces. Examples examined are unbranched, from 1/4 to 1/2 an 
inch long, and 1/8 to 1/10 of a line in diameter. . 

"Some specimens have a depressed line on the highest part and 
a row of much raised oblique cell mouths on each side--others 
show only striated faces, no cells; and some have swollen termina
tions. All examples observed lie upon the surfaces of other sub
stances, no detached specimens found, consequently but one face 
of anyone example can be seen. "-James, loco cit. 

The following corrected description is given by Bassler (1906) : 
"The zoarium is jointed, but specimens showing the segments still 
in connection are not common. 'l.'he segments are very slender. 
straight, needle-shaped rods, about 5 mm. in length, slightly ex
panding toward the obtusely rounded upper extremity. 'l.'he latter 
articulates with the pointed lower ends of generally two sllcceeding 
segments, the complete zoarium appearing to consist of extremely 
delicate and regularly bifurcating brancbes. OroflS sections of a 
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segment are subquadrangular in shape, three of the sides being 
concave and equal in )Vidth, while the fourth side is slightly con
vex and half again as wide. Each of the three equal sides bears a 
row of zooecia, while 6 to 8 longitudinal striae mark the fourth 
side. The zooecial apertures are oval, and when perfect have a 
delicate and prominent equally elevated rim; 9 zooecia in 2 mm." 

According to Bassler this species is not uncommon throughout 
the Eden shales: The types are from the lower division at Cin
cinnati, Ohio. 

1.34C8.. 9 .. 

ATAC'l'OPORELI,A MULTIGRANOSA Ulrich. 


Plate VII, figs. 2, 2a. 


A factopora mttltigranosa Ulrich, 1879, Jour. Cin. Soc. Nat. Rist.. 

II, p. 122, pI. xii, figs. I-lb. 
"A parasitic bryozoan, attached to species of Orthoceras; 

growing in large, thin expansions, frequently in superposed lay
ers, and more developed in certain portions than in others; great
est thickness of any crust observed about three-fourths of a line. 
Surface presenting nnmerous, irregularly distributed monticules, 
which sometimes have a portion of the summit compact, but usually 
the entire macula is composed of an aggregation of larger-sized 
tubes than the average; the height and diameter of the tubercles 
vary, but their average dimensions are about one-quarter of a line 
in height by one-half a line in diameter. With the aid of a mag
nifier the entire surface is seen to be covered with minute granules; 
they are so numerous that in well-preserved specimens the outlines 
of the tube orifices cannot be traced. Tubes small, rather thin
walled, of unequal. sizes, from ten to fourteen of those situated be
tween the monticules, occupying the space of one line, without any 
minute interstitial tubuli. Tube mouths polygonal or 1l0rifoJ!Ill, 
their margins carrying a row of inwardly projecting, minute tuber
cles or granules. 

" Ihom A. hirsuta this species is distinguished by its more pro
fusely granulated tube walls, groups of larger sized calices, and tn 
the less compact monticules. The growth of A. multigranosa is 
peculiar, being very irregular, in consequence of a greatel' develop
ment at some parts of the colony than at others; in A. hirsuta the 
thickness of the expansion is nearly equal in all parts. In A. 
m·toni, Nicholson, there are no groups of larger sized tubes, the 
monticules are conical, and regularly arranged. "-Ulrich, loco cit. 

Middle IJorraine. 
[49] 
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ATAOTOPORELLA MUNDULA UlrIch. 

Plate VII, figs. S, Sa; Plate XXVI, fig. 6. 

Atactopora mundula illrich, 1879, Jour. Oin. Soc. Nat. Hist., vol 
II,p. 123, pI. xii, figs. 4, 4a. 

"Bryozoary parasitically attached to the fronds of Chaetetes 
(Monticulipora) mammulatus [Heterotrypa fl'ondosa ?]; grows 
in thin expansions of less than one inch in diameter; thickness less 
than one-half a line. Surface at regular intervals raised into 
rather prominent tubercles, placed a little more than one line apart 
(measuring from center to center), and arranged in diagonally in
tersecting lines; surface of monticules occupied by .calices of the 
ordinary size. Tubes polygonal, with thick walls, the interstitial 
spaces occupied by numerou..<; minute tubuli, that are best observed 
in worn specimens. 'I'ube mouths small, of very irregular shape, 
but of nearly equal size, ten to twelve in the spaee of one ,line; 
Pseudo-septa well developed. varying from two to five in each tube. 
No spines nor granules appear to have been developed; the superior 
ends of the septal ridges, however, sometimes are a little prominent, 
and thus simulate spines. 

"Although closely related to A. ortoni, Nicholson, this species 
has certain characters by which it can be easily distinguished from 
that form. In that species the walls of the tubes are rather thin 
and granulated, and there are no true intertubular cells, while in 
,A. mundula the walls are thick, not ,granulated, and are provided 
with numerous interstitial cells. The monticules are larger and 
not compact as they are in A. or toni. Worn examples of A. multi
granosa bear some resemblance to this species, but the thinner walls, 
non-tubular intercellular spaces, irregular growth and disposition 
of the maculae in that species will serve to distinguish them.' '
illrich, lac. cit . 

. I have one good specimen of this species, figures of which I 
give. 

1.33A3. 

ATAOTOPORELLA NEWPORTENSIS Ulrich. 

Plate VII, fig. 4; Plate XXVI. fig. 7. 

AtactoporeZla newportensis, ffirich, 1883, Jour. Oin. Soc. Nat. 
Hist., voL VI, p. 250, pI. xii, figs. 4-4b. 
"Zoarium robust, growing upon foreign objects, lobate, or 

throwing off subramose shoots. At intervals of about .12 of an 
inch, measuring from center to center, the surface is elevated into 
more or less prominent, rounded, and often elongated monticules, 
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the summits and slopes of which are occupied by cells a little larger 
than the average. Cells rather regularly arranged in intersecting 
series, from eleven to thirteen of the ordinary size in the space of 
.1 inch, with subcircular or ovate apertures, having an average 
diameter of 1/150th of an inch. On finely preserved examples the 
apertures are surrounded by a slightly elevated rim or peristome, 
which is often a little infieeted at the points occupied by the nu
merous, though very small, spiniform tubuli. Interstitial cells 
numerous, but as usual with species of this genns, they are not 
readily detected externally, 

"Internally this species is in many respects precisely like A.. 
typiealis. In tangential sections the cells are seen to be somewhat 
unequal, narrower, the walls less inflected, and the spiniform 
tubuli smaller than,in that species. Externally they differ in their 
surface markings, the zoarium of A. typicalis being prevalently 
entirely smooth, while that of A.. newportensii is generally strongly 
tuberculated, besides heing of more robust growth. The cell aper
tures also are never so distinctly petaloid as in the type species." 
~U1rich, loe. cit. 

Lower Eden. 

ATACTOPORELLA ORTONI (Nicholson). 

Plate VII, figs. 5, 5a; Plate XXVI, fig. 11. 

Ohaetetes ortoni Nicholson, 1874, Quar. Jour. Geol. Soc. London, 
XXX, p. 513, pI. xxix, figs. 15-1'5b. 
"Corallum forming exceedingly thin crusts, not more than from 

one-sixth to one-ei,ghth of a line in thickness, attached parasitically 
to submarine objects. Crusts usually constituting small circular 
expansions, or irregular ana indefinite in form. Surface exhibiting 
numerolls, minute, rounded or obtusely conical eminences, which 
are placed at intervals apart of a half a line, more or less. The 
tubercles are somewhat compact at their summits, and carry upon 
their sides corallites which are a little or not at all larger than the 
average. The corallites are somewhat oblique to the surface, mod
erately thick-walled, subequal, without any minute intercalated 
tubuli. Calices small, subpolygonal or oval, from ten to twelve in 
the space of one line; their margins thick and surmounted by 
minute and crowded miliary granules, which are rounded and not 
spinous, and which. are placed almost in contact with one another. 

"In appearance, this species, but for its extreme thinness and 
the small close-set surface-turbercles, might be confounded with 
O. papiZlatus. On examination with a high power, however, it is 
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readily distinguished from all the known incrusting species of 
Chaetetes. by the fine and close granulation of the margins of the 
calices, giving to the surface quite a peculiar appearance. All 
the specimens I have seen of this singular species are parasitic 
upon Strophomena alternata; and I ani informed by Mr. James 
that it is rarely found attached to any thing else. IIi spite of the 
granulated margins of the calices, it appears to be a genuine 
Chu6tetes, and I see no reason for removing it from this genus. 

"I have named the species after my friend, Prof. Edward 
Orton, of the Geologiral Survey of Ohio, from whom, as well as 
from lVIr. U. P. James, I have received the specimens from which 
the above description is drawn. "-Nicholson, loco cit. 

According to Ulrich, who has carefully investigated the inter
nal characters of this species, tangential sections show that the 
somewhat petaloid zooecia are separated from each other by an 
extensively developed series of rather large angular mesopores. In 
most sections taken near the surface these interzooecial spaces 
appear solid, and it is only occasionally that the mesopores can be 
certainly identified. Each zooecium is surrounded by a circle of 
medium-sized acanthopores, and it is the projecting ends of these 
at the surface that gives to the latter its strikingly hirsute appear
ance. In vertical sections it is shown that the zoarium may con
sist of several superimposed layers. The zooecia rise rather abrupt
ly from the substratum and proceed directly to the surface. They 
are occupied by a series of cystoid diaphragms, and by a smaller 
number of straight diaphragms. In the mesopores the diaphragms 
are numerous. 

This species is not uncommon near the top of the Lorraine. 
I.33A3 .... I.34BI-3 .... l.I2A2 .... 1.38Bb, c, d. 

ATAOl'OPORELLA SCHUCHERTI Ulrich. 

Plate VII, figs. 6, 6a. 

Atactoporella schucherti Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., 
vol. VI, p. 251, pI. xii, figs. 5-5b. 
"Zoarium parasitiC'al~y attached to shells and other foreign 

bodies, over which it forms thin irregular expansions, usually less 
than an inch in diameter, and rarely more than .03 of an inch in 
thickness. The surface genera:ily exhibits at intervals of .1 inch 
or more slightly raised eminences. When in a good state of preser
vation the cellular structure is almost entirely obscured by the 
innumerable surface extensions of the large spiniform tubuli, in 
Illany of which the perforation at the apex is clearly shown. When 
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worn, the cell apertures are rounded, about ten in .1 of an' inch, 
with thick interspaces, occupied by the shallow calices of numerous 
interstitial cells, which in old examples are not readily detected. 

, 'The distinctive characters of the species aie well brought out 
in tangential sections. The cell walls are thin, and between the 
numerous and large spiniform tubuli are of about equal thickness 
throughout. Excepting when the section cuts the zoarium jnst be
neath the surface, it is difficult to discriminate between the inter
stitial cells and true zooecia. But, when near enough to the sur
face~ the former are mostly filled with transparent calcite, while 
the latter are filled with particles of the surrounding matrix, and 
when this fails they may be more certainly distinguished by the 
possession of the crescentic _edges of the cystoid diaphragms. The 
interstitial cells are numerous, but very unequal in size; as a rule, 
they completely isolate the true cells. The arrangement, size and 
character of the spiniform tubuli are well shown in the figures re
ferred to. 

, 'In vertical sections, unless they follow the direction· of the 
growth of the colony, the same difficulty of distinguishing the in
terstitial from the true cells in experienced. This is mainly due 
to two reasons: First, the cystoid diaphragms, a series of which 
is apparently developed in each of the proper zooecial tubes, are 
always attached to the concave side of the tube, and uuless the sec
tion passes along the direction of growth, these diaphragms pre
sent the same appearance that those of the ordinary straight kind 
do. Secondly, we find that the horizontal diaphragms of the inter
stitial tuhes are but little, if at all, more numerous than the cys

- toid diaphragms of the true zooecia. There is one feature, how
ever, by meaus of which I believe the two sets of tubes may be 
at all times distinguished, namely, the interstitial tubes are crossed 
by diaphragms at regular intervals throughout their length,_ while 
the true cells, near their apertnres, are always filled by the sur
rounding matrix. Thf:' spinif-orm tubuli are very conspictiousin 
these sections, and near]y always show the central lucid-line, which 
in several instances appears to be crossed by numerous horizontal 
partitions. 

, 'This species differs from all the others of the genus known to 
me in the size and prominence of the spiniform tubuli. Compared 
more critically with A. mundula we find the followingdifference·s. 
In that species the spiniform tubuli are considerably smaller, and 
less prominent, the intertubular spaces narrower, and, in conse
quence the interstitial cells smaller and less numerous, while the 
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diaphragms in the interstitial tubes are about twice as numerous 
in a given space. 

"Named in honor of my esteemed friend, Mr. Charles Schu
chert, who kindly -gave me, among other interesting forms, a large 
and most beautifully preserved example of this species." -Ulrich, 
loe. cit. 

l.B3AB (T) .... 1.41E6 ... .1.12A2. 

BATOSTOMA IMPLICATUM (Nicholson). 

Plate VII, fig, 7; Plate VIII, fig. 2. 

Montieulipora (Heterotrypa) implicata Nicholson, 1881, 'Genus 
Monticulipora, p. 14.7, pI. ii, figs. 7-7e; and fig. 2,7, p. 148. 

"Spec. Okar.-Corallum dendroid, of small flattened stems, 
which average about three lines in width, and from a line and a 
half to two lines in thickness, giving off branches at short intervals. 
The calices are mostly about 1/70th to 1/80th inch in diameter, 
irregularly oval, often indented on one or both sides, thick-walled, 
with numerous blunt. spines projecting from their margins. Be
tween the ordinary calices are the occasional apertures of smaller 
tubes. The average corallites are thin-walled in the center of the 
corallites, but become greatly thickened as they approach the sur
face, the original lines of demarkation between adjoining tubes 
being never entirely obscured. Smaller eorallites are developed in 
variable number between those of average dimensions. Inter
spersed also in the thickness of the walls of the corallites, or occu
pying their 'angles of junction, are numerous circular hollow tubes, 
the upper terminations of which appear on the surface as the blunt 
spines previously alluded to. Remote, complete, and approxi
mately horizontal tabulae are developed in the tubes, being some
what more numerous in the small corallites than in the large ones. 

"Qbs.-Not having met with any published account of this 
species, I am not sure that it has been actually described by Mr. 
firich, to whom we already owe so much excellent. work on the 
fossils of the Cincinnati Group; but it has been named by him 
in his catalogue of the Fossils of the Cincinnati Group, and Mr. 
Nickles has been good enough to present to me some specimens 
of it. Under the circumstances, I should not have been justified, 
perhaps, in treating of it at all in this place; and my only apology 
for giving even the above short description of its characters is, that 
it possesses a structural feature which I should have felt unwilling 
to have passed over without notice. It illustrates, namely, in a 
remarkable manner, those peculiar structures which occur in so 
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m~any of the Montieuliporae and Stenopome, and which I have 
termed 'Spiniform corallites' [now known as Acanthopores]. 
Thus, if we examine a tangential section, we observe at the angles 
of junction of the normal corallites, or between the thick walls of 
two adjoining tubes, a number of clear circular spaces of compara
tively large size (from 1/500th to 1/450th inch in diameter). Some 
of these clear spaces preserve the same character throughout, but 
most of them exhibit' centrally either a dark spot or small, clear 
ring. These spaces are, therefore, clearly sections of tubes, and 
there can be no doubt that the spines which stud the thick walls 
of the calices are the upper terminations of these same tubes. I 
have not succeeded in detecting any opening at the apices of these 
spines, though their tubular nature would lead one to expect that 
such mUst exist. I have, however, I think, succeeded in satisfying 
myself that their cavities, as seen in long sections, are crossed by 
distinct horizontal tabulae. This is a point of importance, as tend
ing to confirm my views that these hollow spines, in this and in the 
many other cases in which they occur, are really of the nature of 
very peculiarly modified and specialiy.ed corallites. "-Nicholson, 
loe. cit. 

This well-marked species, which Nicholson has very adequately 
described, is common in the Utica formation wherever exposed. It 
can readily be distinguished from B. jamesi, wheu well preserved, 
by the markedly spiuose exterior and the small number of meso
pores. Internally, it differs in several characters from the latter 
species: iu the greater thickness of the zooecial walls, the smaller 
number of mesopores, and the large size of the acanthopores, and 
in the fact that these structures commonly indent the zooecia, giv
ing the latter a more or less irregular shape. 

5.9A6, 14., 21, 31, 29. : .. 1.34Co, 5, 6,7, 8, 9, 13 ... . 1.38A9, 11, 
13, 17, 23, 24, 31, 32, 33, 37. 

BATOSTOMA JAMESI (Nicholson). 

Plate VII, figs. 8, 8a;' Plate VIII, fig. 1; Plate XXVII, figs. 6, 6a. 

Chaetetes jamesi Nicholson, 1874, Quar. Jour. Geol. Soc. London, 
XXX, p. 506, pI. xxix, figs. la-lab. 
"Corallum of cylindrical or sub cylindrical hollow branches, the 

diameter of which is from 3 to 5 lines; or of somewhat lobate and 
subpalmate masses, the extremities of which are rounded. Branches 
iu the ramose forms dividing dichotomously at irregular iutervals, 
irregularly thickened and nodulose. Corallites oval or circular in 
I!\ection, of unequal sizes. The larger corllllit{Js !tbout six: in the 

http:specialiy.ed
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space of one line, with very thick walls, the margins of the round 
or subpolygonal calices being obscurely tuberculated or granulated. 
The larger corallites are separated by extremely minute cylindrical 
tubuli, the number of which varies in different parts of the coral
lum. The surface exhibits no eminences or tubercles, or groups 

. of large-sized corallites, but typical specimens exhibit at irregular 
intervals stellate spaces, which are either solid or minutely punc
tate, and have a diameter of two-thirds of a line. 

"This species is related to Okaetetes tumidus, PhilL, of the 
Carboniferous rocks, especially in the rounded, thick-walled coral
lites, separated by minute intermediate tubes. I have, however, 
compared it with specimens of the latter, and find it to be clearly 
distinguished by the larger size and much thicker walls of the 
corallites, the generally greater number of the minute intermediate 
tubules, the tuberculated margins of the calices, and the existence 
of the curious stellate, solid or porous interspaces. The value of 
this last character is diminished by the fact that some specimens, 
otherwise the same, do not exhibit these spaces in a conspicuous 
manner. The tuberculated margins of the calices, though this fea
ture can only be detected with the use of a high magnifying power, 
remind one of the species generally considered as belonging to the 
genus Stenopora."-Nicholson, loco cit. 

This well-marked species does not possess hollow stems, as stated 
above; Nicholson's mistake probably being due to his seeing 
specimens in which the axial region had disappeared through 
weathering. The rather small rounded stems and large oval zooecia 
with a well developed series of mesopores are the chief superficial 
characters of this species. Internally it presents the characteristic 
structure of the genus Batostoma. In tangential sections cutting 
the mature region the walls are seen to consist of rather thick 
dark ring!'! or dense sclerenchyma, those of neighboring zooecia gen
erally widely separated from each other, though occasionally in 
contact, and the intervening space occupied by angular and irregu
larly shaped mesopores. Imbedded in these walls or occupying the 
line of contact of the walls of adjacent zooecia are numerous rather 
small acanthopores. The projecting ends of these upon the sur
face of the zoarium give it, in well preserved specimens, a minutely 
spinose or granular appearance. In longitudinal sections the zo
oecia are seen to be crossed by rather infrequent complete dia
phragms. In the mesopores these are four or five times as abun
dant as in the zooecia. The walls in the axial region are thin and 
the zooeci.a polygonal in shape. This species differs from the asso
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ciated B. implicatum in the greater development of mesopores, the 
more nearly circular shape of the zooecia, the smaller size of the 
acanthopores, the less thickness of the walls, and superficially in 
the fact that B. implicatum, when well preserved, presents a de
cidedly spinose appearance owing to the great n'umber of large 
acanthopores. 

5,9A2 ....1.34Co, 5, 6, 7, 8, 9, 10, 11. .. .1.38A7.• 
BATOSTOMA VARIABILE IDrich. 

Plate VIII; fig. 4; Plate XXVI, fig. HI. 

Batostoma variabile Ulrich, 1890, Geol. Illinois, VIII, p. 460, pI. 
xxxv, fig. 15; xxxvi, fig. 1 (not pI. xxxv, figs. 4b-4e=B. varians 
(.James) ). 
,. Zoarium exceedingly variable; encrusting, lobate, digitate, 

ramose and subfrondescent. Surface smooth, showing inappre
ciably elevated clusters of larger cells.Walls of zooecia in axial 
region thin, faintly and irregularly flexuous; much thickened in 
the mature region; th(' tubes are .polygonal, approach the surface 
with a gradual curve, and are mainly in contact, with the divi
sional line between those adjoining sharply marked. Apertures 
angular, averaging six in two mm. Mesopores angular, varying 
in number. generally few as in the sections figured. Diaphragms 
few in the immature region, three or four in the narrow cortical 
region, the one or two nearest the surface concave; in the meso
pores they are moderately abundant. Acanthopores fairly numer
ous, usually situated at the angles between the zooecia. 

,. The name 'variabile' is given to this species because different 
examples exhibit considerable variations in the mode of growth, 
in the number and arrangement of the mesopores, in the amount of 
thickening of the walls in the cortical region, and some other fea
tures. 

"This form bears much resemblance to the B. jamesi Nich., 
which, however, hn.s oval zooecia separated by many mesopores, 
while this species has the zooecia polygonal and often in contact, 
with fewer mesopores and diaphragms.' '-IDrich, loc.· cit. 

This is the original description by Ulrich, which has been found 
to include, according to Bassler,· two good species, one of which 
is the B. varians James sp., a species having a. different range, 
being found abundantly in the lower and middle Richmond. while 
variabile as restricted by Bassler (loc. cit.) is confined to the upper
most beds of that formation . 

• Proc. U. S. National Museum, vol. XXX, 1906, pp. 18, 19. 
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The following is Bll8sler's description of Batostorna varia bile 
as restricted: 

"B. variabile, as thus restricted; forms robust, cylindrical or 
subcompressed,. usually infrequently dividing stems, 10 mm. or 
more in diameter. The surface of the zoarium is smooth, but 
maculae of conspicuously larger zooecia are present. The zooecia 
are thin-walled and angular at the surface with mesopores practi- • 
cally absent. Below the surface the zooecial walls are so thickened 
by deposits of tissue along their sides that· a tangential sectioD 
through this region gives a rounded aspect to the apertures. Six to 
seven of the ordinary zooecia occur in 2 rom. Acanthopores some
times large and occupying all the zooecial angles, but at other times 
not a conspicuous feature. Distribution of diaphragms and other 
internal features as shown on Plate VII [of Bassler's paper]. 

"Because of the absence of mesopores, this species shows with 
unusual distinctness in tangential sections, the black line separat

. ing the walls of continguous zooecia, a characteristic feature of this 

as well as a number of other genera of the Monticuliporoids. The 

large, smooth, ramose zoarinm, angular contiguous zooecia, few 

mesopores, and conspicuous clusters are characters sufficient to 

distinguish this form from other species of the genus. 

"The specimens figured by Ulrich from the Richmond group at 
Savannah, Dlinois, cannot be determined with certainty on ac
count of their ill-preserved internal structure, but it is probable 
that they belong to neither of the two species under discussion." 
-Bassler, loco cit. 

I have referred but a single specimen to this species, namely one 
from Madison, Indiana, from the beds immediately tmderlying the 
Saluda formation. 

1.12Dl·6. 

BATOSTOMA VARIANS (James). 

Plate VII, fig. 9; Plate VIII, figs. 3-3b; Plate XXVI, fig. 14. 

Chaetetes varians James, 1878, The Paleontologist, No.1, p. 2. 
(Not figured.) 
"A coral resembling Chaetetes jamesi, Nicholson, is found in 

the upper beds of the Cincinnati group. Its mode of growth seems 
to differ in some respects, being spread over shells, in thin lays, in 
some cases; in others, branching out ~n a digitate manner from 
lobate, palmate and irregular-shaped forms; the average calices· 
are scarcely as thick walled as typical Jamesi, and the stellate 
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spaces rather more conspicuous. Should it prove a distinct species, 
I propose for it the name varians (Chaetetes varians)."-James, 
loco cit. 

In the large size of the zooecia, peculiar appearance and num
ber of the acanthopores, and in the wall structure this species is 
quite similar to B. jamesi of the Eden formation. It differs from 
that species, however, in the slight development of mesopores in 
R. varians, while they are very abundant in B. jamesi, and in the 
polygonal shape of the zooecia and usually irregular form and 
larger size of the zoarium of B. varians. This species is very 
abundant in the Waynesville division of the Richmond formation. 
It is also found in the Arnheim division and sparingly in the 
Liberty division. It can usually be recognized at a glance by its 
unusually large zooecia, though in this respect it might be con
fused with the associated Rkombotrypa quadrata, which can, how
ever, be readily distinguished by the rhombic zooecia nearly always 
to be seen at the ends of branches. 

1.34A10, 11, 12, ] 3, 14b, 15a, 16, B4-5 .... 1.41B1, 2, C2-3, D1, 
A5, E3 .... 1.12E3. 

BERNICEA PRIMITIVA Ulrich. 

Pla.te XXVI, fig. 1·2. 

Bernicea primitiva Ulrich, 1882, Jour. Cin. Soc. Nat. Rist., vol. V. 
p. 157, pI. vi, fig. 4.. 

"Zoarium attached to foreign bodies, and forming small sub
circular or irregular patches. Cells small, mostly immersed, some
what irregular in their arrangement, with the rounded and slightly 
oblique apertures raised conspicuously above the general surface. 
Cell apertures usually about twice their own diameter distant from 
each other; about eight occupy the space of .1 inch. "-Ulrich, 
loco cit. 

The general aspect of this species is very similar to Proboscina, 
from which it differs in the fact that it forms expansions which are 
continuous rather than reticulated, as in the latter genus. 

Several good specimens were obtained from the Richmond for
mation. 

1.41B1 .... 1.12E3. 
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BYTHOPORA ARCTIPORA (Nicholson). 

Plate VIII, fig. 8; Plate XXVI, figs. 15, Ilia. 

PtilodictHa (1) arctipora Nicholson, 1875, Ann. Mag. Nat. Rist., 
4th ser., XV, p. 180, pI. xiv, figs. 4-4b. 

"Polyzoary forming a cylindrical, slightly branched frond, 
which is not sharp-edged, exhibits no non-celluliferous borders, and 
shows no traces of a central laminar axis. Cells arranged in ob
scurely longitudinal alternating rows, apparently perpendicular to 
the surface, and radiating in all directions from an imaginary axis. 
Cell-mouths very mueh compressed, much longer than wide, ex
panded below and attenuated superiorly, where they are often 
much twisted and bent. Upon the whole, the cells are pyriform in 
shape, with their narrow ends directed upwards, about eight occu
pying the space of one line measured vertically, and twelve the 
same space measured diagonally. The cells are not always in con
tact, especially in their upper portion; and their borders are al
ways distinctly marked off by impressed lines; but they are not 
arranged between elevated longitudinal ridges. The margins of 
thc cells are very thick and conspicuous, not granulated, tubercu
lated, or spinigerous. 

"'l'he best-preserved fragment examined had a length of eight 
and a half lines, dividing at its summit into two branches, its 
diameter being rather more than one-third of a line. 

"From its cylindrical form, and the absence of a laminar axis 
or of non-poriferous margins, it would seem certain that this sin
gular form is not a Ptilodictya; but I am at a loss to know where 
it should properly be placed, its extreme miuuteness rendering 'its 
generic affinities very uneertain, owing to the impo"sibility of mak
ing (tut tne details of its internal structure. It has, however, some 
affinity with Ptilodictya (1) raripora, Hall, from the Clinton 
Group, and I have therefore referred it provisionally to this 
genus. "-Nicholson, loe. cit. 

'l'here . is nothing particularly characteristic in the internal 
structure of this species. It is a typical Bythopora. This is a 
common and characteristic species in the Eden shales. 

5.9A2, 6, 8, 10, 21, 29, 31, 35 .... 1.34C5, 6, 8, 9, ] 0, 11. .. , 
1.38A5, 11, 13, 15, 17, 19, 21, 23, 24, 32, 33, 4J. 
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BYTHOPORA DELICATULA (Nicholson). 

Plate VIII, fig. 7; Plate XXVII, fig. 1. 

Chaetetes delicattt~us Nicholson, 1874, Qual'. Jour. Geol. Soc. Lon
don, XXX, p. 505, pI. xxix, figs. 8-8b. 

"Corallum very slender and delicate, ramose, composed of cyl
indrical stems, terminating in rounded, sometimes thickened ex
tremities, and apparently springing in some cases from a hori
zontal footstalk. Stems sometimes apparently simple, more com
monly branched dichotomously, the division taking place at acute 
angles; diameter of the stems and branches from one-quarter of a 
line to half a line, rarely reaching two-thirds of a line. Corallites 
very oblique to the surface, opening by oval apertures, the length 
of which cot:esponds with the axis ·of the stem and exceeds the 
breadth. Calices in diagonal.rows, about eight in 1 line measured 
longitudinally, and from twelve to fourteen in the same space 
measured diagonally. When perfect and unworn, the lower lip of 
the calices is thin and prominent. The calices are all of equal size. 
and the surface is destitute of monticules or tubercles. 

"This is one of the commonest fossils of the Hudson River for
mation, both in Canada and the United States. From its very 
minute size, I am left somewhat uncertain as to the true position 
of this abundant little fossiL It is, I think, certainly the form 
which has generally been quoted as a slender variety of Stenopora 
jib"osa; but even if this species were to be retained, our examples 
could not be placed under it. It is likewise apparently one of the 
forms which has been figured by Hall under the name of Chaetetes 
lycoperdon (PaL N. Y. vol. i, pI. 24, fig. lk, caet. excl.). It is most 
closely allied to Chaetetes gracilis, James, but it is readily sepa
rated by the absence of minute tubuli interspersed amongst the 
larger corallites, by the much greater obliquity of the corallites and 
their much thinner walls, and by the uniformly slender habit and 
stunted growth. From C. fletcheri, Edw. & H., it is also distin
guished by the size of the corallites and their oblique direction. 

"Of the fossils of the later rocks, C. delicatu~us runs a con
siderable chance of being confounded with Helopora fragilis, Hall, 
which jt much resembles superficially. It is, however, readily dis
tinguished by its almost always being branched, by the form of 
the calices, and by the fact that the calices are not arranged be
tween longitudinal elevated lines. "-Nicholson, loc. cit. 

The above description indicates very well the exte:t:nal features 
of this species. Internally it does not differ materially from B. 
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gracil'is, except in the absence of mesopores and diaphragms. It 
is abundant at severaI- levels in the Richmond formation. 

1.34B4-5 ... .1.34A3, 4, 8, 9, 10, 14b, 15a, 15b, 16a, 16b, 17, 
18a, 19-21, 22, 23 .... 1.41E2, 3, 4, 5.... 1.41A6, 6, 9, lOa, lOb .... 
1.41Dl, 2, 3.... 1.41Bl, 2, 3... :1.12F3. 

BYTHOPORA GRACILIS (Nicholson). 

Plate VIII, figs. 6-6b; Plate XXVII. figs. 2, 211.. 

Ukaetetes gracilis Nicholson, 1874, Quar. Jour. Geol. Soc. London, 
XXX, p. 504, pI. xxix, figs. 7, 7a. (Named,but not described 
Qr figured, by James, 1871, Cat. Foss_ Cin. Group.) 

"Corallum dendroid, the branches cylindrical or sub cylindrical, 
frow ltii& ~nan 1bne to 2 lines in diameter, dividing dichotomously· 
at !lhort intervals. Corallit.es very small and crowded, from ten to 
twelve in the space of 1 line, thick-walled, opening obliquely on tbe 
surface by oval or circular calices, between which are placed ex
cessively minute circular tubuli. The snrface exhibits no eleva
tions or tubercles, but is entirely smooth; and thtl'f' are also no 
groups of larger-sized corallites, the ordinary corallites oeing all 
nearly of a size. 

"This species is allied to O. fletckeri, Edw. & n., from which 
it is distinguished by the thick-walled nearly equal corallites, and 
the oblique and very small calices, the dimensions of which are 
much more minute than in the latter form. My description is 
drawn from type specimens furnished by l\fr. U. P. James."
Nicholson, loe. cit. 

The likeness to Okaetetes fletcheri E. & H., is only of the most 
superficial sort, and does not extend to any of the internal char
acters. Internally this species presents much the same characters 
as B. meeki and B. delicat1.t.ia, from which it differs chiefly in point 
of size, being larger than the latter and smaller than the former, 
In the mature region the walls are very thick, and completely 
amalgamated, the lumen of the zooocium being always surrounded 
by a dark ring of dellse sclerenchyma. The space between these 
dark rings is occupied by lighter colored, and evidently less dense 
material, in which are imbedded the moderately developed series 
of minute mesopores, and the still more minute thick-walled acan
thopores. Carefully prepared sections show that the interzooecial 
walls are traversed by very minute punctae, apparently running at 
right angles to the direction of the zooecia. Whether these run 
through froin one z00ecium to another I have not been able to 
demonstrate. 

http:delicat1.t.ia
http:Corallit.es
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In longitudinal sections the zooecia are seen to be crossed by an 
occasional diaphragm, and these are more numerous in the meso
pores. The zooecia in the axial region have ;ery thin walls and 
no diaphragms. 

1.33A3 . ... 1.34Al (n .... 1.34Bl·3, C14b .... 1.12A2 .... 
1.38Bh.... 1.S8P, and everywhere in the Upper Lorraine. 

BY'fHOPORA MEEK! (James). 

Plate VIII, figs. 5, 5a; Plate XXVII, fig. 5. 

Chaetetes rneeki James, 1878, The Paleontologist, No. 1,p. 1. (Not 
figured.) 
"In the upper beds of the Cincinnati Group I find a form of 

coral-abundant-much like C. gracilis in general features, the 
chief difference being in the larger size of the branches, some of 
them nearly one-half inch in diameter; the typical gracilis averag
ing not over one line. Should this prove distinct on further exami
nation, I propose for it the name MEEKI (Chaetetes meeki) in 
honor of the late F. B. Meek."-James, loco cit. 

The internal characters of this species are identical with those 
of Bythopora gracilis (which see), for which reason Nicholson con
siders it as merely a variety of the latter. It has, however, aquite 
different range and is a considerably larger form, for which rea
sons I follow most recent students in considering it as a distinct 
species. It occurs in the Waynesville formation and is common in 
the Liberty formation. 

1.34A8, 9, 11, 12, 13, 17, 19, 20, 21, 22,23 ... . 1.41A4, 7, 8, Bl, 
2, D2, Cl, E1, 2, 3 .... 1.12D1-6, E3. F3. 

BYTHOPORA PARVULA (James). 

Plate XXVII, fig. 3. 

Helopora parvula James, 1878, The Paleontologist. No.1, p. 3. 
(Not figured.) 
According to Bassler (James Types), "the zoarium of this 

species consists of very slender cylindrical branches, seldom exceed
ing 0.4 'mm. in diameter, dividing at irregular, but very long inter
vals, and bearing four or five rows of elongate oval zooecia, rounded 
behind and drawn out in front, separated from each other longi
tudinally by spaces equal to their longer diameter. MeasuriI~g 
lengthwise about 5 zooecia in 2 mm. Narrow, channeled inter
spaces separate the' rows of zooecia. Mesopores and acanthopores 
obsolete or apparently wanting. Diaphragms sparingly devel
oped." 
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Distinguished from other species of Bythopora by its extremely 
;;lender branches and widely separated zooecial apertures. B. arc
tipora, an "associated form, has larger branches and closer set zo
oecia. 

Upper part of the Eden shale. My specimen is from Guilford, 
Indiana. . 

BYTHOPORA. STRIATA. Ulrich. 

Plate XXVII, fig. 4. 

Bytkopora striata Ulrich, 1889, Cont. to the Micro-Paleontology 01 
the Cambro-Silurian Rocks of Canada, pt. II, p. 36. (Not fig
ured.) 
"This name is proposed for a species represented in the Mani

toba collections and sometimes found associated with B. delicatula, 
Nicholson, at Middletown and other localities in Ohio, where the 
upper beds of the Hudson River group are exposed. 'l'he branches 
of its ramose zoarium are usually more slender than those of that 
species, being rarely more than one millimetre in diameter. They 
also bifurcate at shorter intervals, the length of the latter varying 
between two and four mm. The apertures of the zooecia too, are 
more oblique and drawn out anteriorly, and are arranged between 
somewhat irregular rounded longitudinal ridges, with five or six in 
a space of two mm. long. . Ten to fourteen of the ridges suffice to 
encircle a branch. . These ridges are strongest near the base of the 
zoarium, gradually fading away toward the growing extremities 
of the stems. 

"In B. jruticosa, Miller and Dyer, 'B. arctipora, Nicholson (spe
cies) B. delicatuZa, Nicholson, and other species known to me, an 
arrangement of the apertures of the zooecia in diagonally inter
secting series prevails, while in B. striata, near its base at any rate, 
the .longitudinal arrangement is the most conspicuous."-Ulrich, 
Zoc. cit. 

As the original description of this species was not accompanied 
by a figure I am not altogether certain that I am correct in re
ferring my specimens to it. I give a figure of the form which 
seenis to me to correspond to Ulrich's description. It is a very 
minute species and not uncommon in the Richmond formation in 
association with B. delicatula. Some specimens show a striated 
base similar to that described by Ulrich. 

1.34A7, 8, 9, 14a, I5h, 16b, 18, 19, 20, 21, 22 .... 1.41A2, 4, 5, 
B1, 3,Cl, 2.3, D1, 2, E6 .... 1.12Dl-6, F3. . 



785 BRYOZOA-DESCRIPTION OF 81'ECmS. 

CALLOPORA ~~DREWSI (Nicholson). 

Plate VIII, figs. 9, 9a; Plate XXVII, fig. 7. 

Chaetetes pulchell1ts Nicholson (non Edwards and Baime) 1874, 
Quar. Jour. Geol. Soc. London, XXX, p. 503, pI. xxix, figs. 5-5b. 
Monticulipora (Heterotrypa) andrewsi Nicholson, 1881, Genus 
Monticulipora, p. 128, pI. v, figs. 1, 1a·; and fig. 21, p. 129. 

"Corallum variable in form, usually of subcylindrical branches, 
• 	 w!llch have a diameter of from 2 to 6 lines, sometimes forming 

fiattened and expanded subpalmate fronds, sometimes inosculating. 
Corallites thin-walled, polygonal, unequal in size, about eight of 
the average ones occupying the space of 1 line. Surface exhibit
ing rounded or somewhat stellate groups of larger corallites, of 
which two or three occupy the space of half a line, and which some
times have very minute intermediate tubuli between them. These 
groups of larger corallites generally comprise from five to seven in
dividuals, and they are placed about 1 line apart; they are very 
slightly or not at all elevated above the general surface, so th.at 
there are no conspicuous tubercles. 

"The characters of this species are so well marked as to render 
its recognition very easy, even in small fragments. "-Nicholson, 
Zoe. Cit. 

Internally this species exhibits very beautifully the peculiar 
structure of the genus Callopora. Toward the surface the walls 
are much thickened and ring-like and are separated from each 
other by a set of small rounded mesopores. In longitudinal sec
tions the zooecia and mesopores are seen to be crossed by a well de
veloped series of straight diaphragms, which are very close to
gether in the mesopores. 

1.33A3 ... .1.34Bl-3, Cl4b. 

CALLOPORA FRONDOSA n .. sp. 

Plate IX, figs. 1, 1a. 

This species does not 'seem to differ materially in internal char
acters from the associated O. subnodosa, but it has a frondescent 
rather than a ramose or subfrondescent zoarium. The zooecia are 
a little larger than in .0. subnodosa and the diaphragms a little less 
crowded. 

1.41A6, E6. 

[50] 
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OALLOPORA NODULOSA (Nicholson). 

Plate IX, figs. 2-2c; Plate XXVII, fig. 8. 

Chaetetes? nodulosus Nicholson, 1874, Quar. Jour. Geo!. Soc. Lon
don, XXX, p. 506, pI. xxix, figs. 9, 9a. 
"Corallum dendroid, minute, of small cylindrical stems, which 

branch dichotomously at intervals of 2 lines, and have a diameter 
of from two-thirds of a line to 1 line. Corallites prismatic or 
hexagonal, directed somewhat obliquely to the surface, of two si¥. • 
I.larger corallites opening by subcircular or oval apertures, the 
long diameter of which coincides with the axis of the stems; from 
six to eight in the space of 1 line measured vertically. Smaller 
corallites in the form of minute circular tubuli interspersed 
amongst the larger tubes. Surface exhibiting numerous minute, 
sometimes conical, sometimes transversely elongated elevations or 
tubercles, which are placed at distances of about half a line apart, 
and give the surface a characteristic nodulose appearance. 

. "This very distinct species is more nearly allied to C. dalei 
than to any other; but it is very readily separated' by its much 
more slender and graceful proportions, and the much smaller size 
of the proportionally remote tubercles. One specimen, indeed, 
which can hardly be referred elsewhere, exhibits on transverse sec
tion about twelve very distinct radiating septa meeting in the 
center of the corallites. Though all the other examp4Js possess 
tabulae and have all the characters of Chaetetes, this raises the 
suspicion that possibly the form may require, on more extended in
vestigation, to be removed from Chaetetes. "--Nicholson, loe.. cit. 

This species has the internal features characteristic of the genus 
Callopora, as shoWn in the figures published by Nicholson- in the' 
Genus Monticulipora, and reproduced herewith. It is a very small, 
slender form, occurring at a lower level than C. dalei, which it 
somewhat resembles. 

5.9A6 ....1.34C8, 9, 10, 11 ..... 1.38A11 ( 1). 

OALLOPORA ONEALL! (James). 

Plate IX, figs. 3-3b; Plate XXVII, figs. 9, 10. 

Chaetetes (Y) oneaUi James, Catalogue of Lower Silurian fossils 
of the Cincinnati group, 1875, p. 2. 
"Corallum dendroid; slender cylindrical branches, dividing, 

generally, dichotomously at irregular distances, and in some cases 
anastomosing; branches from half a line to two lines in diameter. 
Calices generally oval, but in some cases the variation may be from 
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sub circular to polygonal, and from eight to ten in the space of a 
line, measuring lengthwise of the stem, varying considerably in 
size, occasionally one much larger than the average. Walls of cor
allites rather thick; minute tubes often between the apertures. 
The increase of corallites seems to be by fission. A cut section 
shows the stronger corallites as starting at the center, growing 
parallel with the length of the stem and following the direction and 
dividing with the branches, the outer ones curving to the surface 
obliquely, although the apertures appear to be direct." James, 
Zoc. cit. 

According to the excellent description of Nicholson (Genus 
Monticulipora, p. 118), the species shows in tangential sections 
"that the corallum is composed of two distinct sets of corallites, 
large and small. The larger corallites are oval, about 1/100 inch, 
or rather less, in their long diameter, and, in this region, furnished 
with thickened walls. Each tube is surrounded by a ring-like wall 
of its own, and,.adjacent tubes are united to one another by scleren
chyma, in which run the numerous small corallites, these latter 
varying much in shape and size, but being usually sub-angular. 

"Transverse sections show that in the central region of the 
corallum all the tubes are thin-walled and polygonal, only becom
ing thickened in the circumferential portion. Lastly, vertical sec
tions show that the co:vallites in the axial region are not qnly thin
walled, but also remarkable in the shortness and slight curvature 
of their outer thickened portions. These sections also show that 
tabulae are nearly or quite absent in the center of the stems, but 
developed in fair numbers in the peripheral region, their direction, 
owing to the slight curvature of the corallites, being often nearly 
parallel to the outer surface. The small interstitial corallites are 
also seen to be provided with much more numerous and more close
ly-set tabulae than is the case in the large tubes. All the tabulae 
are, as a rule, complete, and horizontal or slightly curved; hut in 
some cases a few of the tabulae in the throat of the large tubes may 
become so bent as to unite with one another, and to form a small 
number of lenticular vesicles in this region." 

This form and 0: sigiUaroides seem to differ only in size-the 
latter form being a somewhat larger variety. O. onealU is common 
only in the lower member of the Eden Shales, though found spar
ingly at higher levels. 

1.3400, 7, 8, 10, 11 .... 1.38A15, 37. 
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CALLOPORA ONEALJ.I vaf. COMMUNIS (James). 

Plate VIII, lIg. 10; Plate XXVII, fig. 11. 


Monticulipora (Heterotrypa) o'nealli , var. 'communis James, 
1882, The Paleontologist, No.6, p. 47, pl. i, fig. 8. 

"Corallum, as generally found, much broken, cylindrical or 
subcylindrical stems from one to three lines in diameter, branch
ing at variable distances in different directions at acute angles, 
but masses of considerable size-from one inch to six or eight 
inches or more in diameter-are sometimes found, in which the 
stems anastomose frequently in a very irregular manner. Most 
specimens exhibit masculae or 'monticules,' raised very little or 
none at all above the general surface, occupied by calices much 
larger than the average, and sometimes clusters of the smaller 
tubules. Calices generally oval or subcircular, occasionally some
what angular; interstitial t.ubuli numerous, sometimes nearly or 
quite surrounding the larger cells, and of various shapes; an aver
age of about six calices in the space of one line in the longitudinal 
direction of the stem, and seven or eight transversely. Apertures 
of cell walls thin at the surface of unworn specimens, but thick
ened immediately below, as shown by abraded examples, mostly 
found in that condition. . 

"In tangential section the cells are oval or subcircular, walls 
much thickened and distinctly defined by a dividing space, inter
stitial tubuli circular or angular. Section of a cylindrical stem, 
cut longitudinally, shows the corallites as very thin walled cen
trally, and taking e longitudinal direction with a very slight out
ward inclination till near the surface, where they make a decided 
curve and open obliquely. Tabulae remote iu the axial part, none 
o?served in the space of one-fourth' of an inch in the example used 
for this description, but near the surface they become distinct, in 
some cases depressed or bent downward in the middle, or taking 
an oblique direction across the corallites; the smaller tubes are 
more closely tabulate: In a transverse section of the axial portiun 
the tubes are thin walled, circular or angular, and occupied by 
cruciform dissepiments, the interstitial pores variable in shape. ' 

'''l'he interior structure of this species bears quite a close re
semblance to M. sp. o'nealli, James, but the exterior differs ma
terially, in being of a much more robust habit, in the maculae of 
larger calices, and groups of small pores. It is considered, by 
Rome, to be M. (Chaetetes) sp. approximata, Nicholson, but, c]earc 

ly, it is not the form described and figured by Prof. N. as appro xi
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maius in the 2d vol. of Ohio Paleontology, 1875, and again in his 
'valuable work on 'Monticulipora,' 1881, where he gives it (ap
proximata) as a synonym for M. sp. ramosa, val'. dalei, E. &H."
James, loc. cit. 

This variety is distinguished from C. onealli by its much larger 
branches and by the general absence. of mesopores. For the inter
nal characters the student is referred to the description of the lat
ter species. In the val'. communis the mesopores, which are pres
ent in deep sections, seem to pinch out as the surface is ap
proached. 

This variety is usually found in great numbers near the top 
of the Eden formation (Utica), being most abundant just below 
the zone of Callopora cZalei, and associated with the latter in the 
lower part of its (cZalei) range. 

5.9A31. ... 1.3408, 9, 13, 14a .... 1.38All, 13, 15, 21, 23, 24, 29, 
31. A similar for-In was collected from the base of the Waynes
ville formation on 'ranner's Creek (1.34A4). 

CALLOPORA ONEALLI vur. SIGILLAROIDES (Nicholson). 

Plate IX, 111:. 4. 

Chaetetes sigillaroicZes Nicholson, '1875, Pal. Ohio, II, p. 203, pI. 
xxii, figs. 9, 9a. 

"Corallum ramose, of small dichotomouiiJy dividing branches, 
the diameter of which is rather over one line. Calices regularly 
ovaloI' sub-circular, their longer diameter corresponding with that 
of the stems, arranged in diagonal lines, about six in one line, 
measured diagonally, and from four to five in the same space, 
measured vertically. Between the average calices are a few minute 
sub-cylindrical tubuli. In the center of each calice, as a general 
rule, is a small, circular, secondary calice, about half the diameter 
of the main calice, and surrounded by a distinct wall, the general 
appearance of the calices thus somewhat resembling the markings 
of C. sigillaria. Walls of the corallites thin. Surface smooth, or 
with a few low, scattered, and irregular tuberosities, which in no 
way differ -from the general surface, and always form a quite in
conspicuous feature. 

"As a generall'ule, fragments of this'species can be recognized 
with the greatest ease by the peculiar appearance due to the ex
istence of small circular calices within the main calices. In parts 
of some of the specimens, however, these secondary calices appear 
to be absent. and then the species is rcognizable by its large, oval, 
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thin-wall.;d calices, arranged in diagonal rows, and separated by 
minute tubuli, its smooth surface, and its small dimensions. 
Whether the appearance of secondary calices is due to the forma
tion of perforated diaphragms over the mouth of the tubes at their 
final period of growth or not, I am not prepared to say. "-Nichol
son, loc. cit. 

The opercular foramen (secondary calice of Nicholson) seen 
in this species is common to all species of the genus, but is per
haps rather more frequently seen in this than in other ordovician 
species. The opinion which Nicholson hints at that these "sec
ondary calices" may be due to the formation of perforated dia
phragms over the mouths of the ordinary calices, is now known 
to be precisely the true interpretation of these structures. In 
other words the zooecium is closed by a perforated operculum-a 
generic character of Callopora. The specimen figured by Nichol
son in the Ohio Paleontology is 3.5 mm. in the diameter of the 
stem. BaE'sler states that the average diameter of the stems of 
Sigillaroides is 4 or 5 mm. Since there is really no distinction 
between onealli and the variety sigillaroides, except that of size, 
I have usually placed specimens with a diameter of less than 3 mm. 
under the species onealU, and specimens with a diameter of 3 mm. 
or over in the variety sigillaroides. It is stated by Bassler that 
the form sigillaroides.possesses long, graceful branches without a 
tendency to anastomose as in onealli. My observation has been 
that the majority of species of Callopora will under certain cir
cumstances anastomose. This is seen in C. cornrnunis to a marked 
degree, and is not uncommon in C. dalei, and C. rarnosa. The 
true relation of C. sigillaroides and C. onealli seems to me to be 
that under favorable conditions of growth (nourishment, tempera
ture, clearness of the water, etc.) the stems become larger (sigil
laroides) and under unfavorable conditions they grow smaller 
(onealli) . The variety communis is based on more substantial 
characters. 

1.34Co, 2, 5, 6, 7, 8, 10, 11, 13 .... 11 similar form occurs near 
the base of the Waynesville formation, 1.34A3. 4. 

CALLOPORA RAMOSA d'Orbigny. 


Plate IX, figs. 5, 5a; Plate X, fig. 1; Plate XXVII, figs. 13, 13a. 


Monticulipora ramosa d'Orbigny, 1850, Prodrome de Pale ontologie, 

I, p. 25. (Not figured.) 
"375, ramosa, d 'Orb., 1848. Cerioposa r·amos(J,/i. li,eadle (en

voye SOlIS ce nom). Espece rameuse dont les branches sont rondes. 
Etats-Luis, Cincinnati, Ohio (Blue Lime), "---d.'Orbigny, loc. cit. 
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The original description of this species is wholly inadequate for 
its recognition. Edwards and Haime's very excellent figure has 
made its identification comparatively sure and this identification 
is now finally confirmed by the photographic reproduction of illus
trations of the types in the collection of d 'Orbigny, including a 
photograph of a thin section, in the Annales de Paleontologie, 
Tome 1, pI. ix (Paris, 1906). 

Since the original description of this species is inadequate I 
quote here the excellent description given by Nicholson in the 
Monograph of the Genus Monticulipora (1881). 

U Spec. Ckar.-Corallum dendroid, of cylindrical or elliptical 
branchps which divide dichotomously, and vary from one to, gen
erally, three or four lines in diameter. Surface covered with 
numerous conical vr somewhat elongated 'monticules,' which are 
placed at intervals of from half a line to a line, and are not occu
pied by corallites of specially large or small dimensions. Calices 
sub-polygonal, with slightly thickened margins, about 1/9Oth inch 
in long \liameter, surrounded by the openings of numerous small 
interstitial tubes. Corallites conspicuously divided into two series, 
the smaU ones being very numerous, and surrounding the larger 
tub~s in a single row, sometimes completely isolating the latter, 
and being exceedingly variable in shape and size. In internal 
structure, both sets of corallites are traversed by complete horizon
tal tabulae, which are, however, much more numerous in the small 
tubes than in the large ones. Walls thickened towards their 
mouths, and apparently fused with one another. 

It Obs.-The external characters of this species are so well 
known that they require no further remark here, its numerous 
conical. monticules and the abundance of the interstitial corallites 
being sufficiently distinctive features. .As regards internal struc
ture, thin tangential sections exhibit in a striking manner the 
conspicuous division of the corallites into two sets of tubes, large 
and small, and the great development of the latter. The large 
tubes are very uniform in size, generally oval or circular in shape, 
and moderately thick-walled-the thickening or the wall, however, 
never proceeding to the extent t;ltat obtaius in forms snch as M. 
(Heterot1'vpa) gracilis, James, M, (Heterotrypa) tumida, Phill., 
and allied types. The small corallites are very variable in size 
alld form, and are principally developed at the angle of junction 
of th~ large tubes; )ut they, are commonly so numerous as to form 
a complet~ zone round the large coraUites, though such a zone 
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never consists of more than a single row. In tangential sections 
taken just below the surface, each of the large corallites is seen 
to be surrounded by a well-marked ring of sclerenchyma, all the 
tubes, however, being firmly united together. Between the bound
ing-rings of the larger corallites are situated the small tubes, 
which, in sections of this nature, are mostly oval or rounded. On 
the other hand, in tangential sections taken at a somewhat deeper 
level the marginal rings of the larger corallites are more com
pletely separated from one another, and the small corallites are 
increased in size by the reduction of their bounding-walls, while 
their shape becomes more or less angular. 

"Vertical sections show that the internal structure of the large 
and small tubes is conspicuously different, both sets of corallites 
being traversed by complete horizontal tabulae, which are greatly 
more numerous in the small tubes than in the large ones. 'l'he 
'monticules' do not appear, as a rule, to differ in structure from 
the general mass of the corallum, but they seem sometimes to com
prise a larger proportion of small tubes than is usually the case 
in the intervening parts of the skeleton. In the axial region of the 
corallum, as shown both in longitudinal and transverse sections, 
the corallites are thin-walled and polygonal, but they possess an 
abundance of tabulae. In the outer portion of their course, the 
corallites become thi<\kened, their walls assuming a fibrous and 
laminated structure. "-Nicholson, loco cit., pp. 110-113. 

Callopora ramosa is a characteristic fossil of the middle and 
upper Lorraine formation throughout the Ohio and Indiana region 
and is at certain levels extremely abundant. In the lower part of 
its range it seems to present characters somewhat transitional to 
C. dalei. The above description and the figures reproduce,d here
with are amply sufficient for its identification. 

1.33A3 ... .1.34Bl-3, 4-5, C14b, 1.12A2, 1.38P. Rather c()m
mon at all of these localities. 

CALLOPORA DALIIll (Milne-EdwardS and Halme). 

Plate VIII, fig. 11; Plate XXVII, fig, 12. 

Chaetetes dalii Milne-Edwards and Haime, 1851, Monographie des 
Polypiers Fossiles des Terrains Palaeozoiques, p. 266, pi. xix, 
figs. 6', 6a. 
"Polypier dendroide, a rameaux cylindriques, larges de 6 a 8 

millimetres; presentant a leur surface de petits mamelons coniques 
saillants, distants de 2 Oll 3 fois leur diametre. Calices' it bords un 
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peu epais, subegaux, subcirculaires, n 'ayant qu 'un tie~ ou meIQe 
un quart de millimetre. 

"Silurien (inferieur) Etats-Unis: Ohio. 
"CoIl. de Verneuil."-d 'Orbigny, loc. cit. 
Edwards and Haime fortunately accompanied their meager 

description with very excellent figures, in consequence of which 
the identity of this speeies is in no doubt. Nicholson redescribed 
it in his monograph of the GellUs Monticulipora as a variety of C. 
ramosa, and several years before this in the Quarterly Journal of 
the Geological Society of I~ondon and in the Ohio Paleontology 
as Chaetetes approximatus. In internal characters there is no par
ticular difference betwe.en this form and C. ramosa. Externally 
it differs only in -the small size of the monticules, and even in this 
particular it is an easy matter to find transitional forms between 
C. daJei and C. ramosa. 

I have reproduced the figure of q. approximat1ts (= C. dalei) 
from the Ohio Paleontology, since it presents the usual appearance 
of the form 'under consideration. I believe that on the average, 
however, the monticules in typical specimens are rather smaller 
than shown in Nicholson's figure. " 

Callopora dalei occurs.in the base of the Lorraine and extreme 
top of the Utica in immense numbers. In the lower part of its 
range it is associated with Callopora communis and in the upper 
part with C. ramosa. I have quite constantly used the stratum 
in which this species comes in in such numbers as the dividing line 
between the. Utica and Lorraine. Associated with it is a small 
variety of Platystrophia laticosta, so that it seems really to mark 
the initiation of the Platystrophia zone. It is also at this point 
that the proportion of Ilimestone in the series begins to become 
predominant, and that others of the lithological and faunal char
acters of the Lorraine are initiated. It is also at about this level 
that the Dalmanella muUisecta disappears. 

5.9A41 . ... 1.34013, 14a. 

CALLOPORA RAMOS-,\ val'. RUGOSA (Milne-Edwards and Haime). 

Plate X, fig. 2; Plate XXVII, figs. 14, 14a. 

Chaetetes rugosttS Milne-Edwards and Haime, 1851. Monographie 
des Polypiers Fosslies des 'l'errains Palaeozoiques, p. 268, pI. XX, 

figs. 6, 6a. 
"Polypier rameux et tres-sembiable au Chaetetes ramosus, les 

calices ont it peu pres la meme largeur; mais il on differe en ce 

http:occurs.in
http:betwe.en
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q1,le les monticules, qui sont tres-allonges horizontaJement, tendent 
it s'unir antre eux:, de maniere a simuler de gros bourrelets trans
versaux: tres-saillants. Ces bourrelets n 'ont guere plus d 'un milli
metre d 'epaisseur, et sont distants entre eux: de 2 fois autant. Les 
calices sont tous presque egaux: et larges d 'un quart de millimetre. 

"Silurien (inferieur). Etats-Unis: Cincinnati (Ohio). 
"ColI. de Verneuil, ou ce Polypier est indique sous Ie nom fie 

Ceriopora rugosa (Dale Owen) qui probablement n'a pas ete 
publie. "-Milne-Edwards and Haime, loo. oit. 

The relation of this form to Callopora ramosa is here pointed 
out by Edwards and Haime, and appealed so strongly to Nichol
son that he placed the for.m as a variety of that species, a disposi· 
tion with which the present author is inclined to agree. Connect
ing forms between the two certainly abound, and their range is 
much the same-ramosa appearing at a somewhat lower horizon 
and not extending its range quite as high as rugosa. Nicholson's 
description follows: 

uObs.-This form was originally defined as a distinct species 
by Milne-Edwards and Haime (Pol. Foss., p. 268, pI. xx, figs. 6, 
6a), and is at first sight readily I"distinguished from typical exa~
pIes of .M. ramosa, D'Orb., by its external characters. In place, 
namely, of the conical monticules of the latter, the surface now 
exhibits numerous well-defined elevations, which are transversely 
elongated, so as to constitute so many discontinuous transverse 
ridges. These ridges vary in h;ngth; but they do not extend 
round the stems, and are usually sharp-edged, and are placed about 
half a line apart. In spite of this conspicuous difference, the 
more minute external and internal characters of M. rugosa, E. & 
H., are precisely similar to those of M. ramosa, D 'Orb. Not only 
are the characters of the calices and interstitial tubes identical, but 
no difference of the smallest specific weight can be detected on a 
comparison 0.£ corresponding thin sections of the two forms. This 
will be rendered evident by a comparison of tangential and vertical 
sections of the type-form of M. ramosa, D 'Orb., with similar sec
tions of M. rugosa. E. & H. In the latter., as in the former, the 
corallum is composed conspicuously of two series of corallites, the 
large ones being oval or sub~polygonal, abou.t 1/90th to 1/80th inch 
in diameter, and surrounded by numerous small tubes. The struc
ture of the walls of the coraUites is also the same, and both show 
exactly corresponding features in longitudinal sections. Upon the 
whole, therefore, there can be ;no hesitation in concluding that the 
mere external difference in the form of the monticules, being un
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accompanied by any features of internal or structural difference, 
ought not to be' allowed to count as of more than varietal value." 
-Nicholson, Genus Monticulipora, 1881, pp. 113-115, pI. ii, fig. 3, 
and figs. 19A and B. p. 114. 

It is now well known that there is surprisingly little variation 
iu the internal characters of the various species of the Genus Callo
pom; hence the grounds which here lead Nicholson to consider C. 
rugosa as a variety of C. ramosa would not have much force in the 
face of good external differential characters. It is precisely the 
latter, however', that are lacking; for while typical examples of 
the two forms look very unlike, nevertheless any large collection 
is sure to contain a considerable number of specimens that cannot 
consistently be referred to either one of the two forms, but fall in 
an intermediate position. It is this fact that leads me to reduce 
the form rugosa once ,more to varietal rank. 

1.33A3 .... 1.34C, 14b, Bl-3, 4-5 .... 1.12A2 .... 1.38A65, Ba-h. 
A form with the same external characters occurs in the Elkhorn 
division on Elkhorn Creek, near Richmond, Indiana, 1.41A10a. 

CALLOPORA SUBPLANA Ulrich. 

Plate X, figs. 4, 4a; Plate XXVII, fig. 15. 

Callopora subplana illrich, 1882, Jour. Cin. Soc. Nat. Rist., V, p. 
253, pI. xi, figs. 7-7b. 

"Zoarium ramose, the branches cylindrical, from .2 inch to .5 
inch in diameter, and dividing dichotomously at intervals varying 
from .6 inch to one inch. Cells polygonal in unworn examples, 
subpolygonal or rounded in worn specimens. The surface exhibits 
dusters of from four to eight cells, that occasionally are slightly 
elevated above the' general surface, and are conspicuously larger 
than the ordinary cells which si.Irround them. The latter vary in 
diameter from 1/70th to 1/60th of an inch (i. e., six to seven cells 
may be counted in the space of .1 inch), while those composing the 
clusters may attain a diameter of 1I4Oth of an inch, though their 
usual diameter is only about 1/50th inch. The interstitial cells 
are comparatively few, being niost numerous and noticeable be
tween the large cells of the clusters mentioned. Over the other 
portions of the surface they usually occur at the angles of junc
tion of the ordinary large tubes. Th~y are, however, always in
conspicuous, and easily overlooked. 

"In longitudinal sections the tubes in the axial region 1)f the 
zoarium, have very thin, flexuous, and often crimped walls. Dia
phragms are usually not developed here, excepting a few (six to 
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/nine) in the young tubes just above the point of their orlgm. 
These are placed at distanees apart equaling about two of their 
diameters at the point (If crossing. .As the tubes bend outward to 
reach the surface their walls are thiekened, the interstitial tutffl 
make their appearance, and numerous diaphragms are developed 
in the large tubes, the latter often inosculate, while the distance 
between them usually varies from one-fourth to one-half of the 
diameter of the tube crossed. The diaphragms in the interstitial 
tubes are always complete and equally crowded. in all. 

"'l'angential sections show that the tubes just below the SUl'

face. have much thickened walls, their visceral chambers being 
rounded or oval. 'rhe walls of adjoining tubes are seemingly fused 
together, so that the original boundary line cannot be detected. 
The cavity of each tube is surrounded by a secondary deposit of 
dark, concentrically laminated sclerenchyma, while the original 
wall is represented by apparently structureless (in this section \ 
sclerenchyma, of much lighter shade. The interstitial cells are 
variable in size and shape, and comparatiyely much reduced in 
number, being, asa rule, less numerous than the proper tubes. 

"The characters which distinguish C. sub plana from all other 
species of the genus known to me from the Cincinnati Group, are 
found in its robust growth, the large size of the cells, the con
spicuous clusters, and the proportional paucity of the interstitial 
tubes. "-llirich, Zoe. cit. 

1.34C2, 5, 9 .... 1.38Ba. 

CALLOPORA SUBNODOSA Ulrich. 

Plate X, fig!!. 5, 5a. 

Callopora subnodosa llirich, 1890, Geol. Illinois, VIII, p. 417, pI. 
xxxiii, figs. 5-5c. 
"Zoarium ramose; stems subcylindrical, 'from six to twelve mm., 

or even more in diameter. Surface sometimes nearly smooth, 
usually tubercled. Tubercles rounded, never conical, more or less 
elevated, composed of apertures rather larger than the average, and 
numerous mesopores. Zooecial walls comparatively thin through
out. Zooecia approaching the surface in a gentle curve, about 
seven in two mm.; with circular apertures, ranging from 0.18 to 
0.27 mID. in diameter; surr.onnded by a varia1:)le number of angu
lar or subcircular mesopores. 'rhe zooecial tubes expand very 
gradually from the point of their origin until they attain their 
normal size. In the first part of their course, they Ihave several 
diaphragms about their own diameter apart; after that, dia
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phraglllS become rare and may be entirely absent in the rest of the 
zooecial tube. The mesopores are tabulated very closely through
out; about three diaphragms in a space equaling their own di
ameter. 

"This species differs from the common O. ra'lnosa d'Orbigny 
in the less prominent monticules, which are rounded instead of 
conical. The tabulation of the tubes in the two species is also very 
different. Though very distinct from' G. elegantula Hall, the 
type of the genus, it is more nearly related to that form than is 
any other kno"\\'"Il species of the genus."-Ulrich, loco cit. 

This is the only species of Oallopora so far reported from the 
Richmond series. That there are several other species in these 
rocks is certain, although I have not specimens in sufficient num
ber at present to warrant the establishment of the new species . 

. 	Two of these forms I have figured, and another from the lower 
part of the Waynesville has the superficial appearance of O. sigil
laroides. Speaking more particularly of the specimens with the 
general appearance of O. subnodosa, I find some variation in the 
extent of the tabulation of the zooecia, which is not always as sim
ple as indicat0d by Ulrich. In many of the specimens that do not 
seem to me to be specifically separable from O. subnodosa, the 
zooecia are tabulated throughout their length. Other specimens 
commonly assoeiated with the typical form have instead of the 
low-rounded montiCUles, quite sharp montiCUles, similar to those 
of G. ramosa, and others still are entirely devoid of any, monti
cules at all, and yet have the internal and other characters of O. 
subnodosa. As to whether we are dealing here with the variants of 
a single species or with several distinct species I am not yet in a 
position to say, but I suspect that the former is the case. 

O. subnodosa (and its varieties) is a common fossil in the Rich
mond series. 

1.34~10, 14a, 14b, 15,16,17,18,19,20,21,22, B4-5 .... 1.41A4, 
5,6,7,8,9, B1, 2, 3, 01, 2-3, D1, 2,3, E1, 2, 3, 4, 6.... 1.12E3, F3. 

OALOPORELLA OIROULARIS (Jariles). 


Plate X, figs. 6·6c. 


Monticulipom (JIe.tcrotrypa) circularis James, 1882, 'The Paleon
tologist, No.6, p. 46. (Not figured.) 

"Oorallum, conCQ.vo convex; the concavity of the base corre
sponding with the convex upper surface, causing an even thick
uess of from 'less than half a line to about one line in different 
specimens; size, varying from one-fourth of an inch to one inch 

http:conCQ.vo
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in diameter; circular in outline; surface, even and destitute of 
'monticules,' or groups of larger calices than the average; aper
tures of cells of unworn specimens, sharp, but they are seldom 
found in that condition, nearly all, M far as observed, being more 
or less abraded, showing the cell walls M much thickened; cali
ces, subcircular, or somewhat angular in some cases, uniform in 
size, seven or eight' in the space of one line, sometimes arranged 
in regular, slightly curved rows of from four to twelve or more; 
no minute tube apertures observed, The concave base of unworn 
examples is covered with a very thin, delicate epitheca, showing 
very fine concentric lines, and radiating striae, worn ones show 
the bases of the corallites. Specimens partly embedded in the 
surface of rocks are M. often found base upward M downward; 
detached specimens are not uncommon, all indicating the free 
habit of the species. 

"Sections of the interior show two series of tubes, a larger 
and a smaller, the larger, only, being noticeable at the surface. 
In tangential sections the larger tubes are mostly circular with 
distinct borders; the smaller, which surround the others in some 
cases, are the most numerous, and vary greatly in shape. In a 
tranverse section, taken just above the base, the larger tubes seem 
to be slightly expanded, and the smaller not occupying so mueh 
space, otherwise it is very much like the tangential section. In 
vertical section the tubes take a somewhat bent or tortuous course, 
and are tabulate from the base to the upper surface, the smaller 
ones generally more closely than ·the larger. In most CMes, the 
tabulae are horizontal, but in some they take an oblique or bent 
course across the corallites. 

"Some specimens found associated with this exhibit a slight 
tendency to forming 'monticules,' but in other respects they seem 
idcntical. 

"In outline and habit of growth this resembles M. sp. dis
coidea, James, but in other respects it is materially different, par
ticularly the interior structure."--James, loc. cit. 

The internal characters of this species (the C. harrisi of W
rich) are substantially the same M in Callopora, and it is not im
probable that it may prove to represent the young of some species 
of that genns. 

1.331,\.3. 
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CERAMOPORELLA DIST.INCTA Ulrich. 

Plate X, fig. 7; Plate XI. figs. 2, 2a. 

Ceramoporella distincta' illrich, 1890, Geol. Illinois, VIII, p. 464, 
pI. xxxix, figs. 6, 6a. 

"Zoarium forming thin, parasitic expansions upon monticuli
poroids or Orthocerata; by the formatj,on of su~essive superim
posed layers, large masses may result. The layers vary in thick
ness from 0.5 to. 1.0 mID. Surface even, though sometimes appear
ing monticulose owing to the zoarium adapting itself to the irregu
larities of the surface to which it is attached. Zooecia thin-walled, 
at first prostrate, then becoming abruptly direct or almost so, more 
or less triangular or pyriform, and with well marked lunaria. In' 
young examples very oblique, almost imbri~ating. Apertures with 
thin obliquely projecting peristome, more elevated posteriorly, 
oval in shape, about 0.2 mm. in their longer diameter, arranged in 
regular series, about seven or eight in threemm. i\'iesopores shal
low, developed in great numbers, usually arranged in a single or 
double linear series, between the sides of the zooecia, occasionally 
completely isolating a zooecium. In the fully matured perfect 
condition their apertures are closed by a thin membrane. 

, 'This very pretty species is distinguished by its small cells 
and rather widely separated zooecia apertures. Their oval form 
and the continuation of the peristome around the anterior mar
gin are also quite distinctive. "-illrich, loco cit. 

Not uncommon in the Utica formation. 
1.34C2,5. 

CERAMOPORELLA ,GRANULOSA UlrIch. 

Plate XI. 11gB. 3·3a. 

Ceramoporella gramtlosa Ulrich, 1890, GeoL Illinois, VIII, p. 461)', 
pI. xli, figs. 2, 2a. 

"Zoarium forming masses, consisting of many superimposed 
layers, the initial layer being attached to some foreign body; in 
the type specimen a species of Packydictya. Surface even, granu
lose with groups of larger cells. Zooecia oval, direct to the surface. 
Lunarium prominent, narrow, occupying from one-fourth to one
third the circumference of the wall. Apertures somewhat ob
lique, irregularly oval, from 0.2 to 0.3 mID. in diameter, in diagon
ally intersecting series, about six in two mm. A considerable num
ber of rather small irregular mesopores are scattered about among . 
the zooecia. Rather abundant thin diaphragms intersect the tubes. 
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A large nnmber of small dark spots, precisely like acanthopores 
in tangential sections occnr in the~walls. Vertical sections, how
ever, show that unlike these structures they do not form continu
ojls thick-walled tubuli, bnt that they are developed at successive 
levels corresponding with the diaphragms. 

"The granules, numeroUS diaphragms, and less regular ar
rangements of its parts, distinguish this species from O. distincta, 
which it resembles in the size of the zooecia. I am not acquainted 
with any other specie~ that would admit of closer comparisons." 
-Ulrich, .zoc. cit. 

1'his form or a variety occurs in the Arnheim,near Harman's 
Station, Indiana. 

CERAMOP9REJ,LA OHIOENSIS (Nicholson). 

Plate XI, figs. 4-4g. 

Oerarnopora okioen.~is Nicholson, 1875, Pal. Ohio, II, p. 265, pI. 
XXV, figs. 10-10e. 
I I Polyzoary incrusting, forming thin expansions attached to 

the surface of Brachiopods or Corals, and consisting, typically at 
any rate, of a single layer of oblique cells. Cells arranged in in
tersecting diagonal lines, and disposed in a somewhat concentric 
manner round more or fewer central points; their upper walls 
thin and arched j the cell-mouths oblique, and, when most per
fect, semicircular in shapA. About eight cells in the space of one 
line. 

"Such are the' appearances presented by this fossil when quite 
perfect, and its examination in this condition leaves no doubt as 
to the propriety of placing it in Hall's genus Oeramopora. Worn 
examples, however, exhibit very different characters, and when 
tlie entire original surface has been abraded it is sometimes diffi
cult or impossible to determine whether one is dealing with this or 
some entirely different form. 

"When slightly worn, the appearances shown in fig. lOb [of 
Nicholson's paper] are exhibited. The delicate front wall of the 
cell has now.disappeared, and the cavity of the cell appears to be 
divided into two distinct compartments, a larger and a smaller, 
both of a somewhat triangular shape, by an oblique internal sep
tum. Other smaller cavities appear in addition in the walls sepa
rating the different cells. 

"When more deeply worn down, or under certain conditions 
not clearly understood, the cells appear in the form .of rounded or 
oval apertures, arranged in diagonal rows, but separated by a 
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vast number of small rounded foramina, which appear to be 
the mouths of interstitial tubuli. In this condition the fossil pre
sents much the appearance of certain species of Chaetetes (Monti
culipora). 

"The best examples of this singular polyzoon that I have seen 
grow in the form of thin crusts, rarerly exceeding one-fourth of a 
line in thickness, upon Strophomena alternata and upon various 
species of Chaetetes. In some examples, it would seem that sev· 
eral layers of cells are superimposed on one another; but I do not 
feel satisfied as to the real nature of these specimens, Not U:1· 

commonly the cells are concentrically disposed round a number of 
irregular areolae, each of which is formed by a number of cells 
r~diating from ,a central point. Young examples form circular 
crusts, with a slightly cupped center, 'from which the cells radiate 
in every direction. Lastly, examples are not uncommon which 
appear to have the form of small branching stems. Some of theRe, 
certainly, are merely constituted of thin crusts growing upon vari
ous ramose species of Chaetetes. Others, however, appear to be 
entirely cO!llposed of the polyzoon itself, without theinterventioll 
of any foreign body; and it is pos..<lible that these will eventually 
prove to be a distinct species, "-Nicholson, loc. cit. 

The internal characters of this species present little complexity 
and are sufficiently well indicated by the figures. (1. ohioensis is a 
common fossil ranging throughout the Cincinnati grcup. 

1.33A3.... 1.34C5, 7, 11, 13, 14a, 14b, Bl-3, AI, 3, 7, 8, 9, 15b, 
.... 1.41A4, 5, 6, 7, 8, D1, 2, E1, 2, 3, 4, 6.... 1.12A2, E3, F3. 

CERAMOPORELLA WHI'l'EI (James). 

Ceramopol'a 'Whitei James, 1878, .The Paleontologist, No.2, p. 12. 
(Not figured.) 
"Polyzaary a thin crmt grown upon foreign substances,-gen

era1ty corals-sometimes spreau all around, and in and over the in
equalities of very irrp;,ular surfaces of bodies of considerable size 
-3x6 inches, less or more, The cells seem to be mostly direct, but 
in some places may be slightly oblique and very little elevated at 
th~ apertures. An average of about 10 cells in the space of a line 
measuring in any direction, very irregular in shape and size~cir
cular, oval, triangular and other forms. Distributed irregularly 
over the surface are slightly elevated areolae, where the cells are 
generally smaller than the average on other parts: Cell walls very 
thin. A fMV minute tubules between some of the larger cells. 

[fil] 
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"Tbis species differs from Professor Nicholson's typical fom 
of C. Ohio81tsis in most of its features materially. The cell aper
tures are disposed in a confused manuel' (seemingly) over the 
surface of various shapes and sizes, and but slightly oblique or ele
vated, if at all, and somewhat smaller. That species is general1y 
found grown upon shells, this rarely. 

"C. Ohioensis is described as having the cells arranged in in
tersecting diagonal lines, and disposed in a somewhat concentric 
manner round more or fewer central points; their upper walls 
thin and arched; the cell-mouths oblique, and when most perfect, 
semi-circular in shape. About 8 cells in the space of one line. 
Our species is quite different from this description, the cells not 
being arranged in intersecting diagonal lines in a somewhat cop.
centric manner round fewer or more central points." -James, 
loco cit. 

This species is redescribed by Bassler as follows (James Types, 
p. 29): 

"The zoarium forms thin crusts over foreign bodies, but by the 
superposition of, numerous layers may become massive. Each 
zoarial layer is short, rarely exceeding 1.5 mm. in thickness. Sur
face smooth, the macnlae or clusters of rather thick"walled meso
pores not being elevated. Zooecia small, more or less angular, 
thincwaUed and direct, about 7 in 2 mm. Mesopores generally 
few, sometimes absent altogether. Lunarium occupying from one
fourth to one-third of the zooecial circumference, seldom over
arching the zooecial cavity and always a more or less inconspicu
ous feature of the surface. The internal structure is essentially 
the same as in other species of the genus and is more clearly 
brought out by the figures," etc., 

Not reported from Indiana, so far as I am aware. It may be 
expected to occur in the upper Lorraine and Richmond formations . . 

CHlLOPORELLA FLABELLATA Ulrich. 

, Pla.te XI, figs. 1, Ie., Pla.te XII. figs. I-lb. 

Fistulipora fiabellata Ulrich, 1879, Jour. Cin. Soc. Nat. Hist., II, 
p. 28, pI. vii, figs. 26-26b. 
"Polyzoary forming irregular, fan-like expansions, carrying 

cell mouths on both sides. Thickness usually varying from one to 
two lines. Surface sometimes raised into broad and inconspicuous 
monticules, carrying tubules of the ordinary size. Cells oval, with 
apertures a little arched, arranged in bent and rather irregular 
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rows; about five cells occupying the space of one line, the distance 
between them being equal to a little more than their diameter. 

"Intertubular space occupied by a great numbCr of minute 
cells, which are nearly equally distributed between all the tubes of 
larger or ordinary size. . 

" Longitudinal sectiQns show the tubules to be nearly vertical in 
the middle of the polyzoary, and then gradually bending outwards 
to the surface. 'l'abulae are very sparingly developed. 'rhese sec
tions clearly demonstrate that the interstitial tubuli observed on 
the surface, are not of the nature of a coenenchyma, but are only 
aborted cells. 'l'hey are developed only near the surface. In the 
central portions of a transverse section, the tubes are angular, of 
unequal size and irregular form, with no minute tubuli between 
them. ' '-Ulrich, loco cit. 

1.34B4-5. 

COELOCLEMA ALTERNATUM (James). 

Pla.te XII, figs. 2-2d; Pla.te XXVII, fig. 16. 

Cerarnopora alternataJames, 1878, The Paleontologist, No.1, p. 5. 
"Polyzoary consisting of hollow, branching, cylindrical or com

pressed stems from one to four lines in diameter, with irregular 
swellings; the hollows filled with foreign matter, (clay). Cell 
apertures of the most perfect specimens, elevated, oblique, arched, 
subcircular or oval; five or six in the space of a line including the 
interspaces; generally arranged in alternating rows, sometimes in 
a diagonal manner around the branches. Spaces between the cells 
equal to their diameter, or a little more or less on different ex
amples. Slightly cut longitudinal sections of some specimens show 
the cells arranged in diagonal, alternating rows of a lozenge-shape, 
with minute interstitial pores. .Distributed over the surface about 
two lines apart, are spots, sometimes slightly elevated, bearing 
fewer cell apertures and more or less of the small pores. The sur
face of worn or weathered examples-mostly so found-are nearly 
smooth; destitute in· most cases of prominent cell mouths, but 
show more minute interstitial tubes and. divisions, than perfect 
specimens. "--James, loco cit . 

. James's description together. with the figures given herewith is 
adequate for the identification of this species, which is a very com
mon fossil in the middle and upper part of the Eden formation. 

5.9A31. ... 1.34Co, 5, 6, 7. 8, 10, 11 .. _.1.38A5, 1 L 13. 
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OOELOOLEMA COMMUNE (Ulrich). 

Plate XII, figs. 3-3c; Plate XXVII, fig.. 17. 

D'iarnesopora commv,nis Ulrich, 1890, Geoi. Illinois, VIII, p. 469. 
pI. xxxix, fig. 3a; and pI. xli, figs., 5-5b. 

"This species is closely related to the preceding [D. vaupeli-
C. alternatumJ, but differs in being more robust in growth, in hav
ing well marked maculae, with subsolid centers, from which the 
cell apertm'es radiate out in all directions. The apertures imme
diately surrounding the maculae are a1sv slightly larger than the 
others, while an obscure concentric arrangement prevails. On the 
whole, the cell apertures are also somewhat larger, and the peris
tomes thicker. 

"Position and locality: Cincinnati group. 
"This form is commonest in the layt'rs exposed in the river 

bank opposite Cincinnati, 0., where D. vaupeZi is not known to 
occur. It has a vertical range of about 125 feet, and in the last 
25 feet, the two species are found asaociated. "-Ulrich, Zoe. dt. 

Bassler" has shown in a recent paper that the Ceramopora con
centrica James, is a synonym of CeramoporeUa okioensis; and 
hence that CoeZoclema concentrica (James) is a synonym 'of C. 
commune (Ulrich) instead of the reverse being the case. 

Coeloclema commune is abundant in the Eden, and in the upper 
Eden it is associated with C. aUernatum, from which it may be 
distinguished by the absence of maculae in the latter species. 

5.9A31. ... 1.34C5, 7, 8, ~ .. .1.38A21, 24, 37. 

CONS ELLARIA OONSTELLATA Dana. (Van Cleve MS.) 


Plate XII, figs. 4·4e; Plate XXVII, fig. 19. 


ConstelZa1'ia consteUata Dana, Zoophyt03S of the Wilkes EXPfldi

tion, 1846, p. 537. 
"GENUS CONSTELIJARIA. We separate under this name a 

species with the compressed branches, illternal strm:ture, and sur~ 
face cells of many of the above genus [Stenopora), but having the 
verrucae oblong and arranged in stellate groups over the surf~ce, 
a character of physiological importance, Glomerate forms may 
also occur. A species of this genus is named Ceriopom consteltata 
on the plates of Western fossils by Van Cleve. The genera Pela
gia and Lichenopora, described in the appendix to the Madre
poracea, have a similar stellate arrangement, but they are of doubt
ful character, and the last has been referred to the Bryozoa grQllp. 

• Bassler, Pl'oc. U. S. National Museum, vol. XXX, pp. 25, 26. 
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A recent species described by Michelin, Liehenopora glomerata, is 
quite similar to the Constellaria in its surface and the size of the 
cells; but there are no characters stated which decide that it be
longs with the Favositidae." -Dana, loe. cit. 

The internal characters of this species were very carefully 
described by Ulrich (Cincinnati Society, 1883, p. 267), under the 
name Oonstellaria florida, proposed by him for a supposedly new 
sI(ecies in 1882\ From his description I condeuse the following: 

Tangential sections cutting just beneath the surface of the 
zoarium present two phases. The usual appearance is as follows: 
The maculae which at the surface appear to be subsolid are seen 
in the section to be composed of numerous very thin walled, often 
elongated, angular interstitial cells, which in the center of the 
macula are larger than the true zooecia, while in the extremities of 
the rays they are not more than half as large. Between these rays 
five to fifteen of the zooeciaare aggregated into irregularly ellipti
cal groups .. The zooecia in these groups are subeUiptical in shape. 
In the intermonticular spaces the zooecia are circulat' in shape and 
thicker walled. They are sometimes completely isolated by a series 
of large mesopores, though more usually they are in partial con
tact. Sections cut from a sufficiently matured example show the 
second phase as follows: In this phase the walls of the zooecia are 
comparatively thick and the mesopores are scarcely at all visible. 
In their place is a mass of sclerenchymlt interspersed with small 
dark spots, each enclosing a smaller lucid spot. These latter are 
probably small foramina. 

LongitUdinal sections show that the axial region is occupied by 
rather large and very thin walled zooecia in which diaphragms are 
nearly lacking. As they approach the surface the zooecia bend 
outward abruptly, !tnd in the matnre region a very large number 
of rapidly expanding mesopores are developed, in which dia
phragms occur, beco}1J.ing crowded. as the surface is reached. 
These diaphragms are as a rule complete and at about the same 
level in adjoining tubes. A common fossil in the lower part of the 
l.orraine. 

1.34013, 14a .... 1.38P. 
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CONSTELLARIA CONSTELLATA var. PROMINENS Ulrich. 

Plate XXVII, fig. 18. 

. Constellar,ia florida val'. prom-inens L"lrich, 1883, Jour. Cin. Soc. 
Nat. Hist., VI, p. 269, pI. xiv,'fig. 3. 

"Figures 3 and 4 represent two varieties, which are sufficiently 
marked by their external ~haracters to render their separation 
from the more typical forms of the species usually an easy task. 
I therefore propose the name of prominens for fig. 3. It is distin
guished by its large and remarkably prominent monticules, which, 
so far as observed, never coalesce. rl'heir diameter will average 
about .15 of an inch; their height about ..05 inch; in the space of 
one half inch square, about sixteen may be counted. 'l'he branches 
are usually sub-cylindrical, with an average diameter of about .4 
of an inch. 

"This variety is apparently restricted to a few feet of strata, 
and marks an horizon about 200 feet above low water mark."
Ulrich, loco cit. 

This species seems to mark the boundary between the Eden and 
Lorraine formations. 

1.34013.... 1.3SA65. 

CONSTELLARIA LIMITAIUS UlriCh. 

Plate XIII, fig. 2; plate XXVIII, fig. 2. 


8teZliipora lirnitaris Ulrich, 1879, Jour. Cin. Soc. Nat. Hist., II, p. 
126, pI. xii, figs. 8-Sc. 

"Grows in cylindrical or sub-cylindrical, sometimes hollow 
branches, the diameter of which varies from three to five lines; or 
in small lobate or sub-palmate masses. Branches in the ramose 
examples dividing dichotomously at varying distances, irregularly 
thickened and nodulated. Surface with the tube-mouths on all 
sides, the tubes cylindrical and radiating in all directions from an 
imaginary central axis. Scattered, generally' over' the entire sur
face, are numerous stellate spaces, each of which has a diameter of 
a line or a little more, sometimes considerably depressed, but usu
ally on a level with the surrounding surface; the number of the 
rays radiating from the body of the star varies from five to eight; 
these frequently bifurcate once or twice, and unite with those ema
nating from the adjacent stars, thus producing a sort of network. 
'l'he stars are usually regular in outline, sometimes elongated, and 
arranged in rather irregular transverse or oblique rows, three stars 
generally occupying a space of three and a half lines; it is how
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ever not very rare to find specimens with a portion of the snrface 
destitute of the stellate spaces. The central area and the rays of 
the stars are composed of aggregations of very minute subangular 
tubuli, but appear to be solid, unless examined with a sufficiently 
high magnifying power .. The surface between the stellate maculae 
is covered with smaH circular calices, the margins of which, in pro
tected parts, are slightly raised; from six to eight tube orifices oc
cupy the space of one line. Intertubular space about one third as 
thick as the width of the tube mouths, and minutely tubular. 

"Longitudinal sections of the branches' present the tubes as 
proceeding in a gentle curve from the middle or axis of the branch 
to the surface, and as they approach the surface ~nd have arrived 
to within one line of the same, they bud off one or two more slen
der tubes; the tubes before they have been thus multiplied are 
traversed by complete and close tabulae, a little more than one 
tube diameter apart. . Near the surface the tubes are of two kinds, 
smaller and larger ones; the former are at intervals collected into 
groups, which represent the stellate maculae on the surface; be
tween these the remaining tubes are placed alternately, one larger 
and one or two smaller; the large tubes representing the true 
cells, while the smaller ones represent the minute tubull in the in
tercellular spaces. The diaphragms in both kinds of tubes are 
close set, about two thirds of a tube diameter distant from each 
other. 

, 'In transverse sections the tubes near the margin are seen to 
be cut longitudinally, while in the center they are divided trans
versely, and here they are thin-walled and generally with an hex
agonal outline. 

"In sections taken parallel with and close to the surface, the 
stellate spaces are seen to be occupied by a network of sub-angular 
cells. 'l'he tubules are circular, and fill up the space not occupied 
by the maculae; they are separated by a similar network of mi
nute cells as those composing the maculae. 

, ''l'his species in its external characters approximates closely to 
Fistulipora, McCoy, since the stellate and intertubular spaces in 
their structure are essentially the same as the cellulose tissue, of 
which the intertubular spaces and maculae, in most of the species 
of that genus, are composed. Fist1.tlipora (Oallopora) incrassata, 
Nicholson, has star-like spaces, occupied by very minute tubuli, but 
these spaces have no radiating ridges surrounding them. In 8. 
limitaris there are also none of these ridges, and in these two 
species the resemblance is very manifest. On the other hand, in 
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sections of S. limitaris, taken parallel with and close to the sur
face, we find a striking similarity to sections of the same kind of 
Chaetetes decipiens, Rominger, and C. frondosus D 'Orbigny, while 
in longitudinal sections much affinity is presented to several ra
mose species of Chaetetes. The species of Stellipora and their nu
merous varieties, in fact are connecting links between Chaetetes 
and Fistulipora. Stellipora anthelloidea, Hall, is distinguished 
from this species, exteriorly, by its sub-frondescent growth,' by 
having the spaces between the rays of the stellate maculae raised, 
and the tubes smaller. Interiorly we find that the tubes in the 
middle of the branch or frond are crossed by remote tabulae, and 
as they approac~ the surface the curve is more abrupt than is the 
case in S. limitaris. "-Ulrich, loco cit. 

This beautiful species is found associated with C. polystomeUa 
in the Richmond formation. It is readily distinguished from that 
species by the. fact that the .rays of the maculae are not elevated, 
but rather depressed, and also by the fact that C. limitaris is a ra
mose or sub-ramose species, while C. polystomella is frondescent. 
C. fischeri which somewhat resembles it in the appearance of the 
surface is not an associated species, and besides is also frondes
cent. 

1.34AI3b, 14a, 14b .... 1.41Dl. 

CONSTELLARIA POLYSTOMELLA Nicholson. 

Plate Xln, figs. I-lb; Plate XVlII, fig. 1. , 
Constellaria polystomella Nicholson, 1875, PaL Ohio, II, p. 215, pI. 

xxii, figs. 7, 7 a. 
"Corallum in all essential points of structure resembles the 

preceding [Constellaria anthelo,idea], consisting of erect, flattened, 
palmate expansions, the thickness of which is from two to three 
lines. Surface covered with very prominent stars, formed of a 
series of elevated ridges radiating from a central depressed area. 
and surrounded by depressed interspaces. Each star is usually 
composed of from eight to as many as thirteen elevated ridges, 
some of which are smaller than the others. The ridge-like ele
vated rays are occupied by comparatively large sized circular 
calices, which are also present, though not so closely set, in the 
interspaces between the stars. The central areas of the stars are 
occupied by innnmerable excessively minute circular pores, which 
appear to be the openings of coenenchymar tubnli, and similar 
pores exist everywhere between the corallites which are placed in 
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the intervals between the different stars. Each star is (in the best 
preservd portions of the coral) circumscribed and separated from 
the adjacent stars by a distinct hexagonal border, which has no 
great width, and is occupied solely by the coenenchymal tubuli, 
and not by the ordinary corallites. 

"Though undobtedly closely allied to OonsteUa1'ia antheloidea, 
Hall [=Oonstellaria consteUata Dana], it seems to me that O. 
polystomella is sufficiently distinguished by the fact that the dif
rerent stars are definitely bounded in the latter and appear to 
occupy definite polygonal areas, whilst in the former no line of 
demarkation can be detected between the different stars other than 
that afforded by the outer terminations of the clevated ridges. 
In addition to this character, however, the present species would 
seem to be distinguished by its very prominent stars, by the large 
number of rays which are generally present in each individual 
star, and by the conspicuous presence, both in the central areas 
of the stars and also in the interspaces between the different coral
lites elsewhere, of very numerous and very minute cylindrical 
tubuli, which can hardly be regarded as other than coenenchy
mal. "-Nicholson, loco cit. 

This species is sufficiently distinct from O. constellata, and 
occupies a quite different position in the section from that species. 
O. polystomella is confined to the Richmond formation and C. con
stellata to the Lorraine. The figures of tangential and longitu
dinal sections given herewith will indioote the internal characters 
better than pages of description. 

L34A12, 14a, 14b .... L41D1, E3 .... 1.12F3. 

DEKAYIA APPRESSA Ulrich. 

Plate XIII, fig. 8. 

Dekayia appressa Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., VI, p. 
152, pI. vi, figs. 7-7b. 
"Zoarium in rare instances subfrondescent, usually ramose, 

and from one to three inches in height. Branches flattened, divid
. ing frequently, from .3 to .4 of an inch iu width, and from .15 to 
..25 of an inch in thickness. Surface without monticules, but pre
senting groups of cells somewhat larger than the average, at in
tervals of about .075 inch, measuring from center to center. When 
the pellicle is preserved, and this is often the case, the spiniform 
tubuli are, though rather small ~nd few, apparent enough. But 
when the pellicle is not preserved they are not readily detected. 
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Cells thin-walled, with the exception of the groups mentioned, in 
all probability consist of one kind only, those of the ordinary size 
having a diameter of 1/130th inch, while that of those in the clus
ters may exceed 1/90th inch. An occasional small cell is met with, 
that, thoug'!l I much doubt it, may be of the nature of an intersti
tial cell. 

"Longitudinal sections show that the tubes in the axial re
gion are nearly vertical, and that in their course to the surface 
they bend abruptly outward, their walls, which, as usual, are very 
thin in the a,xial region, becoming but slightly thickened as they 
enter the peripheral portion. Diaphragms are but rarely devel
oped in the 'immature,' or axial region, and only from five to ten 
in the 'matured' portion of a tube, where they are placed at dis
tances apart of from one-half to one tube-diameter. Occasionally 
a small and short tube may be detected in which the diaphragms 
appear to be a little more closely set than is the case ill the ordi
nary tubes. The spiniform tubuli being few and of rather small 
size, are not a conspicuous feature in sections of this kind. 

"In tangential sections the cells are thin-walled and angular, 
the groups of larger ones being often very distinct. On account 
of the thin cell-walls the spiniform tubuli, though of compara
t,ively small size, are very apparent, occupying the angles of junc
tion of every three, four or five cells . 

•, The frequently branching, sometimes anastomosing zoarium 
of this species, does not resemble very closely any associate form. 
Some of the smaller specimens of Dekayella ulrichi .• Nicholson sp., 
occurring over two hundred feet lower in the series, bear some 
external resemblance to fragments of D. appressa. The numer
ous interstitial tubes, and rounded cell-apertures of the former. 
amply serve the purpose of distinguishing them. "-Ulrich, loco cit. 

1.34Bl-2. 

DEKAYIA ASPERA Milne-Edwards and Haime. 

Plate XIII, figs. lHlb; Plate XXVII, fig. 20. 

Dekayia aspera Milne-Edwards and Haime, 1851, Monographie 
des Polypiers Fossiles des Terrains Palaeozoiques, p. 278, pl.. 
xvi, figs. 2, 2a. 
, 'Polypier en masse subramifiee et un peu irreguliere. Calices 

petits, polygonaux, a murailles simples,peu inegaux, presentant a 
leur angles et a des distances variables des cones tres-saillants, 
compactes, aigus et stries. qui donnent un aspect spinuleux it la 
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surface. Largeur des calices, un quart de millimetre. Planchers 
horizontaux. 

"SILURIEN (inferieur). Etats-Unis: Cincinllati (Ohio). 
"ColI. de Verneuil. "-Milne-Edwards and Hrume, loco cit. 
Owing to the unnsllally characteristic surface features of this 

well known species, the rather meager description of Bdwards 
and Haime is snfficient for its recognition, and conpled with his 
figure leaves no doubt as to the identity of the form. The internal 
characters, however, are eqnally i~teresting' and characteristic, 
and I therefore take the liberty of appending a further descrip
tion of this important species. 

Zoarium consisting of somewhat flattened stems attaining a 
diameter of several cm. Surface smooth except for the unusually 
conspicuous spines caused by the projection at the surface of the 
large set of acanthopores. This gives an unmistakable appearance 
to the species. 'The zooecia are polygonal and thin walled, and 
mesopores are practically absent. No monticules or maculae of any 
kind. 

In tangential sections the zooecia are thin walled, polygonal, 
and in complete contact at all points. An occasional smaller zo
oecium, probably a young individual, is seen. The most striking 
feature of such sections is the enormous acanthopores, at times 
nearly as big as an ordinary zooecium. Interspersed among these 
large acanthopores. and plainly visible, even in the mature region, 
are a number of smaller acanthopores of about the size normal to 
D. frondosa. The wall strncture is much the same, also, as in the 
latter species. 

In longitudinal sections the zooecia are seen to bend very grad
ually outward from the immature region and to reach the surface 
at nearly a right angle. No diaphragms or other structures are 
present, except rarely a diaphragm or two near the surface. The 
large acanthopores are shown by longitudinal sections to extend 
into the immature region, and sometimes to cross over from one 
zooecium to another. They are in fact a very conspicuous feature 
of such sections. 'I'his is the only feature that causes longitudinal 
sections of this species to differ from similar sections of D. magna. 

1.34013, 14a .... 1.38P. 
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DEKAYIA FRONDOSA (d'Orbigny). 

Plate XV, figs. I-Ie; Plate XXVIII, fig. I}; Plate XXIX, fig. l. 

Monticulipora frondosa d'Orbigny, 1850, Prodrome de Paleontol
ogie, I, p. 25. (Not figured.) 

"·376. Frondosa, d'Orb., 1848. Espece a larges frondes dont 
Ie!! monticules sont coniques et tres-espaces. Etats-Un'is, Cincin
nati, Ohio. "-d'Orbigny, loco cit. 

The status of Monticulipora frondosa d 'Orb. has finally been 
determined by the publication of sections of the type specimen 
in the collection of d 'Orbigny. It proves to be the form identified 
as such by Ulrich in 1882· and referred to the genus H eterotrypa. 
The first publication of figures of thin sections of the type of this 
species is in a recent paper by Ulrich and Bassler, l' and a repro
duction of a photograph of a section has been published still more 
recently in the Annales de Paleontologie, Tome I, pI. ix, fig. 10, 
together with a figure of the type (pI. ix, fig. 9). The writer's 
Dekayiaperfrondosa therefore becomes It synonym of D. frondosa_ 

The following description of the -species is based on specimens 
in the writer's collection: 

The zoarium is in general frondescent, though massive or sub
massive forms occur, especially in the upper part of its range. The 
large example figured by Milne-Edwards and Haime is a good ex
ample of the frondescent form, and I have figured in this report 
an example of the massive form. I suspect that as a matter of fact 
the massive forms are the basal portions of the species, and that 
in all cases when fully grown, it developed frond'!. 0 'Orbigny's 
specimen is a small, somewhat irregular frond, with the typical 
surface characters. Superficially the fronds are set with rather 
small, usually sharp, monticules, although in such examples as 
figured by Edwards and Haime, the monticules are rather low and 
rounded, if he has correctly indicated them. I must say that mon
ticules of this sort are the exception. In the type, the monticules 
are spaced about 3 mID. from center to ·~enter, as measured on the 
photograph given in the Annales de Paleontologic. The zooecia 
vary from polygonal to circular in shape, the latter form occurring 
where the mesopores are more abundant. 'fhe latter are not ag
gregated in the monticules, notably, but are distributed rather 
uniformly throughout the zoarium. 

In tangential sections cutting the mature region the zooecia 
are moderately thicl~ walled and circular, touching each other at 

·Jour. CIn. Soc_ Nat. Rlst., V. p. 133 and p. 235. 

tSmttbsonian Miscellaneous Collections, vol. 47, p. 25, pI. xi, figs. 1-3. 
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several points, except in the case where the mesopores are numer· 
ous, when they are completely isolated by the latter. The lumen 
of the zooecium is surrounded first by a (':one of light-colored seler
enchyma, and this in turn by Ii narrow zone af darkccolorHd 
sclerenchyma, the remaining space between neighboring zOClBcia 
consisting of light-colored material, in which the mesopores are 
lodged. The walls of the latter are rather indefinite. The waH 
structure, just described, characterizes in a gen~ral way all specie!' 
of the genus. 

Longitudinal sections show that the zooecial walls are very 
thin in the axial region, and become, thickened immediately upon 
passing into the deep mature region. In the latter, diaphragms 
are abundant, in some specimens, and onb' moderately.abundant in 
others. Tn the section of the type, as figured in the Annales de 
Paleontologie, they are abundant. In the mesopores, diaphragms 
are about twice as abundllJlt as in the zooecia. An occasional 
curved diaphragm is present. 

Acanthopores are present in moderate number, and are usually 
of small size, though in some specimens lin occasional acanthopore 
of large size can be demonstrated. This species is found through
out the greater part of the Lorraine, i!-nd at some horizous is com
mon. 

1.33A3 .... 1.34BI-3, 4-5, CI3, 14a, 14b ... .1.12A2 . ... 1.3SBa-h. 

DEKAYIA FRONDOSA var. CYSTA'.rA Cumings. 

Plate XIV, figs. 1, 1a; Plate XXVIII. fig. 3. 

DekayeUa cystata Cumings, 1901, American Geologist, XXVIII, 
p. 375, pI. XXXV, figs. 1-6a. 
"Zoarium consisting of flattened branches, at times 30 mm. 

or more in width. Surface covered with small conical uionticules, 
about three in the space of 5 or 6 mm. Cells 0.2 mm. to 0.15 mm. 
in diameter. 'l'he monticules are composed of groups of cells 
larger than the average, interspersed with a greater or less number 
of very minute cells (mE'.sopores). The latter are practically con
fined to the regions of the monticules. 

"Tangential sections reveal the characteristic cell structures 
of the genus, with the large and small sets of acanthopores. 

"IJongitudinal sections show numerous diaphragms about one
half cell diameter apart in the large cells and much more numerous 
in the mesopores. A peculiarly characte.ristic thing is the presence 
of an occasional cystiphragm, especially near the surface. 

http:CYSTA'.rA
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" Observation: This species might easily be mistaken for 
Heterotrypa subpulchella, from which it differs in the two sets of 
acsnthvpores and the presence of curved diaphragms.' '-Cumings, 
loco cit. 

1.34B4-5, C14b .... 1.3SP. 1.33A3. 

DEKAYIA INFLECTA (Ulrich). 

Plate xv, figs. 2-2a. 

Heterot1'ypa inflecta Ulrich, 1890, Geol. Illinois, VIII, p. 414, pI. 
xxxvii, figs. 2-2d. 
"Zoarium frondes~ent; s6ldom over four cm. in width, six cm. 

in height, and five mm. thick; usually only about three in thick
ness. Surface smooth or with slight elevations of cell apertures 
somewhat larger than the average. Zooecial tubes bending 
abruptly into the cortical region, with walls slightly flexuous in 
the axial region .. Zooecia apertures circular,0.14 to 0.18 mm. in 
diameter, with about eight in two mm. A large but variable num
ber of angular mesopores scattered among the zooecia, rather more 
numerous in the clusters. Diaphragms only one or two in each 
zooecial tube; numerous in the mesopores. Acanthopores present 
in considerable numbers, frequently indenting the visceral cavity, 
in well preserved specimens very conspicuous on the surface, giv
ing it a hirsute appearance. 

This species is distinguished externally. from H. frondo8(J,'· 
D 'Orbigny, its nearest ally, by its much more delicate growth, 
strictly frondescent form, monticules wanting or but little elevated, 
conspicuous acanthopores and larger number of mesopores. In
ternally it has very few diaphragms, which structures are abund
ant in M. frOndosa. "-ulrich, loe. cit. 

This is another of the species of Dekayia with numerous and 
strong acanthopores, as in the D. ulrichi group. In the specimen 
figured herewith, the acanth0pores are distinctly of two sizes. It 
is altogether a more delicate species than D. frondosa in its zoarial 
habits and is distinguished superficially by the fact that the acan
tho pores strongl~T inflect the zooecia, from which fact the name is 
derived. It is not a common form. 

1;33A3. 

http:circular,0.14
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DEKAYIA ULRICHI var. LOBATA Cumings. 


Plate XXVII, fig. 21. 


Dekayella ulricki var. lobata Cumings, 1902, American Geologist, 
XXIX, p. 203, pI. ix, fig

1 
2; pI. x, fig: 5; pI. xi, figs. 3, 4. 

"'Zoarium consisting of irregularly lobed and greatly com
pressed branches or of wavy true fronds arising from a cylindrical 
base which is doubtless attached by an expansion as in other 
frondescent species. An average frond has a thickness of 4 mm. 
to 5 mm. and a breadth of 20 mm. or more. Surface nearly smooth, 
often completely so; but showing in some specimens subsolid 
sometimes slightly elevated maculae of cells somewhat smaller than 
the average. Zooecia round, about 45 to the centimeter and from 
0.16 mm' to 0.2 mm. in diameter. Mesopores numerous, angular, 
filling all the interstices between the zooecia. The surface of some 
specimens seems to be covered in places with a thin pellicle" as in 
other species of Dekayia. 

"Longitudinal sections show that the diaphragms are approxi
mately horizontal, fairly crowded in the mature region and COI).sid. 
erably more numerous in the mesopores, which are constricted at 
the level of each diaphragm. The walls present the pecul!ar 
beaded appearance characteristic of D. ufricki. 

, 'Tangential sections near the eurface show that the zooecia 
are ring-like in the mature region, with fairly thiek walls. The 
acanthopores are fairly abundant, and of two sizes, the smaller 
somewhat more numerous. The ratio of the diameters of the 
largest and smallest acanthopores seen, is about as four to one." 
-Cumings, loco cit. 

This species is not uncommon in the lower portion of the Lor
raine near Manchester Station, Indiana. 

1.34C14a. 

DEKAYIA MAGNA Cumings. 

Plate XIII. figs. 6, 6a; Plate XXVIII, fig. 8. 
" , 

Dekayia .magna Cumings, 1901, American Geologist, XXVIII, p. 
375, pl. XXXIV, figs. 1-6. 

"In form and general appearance this closely resembles D. 
aspera E. & H. The zoarium consists of irregular flattened 
branches (as in the IJawrenceburg specimen) or more frequently 
of robust frequently branching masses (as in the Vevay specimen) 
ofa diameter of 40 mm. or more. Spines can occasionally be 
detected upon the surface. 
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"1'angential sections show that the cell walls are thin with 
usually a well defined median lamina. Acanthopores few, small. 
Diaphragms extremely few; occasionally one or two near the sur
face. 

"Observation: This form might \ be considered as identical 
with D. aspera but for the small size and less frequency of the 
acanthopores. 

" Loca~ity : Vevay and Lawrenceburg, Indiana, in the Platy
strophia laticosta zone. ' '-Cumings, ~oc. cit. 

After the above description was published, I ·about came to 
the conclusion that I had been dealing with an abnormal example 
of Dekayia aspera. I am still, however, unable to demonstrate the 
large acanthopores which characterize the latter species, and it 
therefore seems to me to be best to retain the present designation, 
provisionally, at least. 

1.34C14b.... 1.33A3 .... 1.38P. 

DEKAYIA OBSCURA (Ulrich). 

Plate XIV, figs. 3, 3a. 

DekayeUa obsc7wa Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., VI, 
p. 89, pI. i, figs. 4-4b. 
"Zoarium ramose, consisting of slender ramulets, .18 to .25 

of an inch in diameter, dividing dichotomously at intervals of .4 
inch or more. Monticules are not developed, the surface usually 
being smooth. Cells from 1-120th to 1-11Oth of an inch in dial!l
eter, with moderately thick walls, and sub angular apertures. 
'When in a good state of preservation, the cell-orifices over large 
patches of the surface are entirely covered, or only partially, by a 
very thin pellicle or membrane. It is developed from the margin 
of the aperture inwardly, and when not fully completed, an ir
regular opening is left ~n the center. The boundary lines of the 
cens are now thin, and project but little above the pellicle. The 
interstitial cells are numerous, and vary much in shape and size, 
but are always more or less angular. At intervals of about .1 
inch, they are usually aggregated into unequal clusters. The spi
niform tubuli are of two'kinds, large and small, the former may 
be observed very readily at the surface, and they often show the 
minute orifice at their summits. About five may be counted in the 
space of .1 inch. The latter are smaller and much more numerous, 
and can not be detected' except on perfectly preserved examples. 
'l'hey are developed in the cell-walls, and three or four surround 
each cell. 
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"In tangential sections the proper cells are subcircular, and 
have thick walls. Each cell-cavity is encircled by a thin band or 
ring of dark sclerenchyma, the thinner original walls having a 

. lighter color. The interstitial cells are numerous, unequal aud an
gular, those constituting the clusters or 'maculae' being separated 
from each other by rather thin walls. The large f>piniform tubuli 
arc distinct enough, but the smaller ones can not always be de
tected. Especially is this the case in examples taken from a 
shaly matrix. In other specimens they are more apparent. 

"Longitudinal sections show that diaphragms, with an occa
sioal exception, are entirely absent in the axial region, where the 
walls of the tubes are also very thin..The tubes approach the sur
face in a gradual curve, and as they enter the peripheral regions, 
their walls are thickened, sometimes becoming slightly beaded. 
Very thin straight diaphragms are developed, crossing the tubes 
at distances apart of from one to one-third tube diameter. The 
interstitial cells are divided by diaphragms, only a little more 
crowded t~' thos~ in the proper zooecia. The large spiniform 
tubuli make their first appearance in the axial region, and in 
their course to the surface, they frequently cross obliquely over the 
tubes (see figure). The smaller ones are first developed in the 
'mature'or peripheral region, and can always be seen when the 
section passes through 'the face of a. tube. The figure on Plate I 
[of Ulrich's paper] represents two tubes so divided. 

"In transverse sections the tubes in the central portion of the 
branch are slightly larger than nearer the margin. The walls are 
excessively thin, and polygonal, often nearly circular. Numerous 
smaller and more angular cells (young) occupy the interspaces 
left between them. The_ margin of the section cuts the tubes 
longitudinally, where they have the same appearance as in the 
peripheral regions of a vertical section. "-Ulrich, loco cit. 

This delicate species is the genotype of ljlrich's genus Dekay
ella. It occurs sparingly associated with D. uZrick-i,. 

1.3400, 2, 5, 6. 7, 8, 9. 

DEKAYIA PAUPERA Ulrich. 

Plate xv, tlgs. 3. 3a; Plate XXVIII •. till:. 6. 

Dekayia paupm'a lnrich, 1883, Jour. Oin. Soc., Nat. Hist., VI, p. 
. 153, pI. vi, figs. 10, lOa. 

"Zoari~m ramose, the more or less flattened branches growing 
upward from a large and thinly expanded base, to a height of one 

f52J 
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and one-half inches or a little more; varying in thickness from .15 
to .3 of an inch, and in width from .2 to .8 of an inch. Surface 
without monticules. Oells polygonal, with excessively thin walis, 
the ordinary ones having a diameter of about Ij120th of an inch.• 
At intervals there are distinct groups of large eells, some of which 
have a diameter exceeding 1/70th of an inch. 'l'rue interstitial 
cells are apparently wanting, the few small cells occasionally seen 
being doubtless young ones. The spiniform tubuli I have not been 
ahle to detect at the surface. Pellicle not observed. 

"In longitudinal sections the excessively thin-walled tubes in 
the axial region are seen to be crossed by few remote diaphragms. 
'l'he tubes approach the surface with a gentle curve, the thickening 
of the walls that usually takes place as they enter the peripheral 
region is scarcely perceptible in this species. The diaphragms are 
quite numerous in the 'mature' or peripheral region, being about 
one tube diameter distant from each other. When the section 
passes through the spiniform tubuli they are, despite their small 
size, readily detected by the thickened appearance they.give to the 
cell-walls between which they are placed. I have not been able to 
find any traces of interstitial tubes. 

"Tangential sections of this species are remarkable for ex
cessively thin-walled angular cells, between every five or six of 
which the spiniform tubuli, which are smaller than in any other 
species of the genus, and inconspicuously isolated. 'l'he groups of 
large cells, mentioned in the description of the surface characters, 
are of course, quite distinct in this kind of section. 

"This species is closely allied to D. appressa in its growth and 
general features. Under the hand glass that speeies is seen to 
have somewhat smaller eells, less conspicuous clusters of large eells, 
and thicker tube-walls. Internally the much smaller spiniform 
tubuli of D. paupera will serve to distinguish them. "--Ulrich, 
loco cit. 

1.38P. 

DEKAYIA PELLIOULATA Ulrich. 

Plate XIII, figs. 4, 411.; Plate XXVIII, fig. 5. 

Dekayia pelliculata Ulrich, 1883, Jour. Cin. Soc. Nat. Rist., VI, 
p. 150, pI. vi, figS. 9, 9a. 

, , Zoarium . ramose, with smooth, thick, mostly rounded, some


times flattened branches, arising from a large basal expansion, and 
gradually tapering from the base, where the diameter, ,varies from 
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. 5 to 1.0 inch, to their terminal ends, where the diameter is usually 
not over .3 inch. On well-preserved e~amples the cell apertures 
over large patches of the surface are covered by a thin pellicle, 
the cell walls appearing as only very faintly elevated lines upon 
its surface, while the surface extensions of the spiniform tubuli 
are more distinct and. prominent than when the pellicle is want
ing. About five may be counted in .1 inch. At distances apart of 
'about .1 inch, the surface shows clusters of cells slightly larger 
than those of the average size, interspersed among which are 
small and unequal aggregations of much smaller cells, that in all 
probability represent the apertures of interstitial tubes. Cells 
with moderately thin walls, angular, those of the ordinary size 
varying in diameter from 1/120th to 1/100th of an inch, while that 
of those forming the clusters mentioned rarely ex~ed 1/90th 
of an inch. 

"In longitudinal sections the tubes ill the axial region have, 
as usual, excessively thin walls, and are only occasionally provided 
with an isolated diaphragm, these structures becoming, however, 
more numerous in the peripheral region, where they cross the tubes 
at distances apart of from one-half to one tube diameter. The 
cells turn very abruptly from the axial into the peripheral region, 
becoming at the same time slightly thickened, and proceeding in 
their course to the surface they follow a line drawn at a right 
angle to the longitudinal axis of the branch. In the peripheral re
gion may be noticed quite a number of small, obscurely beaded 
tubes, in which the diaphragms are somewhat more closely set than 
in the proper zooecia, and always cross the tube at the periodic 
points of stricture. In other tubes again the diaphragms are re
mote and sometimes entirely wanting. On the whole the tabulation 
of this species is peculiar. The spiniform tubuli are always dis
tinctly visible, and have the usual structure. 

"Tangential sections show that the cells are thin-walled, and 
more or less angular, that the spiniform tubuli are comparatively 
small, and occupy the angle of junction between every three or 
four cells, and that they are further isolated by being situated 
between two to four small interstitial cells. From five to fifteen 
of the latter also occupy the interstices between the larger cells 
of the clusters, which even in these sections are not very striking. 

"This species is distinguished from D. aspe'l'IJ externally by 
its more regularly dendroidal growth, smooth surface (so far as 
monticules are concerned), and less conspicuous spiniform tubuli. 
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Internally the much more numerous diaphragms, and interstitial 
tubes, beside the smaller ~piniform tubuli, present weighty points 
of difference. " -Ulrich, loc. cU. 

I have remarked in my discussion of the genera IIeterotrypa, 
OekaY'ia, etc., that the presence of a pelli01e over the mouths of the 
zooecia does not seem to me to be a cha-raclerof,any especial im
portance. The species above described, does, however, possess suf
ficiently distinctive characters, in the form of the zoarium, number 
of the mesopores and acanthopores, and the presence of .close-set 
diaphragms in the mesopores, to make it valid. 

1.34CI3 .... 1.38P. 

DEKAYIA PROLIlnCA (Ulrich). 

Plate xv, figs. 4-4b; Plate XXIX, fig. 3. 

Heterotrypa prolifica Ulrich, 1890, Geol. Illinois, VIII, p. 413, pI. 
xxxvii, figs. I-1d. 

"Zoarium frondescent, or subramose with m'Q.<W flattened 
branches, varying in thickness from four to twelve mm., and at 
times attaining a height of ten cm. Low rounded tuberosites ar
ranged in irregularly intersecting lines and composed of cells a 
little larger than the average, commonly surrounding a cluster of 
mesopores, serve to break up the monotony of an otherwise smooth 
surface. Zooecial tubes curving in the axial region, direct through
out the peripheral region, whare the walls become considerably 
thickened. Zooecia apertures sub-polygonal, about eight in two 
mm. and 0.15 to 0.18 mm. in diameter. InMrspaces occupied by 
calareous matter; where very wide by a few mesopores with illy 
defined walls. Most of the mesopores are found in the clusters. 
A few diaphragms in the axial region; in the transition period 
they become more numerous; in the cortical region they are close 
set, a tube diameter or less apart. In the outer portion of this 
region they are often concave, sometimes tending to the infundi
bular form. Mesopores more closely tabulated than the zooecial 
tubes. Acanthopores a little more than one-third as numerous as 
the zooeeia; when not situated at the angles, generally. inflecting 
the zooecial cavity a little. 

"This species approaches quite closely to H. frondosa d'Orb., 
having a somewhat similar growth; but in that species the zooecia 
are more angular, the walls thinner, mesopores far more numerous 
and the acanthopo;res rather more abundant. 

"Position and locality: Cincinnati group. A common form in 
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the upper beds at Blanchester, Ohio. It also occurs at Wilming
ton, Ill. The H. f1'Ondosa is restricted to the lower half of the 
Cincinnati group. "~Ulrich, loc. cit. 

'1'0 my mind there is very little difference between this species 
and D. frondosa. The main and almost the only reason for sepa
rating them is the difference in range, the latter species occurring 
~)Iily in the Lorraine. It is certain that D. prolifica is the Rich
mond representative of 'D. frondosa of the lower horizon. 

1.34AlO, 11, 12, 13a ... .1.41A7, E1, 3, 4 .... 1.12E3. 

DEKAYIA SUBI<'RONDOSA Cumings. 

Plate XIV, ftgs. 6-6c; Plate XXVIII, ftg. 1Q. 

, Dekayia subfrondosa Cumings, 1902, American Geologist, XXIX. 
p. 204, pI. figs. 7, 8; pI. x, fig. 3; pI. xi, fig. 1. 
"Zoarium growing upward from an expanded cylindrical basal 

attachment into flat fronds of a thickness of 10 mm. to 15 mm. 
and a breadth of as ~uch as 60 mm. A specimen nearly complete, 
except the cylindrical base has a height of 110 mm. The frond has 
a tendency to give off compressed branches along the free edges. 
Entire surface covered with small rather abruptly elevated monti
cules with an average diameter of 1.5·mm:; from 12 to 13 occupy 
one square centimeter. At the apices of the monticules the cells 
are smaller than the average. Cells mostly of one kind, 0.25 mm. 
in diameter, 40 cells to the cm. 

"The internal structure of this species as seen in tangential 
sections is highly instructive. In tangential sections cutting the 
mature region the cells are seen to be rather thin walled, the walls 
of adjacent zooecia being apparently amalgamated. That this is 
not the case is well shown in fig. 8, PI. X [of above paper] where 
the section cuts a portion of the zoarium that has been fractured 
and infilled with calcite along the fracture. The zooecia are spread 
apart, the wall formerly apparently common to two zooecia being 
now half on one side, half on the other of the calcite seam. Where 
an acanthopore is present the zooecial will separates from it 
cleanly. Indeed, the acanthopore is sometimes left completely 
isolated in the calcite, showing that these structures belong to 
neither zooecial wall. The attention of those who deny the duplex 
character of the interzooecial 'wall should be ealled to this phe
nomenon. 

"Only a moderate number of small tubes are seen thr,pughout 
the main part of ordinary tangential seetions. Fig. 8 PI. IX [of 
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above paper] shows a cluster of small tubes in a portion of a sec
tion in which the walls are also thicker than usual. Tangential 
sections of the branchlets, however, present almost identically the 
same appearance as sections of D. ulricki rabusta. 

"Acanthopores are numerous and conspicuously of two sizes. 
They are not confined to the angles of the zooecia, but frequently 
indent their walls. 

"Longitudinal sections show that the mature region is very 
deep, the thickness of the zooecial walls varying but little from 
where the tubes bend outward, to the surface. The large acan
thopores are conspicuous features of such sections. The walls pre
sent the beaded appearance characteristic of the genus. This, I 
believe, is in some cases due to the fact that the section cuts in. 
and out of the side of an acanthopore. The large acanthopores 
traverse the entire mature region and are sometimes present even 
in the axial region. Diaphragms are abundantly developed, hori
zontal or, rarely, curved or infundibu,J.ar, from one-third to two 
tube-diameters apart in the zooecia, and closer set in the mesopores. 
The walls of the latter are constricted where the diaphragms join 
them. "-Cumings, lac. cit. 

This ·species-seems to me to quite completely break down the 
line between IIeterotrypa and Dekayia and Dekayelta as formerly 
understood. In the form of the zoarium it certainly would be 
considered as a specimen of D. frandasa. . The presence of two 
well marked sets of acanthopores would throw it into the genus 
Dekayella, and the absence of mesopores in some regions of the 
zoarium would suggest Dekayia. Tangential sections of the 
branches can scarcely be distinguished from sections of Dekayia 
robusta. 

1.34013. 

DEKAYIA SUBPULCHELLA (NichQlson). 

Plate XVI, figs. 1. la; Plate XXVIII. fig. 11. 

Ckaetetes sub-pulckellus Nicholson, 1875,· Pal. Ohio, II, p. 196, pI. 
xxi, figs. 6, 6a. 
"Corallum branched, the branches usually hollow, always more 

or less compressed, and sometimes so much flattened as to become 
frondescent. Greatest diameter of the branches, from four lines 
to nearly an inch. The average coralIites are circular or polygonal 
in form, with comparatively thin walls, about eight in the space 
of one line, with or without a few very minute cylindrical tubuli 
intersp~rsed amongst them. Intercalated amongst the ordinary 

http:infundibu,J.ar
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corallites are rounded or sub-stellate spaces, about one line in diam
eter, and placed nearly one line apart, which are occupied by 
tubes of two kinds. The exterior of each of these spaces is formed 
by a ring of corallites which are slightly larger than the average, 
about six of them occupying one line. Inside of this ring is a 
series of from twenty to forty excessively small cylindrical tubuli, 
forming a little cluster of pin-like punctures or perforations. The 
composite clusters of large and small corallites thus constituted 
are very slightly or not at all elevated above the general surface, 
and they melt away insensibly at their margins into the ordinary 
corallites. 

'l'his species is closely ailied to C. pulokellus, Edw. and 
Haime. but appears to be distinguished sufficiently from it by the 
flattened and compressed form of the branches, and the composite 
character of the hardly elevated tubercles, which do not consist 
throughout of large sized corallites, but have an external ring of 
large 1ubes surrounding an internal cluster of very minute tubuli. 
I have fotmd these characters constant in a large number of in
dividuals, and consider, therefore, that I am justified in describing 
this form under a distinct title. "-Nicholson, loo. vito 

The supposed hollow branches of this species are due to the 
weathering out of the immature region. The figures given here
with will sufficiently indicate the internal characters, which do not 
differ materially from those of D. prolifioa except in the greater 
thickness of the walls and the greater size and number of the acan
thopores. The tangential section figured in this report (from a 
specimen labeled by 'L1.rich) certainly shows two sets of acantho
pores as in the so-called genus DekayeZla. 

1.34C14a. 

DEKAYIA SUBRAMOSA (Ulrich). 

Plate XV, figs. 5, 5b; Plate XXIX, fig. 2. 

Ataotopora subramosa Ulrich, 1879, Jour. Cin. Soc. Nat. Hist., II, 
p. 124, pI. xii, figs. 6-6c. . 
"This is not a truly parasitic species, though attached by a 

broadly expanded base to foreign objects. In certain positions 
of the bryozoary there appears to have been an exCt:)ssive growth, 
the consequence of which was the development of large nodes, or 
of short and thick branches. Diameter of branches about four 
lines. Surface without monticules. Tubes small, polygonal, quite 
irregular in size and arrangement, and with numerouS minute in
tertubular cell"!; the latter are at irregular intervals collected 
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into groups; of the interstitial tnbuli the groups alone are dis
tinguishable on the surface, those interspersed between the ordi
nary tubes being apparently closed, and can ouly be detected in 
thin sections. 'rube calices of irregular shape, usually nearly 
closed by accretions to the margins; in the open calices the mar
ginR are thick and smooth; pseudo-septa not invariably developed, 
few in number, probably never more than three, and generally 
only one or two in each tube. From eight to ten, or even twelve 
tubes occnr in the space of one line. 

, 'Longitudinal sections show the tubes to be transversely divided 
by diaphragms, placed at corresponding levels in contiguous tubes. 
The diaphragms are about two-thirds of a tube diameter apart. 
The tube walls in the lower· portions of the tubes are very thin; 
they become thicker as the surface is approached. A peculiar fea
ture is the periodic swelling of the walls at heights coincident with 
the tabulae. In the minute tubuli the diaphragms are more closely 
set than in the larger tubes. 

"It would be quitc impossible to confound this"J,jpecies with 
any other form, since it differs more or less in nearly all particu
lars from those previously described." -Ulrich,' loc. cit. 

For the identification of this species I have depcnded princi
pally . upon the external form of the zoarium, and the fact that 
the well-known D. prolifica is considered as only a variety of it. 
The 'pseudo septa' mentioned in the above description are evi
dently the acanthopores, which more or less indent the zooecia. 
For the internal characters the student is referred to the figures, 
and to the description of D. prolifica. 

1.41E2, and common in the "upper fossil bed" at Versailles. 

DEKAYIA ULRICHI (Nicholson). 

Plate XIV, figs. 4-4b; Plate XXVIII, fig. 7_ 

Chaetetes /letckeri Nicholson (non Edwards and Haime), 1874, 
Qual'. Jour. Geo1. Soc. London, XXX, p. 504, pI. xxix, figs. 6, 
6a. Monticulipora (Heterotrypa) ulricki Nicholson, 1881, 
Genus Monticulipora, p. 131, fig. 22, p. 132. 

"Corallum ramose, branches from 1112 to 3 lines in diameter, 
cylindrical or subcylindrical, often irregularly swollen at intervals, 
dividing dichotomously usually at considerable intervals. Coral
lites with moderately thick walls, the average ones of unequal 
sizes, about eight in the space of 1 line, and having very minute 
tubuli sparingly interspersed amongst them. Surface smooth, des
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titute of tubercles, but occasionally showing groups of corallites 
which are very slightly larger than the average. 

"The examples of this species which I possess from the Clin
ton group (Upper Silurian) agrees entirely with the description 
given by Edwards and Haime, being smooth, and simply having a 
moderate number of very minute tubes irregularly intercalated 
amongst the ordinary corallites, these latter varying slightly in 
their dimensions. On the other hand, the Lower-Silurian example; 
which I have referred to this species, though also smooth, and 
also having minute tubuli sparsely interspersed amongst th~ larger 
corallites, exhibit distinct groups of corallites which are of rather 
larger size. than the average, and which are not set upon distinct 
elevations. They thus approach C. pulchellus, from which they 
are hardly distinguishable except by the fact that the groups of 
large sized corallites are not nearly so conspicuous, the individual 
corallites which compose them being only very slightly above tbe 
average size. On the contrary, in C. pulchellus the groups of 
large-size oor'allites are very conspicuous, as the corallites compos
ing them are nearly or quite twice as large as the ordinary ones, 
Perhaps the Lower-Silurian forms here regarded as referable to 
C. fletcheri may constitute a distinct variety either of this or of 
C. p~tlchellus. "-Nicholson, loco cit. 

As is well known now, this species is not the same as the 
Silurian Chaetetes fietcheri, under which name Nicholson described 
it, as he himself pointed out (Genus lVTonticnlipora, p. 131) when 
he came to investigate the internal characters. 

Its external characters are indicated above, with the excep
tion that a very abundant series of mesopores is usually devel
oped, the zooecia are .ring-like, and the acanthopores frequently in 
well preserved material give rise to minute spines at the surface. 
The zoaria are characteristically smooth and cylindrical, and of . 
medium size, the specimen figured (after Nicholson) being about 
typicaL As to internal characters, in tangential sections cutting 
the mature region, the zooecia are seen to be nearly always cir
cum:r, with moderately thick walls, and surrounded by small 
angular mesopores. Scattered among the zooecia and imbedded in 
their walls are a moderate number of acanthopores of two sizes, 
the greater number being small and not conspicuous, while there 
are occasional much larger ones, that seem to arise much deeper 
in the zoarium than the smaller ones, the latter being confined to 
the matur~tegion. In longitudinal sections the zooecia and meso
pores are both seen to be crossed by well defined and complete 
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diaphragms, rather more crowded in the mesopores. These are 
much less frequent in the axial region. The zooecia bend rather 
abruptly from the axial into the mature region, and emerge at 
right angles to the surface, where their walls become eo~sid.erably 
thickened. 

'l'his species is abundant in the upper part of the Eden Shales 
(Utica) which it characterizeS. 

5.9A31, 35, 41, 44 .... 1.3400, 5, 6, 7, 8, 9, 10, 11. ... 1.38A9, 11, 
13, 21, 24, 31, 35, 37, 39, 41, 45, 49, 51, 53, 59, 63, and at all other 
localiti~s where beds of equivalent age are exposed. 

DEKAYIA ULRICHI var. ROBUSTA (Foord). 

Plate XIV, figs. 2-2b; Plate XXVII, fig. 22. 

Dekaye.lla robusta Foord, 1884, Ann. Mag, Nat. Hist., ser. 5, XIII, 
p. 341, pI. xii, figs. 2-2d. 
" Corallum ramose, frequently branching. Branches thick, 

usually cylindrical, sometimes compressed. Surface, covered with 
small but tolerably conspicuous monticules, situated about 3 milli
metres apart, and bearing cells of a somewhat larger size than 
those in the intermediate spaces. The apertures of the corallites 
are polygonal in outline, and in places where the surface is well 
preserved some of the larger of the spiniform corallites may be 
seen with a hand lens. Of the larger corallites about four occupy 
the space of 1 millimetre, of the smaller about five. 

(t Microscopic characters.-Tangential sections reveal clearly 
the dimorphic character of the corallum, which is provided with 
two kinds of tubes, large and small; both are of polygonal form, 
and their outline is inflated in many place,; by the occurrence of 
numerous spiniform corallites. These also are of two kinds: The 
larger are usually situated at the angles formed by the junction of 
four or five cells, and fill a space quite as great as that occupied 
by some of the interstitial cells; the smaller are generally found 
to be ill the substance of the cell-walls. about midway between 
two angles. 'rhe spiniform corallites form a very conspic.uous 
feature in tangential sections of this species, and give to such sec
tions a highly characteristic appearance. Under a moderately high 
power traces of the original walls of the corallites may be discerned 
in tangential sections; but as a rule this structure appears to have 
been destroyed in the process of fossilization. In longitudinal sec
tions the two sets of tubes are clearly brought into view. In the 
larger ones ihere are numerous horizontal, sometimes slightly ob
lique, tabulae, situated at from one-half to one tube-diameter 



BRYOZOA-DESCRIPTION OF SPECIES. 827 

apart; they begin in the axial region of the corallum, and are 
about equally developed in their course from thence to the periph
eral region. 'l'he smaller tubes do not differ in the character 
of their tabulation from the larger ones, except that the tabulae 
in the former are a little more frequent than they are in the latter. 
There is a feature worthy of note in the structure of the walls of 
this species, and that is a periodic inflation, which reminds the 
observer of a similar structure characteristic of the genus Steno
pora (Lonsdale). Mr. Ulrich draws attention to a like feature in 
his description of a Cincinnati-group species of DekayelZa-D. ob
soura, Ulrich (Journ. Cincinnati Soc. Nat. Hist. voL vi, p. 150). 

"On leaving the axial region the ,tubes rapidly thicken towards 
the surface, the spiniform corallites being seen at frequent inter
vals piercing the corallum and intermingling with the ordinary 
corallites. The spiniform corallites appear to originate in the axial 
region of the corallum, as they may be seen in sections cut as 
deeply as it is possible to make them without destroying the walls 
of the tubes;'· 

"It may be well here to enumerate the chief characters which 
separate this species from the only two known to the writer, viz.: 
Dekayella ulrioki, Nicholson, and D. obscura, Ulrich--both from 
the Cincinnati Group of Ohio. From the former of these the pres
ent type may be distinguished as follows :-by its much more' ro
bust habit of growth, by the possession of monticules, and by the 
much greater number of its tabulae and spiniform corallites. The 
exceedingly small and delicate corallum of D. obscura, Ulrich, 
would be sufficient alone to differentiate it from D. robusta, and 
added to this the great development of the tabulae and spiniform 
corallites in the latter make the distinction between the two forms 
sufficiently clear. "-Foord, loco cit. 

The internal characters of this species are substantially the 
same as those of D. ulricki, and the same as may be seen in sim
ilar sections of the branches of the Dekayia subfrondosa de
scribed by me. 

1.34C9, 10, 11, 13. 

DTCRANOPORA EMACERATA (Nicholson). 

Plate XXXII, figs. 13·13b. 

Ptilodictya emar.crata Nicholson, 1875, Ann. Mag. Hist. 4th ser., 
XV, p. 179, pI. xiv, figs. 2-2b. 

"Polyzoary consisting of minute, narrow, linear fronds, which 
branch dichotomously, and have the form of a much flattened. 
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acutely pointed ellipse in transverse section. Width one third of 
a line; length of largest specimen observed, two linf)s. Cells 
elliptical, their long axes corresponding with that of the branches, 
about six or seven in the space of one line measured longitudinally. 
There are four, five, or rarely six rows of cells in the frond. When 
four rows of cells are present, two of these (in the centre) are 
longitudinal, and one row on each side is composed of cells directed 
in an obliquely ascending manner. When there are five rows, as is 
most commonly the case, the three central ones are longitudinal 
and the lateral row on each side is oblique. When there are six 
rows. tWQ central ones are longitudinal and two on each side 
oblique. The cell-mouths ar~ much longer than wide, and each 
row is separated from the next by an elevated line. 'fhe lateral 
margin of the frond on each side forms an obtuse non-cellulifer
ous edge,.· the width of which is so small that it can not always 
be detected. A central axis was not clearly determined, but is 
doubtless· present. 

"The ollly previously recorded species of the genus to which 
Ptilodictya emacerata presents any close resemblance is P. fragilis, 
Billings, from strata of the same age in Anticosti (Oat. Sil. Foss. 
of Anticosti, p. 9). Our species, however 1 is distinguished from 
the latter by its uniformly more minute dimensions, the smaller 
number of rows of cells in the frond, and the possession in gen
real of no more than a single row of cells on each side. P. f'l"a
g11is, on the other hand, has a width of from two-thirds of a line 
to one line, with from eight to ten rows of cells, and two or three 
rows of oblique marginal cells on each side. It is possible our 
form is only a variety of P. fragilis; but in the absence of figures 
of the latter, and in the face of the differences above mentioned, I 
think it safest to regard P. emacerata as a distinct species."
Nicholoson, loe. cit. 

This species is found in nearly every layer of the Liberty for
mation, in the Tanner's Oreek section and in other parts of the 
Richmond and IJorraine. 

1.34All, 12, 13b, 14, 16b, 17, 18, 19, 20, '21, 22, 23 ... . 1.41A4, 
5, 6', B1, 3, 01, 2-3, D1, 2, 3, E2, 3, 5, 6, 7.... 1.12Dl-6, E3, F3. 

J<1RIDOTRYP A SnIUI,ATRIX Ulrich. 

Plate XVI, figs. 4-~b; Plate XXIX, figs. 5-5a. 

Batostomella simulatrix Ulrich, 1890, Geol.Illinois, VIII, p. 432, 
pt xxxv, figs. 1-lg. 
"Zoarium dendroidal, throwing off cylindrical branches from 

two to five mm. in diameter. Surface smooth, with clusters not at 
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all or but slightly elevated, in which the interspaces between the 
cells are wider and mesopores more numerous than elsewhere. 
Zooecial tubes a little irregular in their course in the axial portion, 
quite oblique in the peripheral zone where the walls become con
siderably thickened. Apertures of zooecia oval, owing to the ob
liquity of the tubes, about 0.2 mm. in their longer diameter and 
about eight in twomm. measuring longitudinally. Zooecial tnbes 
for a short distance after their origin rather closely tabulated, 
afterwards the diaphragms become apout two tube diameters or 
less apart. MesOpores moderately abundant, with rather close-set 
diaphragms. Acanthopores very small. 

"In the oval form of the cells, the numerous mesopores, the 
frequent closure of the cell apertures by perforated opercular 
structures, this species is remarkably like OaUopora sigillaroides 
Nich., but its internal structure is altogether different. Internally 
it can scarcely be distinguished from B. trentonensis Nich., from 
the Trenton limestone @f Ontario, but the smaller size of this 
species, and its rather more oval apertures and different horizon' 
discriminate the form from that. "-Ulrich, loo. oit. 

This species occurs chiefly near the top of the Waynesville 
member of the Richmond. series, but also sparingly in the succeed
ing IJiberty formation. 

1.34A8, 9, 10, 14a, 14b, 15a, 16a, 16b .... 1.12E3. 

ESCHAROPORA ACUMINA'I~A (James). 

Ptilodiotya acuminata James, 1875, Catalogue of Lower Silurian 
Fossils of the Cincinnati group, p. 3. 

"Polyzoary ensiform; transversely suboval; enlarging very 
gradually upwards from the pointed base; two series of elevated 
lines crossing each other ,diagonally on the upper part, but becom
ing almost Or quite parallel and close together as they near the 
base, giving to the point' a solid appearance. Cells about eight in 
the space of a line, meaSuring diagonally; rhomboidal or suboval 
on the upper part, but ~ecome more and more elongated towards 
the base and disappear ~ before reaching it. A longitudinal ele
vated line on each side where the diagonal lines meet; somewhat 
carinate. 

"Different examples vary in length from half an inch to more 
than one inch, and in width, at the broadest part, from three
fourths of a line to one -and a half lines; in thickness Jrom one
>talf to one line. 

"The surface of this species resembles P. faloiformis, Nicholson. 
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but in otht\r respects it differs materially; P. falciformis is quite 
flat, much larger, broader, and thinner, and generally, expands rap
idly from the point or base; some specimens are over four inches 
long, from one-half to three-fourths of an inch wide and only 
about half a line thick; the edges thin and sharp; exceptional 
long narrow specimens of falciformis are found, but they are very 
thin and frail. P. ac'uminata approaches in form to a compressed 
cylinder, is quite convex, rounding to the carinated sides, and ex
pands very gradually from. the base. 

"It bears some resemblance, also, to Phaen.opora ensiformis, 
Hall, from the Clinton group of New York, but differs essentially 
in the direction of the elevated lines and the nearly solid base."
James, loco cit. 

This is probably a narrow and less robust variety of EsckMO
pora falciformis. E. acurninata is characteristic of the Eden for
mation and E. falciforrnis of the lower part of the Lorraine. 

5.9A2. 

Es~rL~ROPORA l<~.ALOIFORMIS (Nicholson)'.'" 

Plate XVI. figs. 5. 5a. 

l'tilodictya lalciforrnis Nicholson, 1875, Ann. Mag. Nat. Bist., 4th 
ser. XV, p. 177, pI. xiv, figs. I-lb. 
"Polyzoary consisting of a single, unbranched, or slightly 

branched, elongated, flattened and two-edged frond, the form of 
which is curved or falciform, and which gradually expands from a 
pointed base till it reaches a width of two lines within a distance 
of less than half an inch above the base. The total length may 
exceed two inches; but the width, in typical examples, rarely ex
ceeds two and a half lines. The transverse section is acutely ellip
tical, the thickness in the middle not exceeding half a line; and 
the flat faces of the frond are very gently curved and not angu
lated. A central laminar axis, though often undemonstrable, can 
sometimes be clearly shown to exist. The edges of the frond are 
thin and sharp, formed by a narrow band, which is marked with 
longitudinal or slightly oblique striae imd by the apertures of mi
nute imperfect cells. Both sides of the frond are celluliferous, the 
cells being apparently perpendicular to the surface, and being ar
range!! in intersecting diagonal lines, which form angles of about 
30° with the sides of the frond, and thus cut one another at about 
60°. The mouths bf the cells are oval. or somewhat diamond
shaped, their long axis, coinciding with that of the frond, alter
nately placed in contiguous rows, about eight in the space of one 
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line measured diagonally; the outermost rows very slightly smaller 
than the others. Walls of the cells moderately thick; no surface
granulations" tubercles, spines, or elevated lines. The mouths of 
the cells parallel with the general surface, neither lip being espe
cially prominent, and the plane of the aperture not being oblique. 

"As a general rule the polyozoary is simple, unbranched, and 
falciform. I have seen, 1;lowever, in the fine collection of Mr. Dyer, 
of Cincinnati, some specimens in which the frond bifurcates ·at its 
distal extremity, and at least one example in which it splits into 
three divisions., I have also seen examples of what may probably 
prove to be a distinct species, in which the frond is very much 
wider than is normally the case. 

"This beautiful speties is allied to Ptilodictya (Esckaropora) 
recta, Hall, on the one hand, and to P. lanceolata, Goldf., P. gladi
ola, Billings, and P. sulcata, Billings, on the other hand. The 
specimens from which the above description is taken were sent to 
me with the label of Esckaropora recta attached to them; and at 
first sight they certainly closely resemble this species, especially in 
the disposition of the cells in intersecting diagonals of great regu
larity. It is certain, however, that they are distinct from Hall's 
species--the chief differences consisting in the fact that the frond 
of P. talcitonnis is greatly flattened, so that the transverse section 
is acutely elliptical instead of being' cylindrical or subcylindrical ,: 
whilst the edges are sharp and non-celluliferous, and the entire 
frond is regularly curved and sabre-shaped instead of being' 
straight. Hall states that E. sckaropora recta is not branched, 
but possesses root-like processes. Judging, however, from his fig
ures, it would seem probable that his specimens have been drawn 
and described in an inverted position, and that this form is in 
reality dichotomously branched. . 

"From Ptilodictya lanceolata, Goldf. the present species is 
readily distinguished, more especially by the disposition of the 
cells, which are in regularly inte!secting diagonal lines; whereas 
in the former there is a central series of longitudinally arranged . 
cens, flanked on each side by diagoI\al rows directed like the barbs 
of a feather. 

"With Ptilodictya gladiola, Billings, our specics agrees in the 
shape of the frond; but it is proportionally twice as wide, whilst 
the cells are oval instead of being rectangular or oblong, and are 
disposed in decussating dit.t.gonals instead of in longitudinal lines 
as in the former.' 

"Lastly, Ptilodictya sulcata, Billings, whilst resembling P. tal
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ciformis in shape, is distinguished by the nearly square cells with 
intercellular sulci, and by the fact that the cells are arranged in 
longitudinal lines. "-Nicholson, Zoc. cit. 

5.9A41. ... 1.34013, 14a, 14b. 

ESCHAROPORA PAVONIA (Milne-Edwards and Halme) not d'Orbigny. 

Plate XVI, fig. 6; Plate XXIX, fig. 6 . . 
Chaetetes pavonia Milne-Edwards and Haime, 1851, Monographie 

des Polypiers Fossiles des Terrains PilJaeozoiques, p. 267, pI. 
xix, figs. 4, 4a. 
"Polypier en lames frondescentes, epaisses seulement de 2 ou a 

millimetres, a mamelons a peine saillants; larges et peu espaces. 
Oalices polygonaux, souvent tetragonaux, ceux des mamelons plus 
grands que les autres, et larges d 'un tiers de millimetre. 

"SIIJURIEN (inferieur). Etats-Unis: Cincinnati (Ohio). 
"ColI. d'Orbigny, de verneuiI."-Milne-Edwards and Haime, 

loe. cit. 
It seems impossible to believe that the form figured by Edwards 

and Haime (loc. cit.) is the same species or even congeneric with 
the type of Ptilodictya pavonia d 'Orbigny as recently figured in 
the Annales de Paleontologie, Tome I, pI. IX (Paris, 1906), and 
which proves to be the same as the common Peronopora decipiens 
(Rominger). I have therefore, since the two forms fall in widely 

. separated genera, concluded to retain the name Escharopora pa
vo·nia, crediting it to Edwards and Haime instead of to d 'Orbigny. 
This involves the least change, and I believe there can be no doubt 
as to the identity of Edwards and Haime's species. It will of 
course be necessary to substitute Peronopora pavonia (d'Orb.) for 
Feronopora decipiens (Rominger)'. Evidently the specimens in 
the type lot of d 'Orbigny represent at least these two distinct 
species and possibly more. 

In order to supplement the meagre description of Edwards and 
Haime I quote below the very full description of Nicholson: 

"Spec. Char.--Corallum forming a thin -undulating expansion, 
often of considerable extent, . and varying from half a line to about 
two lines jn thickness.· The expansion grew in an erect position, 
and it consists of two layers of corallites, which have their bases 
fixed to a medium plane marked by a delicate undulating calcare
ous membrane, and which open on opposite sides of the corallum. 
The corallites vary from a quarter of a line to a line in total length, 
and though oblique at their origin, they almost immediately bend 
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outwards, so as to opim nearly at right angles to the general sur
face, or with only Ii slight obliquity to it. The calices have the 
form of elongated pentagons, with rounded angles, their long dia
meter being from 1-11Oth to 1-9Dth inch. Their size is tolerably 
uniform, and there are no minute interstitial tubes. 'rhe calices are 
often arranged in tolerably regular obliquely intersecting lines; 
and the surface shows low rounded elevations, which are often-ob· 
scurely marked, are arranged in diagonal rows at intervals Of from 
a line to a line and a half, and are occ\lpied by calices which are 
not conspicuously larger or smaller than the average. The walls 
of the corallites are at first thin; but they rapidly become thick
ened, the lines of demarkation between adjacent tubes still remain

- ing recognizable. A few remote, complete, and horizontal tabulae 
are developed in the interior of the tubes; but these are not recog
nizable in all the corallites, and are often placed at corresponding 
levels in adjoining tubes. 

"Obs.-:This beautiful species presents a considerable super
ficial resemblance to Ptilodictya, and has been referred to this 
genus. It wants, however, the definitely circumscribed and pe
culiarly marked lateral margins of the fronds of this Polyzoan 
type, and, what is more important, it is without the peculiarly stri
ated central lamina of the Ptilodictyae. - It is true that the bases 
of the corallites in M. pavonia, I) 'Orb., [E. & H.] are so united 
with one another as to give rise to an. irregular calcareous mem
brane, which separates the two halves of the coraUum; but none of 
the specimens that I have seen exhibit any tendency to split along 
the line of this membrane, nor can the corallites be forcibly re
moved from one side of it, exposing the median lamina as a definite 
structure. In both _these respects the PtilodiCtyae would show 
quite different phenomena. The reasons just gi~en would equally 
prevent my accepting the view held by Mr. E. O. lirich that this 

. form should be referred to Hete'fodictya, Nich., since this genus 
differs from Ptilodictya principally in the poss3s'3ion of tabulae. 
On the other hand, the general aspect of M. pavonia, D 'Orb., is not 
at all remarkably ·different from' that of the thin fronds of M. 
frondosa, D 'Orb., while it exhibits low 'monticules'; and there is 
nothing in its internal structure which is irreconcilable with the 
view that it is a -Montictllipnra. In the meanwhile, therefore, J 

_ 	shall leave this type within the limits of the genus Monticulipora, 
till more definite evidence may be forthcoming as to its proper po
sition. 

[53] 
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"SO far as external characters ~o, M, pavonia, D 'Orb., is easily 
recognized by its thin undulated corallum, which carries on both 
sides the sub-equal, oval, or pentagonal calices, these being often ar
ranged in decUssating lines, and eleva.ted at intervals into low and 
incOnSI)icuousmonticules. As regards its internal structure, we 
have seen that the corallites are bilaterally disposed on the two 
sides of a central plane, as is·shown by vertical sections taken at 
right angles to the flat surfaces of the corallum. All the corallites 
are of the same kind, apP.I"oximately equal, and averaging 1-10Oth 
inch in diameter. At first thin-walled, they rapidly have their 
cavities contracted by a secondary deposit of sclerenchyma. When 
viewed in tangential sections the visceral chambers of the corallites 
thus appear to be oval; but the original independence of the coral
lites is shown by the persistence of . the pentagonal boundary lines 
between adjoining tubes, occupying the middle line of the thick
ened wall. In these sections the visceral chambers are sometimes 
encroached upon by a single· blunt tooth-like projection on one 
side; but I can give no precise explanation of this phenomenon. 
There is no appearance of any interstitial series of tubes between 
the ordinary corallites, nor are any 'spiniform corallites' present. 
Tabulae, as seen in long sections, are few in number, sometimes ap
parently wanting, but, when developed, alwa.ys complete and hOl'i
zontal, and often placed at the same level in adjoining tubes, and 
thus marking stages of growth.,"-Nicholson, Genus Monticulipora, 
pp. 195-198, 1881. 

To this description should be appended the remarks of Ulrich in 
regard to the systematic position of the species. After quoting 
Nicholson to the effect that the form in question lacks the striat.pd 
margin of Ptilodictya .and is without the peculiarly striated central 
lamina of that genus Mr. Ulrich says: 

"The first character .. .. .. is, of course, not developed 
along the growing margin of the fronds, but in all specimens pre
serving the' articulating process', the non-poriferous margin may 
he traced along the edges of the lower portion of the frond. .. .. .. 
Judging from the above quotation, it· would appear that Dr. 
Nicholson has entirely misconceived the character of the median 
laminae of the Ptilodictyonidae. If I understand him correctly, he 
believes that the axis is constituted by a definite structure from 
which the two layers of cells may be striped. This impression is 
manifestly erroneous, nor do I know of a ,single double-l~aved Bryo
zoan in 'which such a structure may be demonstrated. In Ptilo
dictya the facts are, simply, that we have two layers of cells which 
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are grown together back to back by the adhesion of the epithecal 
laminae of each ls)'er. • • ·"-Ulrich, Jour. Cin. Soc. Nat. 
Rist. V, p. 164. 

The species has since been referred by ffirich to the genus 
Esckaropora"', a genus very nearly related to PtiZodictya. 

Since Esckaropora 1!avonia (E. & fl.) is an llIldoubted Bryo
zoan, it serves to emphasize the difficulty of Nicholson's pOsition in 
contending that the MonUculiporidae (in the broad sense of older 
authors) belong to the Corals: for Nicholson referred the form, as 
will be noted from the above description, to the genus Monticu
lipora. 

This species characterizes the lower part of the Lorraine. 
1.34014a, 13 .... 1.38Ba, b. 

FElNESTELLA GRANULOSA Whitfield. 

-Plate XXIX, figs. 7, 7a. 

F enestella granulosa Whitfield, 18 i 7, Annual Rcport of the Wis
consin Geological Survey for the year 1877, p. 68. (Not fig
ured.) 

"Bryozoum, growing in small fan-shaped or funnel-formed 
fronds, which rise from a root-like base, by which they have been 
attached to foreign substances. Longitudinal rays slender, rather 
closely arranged, and frequentfy bifurcated; giving to the lower 
part of the frond a somewhat irregular mode of growth, but be
coming more regular above. From three to four of the rays may 
be counted in the space of one millimetre, in the upper part, but 
seldom more than three in the lower. Fenestrules subquadrangu- 
lar, longer than wide, but extremely variable in size and form, 
and about as wide as the diameter of the rays. Pores small, slight
ly oval, scarcely exsert' generally four to each fenestrule, one of 
which is situated at the junction of the transverse dissepiment; 
rays carinate between the pores; dissepiments narrower than the 
rays. Non-poriferou~ surface of the rays convex, distinctly but -' 
very minutely gra;n.ulose, the granules closely and irregularly ar
ranged, sometimes numbe~ing as many as six in the width of the 
ray opposite the fenestrule."-Whitfield, loco cit. 

This is interesting as the oldest form- of a type of Bryozoan 
structure that became predominant in the later Paleozoic. It does 
not seem to me probable that the various species referred to the 
genus PkyZkiporina have any ancestral relation to FenesteZla. 

*Geol. Nat. Bist. Surv. Minnesota, ~II, pt. I, p. 167. 
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Some of them may bear some such relation to PoZypora. I should 
be inclined to look for the ancestors of Fenestella in such forms as 
Artkroclema and related genera. 

Fenestella cannot be said to be a common sp~cies at any horizon, 
although at one level in the Liberty formation I have .seen quite a 
number of specimens of it. 

1.34:A12, 13a, 16b .... 1.41A9, D2, C2-3 .... 1.12DI-6. 

GRAP'l'ODIOTYA PEmJLEGANS Ulrich. 

Plate XXIX, fig. 8. 

Ptilodictya perelegans Ulrich, 1378, Jour. Cin. Soc. Nat. Hist., Vol. 
I, p. D4., pI. iv, figs. 16, 16a. 

"Polyzoary frequently and alternately branched, sharp edged, 
the branches 'being acutely elliptical in cross section, about one 
quarter of a line in thickness centraJIy, and one and a quarter line 
wide. Cells covering the surface on both sides, with the exception 
of a rather broad non-celluliferous border lining the branches .. Thl' 
bases of the cells on the two aspects of the frond are separated by a 
thin laminar axis .. Cell-mouths circnlar, with a conspicuously ele
vated rim, arranged in transverse rows, as well as in very regular 
intersecting diagonal lines, which :form an angle of about thirty de
gress with the sides of the branches; about seven cells in the space 
of one line measuring hoth longitudinally and transversely. 

"Intertubular spaces quite as wide as the cell-openings, and or
namented, when perfectly preserved, by slightly raised and flexu
ous lines. The non-poriferous border occupies, on each side, about 
one seventh of the entire width of a branch, and is marked with 
very fine, and but slightly waved striae, the direction of which 
forms an angle of about fifteen degrees with the margin of the 
branches. 

"This beautiful species is allied to P. (Stictopora) elegantula, 
of Hall, bnt that species does not branch so frequently, has the 


. cell-months val, [oval?] and larger, while the intertubular species 

[spaces Y] are thinner than they are in this species; the direction 

of the striae on.the non-poriferous margi.n of HaJI's species, forms 

a much larger angle with the edge of the branch than it does in P. 

pereZegans; "-Ulrich, Zoe. cit. 

J.34A8, 
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HEI,oponA ELEGA~S Ulrich. 

Plate XXIX, fig. 9. 

H elopora elegans Ulrich, 1893, Geol. Nat. Rist. Surv., Minnesota, 
p. 194, fig. 11. 

"Segments sma.ll, subcylindrical, obtusely hexa.gonal in cross
sections, about 3.0 mm. long and 0.3 mID. in diameter j upper ex
tremity truncate, the lower rounded and tapering slightly.. Zooecia 
in six longitudinal ranges, their apertures narrow-elliptical, slight
l;r depressed in front, their length apart, arranged alternately in 
adjoining rows. Entire surface beautifully grano-striate, the striae 
flexuous, forming connected peristomes, with a short row of gra~
ules between the ends of the apertures and a continuous row at 
each angle of the segment. The latter winds itself between the 
zooecial apertures so as to arrange them into longitudinal series, 
with seven or eight in the length of the segment. 

"Of all the species known to me H. aUernata seems to be the 
nearest to this. The. differences between them are however too ob
vious to require pointing out. lI.harrisi occurs in the same beds, 
b:ut its segments are longer and more slender; its zooecia smaller, 
and the surface marking quite different. "-Ulrich, loco cit. 

1.34A12.... 1.41A4, D2. 

HELOPORA HARRISI James. 


Plate XXIX, figs. 10-10b. 


Heloro/'a hart'isi James, 1883, The Paleontologist, No.7, p. 58, pI. 

ii, figs. 3, 3a. 

"The numerous well defined sections of this species, lying upon 
and embedded in the surface of a small slab of limestone, examined 
for this description, consist of delica.te stems, with generally it 
single row of much elongated oval cells, on the exposM face, but 
occa.sionally~ldom-two rows are shown; the number of 1'0ws of 
cells on anyone section undetermined, two at least, and may be 
three or four on some or all specimens j the difficulty in ascertain
ing this point definitely is in not being able to obtain detached ex
amples, owing to the extr.eme delicacy of the stems; in removing 
them from the slab they crumble into small particles. The frag
ments or sections of branches are from one to two lines in length, 
and from I-8th to I-10th of a line in breadth, with about 6 of the 
oval elongated cell apertures to one line. Sides of the specimens 
drawn together at the ends of apertures, giving them a chain-like 
appearance, resembling, somewhat, a transverse section of a single. 

http:delica.te
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row of tubes of Halysites; so~etimes this feature is less pro
nounced than in most cases, the sides then being nearly parallel, 
and not drawn in or but sli~htly so. Occasionally the sections show 
swollen terminations. They are, no doubt parts or joints (1) of a 
Polyzoary of considerable size, as indicated by the profusion of 
fragments on both sides of the slab about 4x4~ inches. 

"Exceedingly fine longitudinal lines may be seen on the general 
surface, with a good lens. 

"This species differs from H elopora tewuis [Arthrostylu.s 
tenuis], James, in the elongated instead of ~ircular cell apertures, 
the constrictions between the cells, and the absence 'of a striated 
ntmporiferous face as shown on one side of that species; also in 
the larger size of the stems; "-James, loco cit. 

The above description is incorrect in a number of details. I 
quote therefore parts of the excellent description by Ulrich (Gaol. 
Minnesota, III, 1893, p. 195): 

"Segments .. .. .. hexagonal in cross section; upper ex
tremity slightly expanded, conical or pyramidal, with the angles 
prominent, the lower end striated, tapering, obtusely pointed or 
slightly bulbous; between the ends the sides are nearly parallel. 
Zooecia in six: longitudinal ranges, their apertures small, narrow
elliptical, often drawn out anterior:ly, their margins thickened, 
about twice their length apart, with seven (usually) on each of the 
six faces. Peristomes connected lengthwise, their sides being co
incident or merged into the moderately developed ridges formmg 
the angles of the segment. The latter are nearly always straight. 
Interspaces between the ends of the zooecial apertures occupied by 
a low rounded ridge, rising and spreading at each end into the peri
stomes. The best preserved examples exhibit a row of exceedingly 
~inute papilae on the peristomes and angle-ridges." 

Reported from various Indiana localities by Ulrich. 

HOMOTUYPA AUS'l'INI Bassler. 

Plate XVi, figs. 7-7b; Plate XXIX, figs. 11, lIs.. 

Homotrypa austini Bassler, 1903, Proo. U. S. National Museqm, 
. XXVI, p. 584, pI. xxiv, figs. 5-9. 

"The branches of this neat species are small, cylindrical, 4tQ 8 
mm. in diameter, and divide rather frequently. Surface smQqth. 
Zooecia small, polygonal to rounded, thick walled, nine ,to ten· m2 
mm. Acanthopores numerous, four or more often surround:in,.g a 
zooecium and generally Visible at the surface as blunt spil;{es. 
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Mesopores, except an occasional one in the maculae, wanting. The 
zooecia in the axial region are without diaphragms and have thin, 
crinkled walls, the greatest amount of crinkling occurring just be
fore the peripheral region is reached. As a rule, both cystiphragms 
and diaphragms are absent in the peripheral region of the ordi
nary zooecia, but in those of the maculae there is an abundance of 
the former. 

"This species is named after its discoverer, Dr. George M. 
Alistin, of Wilmington, Ohio, who, notwithstanding arduous pro; 
fes£iional duties, finds time for enthusiastically c.Ollecting and study
ing the fossils of that region. "-Bassler, loc: cit. 

. To this species I have referred a number of specimens· having 
smhU smooth zoaria and an almost total absence of Cystiphragms 
or diaphragms. These depart in certain particulars from the typ
ical H. austini~ as described by Bassler, but I am not at present 
prepared to make any other disposition of them . 

. 1.34A16, 19-21 .... 1.41D1, 2, E1, C1 ....1.12E3. 

HOMOTRYPA COMMUNIS Bassler. 

Plate XVII, figs. 1-1d; Plate XXIX, fig. 12. 

Homotrypa communis Bassler, 1903, Proc. U. S. National Museum, 
XXVI, p. 581, pI. xxiii, figs. 1-4. 
"Zoarium of subcylindrical or more commonly compressed 

br~Uches from 5 to 10 cm. high and 4 to 8 mm. in thickness. Sur
face smooth, with clusters composed of larger cells and mesopores. 
Apertures direct, polygonal, rather thick-walled, with about nine in 
2 rhino Acanthopores seldom seen on the surface, but sections show 
a ,(ooecium to be surrounded by from four to seven. Walls thin 
and crinkled in the axial region, much thickened in the peripheral. 
Diaphragms wanting in both regions. Cystiphragms few, gener
ally restricted to the region transitional to the mature condition. 

"Externally this species sometimes resembles H. curvata, but 
intE!rnally is very different: The only associated' form with w:Q.ich 
it blight be confounded is Bythopora meeki. '(James), which often 
bears a superficial resemblance. Sections show the two species to 
be very distinct. "-Bassler, Zoc. cit. 

1.34All, 12, 13a, 14a, 14b. 

HOMOTRYPACONS1'ELLARIFORMIS n. sp. 
Plate XVII. figs, 2-2b. 

The 'zoaria of this interesting species are small, subcylindrical, 
to c;rlindrical1 smootll, stem/? with star-shaped Ip'oups of mesopores

l 
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giving to the surface much the appearance of Oonstellaria limitaris, 
but with the mesopores much less numerous and less regularly ar
ranged. The mesopores sometimes run out from the center of the 
macula iu chains betweeu which are peculiar. sinuous channels, un

-.like anything known to me in any other species of the Treposto
mata. In some cases the maculae seem to be entirely composed of 
these peculiar channels. This feature gives to the surface a most 
extraordinary and beautiful appearance. In tangential sections 
the maculae are seen to be composed entirely of small mesop<1l'es 
and the chain-like arrangement is also apparent here. The ordi
nary zooecia are fairly thin-walled, about as in H. flabellaris, and 
are usually occupied by the cut edges of cystiphragms. Acantho
pores are few and of small size. Mesopores are few or lacking out
side of the maculae. In longitudinal sections are seen numerous 
well developed cystiphragIllB and diaphragms in the mature region 
and an occasional diaphragm in the immature region, the zooecia 
curve gradually into the mature region and emerge at right angles 
to the surface. In the specimen figured the mature region has been 
duplicated by overgrowth. This does _not seem to be a general 
character of the species. 

'fhe majority of the s~:ecimens were obtained from the base of 
the Whitewater division in the' railroad cut north of Weisburg Sta
tion, and loose from th3 top of the first cut south of the station. A 
single specimen was found in the "upper fossil bed" at Versailles 
(Whitewater) . 

HOMO:'RYPA CURVA'rA Ulrich, 

Plate xvn, figs. g·3b; Plate XXIX, fig. 18. 

Homotrypa curvata Ulrich, 1882, Jour. Cin. Soc. Nat. Hist., V, 
p. 242, pI. x, figs. 7-7d: 
"Zoariunl ramose, consisting of compressed, often greatly flat

tened branches. An average specimen hafl a height of over two 
inches, a width of about seven tenths of an ~nch, and a thickness of 
two tenths of an inch. .The most conspiclious feature of the sur
face is found in the small, stellate macul~e, which, under a low 
magnifying power, app~ar to be solid, but,as is shown by a higher 
power, are composed of very shallow, and angular, small cells. 
These maculae are on a level with the general surface, and occur 
at intervals of about .11 of an inch, measuring from center to 
center. The ordinary cells. are usually rounded, though sometimes 
slighUy angular, have moderately thick walls, with"a diamewr 
varying from 1/140th to 1j130th of an inch. The cells immediately 
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sUI'rounding the stellate maculae are larger, and may attain a di
ameter of 1/90th of an inch. When the specimen examined is in a 
good state of preservation, the surface spint-'S (spiniform tubuli) 
may be detected. They never constitute a conspicuous feature of 
the surface. 

"'fangential.sectious show that the tubes in the outer or 'rua
ture' portion of the zoarium have thickened walls, more or less 
rounded visceral cavities,. and that they are apparently completely 
amalgamated with one another .. The walls, between the narrow 
lucid ring which surrounds each of the tubes, has a peculiar granu
lar structure, and is crossed by the eonnecting foramina, of which 
my sections show three or four to enter each tube. The spiniform 
tubuli are numerous, of moderate size, and have the usual appear
ance. In longitudinal 01' vertical sections the tubes iu the axial re
gion have excessively thin, and slightly flexuous walls, and are 
crossed by diaphragms at distances apart of from one to two tube
diameters. .As they bend outward into the peripheral region, their 
walls are much thickened, the diaphragms occur,at shorter intervals 
(one-third to one-half. a tube-diameter) , and correspondingly 
crowded series of cystoid diaphragms are developed in nearly all 
the tubes. Lastly, the spiniform tubuli may be recognized. 

"In transverse sections the tubes are polygonal, the walls exces
sively thin, and the calcite filling them is divided by irregular cruc
iform lines, that often are so distinct as to cause the observer some 
trouble to exactly determine the outlines of the tube walls. (Tl),\" 
same feature occurs in many other species of the Monticulipor
idae.) "-Ulrich, loc. cit. 

1.33A3 . ... 1.34All, 013, 14a .... 1.38Ba. 

HOMOTRYPA CURVATA var. PRAECIPTA Bassler. 

Plate XVIII, fig. 4; Plate XXX, fig". 7, 711. 


Honwtrypa curvata var. praecipta Bassler. 1903, Proc. U. S. Na

tional Museum, XXVI, p. 575, pI. xxiii, fig. 15. 
"This varietal name is proposed for the only H omotrypa known 

in the Utica. It has the internalcharactel'S of H. cut'vata, but dif
fers in the growth of the zoarium. Its branches are cylinddcal; 
smooth, about 6 mm. in diameter, and divide at short intervals, 
while the zoarium of H. CUf'vata takes the form of broad, com
pressed branches, dividing .at less frequent intervals. Thin sec
tions show that the Utica form generally exhibits more acantho
pores, but the number of acanthopores varies slightly in every 
species. "-Bassler, ,loco cit. 
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'l'his form was first noted by the writer in 1902· as occurring 
in the upper Utica; and is reported by Bassler (loo. oit.) from the 
middle Utica. It also occurs in the lower Lorraine.· 

1.34CI3. 
HOMOTRYPA CYLINDRIC A Bassler. 

Plate XVII, figs. 4, 4a; Plate XXIX, fig. 14. 

Ilomotrypa oylindrioa Bassler, 1903, Proc. U. S. National Museum, 
XXVI, p. 585, pI. xxii, figs. 8-J3. 

"Zoarium ramose, branches long, cylindrical, from 4 to 15 mm. 
in diameter, dividing dichommoualy at intervals of from 3 to 4 cm. 
Surface varying from smooth to tuberculated, the maculae or mon
ticules generally somewhat transversely elongated. Zooecial aper
tures thick walled, usually angular, direct, about nine in 2 rom. 
Mesopores few, seldom occurring outside of the clusters. Only 
well-preserved examples show at the surface the numerous and 
very large acanthopores characteristic of the species. The walls of 
the zooecia in the axial region are thin and but little crenulated, 
but in the mature 'region -they become so thickened as to almost 
equal in breadth the diameter of the zooeciai cavity. Cystiphragms 
well developed. Diaphragms very few, if present at all, the struc
tures simulating th~m probably being large cystipbragms. 

"The large and numerous acanthopores and the thickness and 
minute structure of the walls give a very characteristic, even bi
zarre, appearance to tangential sections. The number of acantho
pores varies, the normal number being four to five when they are 
large to five to nine smaller ones around a zooecium. In vertical 
sections the acanthopores are seen not only to proceed directly to 
the surface parallel with· the zooecial walls, but they also some
times cross them obliquely."-Bassler, Zoc. cit. 

1.41A7, 8, D3, E3,4, 5....1.12F3. 

HOMOTRYPA DAWSONI (Nicholson). 

Plate XVII, figs. 5, 51.; Plate XXX, tIg. 1

MonticuZipora (Heterotrypa) dawsoni Nicholson, 1881, Genus Mon
ticulipora, p. 141, pI. v, figs. 3-'3f. 
"Spec. char.-Corallum having the form of an undulated ex

pansion, of unknown .size, and about two lines in thickness. Sur
face covered with numerous close-set prominent monticules, which 
are marked1y elongated, are placed about a line, or less, apart, and 
are occupied by corallites which do not differ conspicuouStv in 

.Cumlngs, American Geologist, XXIX, p. 215, foot note. 
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size from those forming the mass of the corallum. Calices poly
gonal, thin-walled, about I-90th inch in diameter, without auy 
regular series of small apertures, but occasionally exhibiting at 
their angles of junction a minute circular. opening. Normal coral
lites sub-equal, polygonal, at first thin-walled, but becoming slight
ly thickened as they approach the surface. In the center of the 
flattened corallum they are furnished with delicate, wavy, or 
crimped walls, and are vertical in direction, being in this part of 
their course entirely free from tabulae. They then gradually bend. 
outwards, with a very slight inclination, their walls becoming at the 
same time thickened, and a moderate number of complete horizon
tal tabulae being. deveJoped. 

"In addition to thenormal'corallites (which are mostly of one 
kind) there are numercus thick-walled, circular tubuli ('spiniform 
corallites') developed at the angles of junction of the former, or i~ 
the thickness of their w.alls. 

"Obs.-In its general form, mode of growth, aud external ap
pearance, this species might perfectly well pass as an example of 
either M. mammulata, D'Orb., or M. molesta, Nich. The only All

perficial characters which would lead to its separation are, that the 
normal calices are not intermingled with a series of smaller aper
tures, and that the prominent monticules are certainly more elon
gated and compressed than is usual in examples of the above. In 
its internal structure, however, M. Dawsoni is fundamentally dif
ferent from either M. mammulata, D 'Orb., or M. molesta, Nich., 
and exhibits a quite peculiar assemblage of characters. 

"In tangential sections the corallum is seen to be composed al
most wholly of one series of normal corallites, which are similar in 
internal structure, and appr{)ximately equal in point of size. Near 
to the surface, the walls of these corallites are moderately thick
ened, though the lines of demarkation between adjoining tubes are 
not obliterated; and they are uniformly polygonal in shape. Only 
an occasional interstitial c~rallite, properly socalled, i~ present; 

. but there are numerous minute, circular, thick-walled, darkly-out
lined tubuli ('spiniform corallites'), the apertures of which upon 
the surface-may occasionally be detected. So far as can be made 
out, the corallites of the monticules are in no imp{)rtant respect dif
ferent frDm those making up the bulk of the corallum; though this 
point is one difficult to settle absolutely, as a tangential section 
necessarily cuts the tubes of the monticules at a lower level than it 
intersects those of the corallum generally, and therefore exhibits 
the former at a point where their walls are relatively thinner. 
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, 'Vertical sections taken at right angles to the plane of the 
frond, show that the precise arrangement of the tubes differs from 
what is observable in M. frondosa D 'Orb., on the one hand, and in 
M. mammulata, D'Orb., and M. molesta, Nich., on the other hand. 
In M. frondosa, D 'Orb., the corallites of the two .sides of the colony 
spring from the opposite sides of a more ot: less complete calcareous 
lamina, which occupies the mesial plane of the colony, and which is 
seen in a still more perfect form in M. pavonia, D 'Orb, In M. 
mammulata D 'Orb., and M. molesta, Nich., again, the cOl'allites of 
the two halves of the corallum have their origin in an apparently 
irregular mesial mass of cellular tissue, formed by the bases of Lhe 
tubes, and there is no sign of any central lamina. In the present 
species no central lamina exists, but the tubes are quite vertical in 
the middle line of the frond, each bending outwards, with a very 
gradual inclination to reach the surface on one side or the oth:"l'. 
In the vertical portion of. their course, tb.e corallites are thin
walled, and their walls are wavY or are sharply undulated from 
side to side, and I have not been able to detect aI).y tabulae in this 
region. In the outer part of their course, on the other hand, the 
walls are somewhat thickened, while a moderate number of tabulae 
are now developed. There is mostly no difference observable in the 
tabulation of the cora.llites, though here and there a small-sized 
tube with close-set tabulae may be detected; and the tabulae are in 
all cases complete and approximately horizontal. 

"The only two species of Monticulipora, known to me, with 
which the present form could be confounded, are M. mammulata, 
D 'Orb., and M. molesta, Nich.; and the differences in its minute 
structure, as above described, are so marked as to render it un
ne~essary to compare it in detail with either of these types. 

It is to be remembered that the Montwulipora mammulata of 
Nicholson is the Dekq,yia fro~,dosa of the present paper, and that 
M. frond~sa mentioned in the abovediseussion is the form now 
known as Peronopora decipiens, or Peronopora pavonia as it should 
now be called. 

Nicholson failed. to discover the really important characteristic 
of his Monticulipora dawsoni, namely the presence of cystiphragms. 
This jmportant feature was pointed out by IDrich in 1882· with 
the suggest jon that Nicholson's section probably was prepared from 
a portion of a frond not fully matured. Basslert ha$ recently pllh
Iished very good figures of a tangential and longitudinal section of 

-Ulrich, Jour. Cin. Soc. Nat. Hist.,. v, pp. 241, 242. 

tBassler, Proc. U. S. National Museum. XXVI, p. fiBl, pI. XXV, figs. 9, 10. 
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the species. These with the present illustrations will serve, in con
nection with Nicholson's very full description, to indicate the form 
and internal characters of this rather rare species. 

1.41E6, and from the Waynesville formation near Brookville, 
Indiana. 

, 
HOMO'.rRYPA FLABELLARIS Ulrich. 

Plate XVIII, figs. 1-1b; Plate XXX, fig. 2. 

Homotrypa flabellaris illrich, 1890, Geol. Illinois, VIII, p. 411, pI. 
xxxii, figs. 3-3c. 
"Zoarium consisting typically of fan-shaped fronds; an almost 

perfect speeimen gives the following measurements: width 45 mm., 
height 50 mm., thickness 5 rum. Surface smooth, with obscure 
maculae about four mm. apart, measuring from center to center. 
Peripheral portion of zoarium narrow. Walls of zooecial tubes 
flexuous or crenulated in the axial re~on, and very thin even in the 
cortical region. Zooeeia apertures angular, slightly oblique, from 
eight to ten in two mm., those in the maculae from a third to a 
half larger than the average. Mesopores few, gathered into clus
ters in the maculae. Zooecial tubes provided with a few remote 
straight diaphragms in the axial region. Diaphragmsmoderately 
numerous in the mesopores. Cystiphragms form a short series in 
each tube. Acanthopores few, very smalL 

"A very close variety occurs in the upper beds of the Cincin
nati group, at Blanchester, Ohio, which has the maculae a little 
more pronounced, and a tendency to a ramose growth. The thin 
walls and flabellate growth distinguish H. flabellaris from the hitJl
erto described species of the genus. "-Ulrich, loco cit. 

In the majority of well matured specimens from Indiana locali
ties, seen by me, the mature region is fairly deep, with well df:
veloped series both of cystiphragms· and jiiaphragms. 'l'he walls 
are rather thin, even in the mature region, and acanthopores are 
moderately weH developed. 'fhe most characteristic· surface fea
ture is the maculae. of larger z006cia, among which a considerable 
number of mesopores are distributed, often radiating out from the 
center of the macula, 'so as to give the latter a somewhat star-like 
appearance. Sonie of the specimens in the writer's colleetion have 
low, rounded monticules. The latter are not as conspicuous as in 
the variety, frondosa. The typical H. flabellaris is an abundant 
fossil in the middle members of the Richmond series. 

1.34A12, 13a, 14a, 14b .... 1.41A2, 6, 7, 8, B1, D1, 3, El, 2, 
3,4,6. 



846 REPORT OF STATE GEOLOGIST. 

HOMOTRYPA FLABELLARIS var. FRONDOSA Cumings. 

Plate XVIII, fig!!. 3-3b; Plate XXX, fig. 3. 

lIomotrypa ff'Ondosa (Ed~ards & Haime) Cumings, 1902, Ameri
can Geologist, XXIX, p. 208, pI. X, figs. 11, 12; pl.xi, figs. 2, 5; 
pI. xii, fig. 1. 
"Zoarium frondescent, wavy, 4 to 6 mm. thick and 30 to 50 mID. 

or more in width. The surface is studded with large rounded stel
late monticules which are sometimes slightly elongated in the axial 
direction of the frond. Monticules usually well elevated, nevel" 
conical, somewhat spreading at the base. On an average, nine oc

'cupy a space of one square centimeter. They are 2 mm., to 2.5 
mm. in diameter, and occupied by cells larger than the average. 
Ordinary cells very uniform in size, 0.2 mm. in diameter; the di
ameter of the large cells in the monticules is frequentiy as much as 
one-third mm. Fifty cells of the ordinary size may be counted in 
one cm. An occasional mesopore may be detected at the angles of 
the zooecia. 

"The internal structure of this species is that of a typical 
Homotrypa (cf. H. curvata). In tangential sections, taken near 
the surface, the cells are thick-wailed, with distinct true walls, and 
copious deposit of selerenchyma. The large cells of the monticules 
are a conspicuous feature of such sections. Only an occasional 
acanthopore can be detected. . 

"Lougitudinal seeti.ons show that the zooecial walls in the axial 
region are thin, slightly wavy, and that diaphragms are here lack
ing. In the mature region the walls become greatly thickened, the 
true walls being seen as a double dark median line. A series of 
overlapping cystiphragms is present in practically every tube, and 
horizontal diaphragms in moderate number cross from the backs of 
the cystiphragms to the opposite wall. The cystiphragms are usu
ally of the coneave but ·are . occasionally on the convex side' of the 
wall. In fig. 12, PI. X. [of the above paper], a very large zooecium 
is shown at a and a splitting of the interzooecial wall at b, which 
may very well produce on the surface the effect of lines radiating 
from the apices of the monticules; causing them to appear stellate. " 
:.....Cumings, loco cit. 

As will be seen under the discussion of Dekayia frondosa (q. v.) 
this is not the Monticulipora frondosa of d'Orbigny, as the writer 
thought at the time the above description was written. This fact 
only goes to show the utter impossibility of making a satisfactory 
identification of species of Trepostomata on the basis of external 
characters alone. 
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Horrtotrypa frondosa is very close to H. fiabellaris- and ought to 
stand as a variety of that well known species. Its well developed 
monticules and almost total absence of acanthopores are sufficient 
to distinguish it. 

1.34B4-5. 

HOMOTRYP A FLABELLARIS var. SPINIFERA Bassler. 

Plate XVIII, fig. 2. 

Homotrypa fitibellaris var. spinifera Bassler, 1903, Proc. U. S. Na
tional Museum, XXVI, p. 580, pI. xxi, figs. 11-15. 

This variety agrees with H. fiabellaris in all essential characters 
save one, namely, that at rather regular intervals among the zooecia 
very large acanthoporesare developed, the place or a zooecium 
often being occupied by one. This gives'the otherwise smooth sur· 
face of the zoarium a spiny aspect. The acantbopores often origi. 
nate in the axial region and proceed to the surface irrespective 411' 
the course of the zooecia. "-Bassler, we. cit. 

1.41A6, 8, -E1, 3, 6, 7, D3. 

HOMOTRYPA NICKLES! Basslel'. 

Plate XVIII, figs. 6, 60,; Plate XXX, fig. 4. 

Homotrypa nicklesi Bassler, 1903, Proc. U. S. ~ational j\luseufl1, 
XXVI, p. 586, pI. xxii, figs. 4-7. 

"In growth and external features this Sl';)l!i<.!8 r!)Semhles H. (om
munis, but is readily distinguished by the less rubust' growth and 
the tendency to branch more frequently. The internal structure 
further distinguishes the two, since H. nicklesi is of the H. curvata 
group, while H. communis is of the group to which it gives its 
name. Surface smooth, with regularly disposed maculae of larger 
cells and mesopores. Zooecia with moderately thick walls, about 
nine in 2 mm. Acanthopores not present at the surface and usual
lyalso absent in sections. Diaphragms absent in the axial region, 
appearing in the transitional zone to the peripheral region and in
creasing in number toward the surface. Cystiphragms in a llloder
ately crowded series in the peripheral region. 

The well-developed diaphragms and cystiphragms and the al
most complete absence of acanthopores, together with the growth 
and surface features, characterize this species. The specific name 
is in honor of l\1r. John,M. Nickles, who collected the species."
Bassler, loe. cit. 

1.41E3. 
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HOMOTRYPA NElDA Bassler,' 

Plate XVIII, figs. 5, 5a; I'late XXX, figs. 0, oa. 

Hmnot"ypa nitida Bassler, 1903, Proc. U. S. National Museum, 
XXVI, p. 586, pl. XXV, figs. 5-8; pl. XX, fig. 15. 

"Zoarium of small frequently branching, more or less cylin
drical stems, usually 4 or :5 mm, in diameter. Surface smooth. 

Maculae large, composed of zooecia, which are often twice the di

ameter of the ordinary cells; 10 zo~cia in 2 mm. DiaphragIUS few 


. in the axial region, not very abundant in the peripheral region, 

where also the cystiphragms are large but not abundant. Acantho

pores small, few, usually wanting. 

"This species is closely .related to H. gelasinosa, and may be 
only a variety of that form. The larger maculae and ac:anthopores 
and flabellate growth of the latter aredeeroed of sufficient value to 
distinguish it from H. nitida."-Bassler, loco cit. 

Reported by Bas."ller from the Richmond formation, near Os
good, Indiana. 

HOMOTRYPA OBLIQ:UA Ulrich. 

Plate XIX, figs•. 1-lb; Plate XXX, fig. 6. 

Homotrypa obliqua Ulrich, 1882, Jour. Cin. Soc. Nat. Hist., V, p. 
243, pI. x, figs. 6, 6b. 

, 'Zoaiium ramose, branches cylindrical or compressed, from two 
to four-tenths of an inch in thickness. Typically the surface is 
covered by J:ather prominent and closely arranged monticules, the 
summits of which carry cells with thicker walls than the average. 
1'he monticules are not a constant feature in this species, examples 
with an almost entirely smooth surface being of frequent occur
rence. The ordinary cells are polygonal, have rather thin walls, 
more or less oblique apertures, and a diameter varying from 
1/120th to 1I11Oth of an inch. In the axial region the tubes are 
thin-walled, polygonal, subequal, without uiaphragIUS, and almost 
vertical in direction, as they pass into the peripheral region, bend~ 
ing outward very gradually, their walls become thickened, and a 
moderate number of both straight and cystoid diaphragIUS are de
veloped. The tubes appear to be of one kind oilly. Tangential sec
tions show, often in a very distinct manner, the connecting fora
mina, and a structure of the. tube walls precisely similar to that of 
H. curvata. The spiniform tubuli: are small, and more or less nu
merous, but never conspicuous, and developed at the angles of junc
tion of the cells, or in the substance of their walls. 
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, 'In its typical form this species may be readily distinguished 
from the preceding by its tuberculated surface. The more nearly 
smooth examples can be distinguished by the thicker cell walls, stel
late maculae, and the much more flattened branches of H. curv
ata.' '-Ulrich, Zoc. cit. 

i.33A3 .... 1.3iBl-3, 014.... 1.38Ba-h. 

HOMOTRYPA RAMULOSA Bassler. 

Plate XIX, figs. 2·2b; -Plate XXX, fig. 8. 

Homotrypa ram'ulosa Bassler, 1903, Proc. U. S. National Museum, 
XXVI, p. 585, pI. xxv, figs. 1-4. 
"Zoarium consisting of subcylindrical or somewhat compressed 

stems from whiclt branches proceed frequently and without regu
larity; an average example is 8 cm. high and 8 to 12 mID. in thick
ness. Surface with low broad monticules, the center of each usu
ally occupied by a star-like cluster composed of mesopores only and 
surrounded by cells slightly larger than· the average. Apertures 
polygonal, direct, ten to eleven, in 2 mm. Mesopores restricted al
most entirely to the clusters. Acanthopores few and rather small, 
although now and then one of large size may be present, and these 
in vertical sections have thin transverse partitions. Diaphragms 
are developed in the zooecial tuoos as the peripheral region is ap
proached and are quite numerous near the surface. _ Cystiphragm!4 
of rather small size line the tubes as usual in the peripheral region;' 
in a tangential section they appear much less curved than is gener
ally the case, sometimes showing as a straight line across the cell 

, cavity. 
"'I'he small cells and much branched growth externally, and the 

strong development of both diaphr.agms and cystipbragms in the 
peripheral region, are characteristics which readily distinguish this 
from other Richmond species.' '''''':''Bassler, loco cit: 

.1.34All, 12.... 1.41A8, Bl, E4.... 1.12E3. 

HOMOTRYPA WORTHENI (James). 

Plate XIX" IIgs. 8-8c; Plate XXX. IIg. 9. 

Monticulipora (Monotrypa) wortheni, James, 1882, The Paleonto
logist, No.6, p. 50. PI. I, fig.' 2. 

"Corallum consisting of cylindrical or flattened stems, from one 
to two lines in diameter, branching at irregular intervals, some
times dichotomo.uS.lY; surface occupied by small, prominent monti
cules, arranged· in alternating, longitudinal rows, about one liut' 

[54] 

http:dichotomo.uS.lY
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apart; clI-lices subcircular or angull~r, from 10 to 12 in th~ spa:IC of 
one line. Slopes of monticules occupied by calices of the ordinary 
size or slightly larger, but the apices are, appar~tly, solid. No 
interstitiar tubuli observed in the specimens examined. 1\farginR 
of apertures' of coraliites' tolerably thick. 

"In a longitucl.inal·section of the interior the tube walls are very 
thin, simple and somewhat wavy or tortuous, with a gentle outward 
inclination each way from the axial part, but near the surface the 
outward curve is more rapid, and the walls much thickened, show
ing a duplex character; the tubes opening at. the surface more or 
less obliquely. No tabulae observed in the central region, and but 
few in the outer part of the thickened walls. III tangential sec
tion the cells are suboval, or subcircular, thick walled, and each 
surrounded by a distinct open space; faint ind~cations of· small 
'spiniform' corallites distributed, sparsely, a.t the angles of some 
of the larger tubes. A transverse section shows thf very thin walls 
of the corallites in the central region, of various angular shapes, 
and the 8uddenthickening of the walls, and duplex character, and 
few direct, horizontal tabulae near the surface. 

'~ExternalLy, at first sight, this species resembles M. ramosa, 
D 'Orbigny var. dalei,E. & H., but when examined under a mag
nifier the marked difference is apparent. Internally, they differ 
widely. "-James, loco cit. 

This description indicates fairly well the chief external char
acteristics of this species of H omotrypa, but fails to bring out the 
really important internal characters. For the latter, I quote the 
recent excellent descriptiori by Bassler in his paper on the genus 
Homotrypa: 

"In tangential sections the striking characters are the thick 
walls, numerous acanthopores, and wide intermural space with its 
dotted structure. Here also communication pores are well shown. 
Vertical sections show that the walls in the axial region are thin 
and rather straight, but become greatly thickened in the peripher
al, where a series of cystipbragms larger than usual is developed 
with a corresponding number of diaphragms. 

"The sharply tuberculated branches of this • • • spaeies 
readily distinguish it from associated forms." 

1.34A13a, 16 .... 1.41A7, 8, lOa,D3, El, 2, 3, 6. 
This species is abundant in the Whitewater division of the Rich

mond formation. which it characterizes. It is found abundantly in 
the "upper fossil bed" on the west fork of Cedar Creek at Vel" 
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sailles, in association with other Whitewater species. This bed, it 
will be reme1I!bered, is above the shale bed and the coral reefs that 
mark the base of the Saluda. 

HOMOTRYPA WORTHENI var. PROMINENS Bassler. 

Plate XXX. lIg. 10. 

Homotrypa wortheni var. prominens Bassler, 1903, Proc:U. S. Na
tional Museum, XXVI, p. 584, pI. xxiv, figs. 15, 16. 

"The very prominent, elongated monticules will distinguish this 
variety. The zoarium also differs from the cylindrical branches' of 
H. wortheni by forming broader, subcompressed to flat fronds. In
ternally the variety and species are practically identical. "-;-Bass
ler, loco cit. 

This fO.rm is reported by B~sler as abundant in the highest 
beds of the Richmond along Elkhorn Creek near Richmond, Indi
ana. I have also found it at the same place and in the top of the 
Tanner's Creek section. 

Elkhorn. 

HOMOTRYPELLA cf. RUSTICA TTlrich. 

Plate XIX. tlgs. 5. 5a; Plate XXI. tlg. 4; Plate XXX,tlg. 11. 

Homotrypella 1'ustica Ulrich, 1893, Geol. Nat. Hist. Surv. Minne
sota, Ill, pt. I, p. 234, pI. xviii, figs. 31-33. 

"Zoarium irregularly ramose, branches 5 to ]0 mID. in diameter. 
Low swellings on the surface, scarcely to be called monticules, oc
casionally present. Surface very rough under a hand lens, the 
acanthopores being strong and numerous, th' ugh not materially in
flecting the zooecial walls. Zooecial apertures rounded, about 
eleven in 3 mID. Mesopores abundant, though but rarely separat
ing the zooecia completely, of nnequal sizes, rounded at the sm'face. 

"Internal characters: 'In tangentia~ sections, showing the char
acters immediately beneath the surface, the zooecia are rounded, 
with only moderately thick walls, the mesopores sharply defined, 
subangular, of nneqnal sizes, and averaging three or four to each 
zooecinm, the acanthopores strong, perhaps two to each zooecinm, 
and sitnated chiefly in the zooecial walls, which they occasionally 
only cause to bend inwardly. At a deeper level the walls are thin
ner, the acanthopores smaller, and the mesopores larger, At both 
levels the zooecia almost uniformly exhibit the .cut edges of cys
tiphragms. In vertical sections the most striking feature of the 
species is the abnndant tabulation of all the tubes. Diaphragms 
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occur all· through the axial region, and both the mesopores and· 
acanthopores began earli.er than usual. The outward curving of 
the tubes also is UJ;lusually gradual. The diaphragms in the two 
sets of tubes aresubequally distributed, and it is often difficult to 
discriminate between them when the curved edges of the cysti
phragms are not shown. At about the middle of the curve nine 
or ten diaphragms occur in 1 film.; .nearer the surface they are 
a little closer, while more toward the center of the branch they 
are further apart. 1'he cystiphragms are unusually superficial in 
this species, forming crowded series almost to the mouths of. the 
zooecia. 

"The species is distinguished from H. granulifera and H. mun
dula hy the greater number and open character of the mesopores; 
from H. muUipomta by its larger zooecia, fewer and more un
equal mesopores, and more crowded as well as different" tabulation 
of the tubes. H.instabilis has thicker walls, and is quite different 
in other respects. "-Ulrich, loco cit. 

The above description applies to a specimen from Minnesota. 
In his citation of localities Ulrich mentions the fact that he had 
applied in manuscript the name rustica to a common. species occur
ring in the upper beds of the Cincinnati group in the Cincinnati 
region. The latter is, I take it, the species which I have collected 
in considerable numbers in the Whitewater division at Richmond, 
and about Laurel and Versailles, Indiana. The Indiana specimens 
are altogether more robust than the Minnesota specimen, and the 
acanthopores are more numerous, and commonly indent the zo
oecia, so that at the surface the latter present an appearance very 
much like what is commonly seen in species of Atactoporella, to 
which genus the writer at first supposed the specimeus to belong, 
until the. zoarial characters were more fully understood. The 
species is far too common to have been overlooked by as expert 
a collector as Mr. ffirich,and I consequently entertain no doubt 

.but that I am right in referring the .specimens in my collection 
to the above species. No other species with which it is associated 
can possibly be confused with it, and further comparison is there
fore unnecessary. 

1.41E2, 3, 4, 5, 6, 7, A5, 6, Dl, 2, 3 .... 1.60H11, and in addi
tion at several localities, assOciated with Rkynchotrema dentata, in 
the vicinity of Laurel, Indiana, and in the "upper fossil bed" in 
the section on the west fork of Cedar Creek, north of Versailles 
(No. 11 of the section). 

http:earli.er
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LEP'l'OTRYPA CALCEOLA (MIller Rnd Dyer). 


Plate XX; figs. l-le. 


.tlonticulipora {'alceolus 'Miller and Dyer, 1878, Jour. Cin. Soc., 
Nat. Hist., I, p. 26, pI. i, figs. 11, lla. 

"This little coral, so far as our observation has extended, is 
always found in the shape of a little wooden shoe. For the pur
pose of describing it, we will regard the upper end, as shown in the 
figure, as the anterior, and the lower as the posterior; and from 
the assistapce furnished by a longitudinal microscopic section, 
kindly prepa~ed for our use by Dr. J. H. Hunt, we are enabled, as 
we think, to define the manner of its growth. 

"We may suppose a single embryo from an egg, or in the form 
of a ciliated anamalcule, floating free in the waters of an ocean; 
then becoming a simple bryozoon, and secreting a single, cal
careous, cup-shaped cell, and forming for itself an epithecal cov-' 
ering for its base. It now increases by gemniiparous reproduce 
tion, each little bryozoon attaching itself by a point to the parental 
extension of the epithooal covering, and gradually enlarging its 
cup-shaped cell by the side of its parent. We now have the com- • 
inencement of this coral at the upper side of the· anterior end. 
This method of growtbat once forms a concave base, which is pro
longed into a circular expanding cup. The bryozoa upon the lower . 
side, instead of attaching themselves by a mere point to the epi
. I 

thecal covering now secrete this material for part of the side of 
each cup, and thus form each individual cell into a little horn
shaped cavity, upon the concave side of which other bryozoa attach. 
'fhe result of this method of growth is the extension of the expand
ing cup-shaped basal cavity, formed by the multiplicity of bryozoa, 
into a circular-hOlm shaped cavity, with the mouth at the posterior 
end as shoWn in the· illustration. 

"The epitheca is thin and concentrically wrinkled. The coral
lites are subequal in size, the larger ones collected into groups. 
'I.'hey are thin walled and arranged in diagonal lines, somewhat like 
the arrangement in MOldiculipora quadrata.The calices are hex
agonal, polygonal, rOlmd or otherwise variable in form (though 
the hexagonal ones seem to be the most common), and measure 
from 8 to 12 in the space of a line. The larger calices are some
times gathered into tubercles, while other specimens are free from 
these elevations. Specimens vary from 1-5th to 3-5ths of an inch 
in length, an(l. from i-6th to I-3d a! an inch in: width, and appear 
to have always been free from attachment to other substances. 
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"This species we separate from all others by its form and 

method of growth. We regard it 'as belonging to the class bryozoa, 

because regular calcareous partitions or tabulae are not found in 

the microscopic sections, and because we believe its method of 

growth was ge:mmiparous, and that each animal resided in a sepa

rate cell. It may be that the genus Mmiticttlipora belongs to the 

true polyp corals, and if so, it may be that our species should be 

arranged in a new genus, but we prefer to leave it in this genus 

rather than attempt to found' another without special study of 

all the Silurian forms. 


"rfhis species is not uncommon on Mount Auburri, at an· eleva

tion of about 400 feet above low-water mark at Cincinnati."

Miller and Dyer, loco cit. 


Miller and Dyer were mistaken in their statement that this 
. species does not POSSf'..BS tabulae, as is shown by Nicholson's sections 

reproduced herewith. As to the manner of growth, it seems to be 

the general opinion of those who hlJ.ve studied numbers of speci

mens of the species that in spite of its suggestive shape, it did 


. not grow on foreign bodies, and that the basal membrane is a 
trueepitheca.. 

1.84013 0). 

LEPTOTRYPA CLAVACOIDEA (James). _ 

Plate XX, figs. S·Sc. 

Ohaetetes clavacoideus James, Catalogue of the Lower Silurian 

.;, fossils of the Cincinnati group, 1875, p. 1. 


"Corallum clavate, cylindrical; in some cases expanding up

. wards, others tapering, a,ndothers of nearly uniform size the whole 

length; surface, generally, without tubercles; calices polygonal 

and from eight to twelve in the space of a' line, sometimes with 

groups of larger size than the average; walls of corallites thin. 


, 'The examples of this speeies so far examined are built upon 

the tapering ends of very small orthocera; cut transverse and verti

cal sections show the corallites radiating at right angles with 

the longer axis of the corallum and arching over at the apex. In 

some cases the central object has decayed, leaving the corallum 

hollow or filled with clay. Diameter of different specimens from 

four to eight lines; length from one to two inches,. or more. I have 

one specimen showing small tubereles over the surface with calices 

extending uniformly over tbe tubercles. "-James, loe. cit. 


The internal structure of this species is thus described by Nich

olson (Genus Monticulipora, p. 182): 


/ 
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"Tangential sections show that the oorallites are uniformly 
thin-walled and polygonal, slight nodes being often formed at the 
angles of junction of contiguous tubes. Their size is very uniform, 
though groups of corallites of slightly larger dimensions than the 
rest are certainly occasionally dev~loped. In any case, there 'exists 
no series of small interstitial tubes. , Vertical sections show that 
there is no difference whatever in structure between anyone set 
of corallites and any other. In none are the walls thickened to
wards the surface, but they are uniformly thin throughout, and 
are often slightly wavy. The course of the tubes is straight, there 
being no curvature near their bases, and they increase in number 
in passing outwards, by the interpolation of fresh tubes. In a 
great number of the tubes no tabulae exist at all; but an occa
sional tabula is sometimes developed near the mouth of the tube, 
or at some depth below the surface." 

1.34CI4a, BI-3. 

, 

LEPTOTRYPA DISCOIDEA (Nicholson). 

Plate XX, figs., 2-2f. 

Chaetetes discoideus Nichol'son, 1874, Quar. Jour. Geol. Soc. Lon
don, XXX, p. 511, pI. XXX, figs. 4-4;d. (Named, but not de
scibed or figured, by James, 1871, Cat. Foss. Cin. Group.) 
"Corallum free, discoid, plano-convex, sharp-edged, from 5 to 

8 lines in diameter, and about 1 line in greatest thickness. Under 
surface concave, covered with a very thin, smooth, and not regu
larly striated epitheca, which usually exhibits two or three, con
centric wrinkles. In general the epitheca is so delicate as to re
veal clearly through its substance the bases of the superjacent 
corallites. Upper surface gently convex, not exhibiting any tu
bercles or elevations of any kind. Corallites subequal; calices 
with moderately thin walls, polygonal, from eight to ten in the 
space of one line. No groups of larger-sized corailites, nor any 
very minute intermediate tubuli. 

~'I do not feel altogether certain 'that this form is distinct 
from the young of Chaetetes petropolitanus. ' It is, however, a 
common form, and is very constant in its dimensions. Apart from 
its discoidal plano-conv6X form, it is distinguished by its great 
tenuity (comparatively speaking), the sharp thin edges of the disk, 

" the absence 'of surface-tuberosities or groups of large-sized coral
lites, and ,the extreme thinness of the epitheca, which is transpar
ent and is not regularly striated concentrically. But foroue char
acter, I should have been disposed to have placed this species under 
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Ghaetetes (N ebuUpora) lens, ,McCoy; and that is the absence in 
our examples of any gronps of large-sized corallites,whereas their 
presence.is a marked feature in the latter. The ~der side of O. 
discnide'us resembles Lichc1l,(J,lia calycula" James; bnt it may be dis-, 
tinguiBhed by the absence of radiating striae, and by other char
acters as well. 'fhe above description of the specieS is drawn from 
type specimens forwarded to me by Mr. U. P. James. "-Nicholson, 
loo. oit. ' 

Comparison with Ohetetes petropolitanus is now unnecessary, 
owing to the fa..et that that name is known to stand for so much 
confusion in the ,matter of identifications by various authors as to 
be practically meaningless. The external characters of the present 
species are very well described' above, and, the iuternal characters 
are sufficiently well illustrated in the plate accompanying this re
port, (after Nicholson, Genus Monticulipora) to make further de
scription nnnecessary. 

1.34C14a. ( Y) 

MONOTRYPEl.,LA AEQUALIS Ulrich. 

Plate xx, figs. 4·4c. 

ii1.onotrypella aeq·ualts Ulrich, 1882, Jour. Ciu. Soc. Nat. Rist., V. 
p. 247, pI. xi, figs. 3-3a. 
"Zoarium somewhat irregularly ramose, the branches cylin

drical or compressed, and from two to five-tenths of an inch ill 
diameter. Surface, often, smooth, usually however exhibiting low, 
ronnded monticules, whieh are occupied by clusters of large cells, 
the diameter of which does not exceed 1/55th of an inch. The 
ordinary cells are thin-walled and polygonal in shape, with all:' 
average diameter of about 1/9Oth of an inch. . Occasionally a few 
cell-apertures, having a slightly smaller diameter than the ordinary 

. cells, may be observed among the large cells occupying the monti
cules. The latter are arranged at distances apart of about .15 inch. 
measuring from center to center. 

"In tangential sections 'the tubes are regularly polygonal, with 
moderately thickened walls, and in coiItact with each other on all 
sides. The line of demarkation between contiguous tubes is same
times clear and distinct, while at other times it is scarcely detect-" 
able. The walls are occasionally thickened at the angles or Junc- , 
tion of the tubes, giving somewhat the appearance of spiniform'£!, 
tubuli. It is qUite' evident though that' these nodal thickenmgs are '. 
not of this nature. ' . , 

http:presence.is
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."Longitudinal seetions show that the tabulation of the larger 
tubes composing the 'clusters observed at the surface, is not differ
ent from that of the ordinary tubes, the diaphragms ,in all the 
tubes being straight and usually horizontal, in the axial region 
either wanting or remote, and in the peripheral portion of the 
branch, closely set, and often crowded. These sections also show 
that true interstitial tubes are entirely absent. 

"In transverse sections the tubes in the axial region are· sub
equal and polygonal, with very thin walls, while around the mar
gin, where the tubes are cut longitudinally, they have the same 
appearance as in the peripheral portion of a vertical section. 

, ''I'his species. is nearly allied to the European M. pulckella, 
E. and H., a Wenlock Limestone species, from which it differs 
principally in having more numerous diaphragms, and the line 
of demarkation between adjoining tubes less strongly marked. "
Ulrich, loc. cit. 

The anomalous or excepti{)nal nature of. this species, the geno
type of M onotrypella is mentioned under the diagnosis of that 
genus. The specimen of which I give a tangential section seems to 
be devoid of acanthopcl'es and to p~ess the internal characters of 
the present species. My specimen also comes from about the same 
general horizon. Possibly some of the speeimens referred by me to . 
this spe('ies will be found to contain acanthopores and consequently 
to be referable to some other species. • 

1.34Co, 5, 6, 8. 

MONTICULIPORA EPIDERMATA Ulrich and Bassler. 

Plate XX, figs. 5-5c; Plate XXX, fig. 12. 

Monticul't"pora epidermatf!- Ulrich and Bassler, 1904, Smithsonian 
Miscellaneous Collections, XLVII, p. 17. (Not figured.) 
., This species is so abundant and characteristic of the middle 

Richmond of Ohio and Indiana and also so easily recognized by 
the external characters which are clearly' shown in Quenstedt's 
figures (loc. cit.) that we think it desirable to describe its internal 
characters. Unfortunately these cannot be illustrated at this time. 
As the species is distinct from M. mammulata and marks a differ
ent stratigraphic horizon, the above new name is proposed for its 
future designation. 

"M. epidermata is readily distinguished from }l. mammulata, 
with which it ~as generally been identified by collectors, by dif
ferences in their respective methods of growth. Both are massive 
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species ,[sic], but the Richmond form grows into large flat or irreg
ularly hemispherical masseS, sometimes as much as 300 mm. in 
width and 150 mm. in height, and always, in the hundreds of speci
mens seen by us, having a more or less flattened though strongly 
undulated epithecated base. M. mammm,zata never attains such 
large proportions, and its masses are irregularly lobate or more 
or less'rounded, instead of depressed hemispheric. Another dis- , 

tinctionlies in the mesopores, which are more numerous in lV. 
epidermata.'rhe following description sums up the characters of 
this new species. 

I I Zoarium of broad, thick, lamellate expansions or masses, 
sometimes reaching the dimensions mentioned above. Base always 
lined with an epitheca and more or less flattened and concentrically 
wrinkled. Surface with rather closely arranged maculae, which 
sometimes form sharp tubercles and again rounded monticules; 
Zooecia small, rather thin-walled, angular where mesopores 
are ~ess common and rounded where .they are abundant; 10 to 11 
zooecia in 2 mm. 

I I In tangential sections the zooecial· walls exhibit the usual 
granulose structure characteristic of the genus. Acanthopores 
small, rather inconspicuous, appearing more like granules. The 
mesopores are small, 2 to 3 usually to each zooecium. Vertical 
sections show the mesopores tabulated with straight diaphragms 
one-half to" one tube-diameter apart. Cystiphragms line the zo
oecial tubes in both regions and are accompanied by a correspond
ing number of diaphragms.' '-IDrich and Bassler, loc. cit. 

In July, 1907, the writer received Tome II, Fascicule II of the 
Annales de Paleontologie, in which on page 18 (90) are figured 
thin sections of the type of Monticulipora !iliasa. d'Orbigny, which 
may· prove to be the above described species. The sections figured 
in the Annales are certainly to my mind much more suggestive 
of M. epidermata than of Prasopora faZesi (James), with which 
the writer in the Annales, A. Thevinin, seems to think it should be 
identified. His figures leave something to be desired, .inaSmuch 
as it is not possible from them to determine whether the zooecial 
walls have the granulose stru~ture of the genus MonticuZipora or 
the well defined· acanthoporeJ of Prasopora. This question will 
be further discussed under A+plexopora filiasa. 

This well·defined species of Monticulipora is very abundant in 
the Whitewater division of the Richmond, which might very well 
be called the M. epiderm.ata zone. I have, however, found it spar
ingly outside of Richmond, in Indiana. It occurs at Weisbur~ 



859 BRYOZOA-DESCRIPTION OF SPECIES. 

(one specimen from the base of the Whitewater) and at Versailles 
(in the Whitewater Y) and more abundantly about Laurel (also in 
the Whitewater 7). These specimens from southern localities are 
all small, but their internal structure leaves no doubt of their com
plete identity with the above i;pecies. They afford very interesting 
evidence bearing on the stratigraphy of the upper members of the 
Richmond series, as is pointed out elsewhere in this report. 

1.34A19-21. .. .1.41A6, 7, 8, D3, E2, 3, 4, 5, 6" 7.... I.60Hll, 
and at the localities named above. 

MONTICULlPORA. MAMMULATA. d'Orbigny. 

Plate XXI, lip. I-Ie; Plate XXXI, lip. 1, la. 

Monticulipora mamm·ulata d 'Orbigny, 1850, Prodrome de Paleon
tologie, I, p. 25. 
"-374. mammulata, d'Orb., 1848. Oeriopora' mammulata, 

Beadle (envoye sous ce nom). Espece en lame dont les monticules 
sont alloIiges. Etats-Unis, Cincinnati, Ohio (Blue Lime). "
d'Orbigny, loco cit. 

Since the above description by d'Orbigny might.apply to any 
one of 8. large number of frondescent bryozoa of the Cincinnati 
group, I quote here the very full description of this form given by 
firich in the Journal of the Cincinnati Society of Natural History, 
vol. V, p. 234 (1882). 

"Zoarium occurring as irregularly lobate masses, often of con
siderable size, that usually tend to throw off compressed processes, 
which in many specimens become frondescent; or, it may take 
the form of extended and undulated, often palmate, expansions, 
varying in thickness from 2 inch [.2 inch n to .4 or .5 inch. Sur
face covered with numerous prominent, typically conical, often 
elongated monticules. The'last feature is produced by the fusion 
of two or three of them. They are quite regularly arranged in 
series, in which sometimes five, usually, however, six, may be 
counted in the.space of .5 inch. Cells polygon-aI, thin-walled, sub
equal, from 1/12Oth to 1/130th inch in diamete.r, those occupying 
the 'summits of' the monticules being scarcely ~ger than those in 
the intervening spaces. Smaller or interstitial (1) cells may occa
sionally be observed, more frequtmtly on the monticules where they 
are wedged in between the ordinary cells. When the cell-walls are 
perfectly preserved, they show the spiniform tubuli as minute 
granules. 

"Longitudinal sections show conclusively that the zoarium is 
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divided into successtve 'immature' and 'mature' zones. In the. 
first, the cell-walls are very thin, and the tubes are almost invari
ably crossed only ~ straight or somewhat obliquely directed 
diaphragms, at dista~ces apart of about one tube-diameter. This 
zone is very narrow, li..nd soon a 'mature' zone is entered, when the 
walls are slightly thfukened, the diaphragms more crowded, and 
the greater number of the ordinary tubes have along· one or both 
sides a series of cystoid diaphragms; now there is also developed 
a limited number of; much smaner tubes, which differ, at least 
near their point of origin, from the ordinary tubes in having more 
closely arranged diap~ragms. In consequence, they have there the 
usual appearance of ¥1terstitial tubes. This character they may 
retain throughout the ~zone, but as they enter the next succeeding 
'immature' zone, thei* character has changed to that of an ordi
nary tube. The spini~orm tubuli llan not often be detected in a 
section of this kind. .l 

"A tangential or ~ather transverse section may present three 
different phases, accor~ing as it may pass either through the 'im
mature'-(lst), or fnll~ 'mature' (3d) stage; or (the 2d) if it cut 
the tubes just as they;enter into the last stage. Iu the first, the 
tubes have excessively thin walls, and are always apparently of one 
kind only, and thoroughly simple. In th~ second the walls are 
still very thin, and the appearance is like that of the preceding 
stage, excepting that we now observe quite a large number of 
smaller cells, wedged in among the ordinary tubes. In the third 
stage, the walls have become appreciably thickened, the smaller 
tubes, noticed in the second stage, have all, excepting a few among 
the cells occupying the monticnles, changed their character, so 
that they can no longei- be distingnished from the ordinary cells. 
This stage is further mlarked by the dFelopment of a large num
ber of very small spini~rm tubuli. Of the different phases above 
described, a single sec~ion may show only one, or, if large, all 
three. .. 

"The normal mode 41f growth of M. mammulata i;s unquestion
ably the same as in oth~r massive or discoidal forms of the Monti
culiporidae.The fronaescent examples of the species have an 
entirely different structpre from such trnly frondescent forms as 
H eterotrypa ft'ondosa,; D 'Orb. (iwt Nicholson), or H omotrypa 
dawsoni {M. (Heterotr1lpa) dawsoni, Nicholson). In the latter, 
as well as in all the ramk>se species, the frond or branch is divided 
into an axial and a petipheral region, and the structure of the 
tubes in these two regio~s, as is shown on page 125 of this JOUR
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NAL, is widely different: No such difference can be shown to 
exist between the axial and peripheral portions of any frondescent 
specimen of M. mammulata. What we do fiud is precisely similar 
to the structure and mode of growth observed in the massive or 
lobate examples of the speeies, viz.: the 'immature' and 'mature' 
zones (respectively equiv$ent to the axial and peripheral regions 
of the ramose and truly: frondescent forms), are reproduced at 
successive levels, one above the other, and it can not be said that 
the fronds are ever divid€~ into dissimilal' axial and peripheral r~
gions, 

"Dr. Nicholson, in his description of this species, nnder the 
name of Mo'nticuUpora (Peronopora) molesta (see syn. above), 
fails to recognize several: important characters, and besides gives. 
an incorrect measurement, 

r 
He 

.
gives the diameter of the cells as 

from 1/80th to 1/90th in4b. I have not seen any specimen of this 
species in which the ord~ary ceHs had a greater diameter than 
1/12Oth of an inch, nor 40 the cells in his tangential sections, as 
figured by him, appear uj have a greater diameter. At any rate, 
it is certain that the ceW in that figure are not so large as those 
figured of some other specJes, wliich, according to the measurements 
given by him, ought to ~ smaller. He did not recognize the na
ture of the interstitial en tubes, but regards them as true in
terstitial tubes, and of the same nature as in Peronopora decipiens, 
Rominger, and Heterot1'ypa frondosa, D'Orb.; but as I have above 
stated, this is not their true nature. His tangential section cuts 
the tubes transversely through the 2d phase mentioned by me 
in my descriptiou of the tangential section of this species, and be
cause it shows a larger number of the intercalated small tubes, I 
believe that it was prepl.U'led from one of the frondescent examples, 
tangential sections of w~ieh always pre.sent a greater n~ber ~f 
the small tubes than do ltransverse sectlOns of the maSSIve speCI
mens. This I consider Clue to the fact that in -the frondeseent 
forms the divergence of the tubes is much greater than in the mas
sive examples, making it! necessary that the young cells be more 
numerously and rapidly 4eveloped in the former than.in the latter. 

"I would suggest an~ recommend that Nicholson's name mo
lesta be retained as a vaHetal designation for the frondescent ex
amples of this species, as; some title, by means of which it may be 
distinguished from the tnassive and lobate exampl~s, is, if not 
really necessary, at least}desirable. "-Ulrich, wc. cit. 

All possible doubts asito whether this form is really the Monti,. 
culipora mammnlata of d 'Orbigny have been finally removed by 
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the publication in the Annales de Paleontologie of a photograph 
of a thin section of the type in the collection of d 'Orbigny (loc. 
cit., Tome I, pI. ix, fig. 1). The type as figured on the preceding 
plate, fig. 10, of that work, is the ramose form to which, according 
to Ulrich's suggl"stion, we should apply the varietal name molesta. 
In view of this last fact it would seem to be best to either dis
card the name molesta or apply it rather to the massive iorm. In 
the present report I have not distinguished between the two forms, 
so that both the frondescent and massive forms are included in the 
following citation of localities . 

. 1.33A3....1.34Bl-3.... 1.38Ba-h.... 1.34014, and generally in 
the upper part of the Platystropkia zone. 

MONTICULIPORA P ARASITICA Ulrich.. 

Plate XXI, tigs. 2-2b;' Plate XXXI, fig. 2. 


MonticuUpora parasitica Ulrich, 1882, Jour. Oin. Soc. Nat. Hist., 
V, p. 238, pI. X, figs. 3, 3a. 
"Zoaritun usually attached to Streptelasma (corniculum Y) ; the 

lltyersaccording to age, may vary in thickness from excessively 
thin to nearly .1 inch. The surface of the Streptelasma often car
ries a number of these parasitic patches, which, as they increase 
their diameter by lateral development, at last join each other. The 
line of junction is always marked by a slightly elevated, calcareous 
ridge. Not infrequently one proves the strongest, and gradually 
grows over the other colonies. Regularly arranged in decussat
ing aeries, and at distances apart of about .1 inch, the surface 
presents small conical Iponticules, the summits of. which usually 
appear to be solid, as they are occupied by minute cells; while 
on their slopes they carry the· apertures of slightly larger cells 
than the ·average. The largest of these have adiameter of 1/85th 
or an inoh. The spaces between the monticules are fiat, and are 
occupied by the polygonal,· and moderately thin-walled, ordinary 
cells, their diameter varying from I/110th to 1/100th of an inch. 
Intemtitial cells (it they can be so called) are developed only in 
the monticules, the summits of which are usually occupied by their 
apertures. 

"Tangential sections show thA tubes to be polygonal and thin
walled. Their angles of junction are usually thickened, and the 
small space thus form~d incluses, almost invariably, a minute lucid 
spot. They represent in all probability very small spiniform 
tubuli. The appearance of the best section examined leaves me 
little room to doubt that the tube wil!L~ were really pierced by 
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numerous and excessively minute foramina. Where these are not 
clearly shown, the wall has a peculiar granular appearance. 
Within the visceral chamber of each of the ordinary cells,. the 
intersect~d cystoid diaphragms are shown. In a large number the 
cut edges of the cystoid diaphragm give the appearance of a sec
ondary oval cell, within the polygonal walls of the tubes. Between 
the groups of slightly larger cells, a few thick-walled minute tubes 
(interstitial) may generally be observed. 

"Longitudinal sections show that all the matured tubes have 
one or both sides lined by a series of cystoid diaphragms, while 
the space between the double series, or single series and opposite 
wall, is crossed by straight diaphragms, which are placed at dis
tances apart of about one-third of a tube-diameter. 

"I know of no associated species with which M. parasitica 
might for a moment be confounded. It is probably more ·nearly 
allied to the M. ci1~cinnatiensis, Nicholson; than to any other species 
described from the Cincinnati group. The larger, more closely 
arranged, and much more prominent monticules of that species, 
constitute· a point of difference so decided and readily apparent, 
that examples of the two may be distinguished at a glance."
illrich, loco cit. . 

The specimen figured by me may not belong to this species, 
in as much as it has well developed mesopores. Its habit and 
superficial appearance are, however, the same as those of illrich's 
species. In its internal characters it is more like M. cincinnatien
sis James sp. The specimen figured is from the base of the Lib
erty formation, near Weisburg, Indiana. 

1.34A12.... 1.41A7, D3, E4. 

-NICHOLSONELLA VAUPELI Ulrich. 

Plate XXI, figs. S-Se; Plate XXXI, fig. 3. 

Heterotrypa vaupeU IDrieh, 1883, Jour. Cin. Soc. NiLt. Hist., voL 
VI, p. 85, pL I, figs. 2-2b. 
"7..oarium very irregular in its growth, forming twisted, and 

atways more or less inosculated loose masses,' several inches in 
diameter, consisting of convoluted frOlids, varying in thickness 
from .15 inch to .3 inch. This irregularity of growth, which is 
v'ery characteristic of the species, is caused by the frequent eleva
tion of the face of a frond into a secondary frondescent growth, 
which eventually anastomoses with other. similar divisions of the 
zoarium. The surface is sometimes nearly smooth! but· usually is 
studded with small, rounded or conical monticules, the summits 



864 REPORT OF STATE GEOLOGIST. 

of which are subsolid, ,each being occupied by a small" macula' 
of interstitial cells. The arrangement of the monticules and 
maculae, in conformity with that of the cells, is very regular. 
Merumring from center to center, seven may be counted in the 
space of .5 inch. The cell.apertures are circular; and regularly ar
ranged in decussating series, which are more or less curved around 
the monticules. One or two rows of cells immediately surrounding 
each of the small 'maculae,' are conspicuously larger than the or
dinary cells, their apertures having a diameter varying from 
1-150th to 1-10Oth of an inch, while the diameter of the cell-aper
ture;s in the inters paces is about 1-20Oth of an inch. 'Measuring 
along one of the series, twelve cells may be counted in the length 
of .1 inch. On an example of this species the cell-interspaces are 
comparatively thick, and may show, according to the stage of de
velopment and state of preservation, either all, or one or two, 
of three different appearances. In the first . (probably due to 
attrition), the interspaces are smooth and apparently solid. 1;0 
the second, they carry numeron<; small pits, representing the ori
fices of the interstitial cells. In the third the apertures'of the in
terstitial cells are obscured by an exceedingly large number of 
small spines or granules. The last phase doubtlessly represents 
the zoarium ill its perfect and fully matured stage. 

"Tangential sections, according to the depth at which the 
zoarium is divided, may show one or both of two distinct pha'iles. 
In the first (the one usually obtained on account of the unusual, 
brevity of the' matured' portion of the tnbes) the cells have mod
erately thin walls, are subangular or nearly circular, and in con
tact at limited points, the intervening spaces being occupied by 
smaller and angular interstitial cells. The spiniform tubuli, if any 
at all can be detected, are small and inconspicuous. In the second 
phase, which is obtained by cutting the cells of a fully matured 
specimen juSt below the surface, the interStitial cells appear to he 
almost entirely suppressed by the remarkably great developm:" 
~f spiniform tubuli, which are ranged in one or two closely-crowded 
series around the -cell cavities. Fig. 2a, PI. I [of IDrich's paper]. 
represents a portion of a section somewhat intermediate .between 
the two phases described. 

"Longitudinal sections show that the tubes in the axial region 
have very thin and somewhat flexuous walls; that they approach 
the surfacegraduully, and that the peripheral or 'mature' belt 
on each side of the fro~d is very narrow, and, as they enter the 
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latter region, that their walls are thickened. In the proper zooecial 
tubes the diaphragms are usually wanting throughout the axial 
region, and they are never numerous even in the peripheral por
tion of the zoarium. In the interstitial tubes they are numerous, 
and generaliy very thick. 

"In its internal structure this species is very remarkable, and 
differs widely from H. frondosa. One peculiarity in its structure 
I can as yet not fu11Y understand. That the interstitial cells are 
actually suppressed as the zoarium becomes fully matured, I must 
doubt. I would rather believe that the spinform tubuli, which 
are developed in the spaces that in the earlier stages of the growth' 
of the zoarium were occupied by interstitial cells, have sprung 
from the-surface of diaphragms which covered the interstitial cells. 
I am upheld in this belief by finding, what appears to me to be, 
corroborative evidence: namely, on many diaphragms of the. in
terstitial tubes I can detect one or two rather faintly delineated, 
hollow processes, extending upward from the diaphragm toward 
the one next succeeding. If this is not deceptive, then we have 
a curious analogy with such more recent bryozoa as H eteropora 
pelliculata, Waters (a recent species), in which the orifices of the 
interstitial cells are closed by a perforated pellicle. The only dif
ference (as regards this point) between such forms and H. vaupeli 
being that in the latter the surface of the pellicle or diaphragm is 
elevated into a hollow spine, instead of being perforated by a • 
simple foramen. 

"Examples of H. vaupeli are readily distinguished from all the 
other frondescent Montic'l~liporidae described from the Cincinnati 
group, by their 'peculiar growth, circular cell-apertures, and regu
lar arrangement of' the cells and monticules. When in a good 
state of preservation the most striking characteristic is found in 
the granular cell-interspaces."-Ulrich, loc. cit. 

This extremely well-marked species' i~ common at one or two 
levels in the Lorraine, and I have collected a form that does not 
seem to be specifically distinct, from the Liberty and 'Whitewater 

. divisions of the Richmond series. Nothing need be added to the 
above very full description. 

1.33A3.. .': 1.34Al 1. ... 1.41D3, E3 .... 1.38Bb and H. 

[55] 
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PERONOPORA PAVONIA. (d'Orbigny). 


Plate XXII, figs. I-Ie; Plate XXXI, figs. 4, 4a. 


Ptilodictya pavonia d'Orbigny, 1850, Prodrome de Paleontologie, 
I, p. 22 (not figured):==Poronopora decipiens (Rominger), 
Proc. Acad. Nat. Sci. Philadelphia, 1866, p. 116. 

"""369. pavonia, d'Orb., 1848. Espece en grandes lames frond
escentes souyent tres-epaisses it leur base. Etats-Unis, Cincinnati, 
Ohio. "-d'Orbigny, loc. cit. 

Under the descriptiou of Escharopora pavonia (E. and H.) the 
.fact that the type of Ptilodictya pavonia d 'Orb. is the same species 
as our Peronopora decipiens (Rominger) is pointed out. This is 
made certain by the recently published figures of d'Orbigny's 
type." These figures, which are very 'excelleut photographic re
productions, show the type natural size, a portion of the surface 
enlarged ten diameters and a section perpendicular t9 the surface, 
also enlarged ten diameters. The form and surface characters of 
the specimen would convince anyone that it is a peronopora; and 
no possible doubt remains after a glance at the section, which 
shows very clearly the median lamina and closely tabulated tubes 
with the series of cystiphragms, characte~istic of the latter genus. 
It is a typical Pero1l-QPora decipiens. If one compares these fig
ures of d'Orbigny's type with the figures of Chaetetes pavonia on 
pI. 19 of the Monographie des Polypiers Fossiles, of Milne-Ed
wards and Haime, it is at once evident that they do not represent 
the same species, or even the same genus. Edwards and Haime's 
form is quite certainly our Escharopo1'a pavonia, as I have pointed 
out under that sp~cies. Since the two are generically distinct we 
are at liberty to retain the 'name pavonia for "both species, and this 
I have thought best to do. Rominger's name, decip'iens, mnst, 
however, now be dropped, and this specie3 of Peronopora be known 
from now on as P. pavonia. ~ 

Peronopo1'a pavonia d'Orb. has as synonyms, besides Chaetetes 
decipiens Rom., C. frondosus of Nicholson, Quenstedt and James. 
The latter was due to the mistake of Nicholson in wr:mgly inter-. 
preting the figure of C. frondos1ls given by Edwards and Haime.* 

The characters of Peronopora pavonia are briefly as follows: 
Zoarium laminar to submassive, in large examples usually more 

or les,; convoluted. One specimen in the collection has overspread 
the shell of Rafinesquina alternata as a large expansion from 
which the laminar portion of the frond arisPcs. 'l'he frond consists 

*Annales PaleontologIe, Tome I, pl. IX, 1906, 

*Polypiers 1;'ossiles, 1851, pI. XIX, fig. 5. 
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of two laminae, each with a well-defined epitheca, grown together 
back to back, so that the result is a frond celluliferous on both 
faces, and with a median, double, thin,. wavy plate. Superficially, 
the zooecia are for the most part rounded, and more or less sur
rounded by mesopores. The latter are less abundant than in the 
species P. vera, and sometimes are comparatively few. .Acantho
pores are fairly abundant and of medium size, and in well pre
served specimens give a distirrctly spinose appearance to the sur
face. In tangential sections the zooecia are seen to have walls 
of medium thickness, without granules or tubules as in Monticuli
para and Homotrypa. The meilopores are angular and sometimes 
completely isolate the zooecia. The latter are round, and only 
occasionally indented by the acanthopores. In lopgitudinal sec
tions the median double lamina is clearly shown, aud arising from 
it with a very short immature region the zooecia proceed directly 
to the surface. The zooecia are crossed by a number of dia
phragms, which are more numerous near their inner ends. Lining 
one (the posterior) wall of the zooecia is a series of overlapping 
cystiphragms. 'l'he mesopores are crossed by closely set, straight 
diaphragms. 

This species is rather common in the Lorraine and Richmond. 
5.9A41. .. ·.1.33A3 .... 1.34Al, 3, 7, 10, 11, 12, '13, 14 ... . 

1.34013, 14a, 14b, ill-3, 4-5 ....1.41A6, Bl, El, 2, 3, 4, 6 ... . 
1.12E3, A2 ... :1.38Ba-h. 

PERONOPORA VERA (Ulrich) Nickles. 

Plate XXII, figs. 2·2b; Plate XXXI. fig. 5. 

Feroltopora vera Ulrich, 1888, Am. GeoL, II, p. 40. (Named but 
not described or figured.) Nickleil, 1905, Kentucky GeoL Surv., 
Bull. No.5, p. 46, pI. ii, fig. 1. . 

In as much as the original mention of this species was not ac
companied by either description or figure, the species should ac
cording to the rules of nomenclature be accredited to Nickles, who 
has recently described and figured it in the work indicated above. 
'rhe description given by Nickles is ail follows: 

"Zoarium consisting of bilaminar fronds, from 2 to 6 mm. 
thick and 10 or more cm. in height. Fronds usually somewhat un
dulating and occasionally producing fronds at right angles. Some 
specimens branch rather frequently, others rarely., ~urface smooth, 
except for clusters of larger cells which sometimes rise a little 
above the general level. Apertures circular, 7 or 8 of the ordi
nary size in 2 mm. Apertures in the clusters considerably larger 
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than the others. Usually a large number of circular or sub
angular mesopores occupy the rather wide interspaces as well as 
the angles of junction. Often the center of a cluster is occupied 
with a large number of mesopores. In some specimens few meso
pores are present. Occasionally a specimen shows a'large number 
of small.acanthopores at the surface, and these may also be seen 
in some sections. Zooecia have a very short immature region; in 
the mature region they have a linear series of overlapping cysti
phragms and a few 'diaphragms. "-Nickles, loc. cit. 

This is the common species of the Eden formation. 
5.9A6, 25, 29, 31. ... 1.3405, 6, 7, 11 .... 1.37E2-4.... 1.3SA5, 

9, 17, 19, 23, 31. 

PE'l'IGOPORA ASPERULA Ulrich. 


Plate XXII, 11gs. 3-3c. 


Petigopora asper1!la Ulrich, Jour. ~in. Soc. Nat. Hist., VI, p. 157, 

pI. vi, figs. 4-4c. 

"Zoarium adhering to foreign objects, such as the shells of 
Stropkomena alternata, etc., consisting of thin subcircular expan
sions, from .2 to )5 of an inch in diameter, and .03 to .OS of an 
inch in thickness. The surface is studded with small conical ele
vations, arranged in quite regular intersecting series, six or seven 
in the length of .4 of an inch. They are occupied by cells but 
slightly, if at all, larger than those of the ordinary size; it is 
usual, however, to find the apices QCcupied by one or several spi- , 
niform tubuli, often considerably larger than those in the inter-' ,. 
vening spaces. Oells small, somewhat unequal in size, from thir
teen to fifteen in the length of .1 of an inch. The cell-walls are 
moderately thin between the angles of junction of the cells, the 
majority of these being occupied by very large and prominent 
spiniform tubuli. 

"Longitudinal sections show numerous spiniform tubuli, the 
proper tube-walls moderately thin, and no diaphragms. The tubes 
are at first inclined, but soon bend upward and proceed in adirect 
line to open at the surface. 

"In tangential sections the cell walls between the numerous 
spiniform tubuli are quite thin, an~ occasionally preserve in a 
faint manner the divisional line between adjoining cells. The 
walls are somewhat thicker, and the spiniform tubuli larger than 
ordinary, in the groups of cells occupying the monticules at the 
surface. 

, 'This species does not resemble either P. gregal'ia, or P. 
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petechialis, very clese1y, differing from both these species in having 
distinct monticules and more conspicuous spiniform tubuli. P. 
peteehialis forms very small conical zoaria, never, so far as I have 
been able to observe, more thaIi .12 of an inch in diameter. Its 
vertical range is extended, I having collected typical specimens in 
the Upper 'l'renton rocks of Kentucky, and at nearly aU elevations 
in the Cincinnati group. 'rhe range of P. asperula is much less 
extended, being apPE,trently restricted to the strata between 300 and 
450 feet above low ;water mark in the Ohio river [at Cincinnati, 
0.] ."-illrich, loe. cit. 

1.33A3 ... .Bl-3, C14a. 

PETIGOPORA GREGARIA Ulrich. 

Plate XXII, ligs. 4·4c. 

Petigopora gregaria Ulrich, 1883, Jour. Cin. Soc. Nat. Rist., VI, 
p.. 155, pI. vii, figs. 3-3c. 
"Zoarium consisting of small patches usually from .1 to .3 of 

an inch in diameter, and.04 inch in thickness, adhering to foreign 
bodies. Nearly all of my specimens are attached to Heterotrypa 
frondosa D 'Orb. A narrow, usually smooth, but sometimes 
slightly wrinkled, germinating membrane forms the outer margin, 
which is slightly elevated, and developed in advance of the young 
marginal cells. Surface without monticules, and covered uni
formly by the apertures of equal sized cells, twelve or thirteen of 
which are ranged in a series .1 of an inch in length. Interstitial 
cells wanting. Spiniform tubuli may be detected on well-preserved 
examples by viewing the cells obliquely. In all cases, however, 
they project so little that they are easily overlo(}ked. 

"Longitudinal sections show that the tubes in the central por
tion of the zoarium are vertical, those nearer the margin being 
inclined at an increasing angle. Their walls, when not including 
one of the large spiniform tubuli, are moderately thin, and often 
somewhat flexuous. 'l'he epithecal membrane is very thin and gen
erally undulated. Diaphragms appear to be wanting. 

"Tangential sections show that, with the exception of an occa
sional young tube, the cells are of nearly uniform size and of one 
kind only. Between the angles of junction, the majority of which 
are occupied by the comparatively large spiniform tuhuli, the 
walls are thin and appear to. be amalgamated, no divisional line 
being visible between the walls of adjoining cells. "-illrich, l~e. 
cit. 

1.33A8. 
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1'1'JTIGOPOI\A l'E'l'EClIIAf.IS (NleliQlsolJ). 

Plate XXII, figs. 5, 5a. 

Uhaetetes petechialis Nicholson, 1875, Pal. Ohio, n, p. 213, pI. xxii, 
figs. 5-5a. 

"Corallum incrusting, forming small circular patches, from 
less than half a line to a line and a half in diameter, attached by 
their bases parasitically to some foreign body, and more or less 
strongly convex above. The surface is usually smooth, but not un
commonly exhibits a single central elevation or tubercle. The cali
ces are subcircular and subequal, with moderately thick walls, their 
margins not tuberculated or granulated, entirely without minute 
interstitial tubuli, their size vcry small, from fourteen to sixteen 
occupying the space of one line. The corallites in the center of 
the mass are nearly perpendicular, but they become more or less 
oblique toward the margius. 

" It is possible that this may be a young form of some' other 
incrusting species, such as C. papillatus McOoy; but I do not 
think this is the case. At any rate, in the absence of any speci
mens by which this could be connected directly with any other 
known form, I have thought it best to place it nnder a separate 
title, sint1e it is not only eommon in its occurrence but is also very 
common in its size and other characters. It is distinguished by its 
forming very minute, circular, and convex patches, by the absence 
of interstitial tubnles, and by the extremely small size of the cal
ices. All the examples which I have seen are attached parasitically 
to the exterior of Strophomena alternata and different species of 
Chaetetes, and in general many colonies are found attached to the 
same object. I am indebted for the specimens from which the 
above description is drawn to the kindness of Mr. U. P. James."
Nicholson, loco cit. 

It is quite likely that many times minute encrusting species 
identified as the above, might turn out, on investigating their in
ternal characters to be the young of other species. It is not an 
easy matter, however, to obtain satisfactory sections of these minnte 
bodies, and the entire specimen is nearly always sacrificed in the 
operation. My identifications are for the most part based on the 
external appearance. 

1.33A3... . 1.34A1, 3, 8, 9,Bl-3, 4·5, 014a. 

http:l'E'l'EClIIAf.IS
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PRASOPORA HOSPITALIS (Nicholson). 

Plate XXPI, figs. l·lb; Plate XXXI, fig. 6. 

!J1ontic1llipora (Prasopora) Selwynii val'. hospitalis Nicholson, 
1881, Genus Monticulipora, p. 209, fig. 45. 

"The type form of jl1. Selwynii occurs in the Trenton Lime
stone of Canada; but there is found in the Cincinnati formation of 
Ohio a form which possesses a very similar internal structure, and 
which I propose, in the meanwhile, to separate as a distinct variety, 
under the name of ltI. Selwynii, var. hospitalis, Nich. In its habit 
and size, and in some of the minor points of its organization, this 
form differs considerably from the typical examples from the Tren
ton Limestone, which I have selected as the basis for the preced
ing specific diagnosis; but as it is clearly a very close ally of JL 
Selwynii, I prefer to regard it at present as nothing more than a 
very strongly marked variety. 

"1Il. Selwyn1ii, val'. hospitalis, is invariably an attached form, 
all the numerous examples which I have seen being fixed to the ex
terior of the shells of Brachiopods. In form they are hemispheric, 
rarely nearly globular, and their general size is from six to ten 
lines in diameter, and from three to four to seven or eight lines in 
height. Tangential sections show a close correspondence in general 
structure with the type-form of ltI. Selwynii, from the Trenton 
Limestone. The corallum is composed of large aud small corallites, 
the former being oval or circular in shape, and varying from 
I-50th to I-70th inch in diameter, each showing an excentrically 
perforated tabula. The small corallites are numerous, sub-angular, 
and wedged in between all the larger tubes, occasionally being ag
gregated into star-shaped groups or 'maculae'. Besides the normal 
two kiuds of corallites, 'a considerable number of thick-walled hol
low spines ('spiniform corallites') may be observed, which I have 
not detected as present in the examples from the Trenton Lime
stone. 

Vertical sections show the same marked difference in the tabula
tion of the large and small corallitesas has been previously noticed 
in the type-form, with some differences. The large tubes are al
ways doubly tabulate, one set of tahulae forming a series of large 
lenticular vesicles, the convex sides of which are directed inwards 
towards the center of the visceral chambers, \vhile the remaining 
tabulae are horizontal and remote, and extend from the lateral wall 
of the corallite to the inner margin of the- above-mentioned vesicles. 
In some of the tubes we may occasionally notice the convex tabulae 
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to form isolated vesicles, as they usually do in the specimens from 

the Trenton Limestone; but they are more commonly so apposed to 

one another as to form vertical rows of lenticular cells, the inner 

margins of which unite so as to constitute an apparent median sep

tum to the corallite. The small corallitesare uniformly furnished 

with numerous complete, horizontal tabulae. Upon the whole, I 

have little doubt that the !lpecimens now described from the Cincin


. nati Group of Ohio are not specifically separable from the true M. 

SeWJynii of the Trenton Limestone. "-Nicholson, loco cit. 

The above description by Nicholson is entirely adequate. At 
present P. kospitalis is generally considered as a species distinct 
from P. selwynii. It is peculiar in being the only species of this 
genus in the Cincinnati group and also in the fact that it presents 
certain characters not found in the typical members of the genus 
occurring in the Trenton, namely large and abundantly developed 
acanthopores. In form, P. kospitalis is fairly typical, although 
rather !nore inclined to form irregular masses than its Trenton 
relatives, which are usually very regularly hemispherical or sub
conical in form. The specimen figured herewith is about typical 
of the more regular roaria of the Richmond form. Occasionally 
thin crusts are found, probably the basal portion of an incompletely 
developed colony. . On the other hand fusiform or club-shaped 
masses are occasionally met with. 

P. kospitalis is very common in the Richmond series of rocks, 
and comes as near ranging throughout the series as any species that 
I know of. In the Waynesville, however, it is lacking except at the 
very top of the formation, and I am not aware of its occurrence in 
the Arnheim, which has lately come to be considered as a member 
of the Richmond series. . 

1.34A10, 11,12,13,14,15,16,17, IS, 19,20,21,22 .... 1.41A2, 
4, 5, 6, 7, 8, lOa, B2, ci, D1, 2, 3, E1, 3, 4, 5, 6, 7....1.12E3, 
Dl-6, F3. 

PROBOSCINA AULOPOROIDES (Nicholson). 

Plate XXXII, figs. 4, 40., and 5. 

A.lecto auloporoides Nicholson, 1875, Pal. Ohio, II, p. 267, pI. xxv, 
figs. 2-2b. 
"Polyzoary creeping,.adnate, of narrow branches, which divide 

at more or less acute angles, and repeatedly inosculate, so as to give 
rise to a complicated network, the meshes of which are usually 
more or less elliptical, and have a long diameter of one line, less or 
more. Cells tubular, partially immersed, but free close to their 
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apertures, sometimes uniserial, but more commonly arranged in two 
. alternating rows, and sometimes irregularly disposed at the points 
of anastomosis of the branches. About six or seven cells in the 
space of one line. Cell apertures terminal, circular, of the same 
rliameter as the tube, the last portion of the cell being more or 
less conspicuously elevated. above the general surface. 

"This form seems to have been usually regarded as identical 
with Aulopora arachnoidea, Hall, to which it bears a considerable 
superficial resemblance; but it is certainly distinct, and it seems to 
me to be an unequivocal Alecto. It is nearly allied to A. frondosa, 
James, from which it is distinguished mainly by its much more 
slender habit and graceful form, and by its generally having its 
cells arranged in a single or double series. "-Nicholson, loc. cit. 

1.33A3 .... 1.34AIO, 11, 12, C14a ....1.41D3, E3, 4. 

PROBOSOINA FRONDOSA (NIcholson). 

Plate XXXII, tigs. S-Sb. 

Alecto frondosa ~icholson, 1875, Pal. Ohio, II, p. 266, pI. xxv, figs. 
S-3b. 

"Polyzoary creeping, adnate, of reticulating and anastomosing 
branches, which sometimes become more or less completely con
fiuent, and thus give rise to a thin expanded crust, or which may be 
partially reticulated and partially confiuent. When the branches 
form a network, the meshes are usually extremely variable in size 
and disposition, but they are in general more or less oval, arid have 
a long diameter of from half a line to a line or more. The cells 
are uniserial on the narrowest branches, but biserial, triserial, or 
multiserial on other parts of the coenoecium; elongated and tabu
lar, immersed below, but free toward their aperture, the terminal 
portion of the tube being more or less elevated above the general 
sudaee. Cells from six to eight in the space of one line. Cell
mouths terminal, circular, of the same diameter as the tube. 

"There does not appear to be any reason for doubting that this 
is a true Alecto. It is nearly allied to A. auloporoides, especially 
as regards the size and form of the cells; but the greater width of 
the branches, and their common .coalescence into crusts, together 
with the greater number of the rows of cells over most parts of the 
coenoecium, communicate to the fossil quife a peculiar appearance, 
and appear to be characters of specific value. The above descrip
tion is drawn from type specimens kindly furnished by Mr. U. P. 
James. The examples that I hin;e seen are parasitic upon the 
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valves of Orthis and Strophomena, and up9n various Hpecies of 
Chaetetes. 

"I have seen one specimen, m the collection of Afr. Dyer, of 
Cincinnati, in which the spaces between the cells are very minutely 
porous or tubular, and I am informed by Mr. James that a similar 
specimen exists in his cabinet. It is possible these IDay constitute a 
distinct species. "-Nicholson, loe. cit. 

Further description is not necessary for the identification of 
this species. It is not uncommon in the Lorraine and Richmond 
formations. 

1.33A3 .... 1.34A12, 19-21, Bl-p, C13 .... 1.41Dl, E4, 6. 

PTILODICTYA PLUMARIA James. 

Plate XXIV, lIg. 1; Plate XXXII, lIg. 6. 

Ptilodictyd plumaria James, 1878, The Paleontologist, No.1, p. J. 

"Polyzoary plumose, pointed at the base, divided into three 
lobe-like parts -by longitudinal depressions commencing near the 
base, which flatten out gradually as they approach the upper part. 
with a row of elougated, oblique pits in each depression directed 
outward and upward; the lower part of the central lobe gently 
curving from the base upward to about half the length of the speci
men; the lateral lobes expand quite rapidly, and to thin edges-one 
side at a sharper angle than the other. On the surface are several 
rows of slightly radiating low nodes. Quite strong 10ngitudinaJ 
wavy lines on the central lobe, from eight to ten in the spacfl of a 
line, between which, measuring in the same direction, are about ten 
circular or oval cell apertures in the space of a line. The cells on 
the lateral lobes are quite indistinct on the only specimen yet ex
amined, caused by weathering. A small portion of the upper part 
is covered with rock; the exposed part measures one and three
quarter inches in length, and seven-eighths of an inch in width at 
the broadest part."-James, loco cit. 

According to Bassler, James' type is from 'Warren County, 
Ohio. The species oecurs at a number of localities in Ohio and In
diana. 

1.34A17 (?) .... 1.41E6. 
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HHINIDIC'rYA LATA (Ulrich). 

Plate XXXII, figs. 7, 7a. 

Dicranopora lata Ulrich, 1882, Jour. Oin. Soc. Nat. Hist., V, p. 166, 
pI. vi, figs. 16, 16a. 

"'l'he segments of this species are ahout one inch in length; 
their width at the lower or simple end is about .08 inch; at the bi
furcated end the width is usually about .16 inch; th~ greatest 
thicknes..~ rarely reaches .03 inch. The two articulating branchlets 
are remarkably short, being generally only about .05 inch; they are 
only indicated by a narrow cleft in the widest end of the segment. 
Cells with thick walls and :very small oval apertures. There are 
about ten longitudinal rows of cells near the lower end, and at least 
twenty just below the bifurcation. }Ieasured along the length of a 
segment eight cells occupy the space of .1 inch. There are two 
rows of obliquely arranged cell-apertures along each of the acute 
margins. 

"The wide segments, thick cell-walls, and remarkably short ar
ticulating branehlets constitute the distinguishing features of the 
species. "-Ulrich, loco cit. 

1.34A9. 

RHINIDIC'r¥A PARAIJLEI.,A (JUIlles). 

Plate XXXII, fig. 8. 

Ptilodictya pamllela James, 1878, The Paleontologist, No.1, p. 5. 
(Not figured.) 

"Polyzoary a flattened, linear, unbranched, two-edged frond. 
about one line wide, longest example observed one inch. Surface 
gently convex celluliferous on both faces; edges very thin and 
sharp. Eight or ten alternating rows of elliptical cells arranged 
between longitudinal lines; one row on each edge having an oblique 
direction. Cell apertures not raised, five or six in the space of a 
line measuring longitudinally. "-James, loc. cit. 

The above description is adequate for the recognition of the 
species. According to Bassler, R. gran1tlosa James is the· same. 
species as R. paralella, the granulose individuals representing mere
ly the more mature stages of the species. 

1.34C13, 14a. 
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RHOMBOTRYPA CRASSIMURALIS Ulrich. 

Plate XXIII, figs.. 2-2c. 

MonotrypeUa crassimtwalis Ulrich, 1890, Geol. Illinois, VIII, p. 452, 
pI. xxxviii, figs. 2-2f. 

"Zoarium dendroid, dividing dichotomously or otherwise at in
tervals from ten to eighteen mm.; branches with low rounded mon
ticules, whose centers are about two mm, apart. Zooecial tubes 
after passing through the axial region with a steady curve, open at 
the surface with direct circular apertures, 0.1 mm. in diameter, 111'

ranged in regular curved series, about eight in two mm. Inter
spaces thick, flattened centrally, then sloping down to the zooecial 
cavities; thickest on the monticules, where a few illy defined meso
pores are generally distinguishable. Tangential sections vary con
siderably in the appearance of the interspaces, sometimes showing 
open spaces of diverse form and size. between the ring-like walls of 
the zooecia; at other times the interspaces seem to be filled with a 
light colored calcareous deposit. In transverse sections the tubes 
in the axial portion ot the branch are very thin walled and regu
larly rhomboidal or pentagonal. Diaphragms wanting in the axial, 
very few in the mature region; numerous 'and thick in the inter
spaces. 

"This species belongs to the same section of the genus as M. 
quadrata Rominger, and M. subquadrata Ulrich, though differing 
very obviousy from them. All three agree in having the tubes in 
the axial region regularly rhomboidal. Another peculiar feature 
is the habit of changing the direction of the rhombs at intervals of 
a.bout one mm. This peculiarity is readily noticed in rough ver
tical fractures, which exhibit concentric, alternately smooth and 
rough or toothed spaces, each about one mm. wide. In thin verti
cal sections each change is marked by the origin of a number of 
rapidly enlarging young tubes. 

"The most striking feature of the species is the 'extreme thick: 
ness of the interzooecial spaces. This character alone readily dis
tinguishes the species from its nearest allies. "-Ulrich, loco cit. 

To this species I have referred a peculiar small, irregular, mas
sive, tuberculated specimen from near the top of the White
water division at Richmond, Indiana. A section of this specimen 
is figured in this report. The external characters do not corre
spond to Ulrich's description, but the internal characters seem to 
be identical. 

1.41El. 
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HHOMBO'£RYPA QUADRA'l'A (Rominger). 

Plate XXIII. figs. 4·4b; Plate XXV, fig._ 5. 

Chaetetes quadratus Rominger, 1866, Proc. Acad. Nat. Sci. Phila
delphia, 1866, p. 115 (not figured). 

"In the blue limestone of :M;adison and Richmond, Ind., a well
marked form of Chaetetes is found In abundance, which I do not 
see described. I propose for it the name Chaetetes quadratus. 

"It grows in coarse ramifications, with an even or slightly mon
ticulose surface. Tube orifices vary in size in different specimens 
from one-fourth to one-third of a millimeter; those on the maculae 
are somewhat larger; they are contiguous, polygonal or quadrate, 
separated by thin walls. Intertubula~ ceUs entirely wanting. 

"The quadrate tube form is particularly obvious on the ter
minal surface of branches, or on transverse sections. On the sides 
of the branches the quadrate tube form gives tlie .surface a fanciful 
appearance, which I cannot better explain than by cpm'paring it 
with certain decorations of watch cases, consisting of concentric 
circle lines crossing each other."-Rominger, loco cit. 

The quadrate form of the zooec'ia as seen especially on the grow
ing ends of branches makes the identification of this species an easy 
matter. I have found considerable variation in the form of the 
zoarium, although there is surprisingly little in the internal charac
ters. The zoarium varies from submassive to strictly ramose; and 
the surface is either smooth, which is the usual appearance, or pos
sesses low broad monticules. In size my specimens run all the way 
from small cylindrical stems a few mm. in diameter to large masses 
several centimeters in extent. The specimen figured is a subfron
descent branching form of rather large size. 

This is one of the most persistent and abundant bryozoa in the 
Richmond formation. 

1.34A10, 11, 12, 13, 14, 15, 16, 17; 18b, 19-21, 22 .... 1.41A4, 5, 
6, 7, 8 .... 1.41Cl, D1, 2, 3, E2, 3, 4, 6, 7.... 1.12E3, F3. 

RHOMBOTRYPA SUBQUADRATA Ulrich. 

Plate XXIII. Il.&'s. lI·lIb. 

Monotrypella subquadrata Ulrich 1882, Jour. Cin. Soc. Nat. Hist., 
Vol. V, p. 249, pI. xi, figs. 4-4b. 
"Zoarium ramose, the branches slender, cylindrical, and from 

one to nearly two-tenths of an inch in diameter. Surface smooth, 
without monticules or clusters of large cells. Cells usually quad
rate or rhomboidal, t~e apertures circular or broadly elliptical, and 
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arranged in regular, more or less curved diagonal liues; at other 
times the arrangement is peculiarly irregular.. Their walls are 
moderately thick, and on an average twelve may be counted in the 
space of .1 inch. A few smaller cells (which sections show to be of 
the nature of interstitial tubes) are intercalated among the ordi
nary cells. . 

"Tangential sections show that the tubes have moderately thick 
walls, which preserve, more or less distinctly, the primitive bound
ary line between adjoining tubes. Small interstitial tubes are al
ways shown, and although their number varies in different sections, 
they are never numerous. 

"In longitudinal sec~ion,<I the tubes in the axial region of the 
branch have very thin walls, and diaphragms are usually wanting 
in. this region. As they approach the surface their walls are mod
erately thickened, and comparatively remote horizontal diaphragms 
are deyelop~d (from one-half to two tube-diameters distant from 
each other). Occasionally the section cuts one of the interstitial 
tubes, in which the diaphragms are about nearly as numerous as in 
the ordinary tubes. The developmmlt of young tubes, by gemma
tion, takes place simultaneously in all the tubes at a point on a line 
crossing the branch at regular intervals, with a strong upward. 
curve. Eight or nine of these intervals occur in the space of .3 
inch. In transverse sections the tubes in the central portion of. the 
branch are thin-walled and strictly quadrate or rhomboidal. 

"In many respects this species closely resembles M. quadrata, 
Rominger, and might almost be regarded as a dwarfed variety of 
that species, were it not for the certain presence of interstitial cells 
in M. subquadrata. Another difference is found in the size of the 
cells, Rominger's species having from seven to eight in the space of 
.1 jnch, while in the new species there are about twelve in the same 
space. Besides, M. quadrata is a much more robust species with 
branches varying in diameter from three to six-tenths of an inch. 

"As before remarked, I can not at present consider tae exist
ence of interstitial tubes in M. subqttadrata, as of more than spe
cific importance, in so far as it has reference to the separation of 
the species from }rl. q1tadrata."-lnrich, loco cit. 

If I correctly understand the characters of this species my col
lections contain but a single specimen, from the base of the Liberty 
formation at Riclunond, Indiana. I am not sure, however, but that 
I may have given more latitude to the common species R. quadrata, 
than the author of the above species would approve of. At a num
ber of levels I have found small ramose forms that seemed to differ 
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in no other respect from the typical R. quadmta, than in their 
small size and shape. Since I did not detect any mesopores in these 
specimens' I. eoncluded in each case to refer them to t:Q.e species 
quadrata. If these small forms are to be referred to the above 

. species, its range and distribution would be considerably extended. 

RHOPALONARIA VENOSA Ulrich. 


Plate XXXi, figs. 7, 7a. 


llhopalonaria venosa Ulrich, 1879, ,Tour. Cin. Soc. Nat. Hist., II, 
p. 26, pI. vii, figs. 24, 24a. 
"Polyzoary creeping, adnate, branched, and forming a very 

delicate network. Branches linear, with a straight central stripe 
or series of cells, which has two branches springing, usually from 
every junctlon of the cells, though sometimes at that of the second 
with the third; these branches are again divided in a similar man
ner, and anastomose; this peculiar mode of growth gives the poly
zoary very much the appearance of the .venation in a leaf. Cells 
uniserial, long acutely elliptical, and joined together at their con
tracted ends; length of the cells somewhat variable, but generally 
about four occupy the space of two lines. Cell mouths not clearly 
determined, but appear to be situated near the' middle of the cell. 

"This form has only been observed, incrusting 8treptelasma 
cornic1tl1tm [=8. rttsticum]. On account of the great delicacy of 
the fossil, the fronds themselyes are rarely found, but instead we 

. find a series of impressions on the exterior coat of the 8treptelasma, 
which very well represent the fronds and cells of the same. "-UI
rich, lac. cit. 

The specimen of this species figured in thi~ report is spread over 
the shell of Rafinesquina alte1·uata. Another specimen was ob
tained at Richmond, Indiana. The types are from Waynesville 
and Clat:kesville, Ohio. According to Ulrich and Bassler it is con
fined to the Richmond group. 


1.34All .... 1.4IC2-3. 


SPATIOPORA MACUJ,.0SA Ulrich. 


Plate XXXII, tig. 9 .. 


Sfatiopora maculvsa Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., VI, p. 
167, pI. vii, fig. 6. 
"Zoarium forming large and very thin parasitic expansions, 

usually adhering to the shells of Orthoceras, but in a few instances 
to other objects. The surface shows at intervals of .18 inches, 
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measuring from center to center, distinct groups of large cells, 
which, very rarely, however, are slightly elevated above the general 
level of the surface. The diameter of the cells in these clusters not 
infrequently exceeds 1/55th of an inch, while that of the ordinary 
cells averages about 1/110th of an inch. 1'he cell-walls are moder- . 
ately thin, and at many of the angles are elevated into more or less 
promineqt spiniform tubuli, which are larger and' somewhat more 
numerous among the cells of the clusters mentioned. The cell-aper
tures are more or less irregular in shape, and never, on account 
of the thickened wall angles, are strictly angular. Interstitial cells 
are entirely absent. 1'h~ internal structure shows no striking pe
culiarities, and much resembles that of the type species. 

"This species is not uncommon in the Cincinnati Group. It is 
distinguished from S. aspera by the more distinct groups of larger 
cells, smaller and less prominent spiniform tubuli, which are only 
to be observed in finely preserved examples, the greater number of 
specimens found being entirely smooth. "-Ulrich, loco cit. 

To this species I have referred a specimen from the top of the 
hill back of Yevay, Indiana. 

SPATIOPORA '.qJBERCULATA (~IIlue·Edwards and HaiJne). " 
Plate XXXII, fig. 10. 

Chaetetes luberc'ulatus Milne-Edwards and Haime, 1851, Mono
graphie desPolypiers Fossiles des Terrains Palaeozoiques, p. 
268, pl. xix, figs. 3, 3a. 
"Polypier tres-mince, encroutant. Les mamelons sont CODl

primes et aHonges dans une meme direction longitudinale, assel. 
saillants, long de 2 ou 3 millimetres, large d 'un ou d 'un demi, dis
tants entre eux de deux fois leur largeur. Le sommet des mame
Ions est un peu compact.e. Calices peu inegaux, de forme Ull pau 
variable; ceux des mamelons pourtantull peu plus grands, et lar
ges d 'un. tiers de millimetre. Cette espece est tres-voisne du Chae
tetes mammulatus j elle paraJ:t en differer pourtant par ses mame
Ions toujour plus aHonges et moins saillants, et ses calices sont un 
peu plus grands. 

"SILURIEN (inferieur). Etats-Unis (Blue limestone): Cin
cinnati, Oxford, Springfield, Lebanon (Ohio). 

"SILURIEN (superieur). Angleterre: Dudley. 
"CoIl. de Yerneuil, T. W. Fletcher. "-Milne-Edwards and 

Haime, loco cit. 
A 'free translation of the above description will suffice for its 

identification. 
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Zoarium very thin, encrusting. The monticules are narrow and 
elongate in the direction of the greatest length of the zoarium, 
quite· sharp, two or three mm. long, about one or one half 
wide and separated from each other by about twice their breadth. 
The tops of the monticules are nearly solid. Zooecial apertures 
somewhat lmequal in size, varying somewhat in form, those of the 
monticules rather larger, about a third of a millimetre in diameter. 
'l'his species is nearly· related to Chaetetes mammulatu8 from 
which it differs in the fact that its monticules arc always morc 
elongate and not so sharp, and the zooecial apertures are slightly 
larger. 

This and other species of the genus are commonly found grow
ing over the shells of Orthocerata. Nicholson has described S. cor
ticans, which he afterwards considered as a synonym of the present 
species, and Ulrich later d!'lscribed S. montifera a species with 
much more conspicuous monticules. Nickles and BasslElr consider 
Nicholson's 'SJ)ecies valid.' All of these species have the elongated 
monticules; drawn out in a common direction. The internal char
acters are indicated under the diagnosis of the genus. 

Reported from Indiana in Kindle's list.. It occurs in the Lor
raine and Richmond formations. 

STIGMATEI"LA CLAVIS (Ulrich). 


Plate XXIV, figs. 2, 2a; Plate XXV, fig. 3. 


Leptotrypa clavis Ulrich, 1883, Jour. Cin. Soc. Nat. Hist., VI, p. 

161, pI. vi, figs. 3, 3a. 
"Zo'arium growing parasitically, usually upon crinoid columns, 

but not infrequently upon the stems of small branching bryozoa. 
In thickness it varies from .02 to .15 of an inch, the largest speci
men seen being about one inch in length. Those growing upon the 
crinoid uolumns usually heing club-shaped or subfusiform,. while 
those upon other objects are variously and irregularly shaped. 
Surface presenting at intervals of .1 inch, small clusters of cells a 
little larger than the average, which in a few specimens are sl;ghtly 
elevated above the general level of the surface. Cells of one kind 
only, rather unequal in size, and irregular in arrangement, with 
moderately thin walls, and an average diameter of 1/130th of an 
inch, while the diameter of those in the groups seldom. exceeds 
1/10Qth of an inch. When in a good state of preservation the spin
iform tub.uliare quite-prominent and pointed, and being numerous, 
give the 7.oarium a characteristically hil;sute appearance. 

[56] 
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"Longitudinal sections show a spiniform tubulus between 
nearly all of the thin and straight tube-walls. Th~ir internal 
cavity is distinctly shown and comparatively large. Diaphragms 
are usually developed at remote intervals, though often wanting. 
No interstitial tubes have bE'en observed. 

"In tangential sections the cells are seen to be thin-walled and 
of rather unequal size. Spiniform tubuli of moderate size are 
plentifully developed, placed at the cell-angles and often at points 
between, in which ease. the walls are forced into their respective 
cell-cavities on each side. No special series of small cells are ob
served in these sections. 

"This species is probably most nearly allied to L. ornata, from 
which it differs . principally in having more numerous spiniform 
tubuli, which are also much more conspicuous, both externally and 
internally. These differences will also apply to the other species." 
~IDrich, Joe. cit. . 

IDrich and Bassler have recently placed this species in their 
genus Stigmatella. 

1.34C5, 6, 7, 11 .... 1.33A3. 

STIGMATELLA CRENULATA Ulrich and Bassler. 

Plate XXIV, figs. 4-4d. . 
Stigmatella crenulata IDrich and Bassler, 1904, Smithsonian Miscel

laneous Collections, XLVII, p. 34,' pI. ix; figs. l-4; pI. xiv, figs. 
1,2. . 
"Zoarium composed of cylindrical, sub cylindrical or com

pressed,· frequently dividing stems 10 rum. or more in diameter, 
arising from a broad base and forming a clump probably seldom 
more than 50 mm.high. Surface even, but in well preserved ma
ture specimens spinulose because of the many acanthopores. Mac
ulae well marked, generally composed of mesopores which make 
up the characteristic 'spots' but sometimes formed exclusively of 
zooecia larger than the ordinary. Zooecial apertures small, about 
9 in :l mm. with their walls thin and often beautifully inflected by 
the numerous small acanthopores. Mesopores present, variable in 
number but usually few and mostly aggregated in the maculae. 
In the axial region the zooecial tubes have thin, finely crenulated 
walls, and occasionally a diaphragm or two. In the mature region 
the walls increase slightly in thickness, mesopores and acanthopores 
develop, and thin diaphragms cross the zooecial tubes .and mes



883 BRYOZOA-DBSCRIPTION OF SPECIES. 

opores at varying though always comparatively remote intervals." 
-Ulrich and Bassler, loco cit. 

I have one specimen of this species from the top of the W aynes
ville formation, near Abington, Indiana. . 

STIOMA'l'ELLA IRREGULARIS (Ulrich). 

Plate XXV, figs. 2, 28.. 

Chaetetes irregttlaris Ulrich, 1879, Jour. Cin. Soc. Nat. lIist., II, p. 
129, pI. xii, figs. lO-lOb. 
"'l'his form grows in small, free, and exceedingly irregular, 

masses, having a diameter varying from less than three lines to fif
teen lines. Surface rarely nearly smooth, but is generally irregu
l::Ir!y and strongly nodulated. Ap~rtures of tubes polygonal, 
nearly equal in size, from eight to ten occupying the space of one 
line; walls of tubes comparatively thin. Interstitial tubuli are .en
tirely absent. . -

"Longitudinal sections of this species have a peculiar and 
unique appearance. The tubes are seen to radiate from various 
centers, which correspond in number to that of the prominent nod
ules observed on the surface. Transparent sections were taken 
from many specimens, but no tabulae were observed crossing any 
of the tubes. When the tubes are cut transversely they are seen 
to be thin-walled and polygonal, with sometimes. a small or young 
tube interpolated. The calcite filling the tubes is of darker and 
lighter shadcs, giving sections a peculiar appearance, and when the 
ends of the tubes are observed, it is divided by quite regular but 
faint cruciform lines, as in C. quadratus and several other forms. 

"This species is allied to C. lycopodJites, but is easily distin
guished by its peculiar growth, and in having no diaphragms cross
ing the tubes. It is also related to C. subglobostts, but that species 
differs in having a more regular form, larger calices, and flexuous 
or wrinkled tube-walis. C. irregttlaris marks a horizon of about 
five hundred and fifty feet above low water mark in the Ohio river 
at Cincinnati, and is nearly always found where that elevation is 
exposed. "-Ulrich, loe. cit. 

Ulrich and Bassler have recently placed this species in their 
new genus BUgmatella. I am not sure that I have seen any speci
men in Indiana. It is listed in Kindle's list of Indiana fossils, 
though from the locality given (Hamilton County) I atn sure that 
either he or his authority is in error. Probably Hamilton County, 
Ohio, is meant. I have included it. however, because it is most 
likely to be found within this State. 
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STIGMATELLA PERSONATA Ulrich and Bassler. 

Plate XXIV, figs. a·3d. 

Stigmatella personata Ulrich and Bassler, Smithsonian Miscella
neous Collections, XLVn, p. 35, pt!~i;~iigs. 1-3. 

, "This is one of the non-mesopored species of the genus and 
forms smooth, branching zoaria very much like S. crenulata and S. 
spin.osa. From the former it is distinguished by having fewer 
acanthopores, no meso pores, and in lacking the crenulation of the 
walls in the immature region. From S. spinosa it is separated by 
its larger zooecia, 7 to 8 being found in 2 mm. while 10 are re
quired in that species to cover an equal distance. The acantho
pores in S. personata also !lfford a difference, being but seldom 
more numerous than the junction angles which they usually oc
cupy. In S. spinosa, it will be remembered, they are so abundant 
that they almost completely surround the zooecium. "-Ulrich and 
Bassler, loco cit. 

The only specimen of this .species seen by me comes from near 
the top of the Richmond series on Elkhorn Creek, near Richmond, 
Indiana. 

STIGMA'l'ELLA SPINOSA Ulrich and Bassler. 

Plate xxv, figs. l·ld. 

Stigmatella spinosa Ulrich and B~ler, 1904, Smithsonian Miscel
laneous Collections, XLVII, p. 34, pI. ix, figs. 5-8. 
"The method of growth in this species is similar to that obtain

ing in S. cren1tlata, but under a lens S. spinosa is distinguished at 
once by having no mesopores and so many small acanthopores in
denting the zooecial walls that the surface appears granulose 
rather than spinose, which term applies better in other species of 
the genus. Continuing the comparison with S. crenulata, the 7.0

oecia are found to be a little smaller, about 10 occurring in 2.0 mm., 
and the axial portion of the tube walls straighter. 

, 'Thin sections of this species are, both beautiful and instructive. 
In vertical sections the periodic development of the acanthopores, 
which is a feature of the genus, is shown especially well. Dia
phragms few and of irregular distribution. "-Ulrich and Bassler, 
loco cit. 

This form is repo~ted by Ulrich and Bassler as occurring in the 
Richmond ~ormation at Versailles, Indiana., 
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STOMA',rOPORA ARACHNOIDEA (Hall). 

Plate XXXII. figs. 2·2e. 

Aulopora arachnoidea Hall, 1847, Pal. New York, I, p. 76, pl. xxvi, 
figs. 6 a-c; and fig. in foot note, p. 76. 

"(Joral ~onsisting of a fine weblike expansion, diffusely branch
ing and anastomosing, attached to the surface of other bodies;· 
tubes narrow, slender, short, subclavate or straight, single; mouth 
slightly elevated, opening 'obliquely upwards, smaller than the cell 
below. 

"This very delicate species, in some portions of its extent, bears 
considerable resemblance to Alecto dichotoma of the Jura limestone 
(LAMOROUX, Exp., p. 84, t. 81, f. 12-14; BLAINVILLE, Man. 
d'Act..• p. 464, t. 65, f. 1; Aulopora dichotoma, GOLDFUSS, 
Petrefa6ta, pag. 218, pI. 65, fig. 2); but other portions develop a 
structure scarcely compatible with this genus, and I have there
fore placed it under the Genus AULOPORA. The illustration be
low presents a magnified view of a distinct part from that shown 
on the plate, and exhibits the essential characters of AULOPORA. 
It is the only species of the genus known to me in the lower term 
of our system, and on this account is more interesting as showing 
the early commencement of this peculiar form of coral, which is 
known only in a fossil state. The lowest position in which it. has 
been known previously, is in the Wenlock limestone, and the upper 
limestone of the Caradoc (Silurian System, p. 676); others occur 
in the Eifel (Devonian), and other species are known in the Oolite 
and Jura limestones. 

"This is not a common fossil in the Trenton limestone, though 
it has been seen in several localities widely separated, thus proving 
its great geographical range.':-Hall, Zoc. cit. 

The reference of this delicate species to the coral genus Aulo
pora is of course no longer permissible. Whether it should be as
sociated with such forms as Stomatopora inftata, etc., in the genus 
Stomatopora, is a question that can not be adequately discussed at 
this point. I have taken occasion to call attention to the unsatis
factory condition of the genus Stomatopora and its related genera 
in the diagnoses of those genera. S. arachnoidea has the zooeeia 
immersed, in this respect more nearly resembling the two associated 
species of Proboscina than the other species of Stomatopora such as 
S. in/lata. 1'0 me the uniserial arrangement, or otherwise, does not 
seem to be a character of generic importance, and as I have reo 
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.	marked elsewhere in this report, the genera will ultimately have to 
rest on characters of higher phylogenetic importance. 

S. arachnoidea is a widely distributed and exteusively ranging 
form, being 	found in the Utica, Lorraine and Richmond. 


5.9A31 ..•. 1.34Bl-3, 09, 18 .... 1.41B1 .... 1.12A2, Dl-6. 


STO::\IATOPOltA INFLATA (Hull). 


Plate XXXII, fig,,-. 1, 1a. 


Alecto infiata Hall, 1847, Pal. New York, I, p. 77, pI. xxvi, figs. 
7 a-b. 

"Ooral attached, arachnoid; tubes short, much expanded above, 
contracting at the aperture, and narrowing rapidly below; mouths 
large, openiug obliquely upwards. 

"This coral resembles the last in its mode of growth and gen
eral appearance; but the tubes are more expanded or vesicular 
above, and the little mouths are proportionally more distinct. It is 
clearly referrible to the Genus ALEOTO, in its mode of growth, 
form, and arrangement of cells, which proceed one from the other, 
each base being a little belo,v the aperture of the previous one."
Hall, loco cit. _ 

This species is commonly seen growing over the shell of Rafines
quina alter-nata, or over other bryozoa, and in the Richmond forma
tion on the Streptelasma rusticum. It is a very delicate form, but 
from the uniserial arrangement of the zooecia and their peculiar 
swollen form it is easily distinguished. ' 

1.33A3 .... 1.12A2.... 1.41A7, D3, E2, 3. 
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BRACHIOPODA.. 

DIAGNOSES OJ;' G]<~NERA. 

CATAZYGA Hall and Clarke. 

Shells rather large, subcircular or ovoid; valves more convex 
than in Zygospira. 'A low median sinus in both valves; surface 
with a grea.t number of fine radiating striae. Muscular impressions 
of pedicle valve well defined, ·pedicle cavity deep, with a deeply ex
cavated, short, sharply defined longitudinally striated impression 
in front of it. In the brachial valve is· a broad anterior and nar
row, elongate, posterior pair of scars. Spirals essentially the same 
as in Zygospira, but with the apices of the cones converging toward 
the median line in a plane just below the surface of the brachial 
valve. Jugum persistently posterior in its position, originating as 
in Atrypa, the lateral larp.ellae bending downward toward the bot
tom of the brachial valve and directed forward in lines that are 
parallel for a short distance. Thence they bend inward and up
ward, meeting in a short angle in the space just behind the apices 
of the spirals. (Hall and Clarke.) 

CRANIA Retziu8. 

Shell inequivalve, inarticulated, without perforation for a 
pedicle; subcircular in outline, generally somewhat transverile 
across the posterior margin; attached by the apex or the entire 
surface of the lower valve. Ventral valve depressed-conical or 
conforming to the surface of attachment. Dorsal valve more or 
less conical with a subcentral, posteriorly directed apex. Sur
face of the valves usually smooth, sometimes ·spinose or with con
centric or radiating striae; In the interior of both valves are two 
pairs of large adductor sc~rs, the posterior of which are close upon 
the margin and widely stWarated, the anterior near the center Gf 
the shell and close together, more a.pproximate in the lower than 
in the upper valve. These posterior scars are often strongly ele
vated on a central callosity which surrounds their broad and thick
ened margins. Impressio*s of the pallial genital canals anterior. 
The :tnargin of the lower valve is usually coarsely digitate. Shell 
substance calcareous, strongly punctate. (Hall and Clarke.) 
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DALMANELLA Hall and Clarke. ' 

Shells plano-convex or subequally biconvex. Pedicle valve usu-· 
ally the deeper, often gibbous, elevated at the umbo and arched 
over the cardinal area. Hinge line generally shorter than the 
greatest width of the shell. Often a more or less conspicuous un
defined median fold and sinus on the pedicle and brachial valves 
respectively. Surface with fine rounded bifurcating radiating 
strire. Teeth in the pedicle valve quite pro~inent, thickened at 
their extremities and supported by lamellae which are produced 
forward surrounding a rather short suboval or subquadrate mus
cular area. Cardinal process in the brachial valve extends for
ward to the bases of the crural plates where it is broadened and 
continued thence as a median ridge separating the muscular im
pressions. The inner surface of this process is divided by a faint 
median furrow which produces two lobes at the posterior extremity, 
and each of these lobes is again divided making the process quad
rifid. In some cases the two median divisions coalesce, making the 
process appear trifid. In some species at maturity and in others 
from abnormal growth this process becomes a broad plug which 
fills the entire delthyrial opening. Dental sockets small; crural 
plates often greatly elevated, especially in the plano-convex species, 
usually ending abruptly. Muscular impressions quadruplicate, 
sometimes with radiating ridges extending from the lateral and an
terior margins. (Hall and Clarke.) 

DINORTHIS Hall and Clarke. 

Relative convexity ·of the valves reversed (i: e. the dorsal valve 
the most convex). Surface with strong rarely bifurcating plica
tions. Delthyrium sometimes partiall;y closed. Muscular area in 
pedicle valve subquadrate, bounded by extensions of the dental 
lamellae. In the brachial valve the muscular impressions are ob
scure; cardinal process erect, broad and frequently bilobed on ,its 
posterior face. Shell structure impunctate. . (Hall and Clarke.) 

HEBERTELLA Hall and Clarke. 

Shells with convexity of the valves reversed. Surface covered 
with numerous fine, rounded, closely crowded plications, crossed by 
lamellose growth lines. Teeth in the pedicle valve large and sup
ported by thick lamellae which are continued as a strong ridge 
around a short obcordate muscular area. This area is medially di: 
vived by a prominent ridge upon the summit of which lies the 
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linear scar of the adductors. The flabellate lateral impressions are 
sometimes divisible into their two components, diductors and ad
justors, and in old individuals the impression of the pedicle muscle 
is often distinct. Dental sockets in the brachial valve narrow and 
inclosed beneath, and on the inner side by the strong crural plates. 
Oardinal process elongate' and simple, Rometimes thickened, often 
crenulate, but not lobed at its posterior extremity. The proceS3 
unites with the inner bases of the crural plates and is produced 
forward as a median ridge dividing the four muscular scars, which 
are distinctly developed only in old shells. Shell structure fibrous 
impunctate, the plications of the surface sometimes tubulose. 
(Hall and Olarke.) 

In some of the later species of this genus the shell is coarsely 
punctate. 

LEPTAENA Dalman. 

Redefined by Hall and Clarke. 

Shells plano-convex when young, concavo-convex at maturity. 
Surface with conspicuous concentric wrinkles over the flatter por
tions of the valves. Where these cease the valve is often more or 
less' abruptly deflected. Whole exterior covered with fine radiat
ing, thread-like striae, crenulated, in well preserved specimens, with 
fine concentric lines. Outline transversely subquadrate or semi
ovaL Hinge line straight, making the greatest breadth of the shell ; 
extremities often sub-auriculate. Oardinal area narrow, slightly 
wider on' the pedicle valve, not denticulate. Delthyrium in the 
pedicle valve covered by a Mnvex deltidium, perforated at the apex 
by a foramen which is closed at maturity or encroaches upon the 
apex of the valve. Deltidium most conspicuous in the early stages 
of growth. Teeth very divergent and quite conspicuous, generally 
supported by lamellae which are continued around the subcircular 
muscular area of the narrow umbonal cavity. The muscular scars 
consist of a narrow median or adductor, inclosed by flabelliform 
diductors. In the brachial valve the area is linear, the delthyrium 
is progressively filled by the growth of a callosity, which is often 
deeply grooved along the 'center and sometimes perforated in the 
line of division between the branches of the cardinal process. Oar
dinal process consists of two sessile diverging apophyses which have 
broad, flat, striated surfaces of attachment, and are extended be
yond the hinge line. The sockets arc moderately deep; crural 
plates usually not sharply defined, but are continued in a curving 
line along the inner surface of the valve, partially embracing a 
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pair of broad, ovate muscular impressions which are marked by 
arborescent ramifications; recurving and again incurving, these 
ridges partially surround a pair. of smaller muscular areas, lying 
in front of the first. Posterior pair of muscular impressions di
vided by a ridge which originates at the cardinal process. Second 
pair of impressions separated by a low slender median septum 
which is a continuation of the interrupted posterior ridge. The 
muscular area is divided into the following scars: a large posterior 
pair (posterior adductors) the surface of which is covered with 
arborescent ridges; an anterior pair (anterior adductors) close to
gether at about the center of the valves; an elongate narrow 
median scar apparently divided throughout its length by a faint 
ridge. At the line of geniculation, the interior surface is frequent
ly elevated into a very prominent, sharp, or abruptly rounded 
crest. Spiral callosities for the support of the brachia have been 
observed. (Hall and Clarke.) 

LEPTOBOLUS Hall. 

Shells small, fragile, subovate in outline; shell substance semi
phosphatic. Exterior with concentric growth-lines. Interior of 
the pedi~le valve witb a notably large cardinal area, which is 
sharply grooved. Beneath this area is a broad depression extend
ing nearly across the shell and divided by a low median ridge, 
which bifurcates at its extremity, leaving, between its branches a 
small central muscular impression. Tbis impression is bounded on 
its sides hy a crescentic mnscular fulw:-um, which extends parallel 
with the margins to the anterior portion of the shell. At a point 
back of their centers each gives off a transverse branch extending 
inward and backward. In the hrachial valve the cardinal area is 
also well developed and distinctly grooved. The limits of the mus
cular scars are indicated by three septal ridges, one axial and one 
on either side. All these ridges are bii'nrcated at their anterior ex
tremities. (Hall and Clarke.) 

LINGULA Bruguiere. 

Shell suh-equivalve; elongate-ovate, snhquadrate or suhtrigonal 
in outline; slightly gaping at both extremities; brachial valve 
somewhat shorter and with a slightly thickened hinge-line. Sur
face smooth, or concentrically and radially striated~ Pedicle long, 
protruding from bctwecn the heaks of the two valves. Pe~icle 

valve with a distinct cardinal shelf or area, divided by a depression 
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widenillg froJ]] the apex anteriorly (the" deltidium"). Deltidium 
bounded at the sides by elevated ridges, which at the anterior ends 
are each developed into a small callosity. Mus~ular impressions 
numerous, but usually distinct. In recent species there are twelve 
upon each valve. These are: the umbonal, near the beaks; the 
lateral, produced by three pairs of muscles; the anteriors;" the 
middles; the externals; the centrals and the transmedians. The 
muscular region in each valve is surrounded by the parietal bands 
whic1 leave more or less distinct impressions on the shelL The an
terior internal surface of each valve bears traces of "two strong 
pallial sinuses, which nearly meet in the axial line before reaching 
the anterior margin. In front of and behind these are radiating 
vascular markings. Shell substance composed of altt:rnating lamel
lae of chitinous "and calcareous material. (Hall and Clarke.) 

LINGULASMA lJIrich. 

Shells large, subquadrate, linguliform, sub-equivalve; brachial 
valve considerably the deeper. Beaks apical, cardinal margins 
gently sloping to the sides. Surface ,,;th concentric or radiating 
lines and bead-like granules. Shell substance thick, largely cal
careous. Interior of pedicle valve with low, concave platform 
which extends over one-half the length of the shell, and is not 
hollowed on its anterior wall. Pedicle area largely inclosed within 
the shell, making a distinct sheath or shelf, beneath which lie the 
apical portions of the central and lateral muscular scars. Crescen
tic scars scarcely defined. Brachial valve deep, with high platform 
of about the same extent as that on the other valve. sloping inward 
near its anterior margin and continued axially into a strong sep
tum which reaches nearly to the front of the valve. Anterior walls 
of the platform broadly excavated, and close against the base of the 
septum hollowed out into short conical cavities. Crescent strongly 
developed, sharply pointed backward at its center. Its lateral 
curves are broad, reaching to the edge of the platform. Directly 
in front of its central angle lies a short, sharp, median ridge, which 
disappears near the center of the platform. Lateral and central 
muscular ~cars well developed, (Hall and Clarke.) 

PLATYS'J'ROPHIA King. 

Contour spiriferoid; hinge line and area long and straight, 
nearly equally developed on the two valves. Both valves very con
vex, the brachial being the more so, and bearing a very strong 
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median fold corresponding to a deep sinus on the opposite valve. 
Surface marked with strong; usually sharp, radial plications, a 
variable number of which are on the fold and sinus. External 
surface, when well preserved, finely granulose. Delthyrium open 
in both valves, somewhat larger in the pedicle valve, and in old and 
very gibbous shells it has often encroached upon the umbonal re
gion of the valve. Teeth thick and very pro,minent; muscular area 
comparatively small, and often,' in old shells, deeply excavated in 
the substaIJ.ce of the shell. Not readily divisible into component 
scars. The cardinal process of the brachial valve is a simple linear 
ridge, always small and sometimes nearly obsolete. Dental sockets 
comparatively small; cruraJ plates large and thick, uniting at 
their inner bases and produced into a prominent median ridge. 
Muscular area quadruplicate. Shell structure very compact and 
finely fibrous, without punctation. (Hall and Clarke. Cumings.) 

PLECTAMBONITES Pander. 

Redefined by Hall and Clarke. 

Shells usually small, normally concavo-convex. Surface with 
,very fine striae, often alternating in size. Hinge line making the 
greatest width of the shell, extremities often subauriculate. Car
dinal area narrow in both valves, sometimes' obscurely crimulated 
on the margins. Pedicle val¥e wjth a moderately broad delthy
rium, which is partially closed by a convex plate, but mostly occu
pied by the cardinal process of the opposite valve. Apical foramen 
sometimes retained. Teeth prominent and supported by thickened 
plates, which are continued in broad outward curves for more than 
half the length of the valve, returning and uniting in the umbonal 
cavity, thus limiting two linguliform muscular scars, inclosing a 
more or less clearly defined adductor impression. Dental sockets 
in brachial valve deep, often appearing to transect the cardinal 
area. Cardinal process simple and erect, but by its coalescence 
with the short prominent crural plates the posterior face appears 
trilobate. The crural plates end abruptly as in Orthothetes; be
coming thickened at about the middle of their length, giying origin 
to two low ridges or septa, which at first approach each other, 
and thence continue forward with a slight divergence, thus form
ing the inner boundaries of two elongate m.uscular scars, which 
are less sharply defined on their outer margins. The muscular area 
is rendered quadripartite by two short transverse or oblique poste
rior furrows. Vascular impressions radial, sometimes digitate. 
Shell substance fibrous, sparsely punctate. (Hall and Clarke.) 

http:substaIJ.ce
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PLEC rORTHIS Hall and Clarlre. 

Valves subequally convex, plications strong, simpl,e or duplicate. 
Cardinal area of pedicle valve low, Shell substance impunctate. 
Muscular scars, dental lamellae, and cardinal process as in Ortkis 
(s. s.). (Hall and· Clarkc. ) 

The prcsent'writer is inClined to doubt the value of this genus, 
in as much as the fact that the plications may bc duplicate is prac
tically the only distinction between it and the genus Orthis (sensu 
st1'icio) . 

RAFINESQUINA Hall and Clarke. 

Shells normally concavo-convex. Surface ornamented by radi
ating striae, of alternating size, crossed and crenulated 'by finer 
concentric striae. Cardinal margins without denticulations. In
terior of the pedicle valve with the muscular area not strongly 
limited; consisting of two broad flabellate diductor scars enclosin~ 
an elongate, more distinctly defined adductor. The faiutnel:!s 
of the limitation of this area is in marked contrast to the 
sharply defined muscular area in the corresponding valve of 
Leptaena. In the brachial v8J.ve the cardinal process is more 
closely sessile than in Leptaena, and there is frequently a linear 
callosity between the branches. The posterior adductor scars have 
the arborescent markings of Leptaena rhomboidalis, and these im
pressions are the only ones well defined, the anterior scars being 
narrow and rarely retained with distinctness. From the anterior 
margin of the muscular area radiates a series of irregular furrows 
and nodose ridges, which are to some extent of vascular origin. 
(Hall and Clarke.) 

RHYNCHOTREMA Hall. 

Shells large,' thick, often gibbous. Deltidial plates in adult 
shells of great size, thickened and coalesced with the bottom of the 
valve, their outer surface being concave. The pedicle passage en
croaches upon the substance of the valve, the foramen lying be
hind the apex and the passage itself inclosed by the thickened 
deltarium. The teeth rest upon the thickened lateral walls of the 
valve, and there appears to have been no development of dental 
lamellae, unless at a very early period in the life of the shell, Me
dian septum in the brachial valve thickened and extending more 
than one-half the length of the shell; the small cardinal process 
rests upon the posterior extremity of the septllm. The bases sup
porting the crura are divided'by a very narrow median cleft, and 
are remarkably broad and stout, and abruptly deflected to the deep 
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dental sockets. 'fhe crura arise from the middle ()f this compara
tively broad hinge-plate, instead of from the margins of the dental 
sockets. The muscular impressions are usually strongly developed; 
a deep scar of the pedicle muscle ben'eath the deltidial plates; 
the adductor impression in the pedicle valve often very marked. 
Adductors of the brachial and diductors of the pedicle valve 
more or less distinctly defined. (Hall and Clarke,) 

Shell rostrate, surface covered with strong angular radiating 
plications; a well defined fold on the dorsal valve and correspond
ing sinus in the ventral valve, a variable but always small number 
of plications in the fold and sinus. . 

SCHIZOCRANIA Hall and Wbitfield. 

Shells subcircular in outline, inequivalve, unarticulated. Pedi
cle valve flat or concave; apex subcentral. A deep triangular 
notch extends from just behind the beak to the margin, where its 
arc is about one-sixth of the periphery. The apex of this pedicle 
notch is occupied by a triangular transverse plate or listrium, 
varying in size v\,ith the age of the shell, but extending from one
fourth to one-third the length of the opening. Surface marked 
by concentric growth-lines. No muscular impressions visible. 
Brachial valve more or less convex, beak marginal. Surface radially 
striated. The interior bears a pair of strong posterior adductor 
scars, lying close together in the umbonal region, their outline is 
subovate, and they frequently appear to be divisible into anterior 
and posterior elements. In front of them at about the center of 
the valve, are the small and faint anterior adductor impressions. 
A low median ridge extends from tIle apex to beyond the center of 
the valve. Shell-substance of perlaceous calcareous laminae, the 
inner layers appear to be corneous. (Hall and Clarke.) 

S'fROPHOMENA Rafinesque '(de Blainville). 

RestrIcted by Hall and Clarke. 

Shells transversely subsemicircular or semiellipticaL Greatest 
width along the hinge line. Concavo-convex; surface with flne 
radiating striae, which are equal or alternate in size. Pedicle valve 
slightly convex at the um.bo but becomes rapidly concave toward 
the middle; apex perforated except in old' age. Cardinal area 
conspicuous, nearly vertical, delthyrium closed by a convex deltid
ium. Teeth widely divergent and sllPported by plates which are 
produced into elevated ridges nearly surrounding the muscular 
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area. Latter relatively short, subcircular in outline, deeply exca
vated and divided medially by a more or less distinctly defined 
longitudinal ridge, which is often continueQ. over the pallial re
gion: Brachial valve concave at the umbo, becoming strongly con
vex farther forward j cardinal area. narrow, delthyrium rudimen
tary or incomplete. Dental sockets deep, continued as narrow 
grooves or indentations across the cardinal area. Crural plates 
extended laterally with a slight curve, not supported by septa ; 
united at their inner margins to form a callosity upon which 
rests the short, bilobed cardinal process, which scarcely extends be
yond the hinge line. The muscular surface of this process is cor
date in outline and is placed at a low angle to the plane of the 
area. A low median ridge extend's forward from the hinge plate, 
separating two large adductor scars, in front of which are two nar
row elongate impressions. Vascular and ovarian markings fre

, 

quently well defined. Shell-substance fibrous, strongly punctate. 
(Hall and Clarke.) 

TREMATIS Sharpe. 

Shell subcirclar or transversely oval in outline. Pedicle valve 
unevenly convex, more or less depressed over the posterior region j 
apeX at or behind the center; directly beneath it begins the pedi
cle fissure, which transects the shell, vertically widening to the 
posterior margin with straight or outwardly curving edges. Brach
ial valve evenly convex, with its apex marginal and slightly pro
jecting. Interior of pedicle valve shows a faint median furrow ex
tending from the angle of the fissure to the apex of the shelL This 
groove widens at its apical termination and may represent a point 
of muscular attaclunent. Sides of the fissure often with callosi
ties. j;'rom the apex of the valve extend radiating and branching 
vascular sinuses. Posterior margin. of brachial valve much thick
ened and broailly grooved for the extrusion of the pedicle. This 
thiekeriing does not form a cardinal area or shelf. Adjuster and 
posterior adductor scars directly beneath and in .front of this 
thickening. These scars separated by a faint median septum. 
which passes forward, becoming more prominent over the tongue
shaped median elevation which separates the large central scars. 
These impressions are oblique and not simple, each appearing to 
be composed of two, or three, distinct scars, making a posterior, 
median and anterior pair. Posterior pair small, sometimes quite 
sharply defined; central pair much ·larger, anterior pair narrow. 
Eutire impression deeply excavated. Surface of both valves more 
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or less completely covered by a beautiful ornamentation consisting 
of punctures or small pittings of various depth, arranged either 
in quincunx or in radiating rows. Shell-substance with an outer 
calcareous layel" and 'inner corneous lamellae. The outer layer is 
coarsely punctuated by the pittings constituting the surface orna
mentation. The corneous layers are impunctate. (Hall and 
Clarke.) . 

ZYGOSPIRA Hall. 

Snells usually small. Outline subcircular or transversely oval. 
Contour subplano-convex. Surface sharply plicate. Pedicle valve 
with a median plicated ridge. Umbo narrow and prominent; beak 
acute and incurved. Foramen t;longate, rarely apical, enclosed by 
the deltidial plates. Hinge line long and straight; cardinal ex
tremities rounded. A distinct false area is formed by a pair of 
ridges diverging. from the beak toward the cardinal extremities. 
On the interior the teeth are moderately well developed and un
supported by dental lamellae. The brachial valve is depressed 
convex in the umbonal region and bears a more or less conspicuous 
median sinus. The hinge plate consists of two broad, stout proc
esses, diverging outwardly, grooved on their summits and sepa
rated from each other by a narrow, sharp cleft. They form both 
the socket walls and- crural bases, and are supported by a low- me
dian ridge. Muscular impressions obscure in the typical species. 
Crura short and straight at their union with the primary lamellae, 
making a rectangular curve. The first half vol uti on of the ribbon 
lies just within the margins of the valves, and the number of 
volutions is small. The spirals have their bases parallel to the 
lateral slopes of the pedicle valve and their apices directed ob
liquely toward the center of the opposite valve. Jugum continu
ous, variable in position and ihape; its apex always angular and 
directed anteriorly. (Hall and Clarke.) 

DESCRIPTION OF SPECIES. 
CATAZYGA HEAD! BilUngs. 

Plate XXXIII, figs. l·le. 

Athyris keadi Billings, 1865, ;Paleozoic Fossils, I, p. 147, figs. 
125-127. 
" Desc·ription.-Broad oval or sub-pentagonal; both valves con

vex;. sides and front margin occasionally somewhat straight. Ven
tral valve rather strongly convex, most elevated about the llliddle 
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or a little above; beak closely incurved, in contact wit.h the umbo 
of the dorsal valve; umbo sommyhat carinated; an obscure mesial 
sinus which is usually so slightly impressed as to constitute only a 
flattening of the shell extends from the front margin to within 
one-third of the length from the beak, where it becomes obsolete; 
on each side of the sinus the shell descends with a somewhat flat 
slope to the sides. Dorsal valve not so convex as the ventral; often 
with an obscure mesial sinus. 

"Surface with fine rounded radiating ridges, closely crowded 
together, cL a nearly uniform size, from eight to ten in the width 
of two lines. 

"Length about 10 lines; width a little less thau the length. 
"This species is dedicated to the late John Head, Esq., by whose 

unfortunate death science has sustained a grievous loss. 
t{ Locality and formation.-On the south shore of the St. Law

rence opposite Three Rivers. Hudson River formation." -Billings, 
loco cit. 

Richmond formation, Madison, Indiana. 

CRANIA LAELIA Hall. 

Plate XXXIII, fig. 2. 

-Crania laelia Hall, 1866, 24th Rep. New York State Museum (ad
vance sheets), p. 220, pI. vii, fig. 16. ' 
"Shell small, discoid or moderately convex on the upper valve, 

somewhat narrowed towards the cardinal border. Apex of the 
dorsal valve minute, not prominent, situated about one-third the 
length of the valve from the cardinal margin. 

"Surface marked by fine but very sharply elevated radiating 
striae, which are sometimes tortuous, and frequently increased by 
implantation. Ventral valve and interiors not observed. 

"This is a distinct and well marked species, not easily to be 
mistaken for any other now known to me. Its nearest analogue is 
C. c1'enistria of the Hamilton group; but the striae are sharper, 
with the apex more app!'essed, and somewhat differently situated." 
-Hall, loco cit. 

This species is easily recognized by its sharp radiating striae. 
1.4IC2-3, D2, 3 .... 1.12F3. 

[57] 
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CRANIA SCABIOSA Hall. 

Plate XXXIII, figs. S-Sa. 

Crania scabiosa Hall, 1866, 24th Rep. New York State MUSelUtl 
(advance sheets), p. 220, pI. vii, ·fig. J5. 

"Shell somewhat less. than medium size, usually discoid or lit
tle elevated, but sometimes prominent, irregular in outline; margin 
thickened. Apex of dorsal valve eecentric, varying in different 
individuals. Surface of valve having usually strong lamellose 
lines of growth, which are sometimes obscured by the roughness of 
the substance to which the specimen is attached, showin'g through 
the shell or causing it to grow irregularly, by which it often as
sumes the features of the foreign body. Ventral valve unknown. 

"This species is not unCDmmon; usually found attached to 
shells of ~ther brachiopoda, and sometimes on CHAETETES and 
other substances. The valves of Orthis lynx, Orthis occid8ntalis 
and Str8ptorhynchus planumbona are often found with several ip
dividuals so crowded together as to give quite an irregular outline 
to the specimens. "-Hall, loc. cit. 

1.38P ... . 1.33A3 . ... 1.41 C1, D2, E6 .. ... 1.12A2, Dl-6. 

DALMANELLA TEsrUDINARIA val'. EMACERATA Hall. 

Plate XXXIII, figs. 5, 5a. 

Of·this 8mac8rata Hall, 1860, 13th Report of the New York State 
Museum of Natural History, p. 121. (Not fignred.) 
, 'Shell semielliptical, length and width about as five to seven; 

hinge-line nearly equalling the width of the shell. Dorsal valve 
fiat, with a slight depression down the center; area extremely 
narrow. Ventral valve depressed convex, slightly' elevated at the 
beak, which is inclined over the area, but scarcely incurved; an un
defined elevation extending from the umbo towards the front, and 
sometimes quite to the margin of the shell; area narrow, almost 
linear. 

"Surface finely striated; striae bifurcating, curving upwards, 
and running out on the hingc-line. Interior of the dorsal valve 
with two small teeth and a small cardinal process; valves thin. 

"This species 'has the form and gencral characters of Orthis 
t8studinaria; but the shell is much thinner than that species ordi
narily is in the same formation, and the striae are finer, there being 
at least twenty more on the margin in shells of equal size. The 
depression in the center of the dorsal valve, and elevation in the 
center of the ventral valve, are far less conspicuous or I:lcarcely 
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marked in some specimens, while the hinge-line is always propor
tionally longer than in O. testudinaria. 

"Geological formation and locality. In the shales of the Hud
son River group near Cincinnati, Ohio. Received rroIll Mr. Car
ley, and' also collected in Iowa and Wisconsin. " -Hall, loco cit. 

The larger size, greater proportional length of the hinge, and 
mesial depression of the dorsal valve will sufficiently distinguish 
this species from the associated D. rnultisecta. It is much less 
abundant than the latter species. 

5.9A14, 37 .... Also from the Eden shales on Tanner's Creek 
near Guilford. 

DALMANELLA TES'.rUDINARIA var. MEEKI (Miller). 

Plate XXXIII, Figs. 6·6g. 

Ortkis meeki Miller, 1875, Cincinnati Quarterly Journal of 
Science, vol. II, p. 20. 

"Shell small, plano-convex, rather depressed, transversely trun
cato-suboval, the length being about five sixths its breaath; hinge 
line, perhaps, always a little shorter than the greatest breadth of 
the valves; lateral margins generally rounding to the hinge, most 
prominent at, or a little behind, the middle, and rounding to the 
front, which 'is usually somewhat straightened, or very faintly 
sinuous at the middle; or, presents a regular semi·circular outline. 

"Dorsal valve nearly fiat, or slightly convex on each side of a 
shallow, mesial sinus, that commences very narrow at the beak, 
and usually widens rather rapidly to the front; beak very small, 
scarcely projecting beyond the edge of the area, and not incurved; 
area low at the middle, and narrowing off to nothing at the lateral 
extremities of the hinge, slightly arched, and directed obliquely 
backward; foramen very small, and filled by the cardinal process. 
Interior very shallow, and provided with a slender mesial ridge 
that extends about half way forward from the hinge, between the 
muscular impressions, which are not usually well defined; scars 
of posterior pair of adductor muscles smaller, and usually deeper, 
than the anterior, and situated close back under the brachial proc
esses; those of the anterior pair three or four times the size of the 
posterior, suhoval in form, and extending to near the middle of 
the valve; cardinal process very small and trifid; 15rachial proc
esses, comparatively rather stout and prominent; internal surface 
having the radiating striae of the exterior rather distinctly iln
pressed through, as it were, in consequence of the thinness of the 
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shell, and finely granulnr, the granules being apparently connected 
with the punctate structure of the shell. 

"Ventral valve compressed convex, the greatest convexity being 
near, or a little behind, the middle, along a more or less promineut 
uudefined ridge, that sometimes, but not always, imparts a sub
carinate appearance to the central and umbonal regions; beak 
small, projecting somewhat beyond that of the other valve, abrupt
ly pointed, and rather distinctly arched, but not strongly incurved; 
area about twice as high as that of the other valve, and with its 
sharply defined edges sloping to the lateral extremities of the 
hinge, directed and arched obliquely backward with the beak; fora
men having near the· form of an equilateral triangle, but rather 
narrowp.d upward to t.he apex of the beak, and partly occupied by 
the cardinal process of the other valve. Interior showing the teeth 
to be moderately prominent; concavity for the muscular impres
sions very shallow, small, somewhat bifid anteriorly, and not de
fined by a very distinct marginal ridge; scars of divaricator mus
cles apparently narrow, and situated on each side of a shallow 
mesial depression, which seems to include, far back at its posterior 
end, those of the very small adductors, merely separated from each 
other by a hair line; impressions of the ventral adductor muscles 
apparently wider and shorter than those of the divaricators; striae 
and tine granules of the interior' as in the other valve. 

"Surface of both valves ornamented by numerous, distinct, ra
diating striae, that usually bifurcate about three times between the 
beak and the free margins; posterior lateral striae so strongly 
curved that a part of them run 'Out oli the hinge line. Numerous, 
very minute, regularly disposed, concentric lines may be seen by 
the aid of a magnifier, most distinctly defined in the furrows be
tween the much larger radiating striae; while a few distant sub
imbricating, Rtronger marks of growth are usually seen in the adult 
shells. 

"Length of a medium-sized, mature specimen, 0.60 inch; 
breadth, 0.75 inch; convexity, 0.25 inch. "-Miller, loco cit. 

Miller says further that his species is the same as described 
and figured by l\:Ieek in the Ohio Paleontology as Ortkis emacerata 
Hall, and that Meek's specimens came from Hamilton, Butler 
County, Ohio, and (probably) from Cincinnati, Ohio. Meek does 
not say where his types came from. He says that the species oc
curs at Cincinnati, at an elevation of 250 feet above the Ohio 
River, and that he has specimens differing but little from the 
typical form, from higher horizons, both at Cincinnati and Butler 
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County, Ohio. He also states that he has specimens from near the 
top of the (Cincinnati) group from Hamilton, Ohio. Presumably 
his types came from these localities. 

In regard to the status of this species, it may be said first of all 
that it is not Orthis emacerata Hall, as supposed by Meek. A 
further complication has arisen, however, owing to the fact that 
James, in 1879, four years after Miller described his species, de
scribed under the name of Orthis jugosa, the common form from 
the Richmond formation, which was included by Miller in his 
specie'3 meeki. I am making an effort to obtain both James's and 
Miller's types in order to ascertain whether there is really a 
nameable difference between the two forms. In the meantime, if 
the specimens figured by Meek represent the Cincinnati form, I 
should be inclined to the opinion that there is very little difference, 
except in size, between them and the Waynesville form. I believe 
that. I could match any of Meek's figures with specimens from 
Weisburg, Versailles, or Madison, Indiana. I have reproduced 
several of Meek's figures, and have given several figures of speci
mens from Versailles and Madison. The latter would certainly be 
D. 	jugosa, if we recogmze James's name, but for the present I pre
fer to retain them 	under Miller's name of D. meeki. 

1.34A3, 4, 5, 7, 8, 9, 10, 11, B4-5 .... 1.41B1, 2 ... . 1.12D1-B, E3. 

DALMANELLA TESTUDINARIA var. MUUI'ISEC'l'A (Meek). 

Plate XX;XIII, figs. 4-4c. 

Orthis emacerata var. multisecta Meek, 1873 (James in MS.), Pal. 
Ohio, I, p. 112, pI. viii, figs. 3a-d. 

"This form, although somewhat variable, differs from the last 
[Orthis emacerata 1 in bein$ smaller, slightly less transverse, and 
in having its dorsal valve generally flatter, with usually, but not 
always, a less defined mesial sinus; and its ventral valve with a les~ 
prominent mesial ridge. I ts surface striae are also a shade finer, 
and the minute concentric lines in the furrows between the striae 
more distinct. The grannIes of its entire internal surface are 
likewise a little finer and more crowded. 

"The cavity for the reception of the muscular scars of its ven
tral valve is also proportionally a little smaller, and sometimes dif
fers from that of the last, in wanting the bilobed character an
teriorly, seen in the same part of that shell. There are, again, 
some slight differences in the form and proportions of the muscular 
scars of its other valve, but I am not quite sure that these are con
stant. 
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"The external differenc~s mentioned above give these shells a 
perceptibly different aspect, when we place, side by side, a tray
ful of each, the form under consideration having altogether a 
more delicate and less robust appearance. It may be specifically 
distinct from the last, but I am not clearly satisfied that it is more 
than a variety of the same. It differs from Mr. Davidson '13 figures 
of O. testudinaria quite as strongly as the last; but it is'possible 
that both may be only varieties of that species. "-l\feek, lac. cit. 

The description given by Meek of this pretty little Brachiopod 
is entirely adequate. D. multisecta is a smaller species than any 
other representative of the genus in the Cincinnati region. Its 
nearly circular outline is also a feature that marks it off from 
the associated D. emacerata. 

Dalmanella rnultisecta is the characteristic brachiopod of the 
Utica formation (Eden shale) of Ohio, Indiana and Kentucky. It 
is found in nearly every limestone layer in the formation, except 
in the very lowest part. In many of the layers of the middle and 
upper Utica this species completely fills the rock. The specimens 
illustrated are from the upper Utica at Guilford, Indiana, from 
the top of the railroad cut just south of the station. At this point 
the species can be obtained by the thousands, in every stage of de
velopment from nepionic shells to the adults. 

5.9A2, 10, 14, 21, 27, 29, 31,44.... 1.34Co, 5, 6, 7, 8, 9, 10, 11, 
13 .... 1.38A3, 5,7, 9, 11, 13, 15, 17, 19, 23, 29, 31, 32, 33, 35,45, 
49, 59, 61. 

DINORTHIS RETRORSA (Salter). 

Plate XXXIII, figs. 7-7d. 

01·tkis retrorsa Salter, 1858, Mem.· Ge?l. Surv. Great Britain, II, 
pt. I, p. 373, pI. xxvii, figs. 3, 4. 

"Ventral valve gibbous, the center rather raised. Dorsal flat. 
broadly depressetl along the middle, edge not recurved; beak sup
pressed; area at an obtuse angle with the valve. 

"This variety, if it can be considered so, comes nearest the val'. 
subjugata of Hall's descriptions; it is quite distinct from 0, 
anomala, Schloth. "-Salter, lac. cit. 

This interesting Orthid seems to be confined to a single layer 
of the Arnheim formation, where it is fairly common. I can not 
believe with Davidson and others that this well marked form is 
merely a variety of Ortkis porcata McCoy, neither do I entertain 
Meek's doubts as to its being the species named by Salter. The 
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best available description is undoubtedly that of Meek in the Ohio 
Paleontology, from which I condense the following description: 

Medium size, transversely suboval to subquadrate, the length 
being about four-fifths the breadth. Hinge-line shorter than the 
greatest breadth of the valves, with the lateral extremities abruptly 
rounded, or very obtusely subangular. Lateral margins more or 
less convex in ontline, and rounding to the front, which is regu· 
larly rounded, or somewhat straightened along the middle. Valves 
decidedly unequal or concavo-convex. Dorsal valve evenly convex, 
most prominent near the middle with the anterior and lateral 
slopes more gradual than the post'erior. Beak incnrved; area of 
moderate height, more or less strongly incurved so as to sometimes 
stand at right angles to the plane of the valves; foramen broadly 
triangular. Ventral valve convex at the point of the beak, and 
thence sloping toward the lateral and anterior margins; the an
terior central, and sometimes the lateral regions, being more or le8.'1 
concave; beak obtuse or abruptly pointE-d, and strongly inclined 
forward; eardinal area broad-triangular, well defined, flat, and so 
distinctly inelined forward as to place the apex of the beak some 
distance in front of the hinge margin. Foramen narrow-trian
gular, being often a little higher than wide, and extending to the 
apex of the beak Interior of the ventral valve with the muscular 
eavity quadrangular, deep, searcely reaching to the middle of the 
valve, and sharply defined by a raised margin, which is perfectly 
straight and uninterrupted across the front, in some specimens, and 
reflected toward the beak in others, while its lateral margins are 
somewhat wavy. Ventral adjustor muscle scars moderately dis· 
tinct from those of the long triangular diductors. Adductor scars 
well defined, subcordate, tapering anteriorly to a narrow point 
between the anterior extremities of the diductors. Hinge teeth 
apparently rather small and weak Vascular markings eonsisting 
of two prindpal trunks, starting from the anterior-lateral angles 
of the muscular cavity, and each immediately dividing so as to 
send one branch obliquely outward and backward, with more or 
less subdivisions; and another forward with an inward curve, and 
also giving off more or less subdivisions on the anterior lateral 
side. Surface ornamented by rather coarse rounded radiating 
striae, some of which on the ventral valve are entirely simple,and 
others bifurcate once or twice,; 'while on the dorsal valve they in
crease in number by the implantation of shorter ones hetween the 
longer. A few rather distinct lamellae of growth are usually seen 
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near the free margins of adult specimens. Under a magnifier 
minuter concentri~ lines may be seen crossing the striae and inter
spaces; very minute granules are also present, having the appear· 
ance of minute spine bases that sometimes leave pits when entirely 

, worn off. 

1.34B4-5 ... '. I have also seen the species rather common at a 
similar horizon on Whitaker's Branch near Cold Springs, Indiauli. 

DINORTHIS SUBQUADRATA Hall. 

Plate XXXIV, figs. 1-lb. 

Orthis subquadrata Hall, 1847, PaL New York, voL I, p. 126, Vl. 
xxxii A, figs. 1a-o . 

. "Subquadrate, the cardinal line forming one side, the sides and 
Lase being nearly straight, with the angles rounded; cardinal line 
less than the width of the shell, extremities curved; area small, 
partially common to both valves; foramen moderate, triangular, 
partially . common to both valves; dorsal valve nearly flat or 
slightly depressed near the margin, elevated towards the beak, 
which is small and well defined; ventral valve regularly convex, 
with a shallow sinus along the center, producing a slight elevation 
of the dorsal valve in front; surface marked by uniform sub
angular radii,\ which bifurcate near the beak, and again towards 
the margin, those near the cardinal line curving upwards; radii 
crossed by fine elevated concentric lines, which are very distinct 
in the depressions between the rays. 

"This form and the three succeeding ones [0. Occidentalis, O. 
sinuata, and O. subjugata] are often confounded; but if the fol
lowing points are observed there will be little difficulty in distin
guishing the one under consideration by the external characters, 
the internal markings being quite distinct. 

"The form of a perfect specimen is subquadrate, as shown in 
the figures; the surface is evenly marked by radii which bifurcate 
twice, very rarely three times, before reaching the margin: the 
upper lateral ones curve upwards, so as often to run out upon the 
cardinal line, or the rounded slope near its extremity. This char
acter is never observed in either of the following species. The 
visceral impression in the dorsal valve IS subquadrangular, and 
broad below, the base being nearly on a straight line. The fora
men of the ventral or convex valve· is partially filled by a thick 
medial tooth, which .projects above the plane of the area, and is 
deeply striated on the hvo sloping upper ~nd outer sides. • " * " 
-Hall, loco cit. . 
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'l'his species is reported by Hall from Cincinnati (T) and Ox
ford, Ohio, Maysville, Kentucky, and Madison, Indiana. It is in 
reality strictly a Richmond form, and has never been found be
low the Liberty formation. Hall in his description has reversed the 
usage of the terms dorsal and ventral. Otherwise the description 
is quite satisfactory. The form is easily recognized by its sub
quadrate outline and depressed form. D. subquadrata is first met 
with a little above the base of the Liberty formation, where it is 
very abundant, being the dominant Brachiopod j and specimens 
are occasionally met with throughout the remainder of the Liberty 
!:',nd Whitewater divisions. 

1.34A16, 17, 18, 19 .... 1.41A4, 6, 7, 8, 01, 2-3, D1, 2, E2, 3, 6 
.... 1.12Dl-6. 

HEBERTELLA INSCULPTA Hall. 

Plate XXXIV, figs. 2·2d. 

Ortkis insculpta Hall, 1847, Pal. N. Y., I, p. 125, pI. xxxii, 
figs. 12a-c. 
"Shell resupinate; dorsal [ventral] 'valve depressed-convex j 

beak elevated, not in curved ; cardinal line less than the width of the 
shell; area short j surface marked by fine elevated radii, which are 
bifid on the umbo, and again regularly bifid or trifid towards the 
margin of the shell; transversely marked by strong elevated concen
tric lines, which are particularly prominent between the radii, giv
ing an indented or sculptured appearance ~ the surface; interior 
of the dorsal valve showing marks of the visceral impression, which 
is peculiarly sculptured. 
, "This species, of which a single valve only has been seen, is so 
peculiarly marked as not to be mistaken among all the other species 
of ORTHIS in the lower rocks. The cavity under the forameD is 
large and deep, marked on its lower and outer extremities by two 
pointed sacs, -and margined by a thickening of the shell around; 
the visceral impression on the out..~ide of this cavity is of a doubk 
auricular form, and sculptured by curved elevated lines. The 
inner margin of the shell is impressed by the outer radii. 

"This very peculiar form is usually associated with the fol
lowing forms in the Blue limestone of Ohio. [0. dickotoma, O. 
subquadrata, O. occidentalis, etc.] Its very beautiful sculpture, 
both internally and externally, is sufficient to distinguish it from 
all other species in the rock. "-Hall, loco cit. 

'fhe figures given herewith will convey a much better idea of 
the peculiarly striking vascular markings of this species than any 



906 l1EPORT OF STATE GEOLOGIST. 

amount of description. Externally the marked crenulation of the 
striae by strong concentric lamellae is the most conspicuous fea
ture. The general arrangement of the muscular impressions is 
very much as in Hebertella occidentalis and H. sinuata. 

The most interesting thing with regard to this species is its 
limited range. So far, with a few possible exceptions, it has been 
found only in a zone a few feet thick at the base of the Liberty 
formation. It is taken by Foerste and Nickles to mark the base 
of this formation. , 1 have collected a specimen from the White
water division, at Richmond, that although not well preserved, 
s{,ems from its external char8.cters to belong ,to this species. It 
hm; never been .found, so far as I am aware, below the base of the 
Idberty formation. 

1.34A1:3a, 13b, 14a, 14b, 15a, 16 .... 1.41B3, 02-3, E4. 

HEBERTELLA OCCIDENTALIS Hall. 

Plate XXXIV, fig. 4. 

O'f'this occidentalis Hall, 1847, Pal. New York,I, p. 127, pl. xxxii 
A, figs. 2a-m; xxxii B, figs. la-i. 
"Resupinate, transversely so,mewhat oval, or longitudinally 

s('mioval; length and breadth about as 5 to 7; cardInal line equal 
to the greatest width of the shell; area large, triangular, partially 
common to both valves i foramen narrow, triangular, reaching to 
the apex of the dorsal valve; dorsal valve convex towards the 
beak, and usually Hattened or slightly convex towards the margin 
(in old shells a broad depression in front); beak much elevated, 
straight, not incurved; ventral valve regularly convex, with a 
slight depression along the center; beak slightly projecting beyond 
the cardinal line, and incurved; surface markcd by subangular 
radii, whi('h bifurcate at one-half or two-thirds the distance from 
the beak to thc base; radii crossed by Hne sharp e!evated concen
tric lines, which are usually well preserved in the spaces between 
the radii. 

"'l'his species, in some of its phases, approaches in general as
pect to the last [0. S1tbquadrata], but differs in essential particu
lars. The length from beak to base is proportionally less than in 
the last; the depth of the two valves together, when not com
pressed, is greater; the beak of the dorsal valve is more elevated, 
the area larger and foramen longer; the beak of the ventral valve 
is likewise a little more incurved; the radii are stronger, and do 
not bifurcate near the beak; the concentric elevated lines are 
sharper and finer; the striae are straight and direct, the last 
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ones not bending upwards as in O. subquadrata. As the 
shell becomes advanced, the dorsal valve presents an increasing de
pression towards the. margin, which finally becomes a broad, not 
distinctly defined sinus. At the same time the slight depression in 
the center of the ventral valve, similar to that in the IMtspecies, 
does not reach the margin, and finally becomes obsolete. The 
slight elevation in front, shown in the last, is exactly reversed in 
this species. 

, 'These characters, when once observed, will not fail in enabling 
the student to identify the species, and to distinguish it from any 
others in the same geological position. 

, 'The internal structure is not as well known as in the last, the 
interior of the dorsal valve not having been seen. The interior of 
the ventral valve corresponds in general character to the last; the 
small medial ventral .tooth does not, however, reach as high as 
the plane of the area, and it is thin and sharp, while the last is 
thick. 'J.'hp interior surface is marked nearly to the beak with the 
Impressions of the external radii; while in the last these markings 
reach only a short distance from the margin. "-Hall, lac. cit. 

Here, as in all of Hall's earlier descriptions, the terms dorsal 
and ventral are used in the opposite sense from their present 
usage. Between this and Hebertella occidentalis val'. sinuairt 
thert' is a perfectly graded series of intermediate forms. The 
character that I have taken as diagnostic of the species occi
dentalis is the presence of a slight sinus in the dorsal valve, usually 
most conspicuous at a point about a third of the distance from the 
beak to the front margin, although sometimes extending all the 
way from a little in front of the beak to the front margin, . and 
with the sinus of the ventral valve producing a pronounced inden
tation of the margin. The variety s'imtata, on the other hand, has 
typically a small fold on the dorsal valve, beginning near the point 
of greatest convexity of the valve and extending forward to the 
frontal margin. Transitional forms between the two species are 
seen in the lower part of the Richmond formation. 

H ebertella occidentalis is especially characteristic of the White
water division of the Richmond formation, where it is found quite 
constantly associated with both the long-hinged and the short

,hinged (P. senex) forms of Platystl'opkia acutilimta. In the 
upper yart of the Liberty thi'l form is' found, but its place is SO~D 
taken in the lower beds by the small form of H. sinuata. • 

1.34A18, 19, 20, 21, 22 .... 1.41A4, 5, 6, 7, 8, 01, 2-3, Dl, 2, 3, 
1:<Jl, 2, 3, 4, 5, 7 .... 1.12Dl-6, F3. 
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HEBERTELLA OCCIDEN'l'ALIS vur. SINUATA Hall. 

Plate XXXIV, figs. 3·3e. 

Orthis sinuata Hall, 1847, Pal. New York, I, p. 128, pI. xxxii B, 
figs. 2a-s. 

"Semioval, with a sinus in front; cardmal line scarcely equal 
to the width of the shell; dorsal area large, triangular; foramen 
triangular, reaching to the beak, the upper margins sloping rather 
abrutply from the beak; 'ventral area narrow linear, foramen broad 
triangular, with a distinct medial tooth, which reaches as high 
as the area; dorsal valve convex, its greatest elevation at the point 
of the beak, which is acute; a depression along the center, which 
becomes a sinus in older shells; ventral valve regularly convex in 
young specimens, gibbous, somewhat emarginate and elevated in 
front in older specimens; surface marked by strong, regular, 
rounded striae which bifurcate in a nearly uniform manner about 
half way to the base; . striae crossed by elevated sub-imbricating 
concentric lines. A few imbricating lines of growth are distinct 
toward the margin of the older shells. 

, 'This species is distinguished from the last by the stronger and 
more prominent striae, which· are likewise more regularly bifur
cating. The beak of the dorsal valve is more elevated and acute, 
giving a greater height to the dorsal area. The ventral valve is 
about equally convex or gibbous with the last, while it never ex
hibits any depression along the center. The depression or sinus in 
the dorsal valve is usually more abrupt, deeper, and often accom
panied by a corresponding elevation on the ventrpl valve, which 
does not occur in the preceding species [0. occidentalis]. The 
young shells of the species under consideration are more gibbous 
that the last, and have the beak of the dorsal valve more elevated 
and acute, differing conspicuously in this respect from the previ
ous one. 

"'l'he variations produced by age, and the difficulty of obtain
ing a series of specimens, often produce a confusion in regard to 
these similar species, and it will frequently. be found a difficult 
task to make the proper disposition of specimens. 

"In the young shells of this species, looking upon the ventral 
valve, the beak of the dorsal valve is distinctly seen projecting 
beyond the umbo; but as ~he shell grows older, this part of the' 
ventral valve becomes gibbous, and projects beyond the line of 
the beak of the opposite valve. "-Hall, 100. cit. 

The terms dorsal and ventral are here used in the opposite 
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sense from their present signification. 'l'his variety is to be dis
tinguished from the species occidentalis by the presence of a small 
fold in the dorsal valve where the latter species has a small sinus. 
The other distinguishing characters mentioned by' Hall will be 
found to be unreliable, except in the typical Lorraine form of the 
variety sinuata. 

This variety was formerly supposed to be restricted to the Lor
raine. It is, however, present in the Lower Richmond formatio~, 
being replaced in the Whitewater division by the species occi
dentalis. In the Elkhorn division of the Richmond formation, the 
large, Lorraine type of H. si1'~uata recurs in association with 
Platystropkia lynx (var. morit-ltra) and Platystropkia laticosta. 

1.33A3 .... 1.34AI0, 12, 13, 14, 15, 16, Bl-3, 014a, 14b .... 
1.41A2, lOa, lOb, B3 .... 1.12E3, Dl-6, F3, A2. 

LEPTAENA RHOMBOIDALIS Wilckens. 


Plate XXXIV, figs. 5-5d. 


Conchita rkomboidalis Wilckens, 1769, Nachricht von selten Ver
steinerungen, p. 77, pI. viii, figs. 43-44. 
I have been unable, after repeated efforts, to obtain a copy of 

the above publication in which the original description of this 
species occurs. I shall be under the necessity, therefore, of depart
ing from. the usual procedur~ of first giving the original descrip
tion of the species. 

This species has been so many times described and is so char
acteristic that with the excellent figures given herewith very little 
in the way of further description will be nC'eded. 

Leptaena rhomboidal1's has the ventral valve convex and the 
dorsal valve concave as in Rafinesqu-ina. In contour the shell pre
sents a very considerable degree of variation. Some specimens are 
twice as broad. as long, while in others the length and breadth are 
nearly equal. The hinge line is nearly straight, but may make a 
very slight bend at the beak in some specimens. The area of the 
dorsal valve is very narrow and of about the same breadth through
out its length. 'l'he area of the ventral valve is somewhat broader, 
especially at the beak. The angle which the two areas make with 
each other varies with the age of the specimen from an obtuse to 
an acute angle. A t the beak of the ventral valve, in well preserved 
material, is a well defined circular foramen. The surface of both 
valves is covered with L_' radiating striae, and is especially char
acterized by brcaJ. rcunded, concentric undulations or rugae to 
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the number of five or six (more or less). This latter character 
gives to the shell an appearance that is extremely striking, and 


. unlike that of any other brachiopod in the Cincinnati region. The 

striae are crossed by fine concentric lines, giving the entire surface 

of the shell a. beautifully crenulated appearance. The front por

tion of the valves is abruptly bent dorsad, sometimes at right 

angles to the plane of the posterior portion of the valves. This 

feature is not as prominent in the Richmond group specimens as
in those of higher format.ions (Niagara, etc.). 

The interior of the ventral valve has a well defined muscular 
platform extending about half way from the beak to the front 
margin and qttite similar iu shape to that of Rafinesquina alter
nata. It is margined by a well defined ridge, and has a low indis
tinct mesial elevation. 

rrhe cardinal process in the interior of the dorsal valve is promi
lIent and bifid, and projects well above the hinge-line. From in 
front of the process a low round septum exteuds forward to the 
geniculation of the valve. Immediately in front of the process this 
ridge gives off on either side a thick lateral branch that bends 
outward and then inward so as to enclose a nearly circular pit 
that lodges the adductor muscle-one on each side of the median 
septum. Impressions of the Brachia are occasionally seen on the 
interior surface of this valve. 

'l'his species, as ordinarily understood, presents one of the most 
extraordinary examples of the persistence of a species known. It is 
known from the 'l'renton, is common in the Richmond formation, 
is a characteristic species of the Niagara series, is common in por
tions of the Devonian rocks and is known from the lower part of 
the Mississippian system. This is indeed remarkable, if all of these 
forms are to. be referred to a single species. On this latter point 
there is room for a good deal of question. For my part, I am in
clined to think that a careful study of all of these forms will show 
that they fall into a number of well defined speCies. 

In the Cincinnati series the species is found only in the Rich
mond formation, and not by any means in all of the members of 
that formation. It especially characterizes the upper part of the 
Waynesville formation, but extends for from ten to twenty feet up 
into the Ljberty formation. In the top of the 'Vaynesville forma
tion the species is very abundant. 

1.34A10, 11. 12, 13a, 13b, 14a, 14b, 15a .... 1.12Dl-6, E:1. 
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LIDPTOBOLUS LEPIS HaJJ. 


Plate XXXIV, figs. 6, 6a. 


LeptobohiS lepis Hall, 1871, 24th Report of the New York State 
Museum, p. 226, pI. vii, figs. 19, 20. 

"Shell minute, ovate, or broadly elliptical in outline, about 
three-fifths as wide as long, and seldom exceeding seven-hundredth'! 
of an inch in length; moderately convex, the greatest convexity 
being about one-third of the length from the beak; ventral area 
thickened; pedicel groove strongly defined; muscular impression 
broad, extending more than onecthird the length of the valve; 
muscular ridges of the dorsal valve strongly marked, the central 
one extending two-thirds the length of the shell, the lateral ones 
diverging from each other at a~ angle of about forty-five degrees. 
and extending nearly to the middle of the valve. Extremities bifid. 

"Surface of valves concentrically "marked by fine lines of 
growth.' '-Hall, loco cit. 

The types of this species are from the Cincinnati group at Cin
cinnati, Ohio. 

1.34CI4a. 

LINGULA COVING roNIDNSIS Hall and Whitfield. 

Plate XXXIV, fig. 7. 

Li111ltila covingtonensis Hall and Whitfield, 1875, Paleontology or 
Ohio, vol. II, p. 67, pI. i, fig. l. 

"Shell rather below the medium size, broadly and very ~egu· 
larly oval, or elliptical in outline, the breadth and length being as 
three to four, the apex of the 'shell scarcely more pointed than 
the basal margin; surface of the valve very regularly convex 
transversely, but in a longitudinal direction much more prominent. 
toward the beak, becoming gradually more flattened toward the 
front of the shell. 

"Surface of the shell marked by sharply elevated, rather dh'!
tant, concentric lines; without other markings of any kind; sub
stance of the shell very thin. 

"The example used in description appears to be a dorsal valve, 
and is prohably somewhat shorter, and more rounded posteriorly, 
than the ventral valve. The shell is somewhat remarkable for its 
regular oval form and symmetrical outline, and in this respect 
differs from any shell of the genus with which we are acquainted." 
-Hall and Whitfield, loco cit. ' 
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rrhe type is from about twenty-five to fifty feet above low water 
level of the Ohio River at Cincinnati, Ohio. 

I am not sure that I have detected the species in Indiana. Some 
imperfect specimens from near the water level of the Ohio, oppo
site the mouth of the Miami River, may belong to this species. 

PLATYSTROPHIA ACUTILIRATA (Conrad). 

Plate XXXV, figs. 3-M. 

Deltkyris a.cutilirata Conrad, 1842, Jour. Acad. Nat. Sci. Philadel
phia, VIII, pt. II, p. 260, pl. 14, fig. 15. 
"Ventricose, with about thirty-two sharp, very prominent ribs, 

and four larger costae on the mesial fold of the upper valve, which 
is elevated, flattened at the sides, 'and convex on the back; hinge 
extremely winged and acute; inferior mesial fold very profound; 
beaks nearly equally prominent; cardinal area moderate, widest 
on the inferior valve, profoundly impressed or obliquely inclined. 
. {(Locality.-Falls of the Ohio River, Kentucky. Silurian 

shale. "-Conrad, loco cU. 
The locality given by Conrad for this common Richmond group 

species is in error. 
This is the most anomalous in form of any species of the 

Orthidae, and one can readily pardon the early describers for 
referring it to the genus Deltkyris (Spiriter) , for its superficial 
resemblance to a Spiriter is all but complete. The triangular fora
mina of both areas would, however, distinguish it from ,that genus, 
and the internal characters are altogether different .. 

As shown in the writer's paper on the Morphogenesis of Platy
strophia, P. acutilirata is a derivative of P. lyna; through P. lati
costa. The intermediate forms may be seen in the basal part of the 
Liberty formation, where P. laticosta is, in places, very abundant. 
All of the specimens of acutilirata found at this horizon are of 
the decidedly angular form of P. laticosta and usually not as 
acuminate or as greatly produced at the cardinal extremities as 
the form found farther up in the formation and in the lower part 
of the Whitewater division. The latter form has the plications 
more rounded and the fold of the dorsal valve and sinus of the 
ventral valve less strongly accentuated. At the same time the 
cardinal extremities are sometimes so produced as to cause the 
breadth to be as greJl.t as three times the length of the shell. The' 
angle between the hinge-line and the lateral margin may, iu such 
specimens, be as small as 400 The number of plications varies • 
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from 18 or 19 to 37 or 38, of which three are almost invariably in 
the sinns, and four on the fold. 

For the short winged (gerontic) form found in association with 
Rhynchotrema dentata in the upper part of the Whitewater divi
sion of the Richmond, I have proposed the varietal name of senex, 
and it will be found next described under that caption. 

1.34All, 12, 13, 14, 15, 16, 17, 18a, 21, 22, 23 .... 1.41A4, 5, 6, 
7, 8, C1, 2, 3, D1, 2, 3, E2, 3, 4, 5, 6, 7 .... 1.12Dl-6, F3. 

PI.ATYSTROPHIA ACUTILIRATA var. SIllNlllX n. var. 

Pla.te xxxv, figs. 4-4c. 

Platystrophia acutilirata, gerontic form, Cumings, 1903, Amer. 
Jonr. Sci., 4th ser., XV, pp. 36, 37. 
'fhis form is so characteristic of the upper part of the range of 

. Platystropkia acutilirata that it seems to me' best to give it 8. 

varietal design~tion, although in 1903, when I first called attention 
to the form;:I did not think it necessary to call it by any special 
name. The features that distinguish this shell lire as follows: 

Though P.· acutilirata is a much smaller shell than P. lynx of 
th~ Lorraine, yet the thickening of the shell iu gerontic stages is 
greater both relatively and absolutely. The acuminate cardinal 
extremities are so thickened that this region of the shell becomes 
filled up with shelly deposit. The thickening of the central and 
anterior region of the shell is very great, so that the aatmil room 
left for the lodgement of the soft organs of the animal is less than 
III unthickened shells of a much lower index, and less both rela
tively and absolutely in gerontic stages than in ephebic stages of 
the same individual. 'l'he convexity of the shell is also consider· 
ably greater than in any other type of Platystrophia, the height be
ing in extreme cases 1.5 greater than the length, while in P. lynx 
the extreme is 1.04, or height and length nearly equal, and in P. 
laticosta it is 1.14. 

The ehanges in contour due to senescence are profound. The 
cardinal angle (the angle between the hinge line and the lateral 
margin of the shell) may be in normal acuminate types of Platy-. 
strophia acutilirata as low as 45 0 or even in some cases less; but 
in the variety under consideration it becomes as great as 840 or 
even 90"; the extreme variation is perhaps from 400 to 90". This 
of course produces a most striking difference in the appearance of 
the shell, and is liable'to cause the careless collector to confuse this 
variety with P. lynx, from which, however, it differs radically in 

[58] 
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derivation. Probably thf!' onset of unfavorable conditions, which 
are manifest in the changed lithological character of the beds con
taining this variety, as well as in the coming in of a more strongly 
molluscan fauna, is largely responsible for the peculiar modifica
tion of the shell in Platystrophia, which characterizes the present 
variety. 

L41A8, D3, E1, 2, 3, 4 .... 1.60Hll. 

PLATYSTROPHIA COSTATA Pander. 

Plate XX*V, figs. 6, 6a. 

Pommbonites costatus Pander, 1845, Beitrage zur Geognosie des 
russisehen Reiches, p. 96, pI. xi, fig. 3. 
I have been unable to obtain the publication in which the orig

inal description of this species is given. In 1902 I had an oppor
tunity to consult this rare work and I have published a tracing of 
the original figure, in my memoir of the genus Platystrophia. 

This little species, the P. dentata of Meek (P. qrassa James) 
is characterized most of all by its small plump shell with only one 
plication in the sinus and two on the fold. The hinge line is 
usuaUy slightly shorter than the breadth of the shell farther fm'
ward.' The form of the areas and the strength of the plications is 
relatively abont the same as in the other species of the genus. 

Very little is known about the interior of the valves. 
I have not coHected any specimens of the typical form of thh'l 

species from any point in Indiana. In the lower part of the Lor
raine I have found an occasional specimen suggesting a diminutive 
variety of this species, and I have listed them under this name. 
They have the same number of plications and one plication in the 

. sinus, but are not as plump as the typical form. 
The typical (American) form is found at Cincinnati in the 

Fairmount division of Nickles, that is in the lower part of the 
JJorraine division, often, as I am informed, in considerable num
bers. The Dyer collection, at Harvard, contains great numbers of 
this species, from Cincinnati. 

1.34C13, 14a. 

PLATYSTROPHIA LYNX (Eichwald). 

Plate XXXV, fIgs. l-lg, 7-7c. 

Terebra,tulalynx Eichwald, 1830, Naturhistorische Skizze von Lith
auen, Volhynien und Podolien, p. 2024, foot note. (Not fig
ured.) ., 

"Spirifer, cardine olongato, recto, vertice utriusque valvae 
p"om'inulo, utraque valv(t sulcata, stratis sing1tlis transversis ex 
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testae incremento exortis, numeros'issimis, margine dentatoj media 
parte unius valvae prom,inula, quadrisulcata, alterius vero parte 
eadem exclavata, profunda."-Eichwald, loco cit. 

I have pointed out in my paper on the Morphogenesis of Platy
strophia that in all probability the original types of both P. 
biforata and P. lynx belong to the biplicate form of the genus. 
The evidence fot this is the fact that all of the Russian specimens, 
whether of P. biforata or P. lynx, seen by me are of the form 
mentioned. It is doubtful if the question could be settled any 
more satisfactorily even by, an examination of the original types 
themselves, since the critical character which distinguishes the 
biplicate and triplicate types of the genus, namely the method of 
origin of the plications of the fold Rnd sinus at the beaks of the 
valves, is quite likely to be obliterated in the genotypes, which in 
the case of both P. biforata and P. lynx were found in the drift. 
However this may be, there is no ground upon which a distinction 
may be based between the two types excepting the one mentioned. 
In this country the form so common at the tops of the hills at Cin
cinnati'has always been referred to the species P. lynx. This is the 
form which presents gerontic modifications and consequently ex
ceptional thickening of the shell and an exceptional robustness of 
contour, as pointed out in my memoir on the genus. It does as a 
matter of fact closely resemble in general appearance the Rus
sian form to which Eichwald applied the name of Terebratula 
lyn:c. If the Russian form is of the same biplicate type as P. 
biforata of Schlotheim, there is no reason for separating the two 
specifically, and the nam'~ lynx falls to the ground unless we re
tain it as I have done for the multiplicate forms of the American 
Ordovician having at the beak one plication in the sinus and two 
on the fold, and at the front usually three plications in the sin'Qs 
and four on the fold. P. b'ilorata will then indicate the form with 
two plications in the sinus and three on the fold at the beaks and a 
variable number further forward. The reasons for this restriction 
are fully set forth in my paper on the genus and cannot be re· 
peated here. The, usual distinction which paleontologists have at
tempted to make between P. biforata and P. lynx, based on the 
general form and number of plications of the shell is of no value 
whatever in a species so variable. P. lynx as thus redefined by me 
will include not unly the Cincinnati form mentioned above, but all 
American Ordoviciau forms having usually more than two plica
tiona in the sinus at maturity, and a hinge line of moderate length, 
together with a moderately low fold and sinus. This includes 
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. forms heretofore referred to both P. lynx and P. bqorata by work
ers in this country. 'fhe only American Ordovician form that be
longs to P. biforata as above defined is a small form found in the 
basal part of the Ordovician in the Champlain basin and Canada. 
The distinction between P. lynx and the other associated forms in 
the Ordovician rocks of this country will be sufficiently evident 
from the figures and descriptions of these associated forms, and the 
present species may therefore be passed over without further com
ment. 

The range of Platystrophia lynx is considerable. Small, but 
typical forms are found commonly in the Trenton of New York, 
Canada, Minnesota, Kentucky, Tennessee, etc., and the species is 
very common in the Lorraine. I have shown also that a variety 
of this species, very closely related to the typical form (var. mori
tura), occurs in the extreme upper part of the Richmond forma
tion. In the Indiana region the chief horizon of Platystrophia 
lynx is in the upper part of the Lorraine, where it is often very 
abundant and of large size. The best locality known to me for ob
taining large numbcrs of this species is at Vevay, near the 'tops of 
the hills. Here I have col1ected thousands of good specimens. No
where in Indiana have I found more than a very few specimens of 
the very gibbous form of this species that characterizes the top of 
the Lorraine on the highest hills at Cincinnati (Mount Auburn). 
I may remark in this connection that at Georgetown, 40 miles east 
of Cincinnati, along Straight Creek below Arnheim, the zone char
acterized by the gerontic lynx seems to be separated by a very con
siderable thickness of rock from the zone of the normal form of 
this species, and along Tanner's Creek the only specimen of the 
gerontic form that I have seen is also from a horizon considerably 
above that of the normal form, in what I have called the Rafines
quina zone. In his paper on the Geology of Cincinnati Nickles 
lists P. lynx from the l\ft. Auburn beds only, with a variety from 
the Bellevue beds, some 60 feet lower down in the section. What 
he means by this variety, I do not profess to know. If it is the 
normal form of the species, the two are evidently separated in the 
CincInnati section by about the same interval as in the other sec
tions mentioned, and the Bellevue would correspond to the top of 
my Platystrophia zone. 

1.3:3A3 . ... 1.34B1-3, 14h....1.12A2 .. '.. 1.38Ba-h. 
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PLATYSTROPHIA LYNX var. CY.PHA (James). 

Orthis (PlatystropMa) cypka ,Tames, ]874, Cin. Quar. Jour. Sci., 
vol. I, p. 20. (Not figured.) 

"Shell medium size; extremely gibbous; hinge line forming 
spine-like projections, being over two thirds longer than the great
est breadth of the shell below; shell broader than long; convexity 
equaling the body below the hinge extensions; cardinal area nar
row, and finely striated at right angles with the length. Dorsal 
valve, remarkably elevated mesial fold, with slopes commencing a 
little below the beak, and extending to the front, at an angle of 
about 80 degree;; to the main body of the shell, where they turn at 
nearly right angles and continue to the free margins; beak in
curved, not elevated above the other valve; the mesial fold consists 
of two costae. Ventral valve, beak incurved, not elevated, nearly 
in contact with the other valve. Sinus very profound, extending 
to the front, which is bent over to nearly half the thickness of the 
shell beyond 'the cardinal line of the dorsal valve; one strong ele
vated plication in the center of the sinus, arid an obscure rudi
mentary one on each side j lateral slopes concave. 

"Twenty-two to twenty-six angular costae on each valve, about 
eight of which commence on the cardinal line, and do not extend to 
the beak. 

"The line of junction of the two valves is nearly flat, or slightly . 
rounded, and has a remarkably zig-zag appearance, forming, where 
the sinus and mesial fold join, the letter W. 

"Interior unknown. 
, 'Width along the cardinal line one and a half inches, half 

way below the hinge line less than one inch; length three quar
ters of an inch. 

"This shell resembles somewhat some of the larger specimens of 
O. cmssa, Meek, but it is more gibbous, has a more profound and 
lengthy sinus, greater length of hinge line, and finer and more 
numerous costae. "-James, loc. cit. 

1 have recently received from Dr. Weller, of the University of 
Chkago, the type lot of this variety from the James collection. 
Among the several specimens represented in this type set are a 
couple corresponding exactly to my form unicostata, mentioned 
and figured in my paper on the genus Platystropkia, one fairly typ
ical though rather short example of P. acutilirata, and a specimen 
of P. laUrosta. Since the description given by James applies es
pecially to the form with one plication in the (very profound) 
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sinus (my form unicostata) , it may be well to recognize James' 
name as a vari~tal designation. The variety differs from the typ
ical laticosta only in the somewhat greater depth of the sinus, and 
in the presence of only One plication in the sinus. It does not bear 
any close relation to P. costata (the P. crassa of James). 

I have usually found the form in the upper part of the Lor
raine, sometimes in association with P. lynx and P. laticosta. 

PLATYSrROPHIA LYNX ,ar. LATICOSTA (Meek). 

Plate XXXV, figs. 2-2'b. 

Orthis (Platystrophia) 7aticosta Meek, 1873, Pal. Ohio, vol. I, p. 
] 16, pI. x, figs. 4a-f. . 

"This form scarcely attains to more than two-thirds the bulk of 
the largest specimens of the var. lynx, and is always less gibbous, 
proportionately wider on the hinge line, with more angular pos
terior lateral extremities, and, even in the largest 'individuals, it is 
a much thinner shell. It likewise differs in having its mesial sinus 
wider and much more profound at the front, and its mesial fold 
more elevated and angular; while its lateral slopes are decidedly 
more compressed, those on each side of the sinus being always con
cave, and the margins of the sinus very prominent and angular, 
which, together with the prominence of the mesial fold, and the 
greater length of the hinge line. impart a general angularity of ap
pearance not seen in the var. lynx. In the sinus there are nearly 
always three plieations, the lateral two being smaller than the mid
dle one, or sometimes rudimentary; while occasionally one of 
them is obsolete, leaving the large one, as usual, iu the middle, and 
a smaller one on one side only. The mesial fold has generally four 
plications (never more), the middle two being usually larger and 
more prominent than the others, and separated by a larger and 
deeper furrow. Its lateral slopes have generally only from five to 
seven large, simple, angular plications on each side of the fold and 
sinus; these being decidedly larger than on specimens of the var. 

, lynx, of corresponding size. 
"Internally, the ventral valve of this variety only differs from 

that of the var. lynx, in having the cavity for the muscular scar.'! 
much less deeply impressed, owing to the fact that the shell did 
not thicken within, as in that form, as it advanced in age. The 
interior of its dorsal valve shows the same rudimentary cardinal 
process; while its muscular scars (which I have not .seen in thi;;; 
valve of the var. lynx) are moderately defined, the posterior pair 
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being corrugated, and much larger, as well as more widely sep
arated, than the anterior. 

"In figuring this variety in the first volume Paleont. New 
York, Prof. Hall compares it with the var. dentata of Pander, 
mentioning some lJQints of difference. It attains a much larger 
size, however, than that variety, and differs in having nearly al
ways three plications, instead of only two, in the sinus, which is 
deeper, and its mesial fold more prominent, thus giving the gen
eral aspect of the shell greater angularity of outline. 

"'fhe specimens for which Mr. James retains the name O. pro
fundo-su,lcata.. in his list, are much smaller than the average size 
of the form here under consideration; but, with that exception, 
and their usually rather shorter hinge, and somewhat less com
pressed lateral slopes, they seem to me to differ very little, if any, 
from f'lpecimens of the same size of the variety under consideration. 
On the other hand, they only differ from the young of the variety 
lynx in generally having the mesial sinus deeper, and the fold more 
prominent, with, perhaps, in most cases one or two plications less on 
the lateral slopes. I have, therefore, found it very difficult to dis
tinguish this as a variety from young or dwarfed examples of the 
varieties lynx and laticosta, though its more prominent fold, etc.. 
bring it nearer the latter. Figs. 2 a, b, e, d, of plate 10 [of Meek's 
raper], show the form and usual size of this variety. It occurs 300 
feet above the Ohio, at Cincinnati. 

"Length of the largest example seen, 0.86 inch; breadth (at 
hiuge line), 1.40 inches; convexity, 0.88 inch. "-Meek, loe. cit. 

In my memoir on the Morphogenesis of Platystrophia, I have 
discussed this variety and its phases at some length. In my paper 
with Mr. lIfauck on the variation of Platystrophia, I have shown 
that this variety is connected by an indefinite number of intermedi
ate forms with the typical P. lynx. A real new species is achieved 
in P. acutilimta, between which and lynx the present form is 
transitional. 

Platystrophia latieosta is a very persistent form. It is found 
first in the lower part of the Lorraine-a very small form. In the 
middle and upper part of the Lorraine it is found in association 
with the normal form of P. lynx, and it is here also that the great
est number of transitional forms to the last named species are seen. 
In the top of the Lorraine, P. lynx disappears, but P. laticosta is 
still found· sparingly in the Arnheim formation. In the greater 
part of the Waynesville formation all forms of Platystrophia faiL 
but in the upper part of this formation P. laticosta reappears in 

\ 
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great Hum bet·" and typical fot'm, though uot attainiug as great size 
as in the upper part of the Lorraine. From this point it continues 
till well toward the top of the Liberty formation. There is then 
another hiatus in the Whitewater division, where p, acutilirata is 
dominant. The final appearance of P. laticosta is in the Elkhorn 
division of the Richmond, where it is once more common, being here 
also once more associated with P. lynx. In the Saluda formation 
P. laticosta is also present at one or two levels. 'rhe occurrence of 
this fossil is thus seen to be extremely interesting. 

1.33A3 .... 1.34A8, 10, 11, 12, l8b, 22, Bl-3, C13, 14a, 14b .... 
1.4lA10a, lOb, Bl, 2.... 1.12A2, F3, D1-G, E3 .... 1.38A63, 73, 83, 
Ba-h.... 1.60H11. . 

PLATYSTROPHIA LYNX var. MORITURA n. var. 

Plate xxxv, figs. 5, 5a. 

Platystrophia lynx, upper Richmond form, Cumhtgs, Amer. 
Jour. Sci., 4th ser. XV, pp. 24, 25. 
'rhisform of P. lynx is perhaps sufficiently distinct to warrant 

a varietal designation; at least such a designation will be a matter 
of great convenience in as much as the form marks a very definite 
zone at the extreme top of the upper division (Elkhorn) of the 
Richmond formation. In my paper on the Morphogenesis of Platy
strophia (1903) I have this to say of the present variety: 

"In the extreme upper part of the Ordovician (Madison bed;;) 
of Richmond, Weisburg and Laurel, Indiana, the writer found a 
variety of Platystrophia lynx which is of exceptional interest. As 
is well known, the so-called Richmond beds (Rhynchotrema zone) 
contain exclusively the variety acutilirata associated almost con
stantly with Hebertolla occidentalis. At about 50 ft. below the 
Clinton at Laurel and about 13 ft. to 15 ft. at Richmond, comes in 
a large and decidedly transverse variety of P. lynx associated with 
H ebertella sinllata. This association is a point of great importance 
since it shows that these two forms of Platystrophia and Hebertel
la, so constantly met with together in the Lorraine, have lived on 
together at some point through the Rhynchotrema hemera and here 
under a recurrence of favorable conditions reappear, the former 
with some modification, the latter with scarcely any. 

"'rhis form of Platystrophia lynx has eight to eleven plications 
on the lateral slopes, and the index may be as great as 1.9. ..c\. 
number of individual" (5 out of 100) show a reductiori'of the lat· 
eral plications of the fold and sinus. 41 41 * 
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, 'That such a tendency to eliminate plications should affect 5 
individuals out of 100, while in the Lorraine not more than one out 
of a thousand exhibits anything analogous, is certainly not without 
profound significance. There are in the present collection two 
specimens of Platystrophia lynx from Vevay, Indiana, both of 
which have three plications on the fold: One individual has four 
in the umbonal region; and the other never developed but three 
at .any stage. The first has an abnormally low index (1.1) and. 
bears every evidence of lateral cramping during growth. This 
would account for the failure of the fourth plication. The early 
growth stages of the second specimen also show an abnormally low 
index and the failure to develop the full number of plications is 
therefore probably due to the same cause. The Richmond shells, 
on the other hand, are very transverse at all stages, especially so in 
the adult. The correct explanation of the obsolescence of plica
tions in this type as well as in the laticosta and costata types where 
it is still more pronounced, is probably to be sought in a readjust
ment of the brachia, producing an elevation and narrowing of the 
fold. "-Cumings, lac. cit. 

The distinctive characters of this variety by which it may be 
readily recognized, are the proportionally great breadth of the 
shell, and the less convexity of the valves, together with a propor
tionally narrower fold and sinus with a tendency to obsolescence or 
the lateral plications of the same. It can be distinguished from 
the P. acutilirata val'. senex, by the much greater gibbosity of the 
latter and the presence of growth varices near the beak which have 
a decidedly lower cardinal angle than that of the adult. This 
latter character infallibly differentiates the two forms when th(~ 

shell is well enough preserved to show it. 
'fhis variety of P. lynx presents the closest resemblance to P. 

biforata of the Silurian, of any form known to me. It is, however, 
very distinct from the latter species. P. biforata as restricted by 
me (loc. cit. pp. 41-44) has always at the beak three plications on 
the fold and two in the sinus, while P. lynx and all the other Or
dovician species and varieties above the basal Trenton, have aiwaYf3 
at the beak one plication in the sinus and two on the fold, no mat
ter how many there may be farther forward. 

Since my paper on Platystrophia was published in 1903, I have 
made a more extensive study of the Saluda formation in which I 
supposed thi,~. species occurred, with the result that, as explaincll 
elsewhere, I have come to the conclusion that there is a well defilled . 
fauna 1 zone above the typical Saluda, and that it is in this upper 
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zone that P. moritura occurs. This can be best seen at Richmond, 
because it is there that the moritura zone is typically developed, 
and most eompletely marked off from the underlying zones. From 
about Osgood northward, however, there is in the upper part of 
what has been heretofore designated the Madison beds or Saluda 
formation, a zone of rather barren, dark colored limestone in which 
the present form, together with its nearly constant associate, He
bertelta simwta, is found. This is, I believe, the southern repre
sentative of the Elkhorn division of the Richmond section. It will 
be noted in this connection that, according to my studies, th~ 

Whitewater division of the Richmond series is above and not below 
the typical Saluda; in other words that the Saluda is represente(l 
in the Richmond section by the massive bed of limestone about 130 
feet below the Clinton, this latter bed being the true horizon of 
l'etradium mimi's_ . 

1.41A10a, lOb, aud at the top of the Ordovician section abo1Lt 
Laurel, Hamburg, and Osgood. 

PLEOTAMBONI'l'ES SERICEUS (Sowerby). 

Plate XXXVI, figs. l-le. 

Leptaena sericea Sowerby, 1839, Murchison's Silurian System, p. 
636, pI. xix, fig. L 

" Semicircu18,r ; finely striated longitudinally, with a silky 
lustre; a few striae deeper than the others'; larger valve convex:. 
the other nearly flat; front not concave, considerably deflected at 
the cdge.. I~ength 5 lines, width 10 lines. 

"In general form this resembles L. lata of the Ludlow Hock, 
but has much finer striae and more angular sides. The front also 
is straighter, and there are no indications of spines. Sometimes a 
few concentric lines of growth are conspicuous." --,.Sowerby, loco cit. 

rrhe most interesting -fact in regard to this species is its great 
range and distribution. It was described from British specimens. 
but occurs commonly at a number of levels in the Ordovician of 
this country ranging from the Trenton to the Richmond. The 
only other species known in the Cincinnati group is P. plicatellus 
Llrich, a small species found in the lower Eden shales. Near the 
hase of the Liberty division of the Richmond, P. sericetts comes in 
in such immense numbers in a number of layers, and especially in 
the top of a strongly wave-mlirked layer, as to completely fill the 
rock to the exclusion of almost every other fossil. T~ horizon is 
one of the most constant and readily traced of the entire Cincin
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natigroup. My description and figures are drawn from specimens 
taken from this horizon at Versailles. 

The most striking superficial characteristic of the species is 
that mentioned by Sowerby, namely, the silky luster due to the 
finely fibrous nature of the shell substance and the unusually 
smooth and glossy surface, with its very fine striae. The general 
aspect of the shell is decidedly transverse, except in young speci. 
mens, the breadth being ordinarily twice the length. In young 
specimens the length and breadth may be nearly equal. The car
dinal line is ordinarily fitraight, only occasionally slightly arched. 
Greatest breadth at the hinge. 'fhe cardinal angles are usually 
slightly auriculate, and often sharply pointed. The contour of the 
lateral and anterior margins varies from smoothly rounded or 
nearly semicircular to subrectangular. Dorsal valve concave, es
pecially so in fully mature specimens. Beak obsolescent, and area 
very narrow. Interior of the dorsal valve with a zone of small but 
distinct pustules over the anterior and lateral portions, arranged 
in a somewhat radial manner. Cardinal process conspicuous, tri
angular, trifid at the apex, and merging laterally with the crura 
which are pointed laterally outward in a line parallel with the 
hinge line. The lamellae arising from the anterior margins of the 
crura run forward and inward so as to nearly meet in the median 
line of the valve, enclosing together with the cardinal process a 
distinct triangular pit, lying directly in front of the process. 
These lamellae are continued forward as two prominent ridges, 
slightly diverging, to near the front of the valve, where they be
come, in old shells, much thickened, and often support a number of 
tubercles. 'I'he internal adductors were inserted between these 
ridges; and outside of them, som~times outlined by a well defined 
ridge are the impressions of the external adductors. In the middle 
of the interior impression is to be seen, in well preserved specimens, 
a third ridge, or septum, very much smaller and thinner than the 
other two, but of about the same length. 

The ventral valve is convex, somewhat more strongly curved 
than the other valve. Area narrow. The interior of this valve 
does not present the interest of the dorsal valve and it is much le88 
often seen in collections. The teeth are small. Arising from the 
bottom of the valve directly beneath eac'h tooth is a small ridge ex
tending obliquely forward and outward about one-third of the way 
across the :Valve. In the median line of the valve a third ridge 
arises at the' pedicle opening and after running forward about a 
third of the way to the front of the valve bifurcates, the two 
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branches running for a short distance nearly parallel with the 
ridges mentioned above. These ridges are thus seen to bound the 
two diductor scars. 

Surface of both valves ornamented with excessively fine radiat
ing striae, ~very fourth or fifth one being slightly larger than the 
others. 

5.9A2, 6~ 8, 10, 14.... 1.34A9, 15b, 16a, 16b, 17, 18a, 06 .... 
1.41Bl, 01, 2-3, D2, E4.... 1.12E3, DI-6, P3 .... 1.38A3, 11. 

PLECTORTHIS ELLA Hall. 

Plate XXXVI, figs. 2·2c. 

Ortkis ella Hall, 1860, 13th Report 0f the New York State Mu
seum of Natural History, p. ]21. (Not figured.) 

"Shell small, ovate: valves nearly equally convex; hinge-line 
extremely short, being scarcely more and sometimes less than one
third the width of the shell, and scarcely affecting the contour of 
the margin, which slopes from the beak of the ventral to the lateral 
margins a little above the middle of the valve. Dorsal valve gib· 
bous subcircular; the beak extending a little above the hinge-line, 
and the area extremely short. Ventral valve broadly ovate, slop· 
ing from the beak; beak produced beyond the line of the opposite 
valve, and pointed, not incnrved; area twice as long as high; fora
men narrow and extending to the apex of the beak, and sometimes 
truncating the extremity. 

, 'Surface marked by from fifteen to twenty simple, abruptly 
rounded or subangular plications. 

"'l'his small Ortkis is so peculiar, as not to be readily mistaken 
for any other known in our strata. The short hinge-line and area, 
and produced beak of the ventral valve, are characteristic features. 
In some specimens the area is obscure or undefined, and the shell 
has much the aspect of TREMATOSPIRA. It is a rare species, 
and I have not seen more than twenty individuals, all of which pre
serve the characters given above, the variation being mainly in the 
number of striae: those with fewer striae are frequently more gib
bous than the others. Length about one-third of an inch; the 
width a little more. 

"Geological formation and locality. In the calcareous shales 
of the Hudson-river group, near Cincinnati, Ohio. From the col
lections of Mr. S. T. Carley and Mr. U. P. James. "-Hall, loco cit. 

The above description, which is based on Cincinnati specimens, 
does not need any additions. I have doubtfully referred several 
imperfect specimens from the'top of the Lorraine at Vevay to this 
species. 
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PLEOTORTHIS PI,IOATELLA HIlII. 


Plate XXXVI, figs. 3·3f. 


Orthis plicatella Hall, 1847, Pal. New York, I, p. 122, pI. xxxii, 

figs. 9 a-g. 

"Broadly semioval, nearly equivalve, length and breadth about 
a.s 3to 4; surface marked by strong radiating plicae, which are 
usually simple, about 20 to 28 on each valve, crossed by simple ele
vated concentric lines, which are more distinct in the depressions 
between the costae, and often obscure or obsolete upon their ex
posed surfaces; valves nearly equally convex, without sensible der 
pression or elevation on either one, meeting at the edges in a 
straight line; cardinal line not extending beyond the width of the 
shell; area narrow; dorsal foramen extending to the beak. 

"This species bears some resemblance to Orthis radians of 
SOWERBY, but it proves clearly distinct on comparison with his 
description; the plications are never so few as 15, and the shell is 
never concave in front. The equal convexity of the valves, and 
uniform, st:rong, somewhat sharp plications, are distinguishing 
characters. 'fhe proportionate greater extension of the hinge line, 
and less distance from beak to base, distinguish this shell from any 
variety of O. pectinella, eve~ when the surface only can be seen." 
-Hall, loe. cit. 

This species occurs quite commonly in the Lorraine, especially 
the lower part, associated with Platystrophia laticosta. 

1.34B1~3, 013, 14a .... 1.3BBa-c .... 1.1~E3. 

PLECTORTHIS PLIOATELLA var. l'RIPLICA'l'ELLA (Meek). 

Plate XXXVI, figs. 4-4b. 

01·this triplieatella Meek, 1872, Amer. Jour. ScL, 3d ser. IV, p. 
281. (Not figured.) . 

"Note.-Among the specimens sent to me from Cincinnati, 
Ohio, by Mr. A. S. Miller of that city, there are two examples of 
an Orthis, agreeing in form and general appearance with O. plica
teila, but differing in being considerably larger, and in having a de
cidedly lower ventral area, with the·beak of the same valve more 
iucurved than in any authentic specimens of that shell I have ever 
seen. It also presents a curious triple arrangement of the costae, 
caused by each of them giving off a smaller one on each side at 
about half the distance between the beak and the free margins, the 
main rib always continuing larger and much more prominent than 
the others to the margin'j while the spaces between each bundle 
thus formed are proportionally wider and deeper than we see in O. 
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pl'icatella as usually found. These characters give this shell a pe
culiar appearance that leads me to think it will probably be found 
to belong to an undescribed species. As I know nothing of its in
ternal character!'!, however, and the species of this type of Orthis 
are known to be quite variable, I feel some doubts about the pro
priety of describing it as a new species. It seems to me, however. 
to differ from the O. plieatella and O. fissieosta.in more important 
characters than they differ from each other. Should other collec
tions show this form to be a distinct species, I would propose for it 
the name O. triplieatella. 

"The larger of the two specimens seen measures 0.70 inch in 
length, 1.40 inch in breadth, and 0040 inch in convexity. "--Meek, 
loe. cit. 

].34013, 14a. 

RAFINESQUINA AL'l'ERNATA (Emmons). 

Plate XXXVII, fig. I-Ie. 

Strophomena alternata Emmons, ]842, (Jeol. N. Y., Rep. 2d Dis
tl'ict, p. 395, fig. 3. 
"No.3. Strophomena alternata, whose striae or markings are 

alternately fine and coarse. This character is possessed, however, 
by other species, and hence is not in itself to be relie{\ upon as 
specific. "-Emmons, loe. cit. 

This is, with the possible exception of Zygospira r1UJdesta, the 
commonest arid most widely distributed brachiopod of the entire 
Ordovician system. Its range extends from the 'rrenton to the 
Richmond, both formations inclusive; and it is common in both 
Europe and America wherever the Ordovician r:ocks are exposed. 

The original descrjption by Emmons would not serve to identify 
the species, but fortunately Emmons accompanied it with a good 
figure, which I reproduce (plate xxxvii, fig. Ib) together with fig
nres of several specimens from the Ordovician of Indiana. The 
figure of Emmons shows a shell with a ratio of length to breadth of 
1.35, and with the lateral slopes at very nearly a right angle to the 
hinge line which is perfectly -straight. The figure also indicates a 
shell of only moderate convexity. According to Hall (1847), the 
length and breadth are about as 12 to 15 (ratio 1.25), and the 
hinge line is a little longer than the width of the shell farther for
ward, and slightly reflected at the extremities. "Dorsal valve de
pressed convex, sometimes more convex i~ the middle,,; suddenly de
flected near the margin and flattened toward the cardinal line; 

http:fissieosta.in
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ventral valve concave, gradually or sometimes suddenly inflected 
towards the basal margin [the terms dorsal and ventral are here 
used in the opposite sense from their present usage]; surface 
marked by fine rounded radiating striae, which alternate at un
equal intervals with coarser ones; striae increasing in number to
ward the margin of the shell, crossed by fine elevated concentric 
lines and a few imbricating lines of growth. "-(Hall, loe. cit., 
p. ]02.) 

Among the innumerable forms of this ubiquitous species it is 
often difficult to say whether one is dealing in any given case with 
the species alternata or with some variety. The form figured by 
Emmons seems to be a sort of average or model form, for the 
shell index (ratio of length to breadth) varies ""'idely both in the 
direction of a less and of a greater ratio. The convexity may be 
mu<!h less and is also often much greater, as is indicated by the 
figures. The hinge line may be much shorter than the width of 
the shell farthe.r forward, or it may be much longer. The shell 
may be very thin and fragile (as in the variety {raeta) or very 
strong and massive (as in the form called ponderosa). Where 
these differences are well marked they have been distinguished by 
varietal designations; but it must be confessed that forms are con
stantly met with that can with difficulty be placed in any of the 
published varieties; and one must either put a very liberal in
terpretation upon the limits of these varieties or be constantly mak
ing new varieties. I have preferred the former course. 

5.9A21, 31, 37, 41, 44, 50 .... 1.33A3.... 1.34Al, 2, 3, 4, 6, 7, 
8, 9, 10, 11, 12, ] 3, 14, 15, 16, 17, 18, 19, 20, 21, 22 .... 1.34Bl-3, 
4-'5 .. : .. 1.34C5, 8, 9, ] 0, 13, 14a, 14b .... 1.41A4, 5, 6, 7, 8, 9, lOa, 
Bl, 2, 3, Cl, 2-3, Dl, 2, 3, El, 2, 3, 4, 5, 6, 7 .... 1.12A2, Dl-6, E3, 
F'3. and practically all other localities where the Cincinnati series 
is exposed. 

RAFINESQUIXA AIJ],];]RNATA Yllr. FRAOTA (Meek). 

Plate XXXVII, figs. 5, 5a. 

Sfrophomena aUernata val'. {meta Meek, ] 873, Pal. Ohio, I, p. 91, 
pI. vii, figs. 3a-e. 

"Very thin and fragile, smaller than the typical form, much 
compressed, decidedly semi-oval, the length equalling or slightly 
exceeding the breadth; lateral extremities rectangular, and not 
deflected; lateral margins generally straight or a little convex in 
outline behind, and rounding forward to the regularly rounded 
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front; surface as in the typical form, excepting that there are 
usuaJly more strongly marked imbricating laminae of growth 
around near the free margins; interior of dorsal valve with mus
cular scars removed proportionally farther forward from the car
dinal process than in the typical and other varieties. "-Meek, 
loc. cit. 

This form occurs, sometimes in immense numbers, in the upper 
part of the Lorraine formation. It is often difficult even among 
thousands of specimens t,o find a single perfect one, owing to the 
exceptionally fragile nature of the shell. 

1.33A3 .... 1.34B1-3, 4-5, 1.34014b .... 1.38P. 

RAFINESQUINA ALTERNATA var. LOXORHYTIS (Meek). 

Plate XXXVII, figs. 2, 211,. 

Strophomena alternata var. loxorhytis Meek, 1873, Pal. Ohio, I, 
p. 91. (Not figured.) 

"Attains a large size, moderately convex antero-centrally, or 
rather depressed; much extended on the hinge line, with lateral 
extremities acutely angular, flattened and scarcely ,deflected; area 
very narrow; both valves marked near the cardinal margin, toward 
the lateral extremities, by six or eight distinct, very oblique wrin
kles on each side."-Meek, loco cit. 

Miller states that this form is found in the upper part of the 
Cincinnati group, about 600 to 800 ft above low water mark in 
the Ohio River (at Cincinnati), and that it is not common. The 
form of which figures are given herewith is from the Waynesville 
formation. I have not seen any form at a lower level that seemed 
to me to answer to Meek's description, although Nickles lists it 
from the Lorraine (Fairmount division). The Richmond forIn 
seems to me to correspond very closely to Meek's description, ex
CEpt that the oblique wrinkles at the lateral extremities are faint 
or lacking. It appears to the writer, however, that such wrinkles 
ar!! apt to occur in old shells of almost any species of Strophontena 
or Rafinesq1~ina, and are not diagnostic. ' 

RAFINESQUINA ALTERNATA var. NASUTA (Conrad). 

Plate XXXVII, fig. 4. 

Strophomena nasuta Conrad, 1842, <Tour. Acad. Nat. Sci. Philadel 
phia, VIlT, pt. II, p. 260. (Not figured.) 
" Triangular; longer than wide, slightly winged; inferior va1v(~ 

with the mpbo and disc flattened; towards the base suddenly and 
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concentrica11y bent towards the upper half; concentrically wrin
kled; radii distinct, rather remote, with thr~e or four minute in
termediate lines; base projecting and angular in the middle. 

"This species ,resembles S. alternata and S. deltoidea in having 
one '01' two of the central lines larger than the rest,but it isa 
much flatter and proportionally longer shelL "-Conrad, loco cit. 

The comparison tlf this shell with the typical R.alternata of 
the Cincinnati group shows that 'it is a somewhat smaller form, 
characterized especially by the· drawing in of the anterior-lateral 
margins so as to give it a somewhat triangular aSpect, as indicated 
by Conrad. The middle portion of the anterior ~argin ma.y even 
be produced into a distinct lobe. The valves are also decidedly 
more abruptly deflected at the anterior third than is the case in 
the typical form, thus greatly increasing the convexity of the ven
tral valve, and to a less degree the ,concavity of the dorsal, valve. 
The space between the valves is accordingly relatively greater'than 
in the typical form. In surface ornamentation the variety does 
not differ materially from R. alternata. 

Found in the middle part of the Lorraine. 7.33A3 .... 1.12A2 
.... 1.34C14b.; .. 1.34BI-3 .... 1.38P. 

1.lAFINESQUINA ALTERNATA val'. PONDEROSA. 

Plate XXXVII, figs. 3, 3a. 

I am not sure that this is the form that has received the name 

ponderosa from collectors and was figured under this name by 

Hall in 1847.· The name has never been formally proposed, so far 

as I am aware, and I therefore here propose it for the fairly well 

characterized form of Rafine$quina alternata common in association 

with' Platystrophia lynx and Hebertella sinuata in the middle part 

of the Lorraine (Bellevue). 


It differs from the normal type of the speeies in much the same 
way that the very gibbous Platystrophia lynx of the "lynx" beds 
does from the normal form of that species: that is, it is verJ:" mas
sive, as compared with the normal form, and all the muscular and 
vascular markings ~re very deeply impr('ssed. ,The cardinal proc
ess is unusually large. The general outline of the shell is not par
ticularly different from that of the normal form of the species. I 
should not say, as Hall does, that it ;represents merely the old in
dividuals of the normal form, but that it represents a gerontic 
phase of the species that a'ffected nearly all of the individuals at 
eertain horizons. 

[59) 
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RETZIA GRANUL~FERA Meek. 

Plate XXXVI, tip. 5-5c. 

Retzia' (Trematospira) granuUfera Meek, 1872,Proc. Acad. Nat. 
Sci. Phila. (February, 1872), p. 318. (Not figured.) 

"Shell transversely oval, the length being about four-fifths the 
breadth, .:rnoderately convex, the convexity of -the two halves being 
very nearly equal; lateral matgins rather narrowly rounded in 
outline; front and anterior margins broadly rounded, or perhaps 
the forJ;Uer sometimes straight or slightly sinuous in outline in the 
midiUe; cardinal margin nearly straight on each side, and sloping 
at an agle of about 140° from the beaks toward the lateral l;lX

tremities. Dorsal. valve nearly evenly convex, .its greatest promi
nence being perhaps slightly behind the middle; provided with 
about. thirteen simple,' angula:r, radiating plications or costae, five 
of which on the m.iddle are smaller than the others (the middle one 
being smallest and not continued to the beak), and form together 
a very low, flattened mesial elevation, scarcely rising above the gen
eral convexity; beak rather strongly incurved. Ventral valve of· 
much the same form as the other, excepting that its beak is Some
what more prominent, perforated, and in curved upon that of the 
other valve; while two of the middle costae are much smaller than 
the others, and the first one on each side of these is intermediate in 
size between the smallest central ones and the largest on the lateral 
slopes; these four smaller ones being a little depressed so as to 
form a shallow mesial sinus that is not continned to the beak. 
Crossing all of these plications of both valves, are numerous fine 
lines of growth; while the entire surface, as seen under a mag
nifier, is occupied by minute projecting points, like grains of ~and; 
and, between these, a higher magnifying power shows the whClle 
surfa,ce to be very minutely and regularly punctate. 

"Length, 0.37 inch j breadth, 0.50 inch j convexity, 0.27 inch. 
"Until the distinctions between the genus Retzia and the pro

posed genns Trematospira (if any exist) are better defined, and the 
interior of the species here described can be determined, it is not 
possible to say to which of these groups it most properly belongs. 

"Specifically, however, it seems to be closely allied to Tremato
spira gibbosa of Hall, from the Hamiltoll group. Yet it differs, not . 
only in having two to three more plications on each side, but also 
in having five instead of three a little raised to form the mesilll 
fold of the dorsal valve (the middle one being also much smaller). 
and f011r depressed to form the mesial siuus (the middle two being 
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much smaller than the others). It so nearly resembles the New 
York form, however, that I should almost be inclined to suspeet 
that it might be only a variety of the same species, if it were not 
found at a so much lower horizon. It must be very rare, as I have 
only heard of the single typical specimen being fuund. "-Meek, 
loco cit. 

Further description of this species is unnecessary. I have 
seen but a single undoubted specimen of this species. This is the 
specimen listed by me several years ago from the Eden shales at 
Vevay, Indiana. 

RIIYNCHOI'RlllMA CAPAX (Conrad). 

Plate XXXVI, figs. 6·6h. 

Atrypa capax Conrad, 1842, Jour. Acad. Nat. Sei. Philadelphia. 
VIII, pt. II, p. 264, pI. xiv, fig. 21. 
"Profoundly ventricose, with about twelve angular prominent 

ribs, transversely wrinkled, and four ribs on the mesial fold of the 
upper valve, which is wide, not profoundly elevated; inferior 
valve with a profound mesial fold, and very prDminent ribs; 
greatest depth of the two valves nearly equal. 

"Locality.-Richmond, Indiana, in Silurian shale. "-Conrad, 
loe. cit. 

Without figures, Conrad's original description would scarcely 
enable one to distinguish this species from numerous other Rhyn
chonellids. The presence of four plications on the fold and three 
in the sinus is an absolutely constant character. The ratio of 
hcight to length varies within very wide limits, young shells being' 
always less gibbous than older ones. In fact, the nepionic and 
neanic shells ar very thin, the length being several times greater 
than the height. In very old (gerontic) shells, especially those 
found in the Whitewater division of the Richmond formation, the 
height may exceed the length by a considerable amount. The ratio 
of breadth to length is also subjeet to considerable variation, 
though not .as much as the ratio of height to length. In old shells 
the beaks are closely in.curved and appressed and encroached upon 
by the pedicle. The plications are strong and angular, and crossed 
by numerous closely arranged sharp lamellae of growth, especially 
.conspicuous toward the front of the valves, giving to, the shell a 
very characteri!~tic appearance. 

'rhis is, besides R. dentata, the only RhynchoIiellid in the Cin
cinnati group. Comparison between the two species is scarcely 



• 


932 REI'ORT OF STA.TE GEOLOGIST. 

necessary, the single plication of the sinus of R. dentata alone suf
ficing to distinguish it from the present form. Rhynckotrema 
capax ranges from the base of the Liberty formation to the middle 
of the Whitewa.ter division, except that it is found sparingly, if 
at all, in the Saluda in the southern part of the Indiana area. It 
has heretofore been supposed to range throughout the Richmond, 
but that this is a mistake is conclusively shown by recent careful 
collecting. It is especially characteristic of the Liberty division, 

1.34A13, 14, ]5, 16, 17, 18,19, 19-21, 22 .... 1.41A4, 5, 6, B3, 
01, 2-3, Dl, 2, 3, E4, 5, 6, 7.... 1.12Dl-6, E3, F3. I have also col
lected this species near Bennington, Versailles, Osgood, Hamburg, 
Brookville, Laurel, IJiberty and many other localities in Indiana, 
where the middle and upper parts of the Richmond formation are 
exposed. 

RHYNCHOTREMA DEN'fATA Hall. 

Plate XXXVI, figs. 7·7d. 

Atrypa dentata Hall, 1847, PaL N. Y., I, p. 148, pL xxxiii, figs. 
14a-c. 
, 'Pyramidai, subtriangular; breadth somewhat greater than 

the length; cardinal line short j margins of· the shell sloping ab
ruptly downwards; surface marked by about eight or nine strong 
and deep plications, two of which are much elevated on the mesial 
fold of the ventral valve; dorsal valve with the sinus broad, deep 
and angular, wit.h a single plication in t.he center, extremely ele
vated in front; plicat.ions crossed by zigzag or advancing and re
treating filiform Hnes; beak of the dorsal valve small; acute, in-
curved, with no visible perforation. ,'If ,~ ;; "-Hall, ~oc. cit. 

'Phis species, while very constant in the number of plications on 
the valves, and absolutely constant, so far as I have observed, in 
the number of plications of the fold and sinus, nevert.heless changes 
most remarkably, as the shell becomes older, in the convexity of 
the valves. In very old and gibbous individuals, the height may 
exceed the length of the shell, while .in young individuals the height 
is only a small fraction of the length. The youngest stages seen 
(about 1 rum. in length) are decidely long and thin. Hall's de
scription, toget.her with the figures, will suffice for the identifica
tion of the shell, especially since there is no other with which it 
can be confused-R. capax having constantly four plica.tions on . 
the fold and t.hree in the sinus. The chief interest of R. dent,ata is 
in the fact that it. marks a well defined z~ne of the upper p~rt of 
the Richmond formation, and is also narrowly restricted in distri
bution. 
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The best place to collect it is undoubtedly at Richmond, In
diana, where it is abundant in the Whitewater division, which it 
characterizes. South from Richmond I have seen the speci€s at 
1\ horizon similar to that of its occurrence at Richmond, in the 
vicinity of Laurel, Indiana, and still farther south near Hamburg, 
Indiana. South of this point I have not seen the species except an 
occasional specimen at a horizon considerably lower. In the Tan
ner's Creek section I found two specimens at a level near the base 
of the Liberty formation (1.34A1:la, 14a) and again on Whitaker's 
Branch in Dearborn County, near Moores Hill, at a similar hori
zon. In the latter' place a single specimen was seen. At the higher 
horizon, only, and at Richmond and vicinity only, in Indiaria, does 
the species run through any considerable thickness of rock. At all 
other localities and levels, in this State, the species is either rare 
or confined to a few inches or at the most a few feet of rock. No 
specimen, so far, has ever been found at Madison, Indiana. 

This is another of the species of importance in working out the 
stratigraphy of the extreme upper part of the Richmond forma
tion. Its associates in this connection are H omotrypa wortheni, 
Montic~tlipora epidermata} Streptelasma divaricans,.H omotrypella 
rustica, and Strophomena sulcata. 

1.34A13a, 14a ... . 1.41A6, 7, 8, D3, E1, 2, 4, 5, 6, and in the 
vicinity of Laurel, Hamburg, and Moores Hill, Indiana. 

SCHIZOCRANIA FILOSA Hall. 

PlB.te XXXIV. figS. 8. 8a. 

Orbicula ¥ filosa Hall, 1847, Pal. New York, I, p. 99, pI. XXX, figs. 
9a-d. 
"Orbicular; one valve more or less convex; apex marginal; 

surface radiated with numerous fine elevated thread-like striae, 
which are more or less prominent, depending on exfoliation of the 
shell; intermediate striae ooming in between the others as they 
recede from the beak, but the striae are not bifurcate. 

"It is with some hesitation that I refer this ~hell to the genus 
ORBICULA, since it presents same variation from the usual type. 
'fhe young specimens are very convex, almost conical, but grad
ually become depressed and expanded as they increase in age and 
size. 

"A single specimen, which is partially exfoliated, presents the 
marks of three visceral or muscular impressions, arranged some
what like those of CRANIA; but since the shell differs as widely 
from types of that genus as it does from ORBICUL~, I should 
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scarcely feel authorized to place it under that genus, in the present 
state of our knowledge regarding it. The strongly striated surface 
presents 8 deviation from the general character of shells belonging 
to LINGULA or ORBICULA; but it is otherwise of the same 
texture-black and glossy, as those shells. It likewise occurs asso
ciated with them, proving that its habitat was similar, deviating no. 
more from these genera than they do from each other. 

"As the shell exfoliates, th~ surface becomes smoother, and the 
striae are nearly lost, except upoIi the margins."-Hall, loco cit. 

'l'he types are from the upper part of the Trenton limestone at 
Middleville, New York. It is reported in Kindle"s list from Madi
son, Indiana. I have not met with any .specimens of it. 

S1.'ROPHOMENA NEGLECTA (James). 

Plate XXXVIII, figs. I-lb. 

St1'eptorhynchus neglecta James, 1881, The Paleontologist; No.5, 
p. 4. (Not figured.) 

"Shell resupinate; cardinal line longer. than the greatest 
breadth of the shell farther forward, and more or less deflected at 
the extremitieS of different specimens ; lateral margins sloping in
ward at first, then rounding regularly to the front. Cardinal line 
of the dorsal valve linear, straight and slightly projecting over 
the area of the otl;ter valve; umbone flat, slightly concave near the 
beak in most cases, more or less highly convex at the middle, of 
different examples, and curving abruptly to the lateral and front 
margins. Surface covered with crowded, radiating striae, which 
are fine and delicate at and just below the beak, becoming larger 
as they advance toward the margins, where they are rounded and 
strong; striae increased as the surface widens, by implantation, 
but not always of a uniform size; in some cases they vary consid
erably, and are irregularly arranged, from one to three or four of 
the smaller placed between two of the larger. Unworn examples 
show the whole surface covered with very fine, delicate, sharp, 
crowded, concentric, raised lines,crossing the radiating striae, 
which are distinctly seen under an ordinary magnifier. About ten 
of the radiating striae in the space of one line, at a quarter of an 
inch forward of the beak, and three or four near the free margins. 

"VentraJ valve: a strongly marked deltidium; cardinal area 
flat and moderately broad, sloping gently each way from the pro
jecting beak, to the extremities of the lateral marglns, and stand
ing at an angle of 70 degrees or more with the dorsal valve; con
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vex near the beak, .and on the umbone.; and different examples 
more or leas deeply concave near the middle, curving, to correspond 
with the other valve, to the free margins. Surface of this valve 
covered with radiating striae and concentric lines, similar to the 
dorsal valve. 

"The only feature of the interio" of this species that can be re
ferred to at this time is the deltoid process of the dorsal valve, 
which differs materially from specimens and figures of other spe
cies; it is prominent, stands at a high angle with the valve, is 
bi-Iobed, each lobe divided by a deep, strong depression or slit, 
commencing at the beak and widening to the ends of the lobes. 

, 'The breadth of the shell along the cardinal line, of different 
specimens, varies from 1% to 2% inches, and from 1 to over 
1% inches from beak to front. Other examples, supposed to be 
the yonng of this species, are much smaller. In outline and dimen
sions most of the specimens resemble some forms of Stropkomena 
aZiernata, Conrad. "--James, loe. cit. 

Stropkomena filitexta Meek (non Hall) is considered as a syn
onym of this species. The appearance of the interior of the dorsal 
valve of this species is thus described by Meek: "In the bottom 
of the valve three low, nearly parallel ridges start forward, from· 
near the base of the cardinal process, the middle one of which is 
shortest, while the lateral extend to or a little beyond the middle 
of the valve. Two others also originate behind the middle, between 
these three, and extend forward parallel to each other, farther than 
any of the others. Between these four longer ridges three very 
slender much smaller raised lines may also somtimes be seen, while 
a large area of the central region of the valve, including the ridges 
mentioned, and a considerable space on each side of them, is occu
pied by small but distinct granulations, that show a tendency to 
arrange themselves in radiating lines." 

The majority of the specimens of tbis species seen by the pres
ent writer have been the interiors of the dorsal valve, hence the 
foregoing description will, together with Meek's figures, prove of 
very considerable value in the identification of the species. I know 
rf no other snecies with a similar set of internal characters.· 

·Slnce the above WIU! written I. have received from Dr. Weller, the ·types of 
St1'ophomena 1teglecta, from the James collection. There are two specimens of 
somewhat dift'erent size and aspect, neither showIng the interior of either valve. 
One of the specimens corresponds very well with the above description given by 
.Tames. 'l'he other may not be the same species. Both are marked as coming from 
Cincinnati, although in view of the loose way of labeling material, fqrmerly in 
vogue, this may not necessarily be taken very literally. I am quite convinced, how
ever, that the larger. specimen, which corresponds best with James' description, is 
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1.34A10, 17, 18, 19, 20, 21, 22 ....1.41A6, 01, 2-3, D1, 2, 3, El, 
2,3,4, 5, 6.... 1.12Dl-6, F3. 

STROPHOMENA NUTANS Meek. 

Plate XXXVIII, figs. 5-5c. 

St1'opkomena nutans Meek, 1874, Paleontology of Ohio, vol. I, p. 
77, pI. vi, figs. 1 a-f. 

"Shell under medium size, sub-trigonal, strongly concavo-con
vex, comparatively thick and strong; hinge about equalling the 
breadth of the valves; lateral margins usually somewhat straight
ened behind, where they meet the extremities of the hinge nearly 
at right angles, while anteriorly they converge to the middle of 
the front, which is prominent, and very narrowly rounded, or al
most angular in outline. 

"Dorsal valve remarkably convex in the central or anterior cen
tral region, from which it rounds down abruptly to the lateral and 
anterior margins, and slopes strongly posteriorly, the anterior lat
eral slopes being usually somewhat compressed, so as to impart to 
the middle of the 'anterior region a degree of prominence, some
what like a mesial ridge, near the margin; whole umbonal region 
flattened; area narrow, or sublinear, and directed nearly back
ward; beak not distinct from the edge of the ,area. Interior with 
thebilid cardinal process short; sockets deeP, sub-trigonal, and 
very oblique; socket-ridges rather prominent, thin, and continued 
obliquely forward and outward, with an inward curve, so as to 
form the lateral margins of the muscular impressions, which are 
well defined, rather deep, strongly striated, and separated by a 
short, mesial ridge coming from the base of the cardinal process; 
while near the middle of the anterior edge of each there is some
times a little oblique prominence; central region in front of the 
mmlcular impressions, sometimes showing four obscure parallel 

not the same species as the specimen from which Meek drew up his description of 
the Internal characters of the dorsal valve of his S. jlUtelJ)ta. In the set of types of 
the species S. 1Ietu8ta, from the James collection, is a l>'Pecimen showing the in
tel'lor of a dorsal valve, which corresponds' in every particular with the descrip
tion of the dorsal valve of S. jlUtclJ)ta, given by Meek. 'l'his specimen, however, does 
not possess the 'wrinkles at 'the cardinal extremities that are supposed to charac- ' 
terlze S. 1Ietu8ta, aod in other respects does not closely resemble the specimens of 
the type set In which" the latter character is shown. If the dorsal interior, abov~ 
mentioned, Is really an interior of S. 'l'etu8ta, which I very much doubt, then the 
f'peclmens listed In the present report as S. neglecta l'ames. are to be referred to 
vetu8ta, Instead. The status of most of the species of Sttopnomena' Is at present 
In such an unsatisfactory condltlon, however, that I heilltate to make any changes 
from the ordinary usage, till such time as the genns can be revised with all the 
forms from all the horizons and localities at hand. 
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ridges running directly forward, and separated from each other 
by three shallow, narrow furrows, in the middle of each of which 
there is a raised line; traces of other smaller and more obscure 
ridges sometimes extend forward and laterally on each side of those 
deseribed, while the whole internal surface' is usually minutely 
granular. 

"Ventral valve nearly flat, with a backward slope in the um
bonal region, and distinctly concave farther forward, in the an
terior central region; while the anterior and lateral margins are 
abruptly curved downward parallel to those of the other valve; 
beak scarcely distinct from the margin of the area, which is of 
moderate height, flat, and extendS the entire length of the hinge, 
with usually but little taper toward the lateral extremities; fora
men rather broad trigonal, and covered above by the convex 
pselldo-deltidium, whicl1 is broadly and deeply sinuous on its inner 
edge, for the reception of the cardinal process, and a kind of 
pseudo-deltidium of the other valve, formed by the continuation of 
the socket plates. Interior with the anh'rior and lateral margins 
geniculated so as to form a marginal ridge that is deeply and 
somewhat regularly furrowed across, while the ovarian spaces 
within this marginal ridge are more or less flattened, and some
times granulated; hinge teeth moderately prominent, transversely 
sub-trigonal, and striated on their anterior and posterior faces; 
while from their inner bases the prominent dental ridges extend 
forward and curve together, so as to form a strongly elevated mar
gin to the deep, sub-circular cavity for the reception of the mus
cular impressions; muscular cavity scarcely reaching the middle 
of the valve, usually with its rim slightly notched (not emargin
ated) at the middle of' the front; while within its bottom it is 
provided with a slender mesial ridge, with the narrow adductor 
muscular scars on each side of it, and on the outside of these most 
of the remaining space seems to be occupied by the striated scars 
of the divaricator muscles, there being only a very small notch
'like impression close to the hinge tooth on each side, apparently 
left by the ventral adjustor muscles. ' 

"·Surface of both valves ornamented by very fine, closely ar
ranged, simple radiating striae, that increase by intercalation, and 
are either nearly equal, .or sometimes have every third, fourth or 
fifth one slightly larger than those 'between; while on well pre
served specimens, very minute, crowded, concentric striae may be 
seen, by the aid of a strong magnifier, crossing the much larger 
radiating striae. 
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"Length of a mature specimen, 0.80 inch; breadth, 0.93 inch; 
convexity, 0.50 inch. "-Meek, loco cit. 

Mr. Meek cites his specimens from the "upper part of the Cin
cinnati group" in Butler, Warren and Clinton counties, Ohio. 
The species' occurs in Indiana associated with S. planumbona in 
the Iliberty formation. 

STROPHOMENA PLANOCONVEXA Hall. 

Plate XXXVIII, figs. 3·3e. 

Leptaena planoconvexa Hall, 1847, Pal. New York, vol. I, p. 114, 
. pI. xxxi B, figs. 7 a-d. • 

, . Shell resupinate, sub-planoconvex, often distinctly inequilat
eral and oblique; ventral valve moderately convex; dorsal valve 
nearly fiat or slightly concave; cardinal line extending consider
ably beyond the width of the shell, and often produced into small 
acute ears; surface marked by rather coarse radiating striae, which 
bifurcate towards the margin of the shell; apex usually, and per
haps always, perforated; foramen closed; cardinal area narrow. 

"'fhe most obvious characters of this shell are its resupinate 
form, the nearly fiat dorsal' valve, and frequent inequality of the 
two sides, or the greater extension of the cardinal line on one side. 
III these features alone it is dissimilar to all the other species of 
the genus in the lower strata. In its nearly fiat valve it ap
proaches to the ORTHIS; while the extension of the cardinal line, 
and closed foramen, are characters. belonging to LEPTAENA, as 
well,also, as its general habit, which is different from the true 
ORTHIS. 

, 'In some of its varieties, and particularly in the ventral valve 
being fiat near the beak, it resembles the last species [Leptaena de
jlecta.], but differs essentially from it in the coarser nearly equal 
striae and absence' of concentric elevated linea, as well as other 
important characters.~'-Hall, loc. cit. 

Reported by Hall from numerous localities in Ohio, Indiana" 
etc., in the Cincinnati series. 

'fhe terms dorsal and ~entral are used by Hall in the oPl?osite 
sense from their present usage; 

1.34C14a. 
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STROPHOMENA PLANlJMBONA Hall. 

Plate XXXVIII, .figs. 4·4d. 

Leptaena planumbona Hall, 1847, Pal. New York, vol. I, p. 112, pI. 
xxxi B, figs. 4 a·e . 

. , Shell resupinate, robust, length and breadth as 9 to 11; car· 
dinal line straight, suddenly defiected at the extremities, equal to 
or greater than the width of the shell; sides a little contracted 
just below the cardinal extremities, leaving slightly salient angles; 
ventral [dorsal] valve flat or slightly depressed near the beak, 
elevated and very convex: in the middle, somewhat abruptly and 
concentrically deflected towards the margin; dorsal [ventrall 
valve flat on the disc, slightly elevated towards the beak, and de
flected to correspond to the other valve; surface marked by radiat
ing striae, every third, fourth or fifth of which is alternated by a 
stronger one; entire surface' (in perfect specimens) marked by 
fine concentric elevated lines, and a few imbricating lines of 
growth . 

•, This is a very neat, symmetrical species, presenting very little 
vat'iation of form. The concentric lines are often obliterated, and 
the surface shows only the radiating striae. The remarkable flat
ness, which often amounts almost. to a .depression of the convex 
valve near the beak, is a distinguishing character in all the sp~ci
mens I have ex~ined. The sides of the shell are suddenly con
stricted just' below the extremities of the hinge line, producing 
small salient ears; the ventral [dorsal] valve is very convex just 
forward of the middle, and the opposite valve equally concave. "-
Hall, loe. cit. 

It has become the custom to refer this species to S. rugosa of 
Rafillesque and de 'Blainville, following a suggestion made by King. 
in 1850, only three years after Hall's species was named. The 
most recent discussion on this subject that has come to my notice 
is a note on the species by Mr. J. M. Nickles, in the American 
Geologist (Oct. 1903). With the opinion of Nickles I quite agree. 
No one who has collected numbers of this species can look at th« 
fignres given by de 'Blainville and believe that they were intended 
to represent the common Strophomena planumbona. They mayor 
may not have been intended to represent Leptaena rhomboidalis. 
I believe, with Nickles, that we should go 'Qack to Hall's name, 
planumbona, and I have therefore quoted his as the original de
scription rather than de'Blainville's. 
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'fhis is a very common species in the Richmond formation, or 
rather in the division now knpwn as the Liberty formation. This 
zone it characterizes better, perhaps, than any other species. 

1.34A12, 13, 14,.115, 16', 17, 18,19, 20, 21, 22 .... 1.41A4, 5, B2,. 
;~, 01, 2-3, Dl, 2, El, 3, 6.... 1.12Dl-6, E3. 

STROPHOMENA PLANUMBONA ¥lir. SUBTENTA Hall. 

Plate XXXVIII, figs. 6·6g. 

Leptaena subtenta Hall, 1847, Pal. New York, 1. p. 115, pI. xxxi 
B, fig. 9a-b. 

"Resupinate, semioval; ventral valve convex in the middle; 
cardina.I extremities deflected, somewhat abruptly cnrvlng towards 
the margin, and flattened on the umbo; sudace marked by fine 
equally bifnrcating striae, which are crenulated by concentric lines, 
obliquely wrinkled on the cardinal 'margin; interior of the hinge 
showing two projecting tooth-like processes, with a narrow space 
between them for the passage of a ligament; lateral teeth spread
ing widely. 

"I find, among the drawings of Mr. CONRAD, the figure of a 
'rrenton species, with this name attached. I have not seen the 
same in New-York, but tlle specimen figured is from a western lo
cality. It bears all the essential marks of the sUecies cited, and I 
have therefore introduced it under that name. It will,· doubtless, 
be found again in New-York. The cardinal margin bears some re
semblance to CHAETE'I'ES, but a careful examination does not 
show any spires. The strong oblique wrinkles form a distinguish
ing feature. "-HaU, loco cit. 

The localities given by Hall are Oxford, Ohio, where the species· 
is said to be associated with Dalmanella testudinaria (probably D. 
mecki), Rafinesquina alternata, and Plectambonite.'$ sericeus; and 
at Trenton Falls, New York (doubtfnlly). This association would 
make the type come from about the base of the Liberty formation. 

Schuchert considers this form a variety of S. planumbona, and 
with this I fully agree. In fact, I am almost prepared to go still 
further, and not even distinguish it as a variety. My observation 
leads me more and more to the .conclusion that the oblique wrinkles 
seen on the cardinal extremities of species of Strophomena and 
Raji.nesquina and r~lated genera are due to slight causes (old age, 
espe('jally) that affect occasional individuals rather than the 
Speci4lS, or any considerable section of it. As to the differences in 
internal features, one will certainly despair if one tries to separate 
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the two forms on this basis. The form figured by Meek (internal 
valve of his S. plicata) does indeed look quite different from the 
figure of the interior of the ventral vlllve of S. planumbona 011 

the same plate. I have figured the ventral valve of another speci
men, however, which might with almost equaL propriety be referred 
to S. planumbona, S. s'ubtenta, or S. planoconvexa. Why we 
should give such latitude to variations in RafinesqU'ina alternata, 
and so narrowly restrict them in Stropkomena, is a question that 
must occur to anyone familiar with the two genera. The tendency 
to can these forms of Stropkomena species seems to me to be due 
more to caprice and accident than to anything in the relations of 
the forms to one another. I wish to ta.ke issue squarely with those 
who call every slight difference in form specific. 

This variety occurs at the following localities: 
] .34Al:3b, I5b, 17, 19, 21, 22 .... 1.34A12..-.. 1.41D2.... 1.12F3. 

S'l'ROPHOMENA SINtJATA Meel,. 

Plate XXXVIII, figs. 2-2e. 

Strophomena sinuata Meek, 1873, Pal. Ohio, I, p. 87, -pI. v. 
figs. 5a-f. 
"Shell semicircular, or forming rather more than a semicircle, 

moderately convex, with valves nearly equal, the dorsal being mm!t 
.~onvex in the central and anterior regions, and the ventral near 
the umbo; hinge neady or quite equalling the greatest breadth; 
lateral margins forming more or less nearly right angles with the 
hinge line, or sometimes rounding to the same, and rounding regu
larly to the front, which forms a semicircular curve, with rarely 
a slight sinuosity at the middle. 

"Dorsal valve flat at the beak, which is not distinct from the 
cardinal margin, usually a little raised in the middle at the front, 
so as to form a low, broad, undefined mesial prominence; cardinal 
area narrow and inclined backward; interior. with a low, small, 
deeply lJipartite cardinal process, from which diverge three small 
ridges, the two lateral of which extend obliquely outward to form 
the margins of the rather well defined sockets for the reception 
of the teeth of the other valve, while the third ridge is central, and 
extends a short distance forward; muscular scars not visible in 
any specimen examined. 

"Ventral-valve moderately convex at the umbo, which is not 
very prominent or arched, and has a minute perforation at the 
apex; front with usn ally a broad, shallow, undefined depression; 
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lateral regions more or less nearly fiat; cardinal area well devel
oped, tapering to the lateral extremities, fiat, and inclined more 
or less obliquely backward; foramen closed by a prominent, trian
gular deltidium; interior showing small, somewhat saucer-shaped 
cavity, formed by the low, sharp dental laminae, extending for
ward from the inner si·Ie of the rather well-developed oblique 
cardinal teeth, and curving a little toward each other, without 
meeting at their inner ends; muscular scars not visible in any 
specimen examined. 

"Surface of both valves ornamented with rather coarse radi
ating striae, most of whicp- bifurcate once or oftener, while occa
sionally'a shorter one is intercalated between two longer, crossing 
the whole, occasional small marks of growth, and finer, but ob
scure, concentric st:r:iae may be seen by the aid of a lens, on well 
preserved specimens. 

"Length of a rather large specimen, 0.65 inch; breadth, 0.88 
inch; convexity, 0.30 iuch.' '-Meek, loco cit. 

The type is from the Cincinnati formation about 350 feet above 
low water of the Ohio, at Cincinnati, Ohio. I have seen it at a 
similar horizon near Manchester Station, on Tanner's Creek. 

STROPHOMENA SULCATA (de VerneuU). 

Plate XXXVI, figs. 10-100. 

Leptaena sulcata de Verneuil, 1848, BulL Geol. Soc_ France, 2d 
ser., vol. V, p. 350, pI. iv, fig. 4a, 4b. 
"Coquille plate, subquadrangulaire, ornee de stries fines et 

dichotomes comme la precMente [L_ planoconvexa]. Valve dor
sale Iegerement bomMe, offrant vers Ie front un sinus pro
noce qui releve Ie bord p.e la valve ventrale. Area triangulaire 
sllrbaissee. Ouverture large, fermae par un deltidium complet. 
Crochet perce d'un petit trou rondo Valve ventrale Iegerement 
bomMe; area presque nulle, presentant, vis-a.-vis du deltidium de 
la valve opposee, une ferme toute communication du dedans au 
dehors. Malheureusement l'in!erieur des valves nous est inconnu. 

"Rapports et differences.-Extremement voisine de la pre
cMente, cette espece n 'en differe que par son contuor general et 
par Ie sinus de Ia valve dorsale. Ce sinus est constant, et Ia fait 
distinguer, dans la plupart de collections d'Am~rique ou nous 
I'avons vue. sous Ie nom que nous lui donnons ici. 

"Gisement ct localites_-Le L. sulcata se trouve avec l'espece 
precedente dans Ie calcaire bleu des Etats d 'Ohio et d'Indiana. Ce 
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calcaire, comme celui de 'l'renton, appartient au systeme silurien in
ferieur. "-d'Verneuil, loco cit. • 

This species is commonly found in association with. Rkyncko
trem.a dentata, but it also occurs sparingly at lower horizons, and 
its distribution is considerably more extended. I have never found 
it, however, except in the upper divisions of the Richmond forma
tion. 

In form this species is the most peculiar.of any of the Stropho
menas of the Cincinnati group, though it somewhat resembles 8. 
sinuata. It is a small shell of semicircular outline, rather thicker 
than is usual in the genus, and with rather coarser plications. The 
convexity of the valves is nearly equal, but at the front the dorsal 
valve possesses a peculiar elevation or low fold, corresponding to 
a sinus in the ventral valve. The beaks are very small and the area 
of the dorsal valve narrow, while that of the ventral valve is well 
defined and rather high. Foramen with a convex deltidium. Apex 
perforated by a small circular aperture. 

1.34A19-21, 23 ....1.41A7, 8, C1, D3, E1, 2 .... 1.12Dl-6. I 
have also collected it at Laurel, Indiana, and about Hamburg, 
and Osgood, not far from the top of the Saluda formation. This 
zone may represent the thinned southern end of the Whitewater 
division. # 

TREMATIS MILLEPUNCTATA Hall. 

Plate XXXIV, figs. 9·9c. 

1'1'ernatis millepunctata Hall, 1866, 24th Rep. New York State 
Museum (advance sheets), p. 221, pI. vii, figs. 22-25. 

"Shell small, suborbicular, transverse on the ventral side and 
lenticular in profile. Ventral valve strongly convex below the 
middle, more depressed above; with a narrow deeply depressed 
pedicle-opening, the margins of which are flattened for a space 
nearly equal to the breadth of the opening. Dorsal valve more 
elongate, most convex above the middle; the beak pointed and 
projecting considerably beyond the opposite valve; with a de
pressed or concave triangular area. Interior of the dorsal valve 
marked near the middle hy two comparatively large semicircular or 
reniform muscular scars, the breadth across the two more than 
equal to one-third of the diameter of the valve; the center of the 
valve has also a sUght mesial septum. 

"Surface strongly: punctate in concentric curves passing. from 
the cente;r of the shell outwards, extending through the shell near . 

http:peculiar.of
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the front of the valves, and diStinctly marking the cast: . inner 
layers of the shell not punctate. 

"Specimens of this species have been sent from Cincinnati, and 
published and figured as the T. terminalis of Emmons. It differs 
from that species, however, in being more transverse, with a less 
convexity of the ventral valve and more prominent beak of the 
dOrsal valve; and also~ in the character of the punctate structure. 
The Trenton species is distinctly punctured, the puncta passing 
through the shell, showing most distinctly on partially exfoliated 
specimens; while in this species they are entirely confined to the 
exterior layers of the shell. It is also destitute of the radiating 
striae always found on T. terminalis when the shell is partially 
exfoliated. 

'''J'he specimens of this species usually measure about half an 
inch in length and five-eighths of an inch in width. I have re
ceived them from Mr. S. P. Carley, Mr. U. p, James, and other 
sources. "--Hall, loe. cit. 

L34.A13a, 15b, 17. 

TRIllMA.TI& RIllTICULA.RIS (Miller). 

" Plate XXXIV, fig. 10. 

Orania reticularis Miller, 1875. Cincinnati Quarterly Journal of 
Science, vol. II, p. 280, fig. 22. 
"Surface marked by punctures, arranged, 38. shown in the 

figure, in a peculiarly beautiful manner. The rows of punctures, 
from the cardinal margin, on each side the> apex, curve downwards 
a little, as they ascend toward the aRex. The rows as they leave the 
lateral margins form the sanie curves, so that the rows soon cross 
each other, giving the punctures the rhomboidal lorm, and the 
surface the checkered appearance, formed by curved lines gradu
ally approaching aud crossing each other, like 'engine turnings' 
on a watch-case. 

"Length of a specimen, 0.08 inch; width, 0.11 inch; convexity, 
0.04 inch. 

"The specim'en figured is one of a number found, attached by 
the lower or ventral valve to the under side of a worn piece of 
Tetradium fibratum, near Brookville, Indiana, by Mr. Ed. R. 
Quick, a collector of that place. The specimens vary in form con
siderably, but the punctat~ surface is as distinct and uniform as 
it is in Trematis millepunctata. The shell has the same appearan~e 

http:TRIllMA.TI
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that the shells lu!.ve in the latter genus, and it may be tha.t it is a 
true Trematis . 

. "The acute apex and the variability of form, however, ha.ve in
duced me, at present, to class it with Orania. The lower valve. 
and interior are unknown. "-Miller, loco cit. 

ZYGOSPIRA. CINCINNA.TIENSIS Meek. 

Plate XXXVI, figs. 9-9b. 

Z ygospira cincinnatiensis Meek, 1873, Pal. Ohio, vol. I, p. 126, pl. 
xi, figs. 5 a-c . 

.. This variety or species differs from the last [Z. moaesta], in 
its larger size, greater proportional breadth, more prominent mesial 
elevation, with a larger and deeper sulcus along its middle, and in 
the deeper mesial sinus of its dorsal valve, and the more spreading 
character of its lateral plications. Its plications likewise differ in 
being proportionally· coarser, and more angular, and more fre
quently show a disposition to bifurcate, particularly those on the 
sides of the mesial elevation of the ventral valve, and within or 
near the mesial sinus of the dorsal valve. Its lateral margins are 
likewise generally more compressed; and the beak of. its ventral 
valve rather more strongly incurved. 

"Under a strong magnific'r, in a favorable light, extremely mi
nute, regular and closely crowded concentric striae may sometimes 
be seen on the sides of the plications, and other protected parts of 
the shell. 'rhese are similar to those sometimes seen on the last, 
but more distinct. . 

"Although this is possibly a distinct species from the last, it 
would, I should think, be rather difficult to distinguish young ot' 
small examples of it from that shell. Renee, I am inclined to think 
that it may be only a robust variety of the same. 

"IJength of one of the largest examples, 0.41 inch; breadth, 
0.52 inch; convexity, 0.25 inch. "-Meek, loco cit. 

This species occurs at a number of levels in the upper part. of 
the Eden formation. 

1.3402, 5, 6, 7, 8, 9, 10, 11 .... 5.9A29, 31, 35 .... 1.38~.17, 21, 
24, 37, 45. 

• 

160] 
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ZYGOSPIRA MODESTA Ball. 

Plate XXXVI, figs. 8·81. ' 

Atrypan,..odesta Hall, 1847, Pal. New York, vol. I, p.141, pI. xxxiii, 
fig. 115. 

"Suborbicular or planoconvex, with the beak extended; width 
a little greater than the length; cardinal line distinctly marked 
and somewhat extended; dorsal valve ('onvex, with an elevated 
ridge along the center, occupied by four plates which are stronger 
than the others; beak prominent, incurved and perforated, the 
perforation extending below the beak and occupying a portion of 
the area; ventral valve depressed-convex, broadly oval or nearly 
circular, with a broad but ill-defined sinus along the middle, the 
central plication stronger than the others, with a smaller one on 
each side; each valve with about 18 simple rounded plications; 
surface obscurely punctate. 

"This neat and beautiful little speCies well merits the name 
bestowed upon it by Mr. SAY, which I am happy to preserve. It 
is a rare species in New-York, while it is abundant in Ohio, Indiana 
and Kentucky. It is, in a large number of specimens examined, 
very constant in the characters given above. The central elevated 
portion co~sists of four stronger plications, which appear to be 
in two pairs, from being separated in the middle by a deeper and 
wider groove, while the groove between each pair is narrower than 
between the other plates of the shell. These characters, with the 
stronger plication in the center of the ventral valve, are constant, 
and apparently reliable in distinguishing the shell. The mesial 
sinus on the ventral valve, which is scarcely conspicuous in young 
shells, becomes deeper and more strongly marked in older ones, and 
produces a strong depression in the front of the shell."-Hall, 
loe. cit. 

No other species known to me from the Cincinnati series is as 
ubiquitous as the species described above. It occurs in the great 
majority of my collecting zones from the middle Ed~n to the top 
of the Cincinnati series. Even Rajiinesquina alternata, wi~h its 
varieties is not more persistently present than Zygospira modesta. 
Nor have I observed that the latter species presents any degree of 
variation. Certainly not enough to warrant an additional name. 
Though usually not particularly abundant, in several zones it be
comes the leading fossil, occasionally completely filling the rock. 
This is the case especially in the Rafinesquina zone at severa.llevels. 
In the Lorrain~ the species is usually common, and in washings 
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. from this formation, specimens of Z. modesta of all sizes from the 
nepionic stage, half a millimetre in diameter, to the adults, are 
so common that one almost tires of picking them out. In the Rich
mond formation it is usually less common, but nearly always 
present. 

5.9A8, 25, 29, 31,44,50.... 1.33A3 ....1.34A1, 3,7,8,9,10,11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, Bl-3, 4-5, C5, 10, 11, 
13, 14a, l4b .... 1.4lA2, 4, 5, 6, 7, 8, 9, lOa, lOb, Bl) 2, 3, C1, 2-3, 
D1, 2, 3, E2, 4, 5, 6.... 1.12A2, Dl-6, Ea, F3 ....1.3.8All, 13, 17, 
21, 23, 24, 29, 31, 32, 37, 41, 55, 63, Ba-h, and at practically all 
other localities .. 
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Ot\STEROPODA AND PTEROPODA. 

DIAGNOSES OF GENERA. 

BELLEROPHON Montfort. 


Symmetrically illvolute, subglobose shells, with or without an 
umbilicus, the latter never very large in the typical section; VOhl

tions more or less 'rounded on the back; aperture' generally ex
panded, usually with a callosity on the inner lip; outer lip with a. 
more or less deep emargination behind which there is a well de
veloped slit-band or an elevated blunt keel; surface sculpture con
sisting of more or less strongly developed striae of growth only. 
(Ulrich.) 

BUCA.c~IA HalL 

Restricted by Ulrich. 

Shell consisting :of from three to five more or less depressed 
volntions coiled in Qne plane, with generally a wide umbilicus and 
not greatly-never abruptly-expanded aperture. Surface mark
ings consisting of equal or unequal revolving riblets and lines of 
growth, together producing a more or less cancellated appearanee, 
Revolving lines wavy or wrinkled, oblique, especially in the umbili
cus, crossing from the ventral side of a whorl to the dorsal slit
baUlI in the space of about one-half a" volution. Frequently they 
are interrupted by ,strong lamellae, the wavy edges of which are 
parallel with the lines of growth and the apertural margin. Aper
ture transverse and somewhat reniform in the typical section, 
higher and relatively larger in the B. nashvillensis section. In the 
former the lips are thin, the outer one sinuate, and the sinus pro
longed into a rather long narrow median slit; in the latter the 
lip is rather thiel, and the slit shorter. Slit-band'distinct, raised 
or depressed. (Ulrich.) 

CLATHROSPIRA Ulrich. 

Shell depressed-conical, sometimes subleriticular; base more or 
less convex, its bulk usually nearly equal to the apical part; um
bilicus very small or wanting; volutions not very numerous, some
times slightly turriculate or strongly angular near the mid-height; 
aperture oblique, subquadrate, the inner lip slightly rMected or 
merely thickened, the outer deeply notched at the peripheral angle; 
no l<lit; band nearly vertical and situated upon the periphery of 
the whorls. The surface beautifully cancellated. (Ulrich.) 
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CONRADELTJA Ulricb. 

Shell coiled sym,metrically, general form as in Oyrtolites and 
OxydisGus, the volutions enlarging gradually and being strongly 
keeled dorsally .. Aperture oval or subcordiform, widest in the 
middle or below, without callosities of any kind, nor with a sinus 
in the outer lip. Prom the aperture to a. point about half around 
the dorsal circumference of the last volutiqn there is a narrow open 
slit lying between two sharply elevated edges; behind this point 
the slit is closed over and forms an ordinary slit-band with distinct 
lunulae. Surface with close or. distant transverse imbricating 
lamellae, the auterior edges of which are zigzagged and sometimes' 
greatly spread out. Lamellae plicated, the successive folds often 
arranged so as to .form small revolving rjdges; over' all ve:r:y fine 
lines of growth. (IDrieh.) 

. CYCLONEMA Hall. 

Shells turbinate or ponical, thin, spire short, composed of few 
more or less ventricose volutions; no umbilicus; surface sculpture 
consisting of numerous revolving lines and small ridges crossed 
obliquely by sharp liues of growth; aperture oblique, varying 
from rounded to subquadrate; inner lip more or less thickened, re
flected, always excavated. (Hall, Ulrich.) 

CYCLORA Hall. 

Subglobose, shell thin, spire short, consisting of a few whorls; 
columella smooth, slightly reflected over a minute umbilicus, aper
ture circular. (HalL) 

CYRTOLITES Conrad. 

Shell coiled in the same plane, symmetrically or nearly so; 
volutions two or three, scarcely contiguous, the last occasionally 
free, enlarging gradually, carinated on the back and often on the 
sides, giving a subquadrate cross-section; aperture not abruptly 
expanding, with or without a median notch in the outer lip; no 
slit-hand; shell thin, without callosities of any kind; surface sculp
ture reticulated or cancellated, consisting of straight or obliquely 
curved regular transverse lines -connected by short ohlique lines. 
(Ulrich.) 

HOLOPEA Hall. 

Shells conical, ventricose, more or less oblique or nearly direct; 
aperture round ovate; margin entire; surface marked by simple 
fine curved striae, or cancellated. (HalL) 
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The above is Hall's original diagnosis of the genus. Ulrich 
thinks that the group formed by the species now referred to 
H olopea is composite and contains material for several genera. 

HORl\HY.rOUA Salter. 

Shell elongate, beaded, practically imperforate, composed of 
rather numerous (eight to fourteen) rounded or subangular 
whorls; aperture acuminate subovate, narrow and more or less 
prolonged below; outer lip with a broad and deep V-shaped notch 

. and no slit; band median or submedian, generally obscure, of mod
el"ate width, fiat or slightly concave, in the perfect condition mar
gined on each side by a delicate raised· line; surface marked with 
lines of growth only; these are never very sharp and always sweep 
backward very strongly, from below especially, to the band, (ill-' 
rich.) . 

HYOLITHES Eichwald. 

Shell symmetrical, conico-pyramidal, composed of calcium car
bonate, posterior portion often divided off by a transverse septum; 
one side flattened, and the margin of the flattened side projecting 
somewhat above the opposite wall. Surface with fine transverse 
striae, or longitudinally striated, or both. 

CONULARIA Miller. 

Shell rectilinear, inversely conical, rectangular to' rhombic ill 
cross-section, with' usually sharp edges, acnte or truncated poste
riorly. Each of the transversely striated or ribbed lateral faces 
divided into longitudinal halves by a superficial groove, corre
sponding internally to a median ridge. Posterior portion of the 
shell divided off by septa. Aperture constricted by four triangular 
or linguiform in curved lobes of the anterior margin. (Pilsbry.) 

LIOSPIRA Ulrich. 

Shell sublenticular, the spire low, depressed conical, almost 
smooth, the sutures very close, scarcely distinguishable; volutions 
sllbrhomboidal in section, flat, gently convex or slightly concave 
above, sharply rounded at the periphery, convex below, and not in
frequently angular at the edge of the umbilicus. The latter is 
usually present but may be filled entirely by an extension" of the 
inner lip, in other cases it may be open uuring the younger stages 
only. Aperture deeply notched; band scarcely distinguishable as 
such, wide, situated on the narrow onter edge of the whorls though 
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chiefiy upon the upper side. . Surface markings very delicate, 
rarely preserved, consisting generally of exceedingly fine trans
verse lines bending strongly backward on the apical side to the 
peripheral band over which they continue with little interruption 
to sweep sharply forward again on the lower side. Faint revolv
ing lines occasionally observed. (Ulrich.) 

LOPHOSPIRA Whitfield. 

Shells with more or less elevated spires; whorls closely coiled 
throughout or only in the upper part, the last often exhibiting a 
tendency to become disconnected; whorls angular on .the periphery 
and bearing from one to five distinct carinae; central or peripheral 
keel' strongest and most prominent carrying the band, which is 
~btusely rounded, or niore or less distinctly trilineate, with the 
median line heavier and more prominent than the other two; axis 
rarely, if ever, solid; an umbilicus, Ul:lUally of very small size, 
nearly always present. Inner lip generally thickened, often 
slightly twisted, turning around the umbilicus so as to form a kind 
of hollow pillar. Outer lip more or less deeply notched, but the 
center of the notch, which lies at the peripheral angle, is never pro
longed into a slit. Surface markings parallel with the apertural 
edge; occasionally cancellated by fine spiral lines. (Ulrich.) 

MICROCERAS Hall. 

Convolute, volutions few, horizontal, rapidly diminishing from 
the aperture; aperture subrhomboidal; shell subcarinated ,upon 
the back, chambered? (Hall.) 

l\1inute shells, gregarious in habit, in form like Gyrtolites. Al
ways of a black or brownish color, with the surface perfectly 
smooth and generally glossy. Possibly dwarfed varieties of other 
species. (Ulrich.) . . 

OXYDISCUS Koken; 

Strongly compressed, disciform shells; volutions' embracirig 
very little, expanding gradually to the aperture, sharply keeled; 
aperture somewhat lanceolate or subtriangular, Without an inner 
callosity; outer lip with a deep V-shaped excision, continuing in 
the dorsal keel as a long and very narrow slit; behind the slit the 
summit of the keel may show a more or less distinct band with 
lunulae, or merely a uelicately bordered raised line. Surface mark
ings consisting of growth lines only. These bend strongly back
ward in ,passing from the ventral side of the whorl to the keel 
(Ulrich.) 
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PROTOWARTHIA Ulrich. 

Aperture large but not abruptly expanded, the outer lip bilo
bate, with a broad and more or less deep sinus but neither a slit 
nor band; dorsum convex, never carinate; umbilicus closed; sur
face markings very fine, generally consisting of more or lessob
scure crowded lines of growth and delicate revolving striae: The 
inner lip forms a thin granulose deposit over the dorsum of the 
inner end of the last whorl and extends on each side around the 
umbilical region. This portion is cQvered with interrupted or in
osculating lines. (Ulrich.) 

RAPHISTOMA Hall. 

Shell sublenticular or plano-convex, the spire flat, the sutures 
close; volutions triangular in section, sharply angular and genel'
ally thin at the periphery; there is neither a slit nor a band; 
umbilicus varying in size but nearly always present; ;;tperture 
turning backward slightly so as to form a shallow notch at the 
outer angle; lines of growth only; on the flattened upper surface 
these are slightly sigmoid and usually interrupted by a raised line 
between the two curves; passing over the acute edge they turn 
strongly forward and finally back again into the umbilicus. (Ul
rich.) 

SALPINGOSTOMA Roemer. 

Shell symmetrically coiled in one plane; volutions numerous, 
enlarging gradually, scarcely ever embracing, the consequence 
being a large open umbilicus. Aperture abruptly expanded at 
maturity, trumpet-like; peristome thin, the outer portion slightly 
sinuate. Inner volutions with a slit band as in Bucania. This is 
replaced in the outer half of the last whorl by a long narrow opeu
ing or slit which, however, d~es not extend to the apertural expan
sion, but is closed some distance behind it. Surface marked with 
simple or sublamellose lines of growth and more or less oblique. 
irregular and sometimes interrupted or wavy revolving lines. 
(Ulrich.) 

SOHIZOLOPHA UlrIch•. 

In every respect like Lopkospira excepting that the apertural 
notch is prolonged into a long parallel-edged slit. (Ulrich.) 

TROOHONEMA Salter. 

Shell turbinate, umbilicated;· spire varying in height, base gen
erally flattened yet sometimes quite ventricose; whorls not numer·· 
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ous (4-8), varying from .strongly angular to rounded, always with 
two more or less prominent ridges or angles between which lies a 
broad vertical, usually flat or concave, peripheral space; a third 
ridge usually near the suture, while a fourth usually surrounds 
the umbilical cavity. Other, but smaller ridges, may occur though 
chiefly on the basal balf of the whorls. Lines of growth crossing 
the whorls from above obliquely backward, often vertical and not 
infrequently inclined in the opposite way on the peripheral band. 
In the last case the outer lip is broadly notched at the extremity 
of the upper peripheral angle. Aperture usually very oblique; 
ppritreme complete; inner lip varying in thickness, not reflected. 
(Ulrich.) 

TRYBLIDIUM Lindstrom. 

Shell pate1liform, ob'loate, narrowest anteriorly, forming a very 
low cone; apex anterior, nearly marginal. Muscular scars in seven 
or eight diseonneeted pairs, arranged in an oblong circle, the an
terior pair drawn out and meeting in front beneath the beak. Sur
face usually marked by coucentric lines 0:1' growth only; OCCB.'liou
ally ~lso by obscure broad radial plications. (Ulrich.) 

DESCRIPTION OF SPECIES. 


BELLEROPBON GORBYI Mlller. 


Pla.te XXXIX,. figs. l-lb. 


Belleropkon gorbyi Miller, 1891, Gool. Nat. Hist. Indiana, XVII, 

. p. 694, pI. xiv, figs. 7-9. 

"Shell medium size, involute, longer than wide. Volutions ex
panding very moderately, rounded over the dorsum, and suban· 
gular on the sides. Umbilicus deep, sideS covergingwith a slightly 
convex outline from the subangular sides. Mesial band or keel 
narrow, subangular. Aperture wider than high, subelliptical or 
reniform. Lip moderately thickened at the inner whorl, but not 
spreading, thinner on each side of the sinus in the outer margin. 
Surface beautifully sculptured and ornameuted by numerous wav
ing lines that curve forward from the mesial band on the dorsum 
and backward over the sub angular sides, without interruption, and 
down the converging sides to th,e umbilicus. 

"'rhis is a beautiful species, and d.istinguished from all others, 
in rocks of the same age, by the reniform aperture, sub angular 
sides and surface ornamentation. 

"Foun~ by Prof. S. S. Gorby, in the Hudson River group, in 
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D~arborn County, Indiana, and now in his collection. The specifie 
name is in honor of the collector. "-Miller, loco cit. 

BELLEROPHON MOHRI Miller. 

Plate XXXIX, figs. 2·211.. 

Beller()phon moht'i Miller, 1874, Cincinnati Quarterly Journal of 
Science, I, p. 306, fig. 30. 

-,' Shell involute; outer volution abruptly expanded at the aper
ture, both in length and breadth; inner volutions comparatively 
small; dorsum· angulated and strongly keeled; outer lip, rapidly 
expanding in a rounded outline upon each side of a shallow sintl~, 
curving abruptly at the point <;If greatest expansion, and, with the 
inner lip, forming a line nearly at right angles with the plane of 
the volutions; inner lip thickened and bearing a prominent node in 
the middle; surface nearly smooth in the specimens examined, but 
faint traces of fme lines may be observed, curving with the shape of 
the shell downward from the sinus, at the outer edge of the ex
panded aperture. 

"Aperture two inches in breadth, while the body whorl, just at 
the commencement of the expansion, is only one-half inch across 
it in the same direction. 

"This species is remarkable for the strongly carinated dorsum, 
and for the great expansion of the aperture in proportion to the 
size of the inner whorls composing the body of the shell. 
. "'fhe specific name is given in honor of Paul Mohr, Sr., of Cin

cinnati, an experienced and extensive collector of fossils and miu
era1<l, and member of the Cincinnati Society of Natural History. 

"I found the species at Richmond, Indiana, in the upper part 
of the Cincinnati Group,associated with Gypricardites hainesi."-
Miller, loco c~·t. 

According to ulrich, not uncommon in the upper part of the 
Riehmond formation at Richmond, Indiana. (Whitewater 7) 

BELLEROPHON SUBANGULARIS Ulrich. 


Plate XXXIX, figs. 3·3b. 


Bellerophon subangltlaris Ulrich, 1897, Geol. Nat. Rist. Surv. Min

'nesota, III, pt. II, p. 920, pI. Jxiv, figs. 14-16. 

"Having no umbilicus this species is related to B. clausus and 
B. recurvus, but it is distinguished at once from both by its suban
gular dorsum, and relatively narrower and somewhat triangular 
aperture. Its snrface markings are rather distinct a~ld regular; 
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011 the dorsal slopes they sweep badcwal'd gently to the carina."- . 
Ulrich, loco cit. 

rfhe types are from the Richmond formation, Richmond, In
diana. 

BUCANIA CRASSA Ulrich. 

Plate. XXXIX, figs. 4·4b. 

Bucania crassa Ulrich, 1897, GeoL Nat. Hist. Surv. Minnesota, III, 
pt. II, p. 893, pI. lxvii, figs. 46-48. 

"This species, though closely resembling B. f rankfortensis and 
B. naskvillensis in many respects, will be distinguished almost at a 
glauce by its uniformly convex instead of subangular dorsum. 
'l'his difference, in conjunction with a greater relative width of the 
whorls, causes the aperture to be proportionally wider. The lower 
lip also, though strong, has a longer slope and its surface is less 
convex. The umbilicus is somewhat smaller and more abrupt than 
ill B. ff'ankfortensis, and the shell is more globose. 

"The specimen figured has suffered considerably from macera
tion, the slit~band and all, excepting the strongest of the surface 
markings, being quite obliterated. On two other specimens, neither 
as complete as the one illustrated, there is a low, yet well defined, 
rounded dorsal ridge, and in one this is accompanied on each side 
by a faint furrow, while anteriorly it terminates in an open slit 
about 17 mm. long. Whether this dorsal ridge was originally flat 
or concave on the summit, and bore lunulae, we are unable to say. 
Still it is to be expected that such a condition obtained un the per~ 
fect shelL As to the surface markings, what remains of them in
dicates a sculpture similar to that shown in our figures of B. linds
leyi and B. naskvillensis. 

"The shell in this and the species with which we have compared 
it is unusually thick for the genus, especially on the ventral side of 
the volutions, and casts of the interior must look very different 
from the shells themselves. We have not,however, seen any casts 
which seemed at all likely to belong to either. "-firich, loco cit. 

'fhe types are from the uppermost beds of the Richmond for
mation at Richmond, Indiana. 

BUCANIA SIMULATRIX Ulrich. 

Plate XLII. figs. 9. 9a. 

Bw;ania simulatrix Ulrich, 1897, Geol. Nat. Hist. Surv. Minnesota, 
III, pt. II, p. 892, pI. lxiii, figs. 48, 49: pI. lxvii, fig. 45. 
"Shell large, known from casts of the interior only. These 

consist of three or four comparatively slender and loosely coiled 
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volutiolls, leaving a large umbilicus ill which all the inner whorls 
nre clearly exposed. Volutions somewhat reniform in section, nar
rowly rounded in the ventral third of the sides,. the ventral sur
face gently concave, the dorsal part of the section nearly semi-cir
cular. Last volution obtusely carinated, with the dorso-ventral di
ameter increa.,?ing toward the aperture more rapidly than is the case 
with the inner volutions, the height and width of the whorl just be
hind the aperture being about equal, while at the smaller end the 
two dimensions are respectively about as three to five. Aperture 
somewhat triangular-ovate, wide below, the expansion taking place 
chiefly at the lower part of the sides. In the cast the expansion ap
pears very abrupt, but doubtless it is mueh less so in the shell it
self. Inner lips slightly reflexed at the sides, thick centrally; 
outer lip broadly and deeply sinuate. Surface markings un
known; slit long. The best specimen seen has the following dimen
sions: entire hight 46mm.; hight of aperture 29mm.; greatest 
width of saine 33mm.; width and hight of last vohition just be
hind the aperture about 23mm.; hight and width of }nner end of 
sa.me 5 .and 8.5mm. respectively; greatest dia.meter of umbilicus 
about 23mm.; length of slit about 31mm. 

"'l'he hight in this species is relatively greater than in B. frank
fortensis, which we consider as more closely related than any of the 
other species. The aperture also is less nearly triangular, the aper
tUl'al margin as seen in a side view, less uniformly curved, the um
bilicus larger, and the volutions more evenly rounded on the back. 
The next species, B. crassa, is a more closely coiled and heavier 
shell, having, therefore, also a smaller umbilicus. The form of the 
mouth and sinus is also different. Casts of B. simulatrix resemble 
those of the a!,/sociated Salpingostoma rickmondensis in a remark
able degree. For comparison see the description of that species." 
-Vlrich, loco cit. 

'l'he types are from· the Richmond formation, Richmond, In
diana. 

CLATHROSPIRA SUBCONICA (Hall). 

Plate XLI, tlgs. 8-8b. 

Pleurotomaria S1.tbconica Hall, 1847, Pal. New York, I, p. 174, pi. 
xxxvii, figs., 8 a-e~ Also p. 304, pI. lxxxiii, figs. 3 a-e. 
"Trochiform; spire elevated, apex acute; volutions about five, 

flattened above, with a projecting carina just above the suture; 
last volution strongly carinated on the outer edge, and marked with 
a spiral band, ventricose below; aperture transverse, subquadrate, 
angular on the outer side and round below; surface marked by 
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fine striae, which bend gently backwards from the ~uture, and more 
abrnptly on the lower part of the whorl j spiral band a distinct 
groove, margined by sharp elevated edges, upon which the striae 
bend backwards in an abrupt curve; below this the striae bend 
gently forward, and thence curving backwards, terminate in the 
umbilicus; longitudinal striae crossed by transverse sharp elevated 
linea which are finer than the longitudinal ones. 

, 'This is a beautiful trochiform shell, with a symmetrical coni
cal spire, and beautifully cancellated surface. The finer concentric 
striae are often obliterated from wearing or maceration, the longi
tudinal ones only remaining, and these also are often obliterated. 
'fhe spiral band is distinct on the last volution, and the striae upon 
it appear to be crowded into ridges. The snture is formed just at 
the lower margin of the band, leaving it visible at the lower edge 
of the higher volutions. In casts of this species, the onter angle 
of the last volntion is distinctly carinated, as also the lower margin 
of the higher volutions.' '-Hall, lOG. cit. 

Occurs .probably at many localities in Ohio and Indiana in the 
Lorraine and Richmond formations. According to Ulrich there is 
considerable doubt of the occurrence of this species in the Cincin
nati region. 

CONRADELLA DYERI (Hall). 

Plate XXXIX, figs. 8!8c. 

Cyrtotites dyeri Hall, ] 871, 24th Report of the New York State 
Museum, 1872, p. 230, pI. viii, figs. 7, 8. (Advance sheet pub
lished in 1871.) 
"Shell small, laterally compressed, Lnsisting of two or more 

volutions, the outer one embracing the inner for about half its 
breadth, bearing a moderately wide umbilicus, in which may be 
seen a portion of the preceding volution; sides of the volution con
vex, obtusely subangular near the margin of the umbilicus into 
which it curves abruptly and more gradually decliues with a slight 
convexity, toward the salient subcarinate dorsum. Transverse sec
tion cordiform, broadest near the umbilical margin. 

"Surface of shell marked by from eight to twelve nearly equi
distant revolving ridges, with sometimes smaller intermediate ones, 
and also crossed by numerous closely arranged transverse lamellose 
ridges having .a double backward flexure between the· revolving 
lines, and a general retral direction towards the keel of the shell. 

"The species differs in its surface markings from any of the 
forms heretofore described. "-~Hall, loco cit. 
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The character of the surface markings will make the identifica
tlon of this pretty species an easy matter. 

1.34A16b .... 1.12Dl-6 .... 1.12F3. 

CONULARIA FORMOSA Miller and Dyer. 

Plate XLII, fig. 2. 

Conularia formosa Miller and Dyer, 1878, .Jour. Cin. Soc. Nat. 
llist., I, p. 38, pI. i, figs. 12, 12a. 

"This species in general form is pyramidal, somewhat quadran
gular, angles furrowed, and sides somewhat rounded as in C. tren
tonensis. The surface is marked by rounded furrows, separated 
by obliquely transverse ridges, extending from each angle of the 
shell diagonally towards the mouth, and meeting those from the op
posite angle in the middle of each side. These ridges are orna
mented with small nodes or tubercles at the junction with the 
striae, which cross the furrow on the side toward the apex of the 
shell. The rounded furrows are crossed uy striae, which are about 
twice as numerous as the transverse ridges, and which terminate on 
the ridge toward the mouth of the shell in a small tubercle. The 
longitudinal striae do not cross the transverse ridges, nor are they 
continued in straight lines on the opposite sides (the magnified 
view is erroneous in this respect), but on the contrary the striae, 
whkh cross the furrows, !l0mmence at the ridge toward the apex, 
at a point between the tubercles, and crossing the furrow towar~ 
the mouth terminate at the tubercles. 

"This species is readily distinguished from C. trentonens'is, 
which it most resembles in general form, by the tubercles on the 
transverse ridges. Even hadly exfoliated specimens may be distin
guished by the aid of a pocket magnifier. 

'''fhe specimen illustrated is from the collection of C.oR Dyer, 
and was found in the. upper part of the Cincinnati Group, near 
Versailles, Ind., by Dr. W. H. H. Hunter. Another specimen, 
showing very prominent tubercles, was collected by Dr. C. A. Mil
ler, on the top of the hills near the city of Cincinnati, and is now 
in S. A. Miller's collection."-Miller and Dyer, loco cit. 

CYCLONEMA BILIX (Conrad). 

Plate XL, figs. 2-2d. 

Pleurolomaria bilix Conrad, 1842, Jour. Acad. Nat. Sci. Philadel
phia, VIII,pt. II, p. 271, pI. 16, fig. 10. 
"Spire conical; volutions four; sides subrectilinear at base, 

suddenly contracted at the suture; surface with spiral raised striae 
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alternated in size; large volution abruptly rounded in its greatest 
circumference; base flattened and striated. 

"LocaUty. Richmond, Indiana, in limestone of the age of the . 
. rocks of Salmon river series, ·New York. Lower Silurian. 

"This species is the constant associate of PTERINEA carin
ata, in the limestone of the west, termed 'Cliff limestone.' This 
species of Pterinea is limited in New York to the Salmon river 
shales, and eminently characterises the formation. "-Conrad, 
loco cit. 

This species, or rather forms supposed to belong to it, has been 
the cause of a good deal of confusion to collectors. Weare in
debted to Ulrich for a restriction of typical C. bilix to the Rich" 
mond group. form, and the erection of a considerable number of 
new species, some of which are described elsewhere in this report. 
The differences between these forms are in most cases exceedingly 
slight; nevertheless they ordinarily have different ranges. Whether 
01' not they should be considered as species or only good varieties 
may be left .for discussion in some more appropriate place. I have 
taken my figure from Ulrich rather than Conrad, because· the 
former is certainly better suited to illustrate the characters of the 
species. 

1.34.,<\,10, 16a, 20,21. ... 1.41C2-3, D1, 3, E1, 2, 3. 

CYCLONEMA BILIX val'. FLUCTUATA (James). 

Plate XI" figs. a-abo 

Cyclonema fluctuata James, 1874, Cincinnati Quarterly J oumal of 
Science, I, p. 152 (not figured). 
"Shell turbinate, depressed; breadth greater than the length; 

volutions four or five increasing rapidly in size, the first one flat
tened on the under side; aperture sub(.val, oblique; suture broad 
and deep; inner lip thickened, outer lip thin and sharp. Surface 
marked by revol ring lines, varying "in size and distinctness, in some 
~xamples being sharp and prominent, in others scarcely visible to 
the naked eye, crossed by fine striae, or lines of growth, which, to 
the sharply defined ones, give the shell a beautifully ornamented 
appearance. Volutions with oblique undulations, and a broad re
volving depression near or above the center, most conspicuous on 
the body whorls, sometimes extending to the apex. 

"Height €If a large specimen about ]1,4 inches, breadth 1¥a 
inches. Small ones less than %ths of an inch in height and 
breadth. "--James, loco cit. 

This form is considered as a variety of C. bilix by Ulrich. It 
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is reported from the upper part of the Cincinnati group by James 
from several localities in Ohio and Indiana. Ulrich reports it in 
considerable abundance from Richmond and Versailles, Indiana. 

OYOLONEMA HUMEROSUM Ulrich. 

Plate XL, figs. 5·5c. 

Oyclonema humerosum Ulrich, 1897, GeoL Nat. Hist.~ Minnesota, 
III, pt. II, p. 1061, pI. lxxviii, figs. 43-46. 

"The average size in this species is somewhat greater than in 
either of the preceding forms, [C. infiatum and C. varicosum] 
while the apical angle is generally wider and more constant, the 
majority of the specimens varying comparatively but little either 
way from 85°. The principal feature, however, is a. strOl~gly de
veloped shoulder, giving a deeper suture than in any other species 
of the genus. This shoulder may be rounded or, especially in the 
Richmond group form, quite angular. In the latter the slope of 
the outer side of the last whorl is very often distinctly concave, and 
not infrequently undulated in the direction of the line!,! of growth. 
The same conditions occur less frequently though quite as· well 
marked in the Lorraine form. The surface markings are fairly 
constant. About ten principal subequal carinae occur on the outer 
slope of the body whorl, and about the same number of smaller 
ones on the periphery and base. The larger ones usually alternate 
'with a much thinner set. "--Ulrich, loco cit. 

Reported by Ulrich as very abundant in the upper half of the 
Lorraine group at Cincinnati, and not !'are at several horizons in 
the Richmond group at Waynesville, Clarkesville, Oxford and other 
loealities in Ohio, and at Richmond, Versailles and other points in 
Indiana. I have collected an abundant species or variety of Cyclo
nema in the Rafinesquina zone along Tanner's Creek since the new 
railroad cuts were opened there, that apparently is this species. 
This zone is not well represented in my Tanner's Creek section 
because, at the time, there were few exposures of these beds. At 
the present time they are completely and beautifully exposed in 
the cuts. 

O:rCLONEMA MEDIALE Ulrich. 

Plate XL, figs. 4, 4a. 

Cyclonema mediale Ulrich, 1897, GeoL Nat. Rist. Burv. Minnesota, 
III, pt. II, p. 1059, pI. lxxviii, figs. 29, 30. 
"Distinguished from C. Bilix Conrad, by its more ventricose 

whorls and stronger revolving carinae. The under side of the 
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whorls is fuller and the outer side (seen in the spire ) is always 
distinctly and uniformly convex, there being no sign of a: shoulder 
at the suture, nor of the median concavity, both of which occur 
quite generally in Conrad's species. The suture is comparatively 
shallow. There are two common varieties, one having three widely 
separated strong carinae on the upper slope followed below by the 
smaller and gradually decreasing and crowding ridges or lines, the 
last occurring usually about the middle of the base. Much thinner 
revolving lines generally occur between the larger. In the other 
variety the revolving ridges are more equal in size and distribution, 
and at least three more in number. On the body whorl they num
Ler between fifteen and twenty, but not more than eight or ten of 

. thf'se show on the next whorl above, while in the first variety but 
four· are shown. The apical angle for the whole shell varies 
greatly but always is narrower for the upper turns than it is for . 
the last two or three. 

"The strongly carinated variety resembles and probably was 
derived from C. vaiicosum Hall, but its whorls are less convex and 
the upper part of the spire more slender, the entire shell of C. 
med·iale consisting of six or seven whorls, while C. varicosum prob
ably never has more than five volutions. The columellar lip also is 
straighter and both the revolving and transverse ridges and lines 
stronger in Hall's t'lpecies."-Tnrich, loco cit. 

This species of Cyclonema is, according to Tnrich,the common 
form in the lower part of the Lorraine formation of Ohio and In
diana. No doubt most collectors have been in the habit of identify
ing this form as C. bilix. 'l'he latter, as will be seen, is a Richmoml 
form. 

1.33A3, 1.34CI4b, BI-3 .... 1.38P. 

CYCLORA" MINUTA Hall. 

Plate XL, figs. 6-6c. 

Cyciora min7,tta Hall, 1845, Amer. Jour. Sci., XI1VIII, p. 294. 
(Not figured.) 
"Smooth; volutions about three, rapidly expanding towards 

the mouth; spire moderately elevated; aperture round and well 
defined_ The last whorl forms the principal part of the shelL 

"Height of shell 1-30. to 1-20 of an inch. 
"This species is exceedingly numerous among those obtained 

by Mr. Carly~ there being twice aR many of thiR one 1l."I of all the 
others. "-Hall, loco cit. 

[61] 
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There is still some doubt as to whether this and other minute 
species generally comprised under the name of Gydora may not be 
the young of other species of Gastropods. They occur, however, in 
enormous numbers at horizons where other species are rare or lack
ing. a fact which admits of the interpretation that they are good 
species. It is also possible that all of these' small shells are casts. 
The height of the spire and the form of the aperture seem to be 
the only characters in which this and the next species differ. 

L34A1, 7, 8, 9, 10, 11, B4-5,· C13 ... .1.12A2. ' 

CYCLORA PARVULA Hall. 

TtH'bo , par1!1tZlls Hall, 1845, Amer. Jour. Sci., XLVIII, p. 294. 
(Not figured.) 

"Spire elevated, volutions about four, smooth; first whorl angu
lated upon the centre towards the aperture; outer edge of the 
aperture projecting downwards. 

"Height of shell 1/15 of an inch. "-Hall, loco cit. 
Reported from Versailles, Indiana, in Kindle's list. 

CYCLORA PTJLCELLA Miller. 

Plate XL, figs. 7·7b. 

Gyclora pulcella Miller, 1882, Jour. Cin. Soc. Nat. Hist., V, p. 231, 
pI. ix, figs. 9-9b. 
"Shell small, rather wider than high, whorls three, which in

crease rapidly in size, suture well defined, aperture somewhat cir
cular, umbilicus moderately large. SudMe ornamented with nu
merous fine lines, extending from the suture a little obliquely back
ward. The cast of this species bears a resemblance to GycZora 
rninuta, from which it is distinguished by its larger size and more 
rapidly swelling volutions.· The shell is distinguished by these dif
ferences,. and also by the surface ornamentation. 

"Shell about a line in height, and about a line and a half wide. 
"The author collected this species in the upper part of the Hud

son River Group, :near Versailles, Indiana. "-Miller, loco cit. 

CYRTOLITES ORNATUS Conrad. 

Plate XL, figs. 8, 8a. 

Cyr tolite.~ ot'nattls Conrad, 1838, Annual, Report of the New York 
Geol. Surv. p. 118. (Not figured.) 
"Gyrtolites or·1tatus.~Shen with transverse rounded ribs and 

fine striae; periphery acutely carinated. I,ength, 1 inch. Local
ity, Washington ville, Oswego county [N. Y. ] . "-Conrad, lac. cit. 
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The following very excellent description is quoted from Ulrich 
and Scofield: 

"Shell varying in diameter between 12 mm. and 30 mm., with 
the average at about 23 mm. Volutions two or three, rapidly in
creasing in size, strongly and sharply carinate dorsally, rhombic 
subquadrate in section; sides prominent and subangular or nar
rowly rounded along a line about three-fifths of the hight of the 
volution within the dorsal carina, the dorsal slopes gently convex 
and distinctly undulated by strong slightly curved transverse fur
rows and subangular ridges, the ventral or umbilical slopes almost 
flat and usually without undulations; ventral side with a sharp 
central furrow for the reception of the dorsal carina of the pre
ceding volution. Umbilicus well defined, wide and deep, the edge 
wavy. Aperture a little wider than high, the height equalling 
usually a trifle more than half the greatest diameter of the shell, 
more or less rhombic-subquadrate, the outline often becoming a 
little rounded with age. Entire surface covered with a delicate 
network formed of raised lines running almost straight across the 
whorls and short connecting lines arranged alternately, the result 
being somewhat similar to the pitting of a: thimble. In a good 
light, the network is generally distingui.shable without the aid of 
a magnifier, and, excepting three specimens, quite uniform in 
strtngth in different shells, there being on the outer half of the last 
whorl nearly always seven or eight of the transverse lines and eight 
or nine of the short lines in 2 mm. In the excepted specimens the 
network is more compact, there being over ,the outer part of the last 
whorl from ten to twelve of the transverse lines in the same space. 
On another, with the reticulation unusually coarse, the number av
erages between six or seven. On the last specimen a good mag
I;lifier brings out some very fine lines of growth running through 
the network. It is important to note that there is no perceptible 
bacl<ward curvature of the transverse lines in nearing and crossing 
the dorsal carina.' '-'(Jlrich and Scofield. Geol. Miun. vol. III, pt. 
II, p. 860. 

Reported inKindle's list from Versailles and 'Madi.son, Indiana. 
According to Ulrich it occurs in the Lorraine and Richmond. 

HELICOTOMA MARGINA'.rA Ulrich. 

Plate XL, fig. 10. 

lIelicotoma marginata CIrich, 1897, GeoL Nat. Hist. Surv. Minne
sota, III, pt. II, p. 1036, pI. lxxiv, fig. 39. 

"Ofthis species we have- seen but the unique example of~hich 
a view of the upper side is given on plate I,XXIV [of Minn. Rept.] 

http:MARGINA'.rA
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It is remarkable chiefly because the lower part of the outer side of 
its whorls is so prominently developed that it projects like a broad 
flange."-Ulrich, loco cit. 

The type is from the extreme top of the Richmond formation 
at Elkhorn Falls near Richmond, Indiana. 

HOLOPEA (?) HUBBARDI Miller. 

Plate XL, figs. 11, lla. 

lIolopea hubbardi Miller, 1893, GeoI. Nat. Hist. Indiana, XVIII, p. 
:U8, pI. ix, figs. 39, 40. 

"Shell a little below medium size, depressed conical; width a 
little more than the height; whorls three, moderately and _uni
formly ventricose, the 18.st one constituting nearly the entire shell, 
or four-fifth.<; of it; suture lllOderately deep; aperture subcircu
lar; umbilicus well defined; surface with close, fine striae, curving 
backward and indicating the growth of the shelL 

"The size, shape of the mouth and nmbilicus will distinguish 
this species f-rom all others that have been defined. 

"Found by J. F. Hammell and Prof. George O. Hubbard, in the 
Hudson River Group; at Madison, Indiana, and now in their col
lections and -in mine. 'l'he specific name is in honor of Prof. 
George O. Hubbard, one of the collectors. "-Miller, loe. cit. 

HYOLITHES (1) DTJBITJS Miller and Faber. 

Plate XLII, fig. 3. 

Hyolithes ~ dttbius Miller and Faber, ]894, Jour. Oin. Soc. Nat.. 
Hist., XVII, p. 155, pI. viii, fig. 23. 

"'}'his is a very, small species, rarely exceeding two-tenths of an 
inch in length. Transverse section circular. It increases very 
little in size from the commencement at an obtuse point. Some
times it seems to be slightly curved. All the specimens are casts 
and very smooth. We are not sure that it is a Hyolithes, but if it 
is not it is -quite anomalous, and deserves specific name. Frag
meuts of Trilobites occur in the same association, but they are 
beautifully preserved, the tubercles on Oalymene I).ever appearing 
better; while this species is like Hyolithes versaillesensis, with 
which it is associated, and it would seem, therefore, impossible that 
it should represent the broken spines of trilobites. 

"It is quite common in the upper part of the Hudson' River 
Group, at Versailles, Indiana, associated with Palaeoeoncka taberi, 
cyclora pukella, Hyolithes versaillesensis, and other small fossils. 
It is in the collections of both authors. "-Miller and Faber, loco cit. 
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HYOLITHES VERSAILLESllJNSIS Miller and Faber. 

Plate XLII, figs. 4, 4a. 

Hyolithes versa-illesensis Miller and Faber, 1894, J.our. Cin. Soc. 
Nat. Rist., XVII, p. 155, pI. viii, figs. 20-22. 

"This is a small species, ordinarily about two-tenths of an inch 
in length, and never exceeding three-tenths of an inch in length. 
Transverse section subtrigonal, and sometimes one angle becomes 
so obtuse as to make a transverse section planoconvex. One side is 
always much wider than either of the others, and the angles ad
jacent thereto are usually much more acute than the other one. 
The broad side is slightly convex. The apex is sharp-pointed. All 
our specimens are casts and very smooth. While there are not 
many characters to ascribe to this species, nevertheless it is doubt
less a Hyolithes quite different from anything hitherto'described. 

"It is quite common. in the upper part of the Hudson River 
Group, at Versailles, Indiana, assoc~ated with Palaeoconcha taberi, 
Cyclora pulcella" and other small fossils: It is in the collections of 
both authors. "-Miller and Faber, loco c~t. 

LIOSPIRA VITRUVIA (Billings). 


Plate XL, figs. 14-14b. 


Pleurotomaria vitruvia Billings, 1865, Paleozoic Fossils, I, p. 171. 

"Description.--Shell sub-lenticular; spire depressed conical, 
smooth; apical angle from 120 0 to 130 0

; whorls three. On the 
upper side the whorls make a nearly smooth flat slope from the 
apex to the margin, which is narrowly rounded, and shows some in
dications of a band. Below the margin convex, gradually increas
ing in prominence to the edge of the umbilicus which is rather 
sharply angulated. In the umbilicus the whorls are nearly flat. 
and sometimes forming an indistinct staircase to the apex. The 
umbilicus is about one-third the, whole width, abruptly ascending 
from the angulated edge to the apex. Surface nearly smooth. 

"The whole of the aperture has not been observed, but several 
silicified fragments shOw that the inner lip is nearly straight awl 
approaching the vertical, slightly convex in its upper, and COIl

cave in the lower'half, giving an obscure sigmoid curve. It is much 
eKtended downwards, making the depth of the body whorl at the 
angle of the umbilicus at the aperture more than one-third the 
whole height of the shell. 

"Width from 12 to 18 lines; height from 9 to 12 lines. 
"This species is allied to both P. americana and P. progne, but 
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differs from the former in having the whorls fiat in the umbilicns 
instead of rounded, while the latter has the umbilicus closed. 

IILocality and formation.-Paquette's Rapids, on the Ottawa 
River; Black River limestone. "-Billings, loe. cit. Reported 
from Ohio and Indiana by Ulrich. 

WPHOSPIRA ACUMINA1'A Ulrich and Scofield. 

Plate XL, fig. Hi. 

Lophospira acurliinata (or var. of L. perangulata) lllrich and 
Scofield, 1897, Geo1. Nat. Hist. Surv. Minnesota, III, pt. II, p. 
973, pI. lxxiii, fig. 8. 
t, Hight 10 mm. or less; apical angle about 42°. Volutions seveb 

or eight, all contiguous; peripheral carina very prominent, tri
lineate, the central part of the hand sharply angular; lower carina 
very strong, upper carinawanting; no umbilicus. 

"Resembles and perhaps is merely a later variety of L. peran
gttlata Hall, yet readily enough distinguished by its ~ore depressed 
and more numerous'volutions, especially considering that it is a 
smaller shell. It differs further in being relatively higher, the 
apical angle being narrower, in the greater prominence of the 
carinae, and in wanting the umbilicus which is so constantly pres
ent in Hall's species. A variety of L. pulehella is rather 
abundantly associated with this species at Spring Valley, Minne
sota. It may be distinguished at once by its relatively stronger 
upper keel, L. acuminata being without this kee1."-lllrich and 
Schofield, loco cit. 

Reported by lllrich from the Richmond group at Richmond, 
Indiana, and Blanchester, Ohio, and from near Spring Valley, 
Minnesota. 

LOPHOSPIRA AMPIiA Ulrich. 

Plate XLI, figs. I-lb. 

Lophospira atnpla lllrich, 1897, Geol. Nat. Hist. Surv. Minnesota, 
III, pt. II, p. 981, pI. lxxiii, figs. 52-54. 
t, Hight of Lorraine group specimens, 20 to 32 mm.; of Rich

mond group specimens, 22 to 50 rum.; apical angle 70° to 80°. 
Volutions about six, the last equalling about two-thirds of the total 
hight. Upper carina thick, near the suture, present on all volu
tions; lower carina nearly obsolete, represented by a broad swelling 
or low ridge, above which to the prominent peripheral band the 
surface is more or less concave. Inner lip very thick, almost or 
entirely covering the minute umbilicus, very broad and turned 
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obliquely downward and forward in the basal half. Surface mark
ings very strongly curved, unequal, on the whole not sharply de
fined. 

, 'Closely related to L. oweni, yet easily distinguished by the 
greatly thickened, broad and obliquely extended inner lip. 'l'he 
apical angle also is greater, and the lines of growth are more 
curved, especially at the base, while the upper carina does not fade 
away on the last volutions as in that species. The presence of this 
carina distinguishes from. the associated and otherwise similar L. 
multigruma Miller. L. medialis, which is usually much smaller, 
with the same number of volutions, a smaller apical angle and 
more distinct umbilicus, also has no such carina. "-Ulrich, loe. cit. 

This species is 'reported by Ulrich from the Lorraine forma
tion at Cincinnati, Ohio, and at Covington, Kentucky; and from 
the Richmond group at Richmond, Indiana. 

LOPHOSPlRA' BICINCTA (Hull). 

Pla:te XL, figs. la-16b. 

M~trekisom'a bieincta Hall, 1847, Pal. New York, I, p. 177, pI. 
xxxviii, figs. 5 a-h. 
"Obliquely subconical; spire elevated, acute; volutions four 

or five, angular, rapidly eularging towards the aperture; last one 
veutricose below, tricarinate, the lower carina hidden by the suture 

. of the next volution at the upper inner angle of the aperture; cen
tral carina on the outer angle of the volutiou, margined on either 
side by a sharp elevated line, with a narrow groove between, pro
dU(~ing a double spiral band; aperture oblong, angulated below; 
surface marked by fine sharp striae, which bend gently backwards, 
and are but slightly undulated in passing the first carina, from 
whence they turn more suddenly backwards to the mesial band, 
making an abrupt retral angle, and then bending forwards below, 
pass in a vertical direction to the suture. In the last volutiQn the 
striae pass vertically to the lower slight carina which corresponds 
with the suture in the other volutions, and from thence bend 
slightly backwards, curving into the umbilicus. 

"'lihe minute description here give~ will be found perfectly ap
plicable to entire aud unworn specimens; but it is often found in 
fragments and casts, with the surface markings more or less ob
literated. The double spiral band becomes obsolete, and. only a 
single ridge is manifest; the lower carina on the last volutiou is 
not visible in casts, and tnere is but an obscure indicatiou of the 
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upper One. The entire casts, therefore, present scarcely more than 
the single marginal angle, in.dicating the direction of the mesial 
band, and, in this respect, correspond with P. angulata cited above; 
but the volutions in our shell are more ventricose. "-Hall, loco cit. 

So much' confusion exists among collectors in regard to this 
species, or rather in regard to forms that are commonly supposed to 
belong to this species, that it seems to me advisable to quote at 
length the description by Ulrich given in the Paleontology of 
Minnesota. 

"Volutions five or six, subangular; last one ventricose below, 
tricarinate, the upper ones bicarinate, the lower carina hidden by 
the suture; central or peripheral angle margined on either side by 
a sharp elevated line, with a narrow groove between, the angle, 
therefore, being composed of three lines of which the central one 
is a little stronger and more prominent than the lateral ones; 
lower carina thin, abruptly raised, the space between it and the 
peripheral angle scarcely concave and almost perpendicular; upper 
carina sharp, rather strong, removed a little more than a third of 
the biconcave upper slope of the volution from the suture; aper
ture somewhat obliquely subelliptical, higher than wide, narrow 
below, subangular at the lower inner corner; inner lip but little 
thickened, slightly twisted, never completely covering the minute 
umbilicus; outer lip very slightly sinuate. Surface marked by 
fine sharp subequal striae, curving backward very gently from the 
suture to the peripheral band; beneath the latter they pass in a" 
vertical direction to the lower carina which scarcely interrupts 
their course to the um.bilicus, near which only a slight backward 
curve is noticeable. On the most perfect specimen seen all the 
transve~:3e lines present the appearance of being minutely papil
lose or toothed, while the central line of the peripheral band is 
crossed by straight lines of which there are nearly twice as many 
in a given space as those coming from above and below. 

"The most hlarked and important feature of this species is in 
the exceeding shallowuess of the sinus or notch in the outer lip." 
-Ulrich, Paleontology of Minnesota, 1897, p. 964. 

As thus redefined and re~tricted, the species occurs in the Tren
ton rocks of Minnesota, Illinois and New York, Black River group 
of Kentucky, and Richmond group of Minnesota. It is reported iu 
Kindle's list from Madison and Ripley County, Indiana; but in' 
view of: what has beeu said above it is doubtful if the species oc
curs at all in Indiana. 
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LOPHOSPIRA HAMMELl Mlller, 

Plate XLI, figs. 8·8a. 

Murchisonia hammeli Miller, 1893, Geol. Nat. Hist. Indiana. 
XVIII, p. 319, pI. ix, figs. 41, 42, 

"Species a little below medium size ; conoidal; height one-third 
more than the breadth; volutions four or five; suture veTY indis
tinct; umbilicus closed. The body whorl bears two furrows, two 
sharply angular revolving ridges, and one less angular and fading 
away toward the mouth. Above the body whorl there are only two 
angular revolving ridges on each whorl. The aperture is partly 
formed by the last whorl; the inner lip is thickened, the outer 
one is thin. The aperture and revolving angular ridges will dis
tinguish this species. 

"Found by J, F. Hammel and Prof. Geo. C. Hubbard, in the 
Hudson River group, at Madison, Indiana. The specific name is in 
honor of one of the collectors. "-Miller, loco cit. 

I have not seen the types of this species, but judging from the 
above description and Miller's rather poorly executed figure, it 
appears to belong to the genus Lophospira. It occurs at the ex
treme top of the Ordovicion (Salu4a) at Madison, Indiana. 

LOPHOSPIRA TROPIDOPHORA. (Meek), 


Plate XLI, tlgs. 2-2d. 


Pleurotomaria (ScalitesY) tropidophom Meek, 1872, Amer. JoUl'. 

Sci., 3d aer. IV, p. 278. (Not figured.) 
, 'Shell rather small, obliquely rhombic in general outline, as 

seen in a side view; height somewhat grel'l.ter than the breadth; 
spire conical, with an apical angle varying from 70° to 90°; volu
tions foul' to four and a half; each flattened, or sometimes slightly 
concave above, with an outward slope from the suture to a prOlui
nent angle that passes around the middle of the body-turn, and 
below the middle of those of the spire, to which it imparts a some
what turreted appearanee; suture moderately distinct, but not 
channeled ; lower side of body-volution sloping rapidly inward 
from the mesial angle, a little below whieh ther~ usually revolves 
an obscure, undefined ridge; apert'ure rhombic. subquadrate; sur
face nearly smooth, but sometimes sb,owing under a mil.gnifier very 
obscure lines of growth, that curve v~ry strongly backward as tbey . 
approach the angle around the middle of the bOdy-volution, both 
above and below-thus indicating the presence of a deep sinus i" 
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the lip, that widens rapidly forward, though there is no defined re
volving band at the angle. 

"Length or height, 0.55 inch; breadth about 0.50 inch. 
"This shell possesses some of the characters of both Pleuroto

maria and Scalites. In general appearance it is most like some 
types of the former; but it seems to be entirely without the revolv
ing band seen on the species of that genus. Its lines of growth, how
ever, have the very strong, oblique backward curve seen in those of 
Scalites (in which group there is no revolving band), thus showing 
that its lip, when entire, must have had a deep notch at the termi
nation of the angle of the body-whorl. 'rhis notch, however, does 
llot appear to terminate in a deep sharply cut slit, as we most gen
erally see in Pleurotomaria, but it seems to have terminated at, and 
widened rapidly forward from, the angle of the volutions. Spe
cifically, this shell is related to Pleurotomaria selecta of Billings, 
from which it differs in having its striae of growth nearly obsolete, 
and in wanting the revolving angle just below the suture, seen in 
that species. "-Meek, loc. cit. 

Ulrich considers L. rnultigruma Miller sp. as a synonym of L. 
tropidophora Meek. 

1.41E1, 5, A6. 

MICROCERAS INORNATUS Hall. 


Plate XL, figs. 9, 9a. 


Microceras inornatus Hall, 1845, Amer. Jour. Sci., XLVIII, p. 294. 

(Not figured.) 

"Volutiolls about two, rapidly diminishing; spire equally de
pressed on either side, obtusely carinated or angular upon the back; 
carina more conspicuous near the mouth, and gradually becoming 
obsolete; aperture somewhat quadrangular; surface smooth. 

- "Largest diameter 1/20 of an inch. "-Hall, loc. cit. 
There is little to be added in regard to this shell, which is 

chiefly characterized by its very small size, c-!1rinate volution, and 
smooth surface. 

1.34A1, Bl-3, C10. 

0X;YDISCUS MAGNUS (Miller). 

Pla,te XLI, fig. 5. 

CYl,tolites magnus Miller, 1878, Jour. Cin. Soc. Nat. Hist., I, p. 
103, pI. iii, fig. 10. 

"Shell consisting of three or more ~olutions, very gradually in
creasing in size and rolled in the same plane. Each outer volution 
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embraces one-third or more of the inner one. Dorsal side sharp 
and well defined. Greatest convexity of each whorl near the inner 
side, which is sub-angular. Transverse section of a whorl sub-trian
gular. Umbilicus alike on either side, rather wide and deep, and 
showing about one-third of each inner turn. 

"The surface of the shell, in the specimen examined, has been 
too much eroded to determine the external markings. 

"The greatest diameter of the shell is 11/10th inches; convex
ity about 3/10tlll. of an inch, though it was probably more ex
panded at the aperture, which is not preserved in our specimen. 

"The description is founded upon a single specimen collected 
by Mrs. Warren Shumard, in the upper part of· the Cincinnati 
group, near Richmond, Indiana, and presented by her to Mrs.M. 
P. Haines, from whom it was received for definition and illustra
tion. "-M.iller, loco cit. 

PROTOWARTHIA CANCELLATA (Hall). 

Plate XXXIX, figs. ·6·6b. 

Bellerophon ~ncellatus Hall, 1847, PaL New York, I, p. 307; pL 
lxxxiii, figs. 10 a-c, . 

"Involute, subglobose; aperture expanded, bilobate; dorsal 
line subcarinated Y; surface cancellated by fine concentric and 
longtitudinal striae; concentric striae arching on the side and' 
meeting in a sharp angle upon the dorsal line; aperture with a 
sinus in the dorsal margin. 

•"fhe concentric striae are usually the more conspicuous, the 
others being scarcely visible, except under a magnifier. The only 
entire specimen seen is crushed, so that the original form cannot 
be clearly defined; but the marking of the surface is sufficient to 
distinguish it from any other species in the lower. strata."-Hall, 
loco cit. 

This is, according to Ulrich, the common form identified by 
Hall and other American authors as BeUerophon bilobatus Sow
erby. ·1'he latter form probably does not occur in American faunas. 
The present form is said to occur in the Trenton, Utica, Lorraine 
and Richmond groups at numerous localities in :Minnesota, Wiscon
sin, Iowa, Illinois, Kentucky, Ohio, Indiana, Tennessee, New York 
and Canada. 



972 REPORT OF STATE GEOLOGIST. 

PROTOWARTHIA SUBCOMPRESSA Ulrich. 


Plate XXXIX, figs. Il-Ilb. 


Protowarthia subcompressa Ulrich, 1897, Geol. Nat. Rist. Surv. 
Minnesota, III, pt. II, p. 873, pI. lxiii, figs. 40, 44. 

"Shell, large, compressed-subglobo~e, the greatest hight anel 
width about as six is to four; back broadly rounded, sides .some
what fiattened, umbilicus closed, wanting; aperture semi~ovate, 

outer lip thin, inner lip moderately thick and reflexed in the um
bilical regions; callosity extending over the whole front of the 
inner volution, apparently smooth; sinus broad and about as deep, 
the depth decreasing slightly with age; apertural lobes rounding 
very gently to the sinus where the outline makes a rather sharp 
curve. Surface marked by nne lines of growth and near the aper
ture by some obscure wrinkles. The callosity which extends over 
the inner volutions exhibits the usual nne irregular revolving lines 
in the umbilical regions. When the shell is removed, the cast shows 
a narrow furrow down the center of the back and several more 
faintly on each side. Greatest diameter 41 mm.; smallest diam
eter 29 mID.; width of aperture 27.5 mm.; hight of same (central) 
19.5 mm.; width of inner volution 13 mm. ; depth of sinus 7 or 
8 mm. 

"This nne species, besides attaining a greater size than P. can
c-ellata, differs from it in being narrower and in wanting, as far 
as known, the delicate revolving lines of that species. The umbili
cal callosity of the inner lip is also less and does not slope out
wardly, the edge qnly being reflected. Bellerophon morrowensis 
Miller and Dyer, which also may belong to Protowarthia, is suffi
ciently known. According to the descriptions, it seems to differ in 
having the dorsal' side sharply angular. P. planodorsata has a 
wider aperture, revolving lines, and a fiat dorsum. ' '-Ulrich, 
loco cit. 

Versailles, Indiana, and Butler County, Ohio. 

RAPHIsrrOMA RICHMONDENSE Ulrich. 

Plate XLI, figs. 6·6b. 

Raphistoma richmondense Ulrich, 1897, GeoL Nat. Rist. Snrv. 
Minnesota, III, pt. II, p. 941, pl.lxviii, figs. 7-9. 
"Shell 15 to 20 mm. in diameter, the spire almost fiat, the 

hight between one-third and two-sevenths of the width; volutions 
four, very slightly convex on the upper side, i. e., within the outer 
edge, which forms a thin elevated rim; umbilicus very small in 
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casts, apparently closed in shells. Surface striae fine and subequal 
on' upper side, making the usual sigmoid curve, the change in 
curves occurring near the middle of the whorls. Just before reach
ing the peripheral rim the striae make another short backward 
turn. Beneath the periphery the striae are more unequal; at first 
they turn forward, then' more directly inward. 

, 'This species resembles the Chazy R. calyx Billings, but is 
smaller and relatively wider. In R. crevieri, of the same author 
and formation, the edge is blunter, and the lines of growth curve 
more strongly beneath it. R. peracutum has an umbilicus and 
differs in several other respects. A very similar species, differing 
only in that it has a small umbilicus, occurs in the Stones River 
group in Tennessee. "-Ulrich, loco cit. 

The types are from Richmond, Indiana,-where according to Ul
rich good specimens are rare.. 

SALPINGOS'l'OMA. EXPAN SUM (Hall). 

Plate XL, figs. 1-1 b. 

Bucania expansa Hall, 1847, Pal. New York, I, p. 186, pI. xl, 
figs 7 a-d. 
"Convolute, trumpet shaped; volutions three or four, suban

gular, the last one elongated, rapidly enlarging and abruptly ex
panded at the aperture; aperture broadly semicircular or snb
lunate, with a sinus at the dorsal side; dorsal line obtusely cari
nated; section of the last volution. below the apertur_subtrian
gular; of the inner volutions, 8ubelliptical, with the extre:mities 
obtusely angular; original surface striated. Specimen a cast. 

"This shell is not unlike Bellerophon cornuarietis (SOWERBY, 
Min. Conchology, tab. 469, fig. 2); but the volutions in that species 
are represented as not contiguous. The species under considera· 
iton differs from either of the two preceding in a very obvioul! 
manner. The broadly expanded aperture and obtuse carina of the 
last volution are prominent features; and in fragments the sub
triangular form of sections of the last volution are often sufficient 
to enable us to identify. the species. The strongly marked carina 
commences at the base of the last volution, and continues' to the 
aperture. The volutions are closely pressed against each ot4er, 
the convex dorsal side producing a corresponding depression on the 
ventral side of the contiguous volution.' '-Hall, loe.cit. 

This is not a Cincinnati group species, but is so commonly re
ported by collectors from rocks of this region that it has seemed 
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best to reproduce Hall's original figures and description. The 
species that is commonly mistaken for it according to Ulrich is the 
S. rickrnondense. 

SALPINGOSTOMA RICHMONDENSE Ulrich. 

Plate XXXIX, figs. 7. 7a. J 
8alpingostorna rirkmondense Ulrich, ]897, Geol. Nat. Hist. Surv. 

Minnesota, III, pt. II, p. 903, pI. lxvii, figs. 39, 40. 

"Shell slightly exceeding medium size, the hight, including 
apertnral expansion, 50 to 55 mm.; known from casts of the in
terior chiefly. 'l'hese consist of about three strong volutions, the 
inner ones wide, depressed, sharply rounded on the sides, broadly 
and evenly convex on the back, less convex and with a very slight 
central cavity on the ventral side, the whole giving a transversely 
elongate subeUiptical cross-section, whose width is a little more 
than twice the hight. Dorso-ventral djameter of last volution in
creasing very rapidly in the outer half, while the transverse diam
eter enlarges very slowly. Just behind the apertural expansion, 
where the volution is more or less compressed laterally, the dimen
sions in three specimens (casts) are as follows: Width 22, 23 and 
24 mm.; hight 26, 27 and 27 mm. At the opposite side of the 
shell the volution is about 15 mm. wide and 7 mm. high in all three 
specimens. The umbilicus is of the usual size for the inner voln
tions, but for the entire shell it is comparatively small. This is 
because t. angular or narrowly rounded boundary moves gradu
ally toward the ventral side of the volutions, causing the wall of 
the umbilicus to become more and more abrupt. Just behind the 
aperture it is nearly or quite perpendicular, the ventral surface of 
the volution being almost flat. Apertural expansion abrupt, ap
parently not very wide, with recurved edges, broadly ovate in out
line, slightly narrower above than below. Dorsal slit about 20 mm. 
in length, beginning the same distance or somewhat more behind 
the apertnral expansion. 'rhe slit is represented by a rough (frac
tured) ridge on casts. Behind it the cast is smooth, but in front of 

. it there is a more or less distinct broad furrow. 
"The. snrface markings have been observcd only on the back 

of the second volution. Here they consist of about seven irregular 
revolving ribs on each sid~ of a very narrow elevated slit-band. At 

. intervals of about 1.5 mm. the ribs are interrupted by tranverse 
lamellae. Where they are shown the volution has a width of 7 mm. 

"Collectors have heretofore identified this species with Hall '8 
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Bu(!ania expansa from the Trenton of New York, but a comparison 
proves it quite distinct. In the first place, though of about the 
same size, there is one volution less. Next, the last volution is 
relatively narrower and higher just behind the aperture, and the 
latter very differently outlined. Finally, the last volution is no
where triangular as is the case in the Trenton species. Compared 
with S. bueUi and S. SGulptilis the outer volution will be found 
much larger especially as regards the dorso-ventral diameter. 

"In practice the most difficult perhaps to separate from this 
species is the associated BUGania sim'/J,lutrix. Though of widely 
different affinities, casts of these two species, especially when, as is 
usually the case, the aperture is imperfect, are very apt to be con
fused. Still, after familiarizing one's self with certain differences, 
t.hey may be distinguished almost at a glance. In the first place,
the volutions of the Bucania are more slender. This difference is 
particularly striking in' an apertural view, the small end of the 
outer volution, in specimens of the same hight, being at least a 
fourth wider in the Salpingostoma. In the Bucania again the 
width of the last volution continues to increase quite uniformly in
stead of being almost constricted near the aperture. When the 
latter is preserved the difficulties have vanished, lor this part is 
readily distinguishable. "-Ulrich, loG. cit. 

The types of this species are from Richmond, Indiana, from the 
Richmond formation. My specimens are all from the Wh!tewater 
division, occurring in association with Rhynch~trema den.ta.ta. It 
seems to be most abundant near the top of this division. 

1.41A8, E1, 4. 

SCHIZOLOPHA. MOOREI Ulrich. 

Plate XLI, ft!!'s. 7-7c. 

8chizolopha moorei Ulrich, 1897, Geol. Nat. Hist. Surv. Minnesota, 
III, pt.. II, p. 992, pI. lxv, figs. 31-37. 
"Hight of Richmond group form 28 to 38 mm., width 27 to 41 

mm.; apical angle of same.75° to 82° ;hight of Lorraine group 
form from 20 to 29 mm., width vari~ble) usually about the same 
as the hight; apical angle 615° in one instance; 83° in another, 
usually about 75°. Of whorls there are at least six in the shell, but 
casts of the interior, ift. which form the . species occurs almost in
variably, rarely if ever preserve more than three or four, the first 
two or. three having been filled with shelly matter. In casts it is' 
only the last whorl that is strongly carinate on the periphery, the , 

http:den.ta.ta
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upper ones being more or less rounded. The umbilicus is variable, 
being as a rule relatively larger and lea& steep in the Richmond 
group form, which we regard as the typical one for the species, 
than it is in the Lorraine group variety. On the shell of the latter 
the edge of the narrow umbilicus is angular. That a similar angle 
surrounds the umbilicus in the typical form is doubtful, though 
we have seen no specimen showing this part of the shell. Very few 
casts give any idea whatever of the surface markings. ,As seen \ 
on gutta pereha impressions of natural molds of the exterior, they 
appear as rather coarsely lamellose and strongly recurved lines of 
growth. The convexity of the slit-band seems to grow less with age, 
the elevated line on each side of it stronger. 

"Formation and locality.-Lorraine group at numerous 'locali
-ties in the vicinity of Cincinnati, Ohio; reappears in the upper 
part of the Richmond group, of which it is one of the most char
acteristic fossils, at many localities in Indiana and Ohio, being' 
perhaps the most abundant at Richmond in the former state and at 
Oxford in the latter. "-illrich, loco cit. 

TROCHONEMA MADISONENSE UlrIch. 

Plate XLII, figs. l·lb. 

Trockomena madisonense illrich, 1897, Geol. Nat. Hist. Surv. Min
nesota, III, pt. II, p. 1051, pI. lxxvii, figs. 23-25. 
"A large shell agreeing in most particulars with T. umbilica

turn, but having relatively higher and more ventricose whorls, 
while the ridge, which generally surrounds tne umbilical depression 
in this genus, is quite obsolete. The shell is thicker, the surface 
markings stronger, the mouth very oblique and with thicker lips. 
Casts of the interior of the two species are more alike than their 
exteriors, yet those of the present may be distinguished by the 
greater separation of the whorls due to the removal of a greater 
thickness of shell. There is a wide notch in the outer and upper 
portions of the peritreme which, with the somewhat, triangular 
form of the aperture in a ventral vieyv, suggests relations with T. 
eccentricum. Figures of that shell are given on the same plate with 
those of this species, so that it is scarcely necessary to compare 
them further. "-Ulrich, loco cit. 

The types are from the Richmond formation at Madison, In
diana. 
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'l'RYBLIDIUM INDIA.NIilNSIil Miller. 

Plate XXXIX, fig. 11. 

'l'ryblidium indianen86 Miller, 1891, Geol. Nat. Hist. Indiana, 
XVII, p. 695, pI. xiv, fig. 14. 
"Shell patelliform, oval, narrowed anteriorly, widened poste

riorly; greatest width behind the median, transverse axiB of the 
shell. Apex within the anterior third of the shell, moderately 
elevated. Greatest convexity of the shell immediately behind the 
apex:. Shell sloping very gradually toward the posterior part of 
the shell and more abruptly in front of the apex, until it ap
proaches the margin, where it graduates into a 'wide, very gently 
convex marginal slope, whIch in front becomes nearly fiat. Sur
face of the sheli, though not well preserved in our specimen, evi
dently concentrically lined, but if other ornamentation existed, 
it is wholly obliterated. 

"The internal scars are unknown, but from external appearance 
of the sheU, there is no reasonable doubt about the generic refer
ence. 

"Found by A. C. Benedict, in"the Hudson River group, in 
Fayette County, Indiana, and now in his collection. "-Miller, 
loco cit. 

TRYBLIDIUM MADISONENSE Miller. 

Plate XXXIX, '1Ig, 10. 

Tryblidium madisonense Miller, 1893, Geol. Nat. Hist. Indiana, 
XVIII, p. 318, pI. ix, fig. 38. 
"Shell medium size; apex high and almost straight above the 

anterior line of the shell; the shell slopes from the apex and arches 
a little toward the posterior part of the shell, but laterally and 
in iront it descends abruptly to the margin; transverse section 
ovate; surface marked with fine, close, concentric lines and a few 
coarser ones, all of which appeal' to indicate lines of growth, in
stead of surface ornamenJation; internal scars unknown. 

"The high apex and anterior position of it seem to distinguish 
this species. 

"Found by J. F. Hammel, in the Hudson River group, at Mad
ison, Indiana, and now in his collection.' '-Miller, loco cit. 

[62] 
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PELECVPODA. 

DIAGNOSES OF GENERA. 

ALLONYOHIA Ulrich. 

Shell attaining a large size, a little obliquely subovate in out
line, strongly conve~, most gibbous somewhat above and in £ront 
of the middle, but with the point of greatest convexity situated 
farther behind the' anterior extremity than in any of the other 
genera of this fami~; beaks large, tumid, incurved, not terminal. 
Hinge line short, ndt alated posteriorly; just benMth the beaks a 
more or less well-de~ned, lobe-iike protuberance of the anterior side 
contains the byssal ppening and usually forms the most anterior 
part of the shell. $urface radially costate. Hinge short, appar
entl~r edentulous, ligamental area high; posterior adductor scar 
large, deeply sinuate above, situated somewhat behind the niiddle 
of the valves; Pal~a.l line si:r;tple, extending up the lnterior side 
to the umbonal cavIW. (UlrIch.) . 

ANOMALODONTA MlIler. 

Equivalve, inequilateral, byssal sinus on the anterlor side, im
mediately below the beak, cardinal tooth or elevation ~eneath the 
umbone sloping posteriorly from the beak. Cartilage grooves run
ning from the cardinal tooth beneath the beak to the Jtermination 
of the wing posteriorly, and varying in number in the ame species 
with the size and age of the shell, and having the sabe number 
of cartilage grooves dn the anterior side of the cardinal tooth, that 
run together as thd pass into the bY8sai sinus, immediately be
neath the beak, whiCh vary in number under the same circum
stances. Adductor thuscular impression on the anterior side, be
low the byssal sinuS. The other muscular impression probably 
placed posteriorly 0:4. the wing. (Miller.) 

Concerning this genus Ulrich makes the following comment: 
"Dr. Miller is ce:r1tainly in error when he says that there is an 

'anterior muscular s~ar below the bys.'lHI sinus'. The depressed 
subtriangular space, ~hich he mistook ror a muscular impression, 
is without.doubt due:to some al;!normal thickening of the internal 
surface of the valve. : The pallial line also is clearly shown in the 
specimens. "-(Ulricllt, Geol. Ohio, 

. 
VII, 1893.) 

, 
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BYSSONYCHIA Ulrich. 

General aspect as in Ambonyckia, Hall, excepting that the 
beaks and umbones are ndt so fulL A well-defined byssal opening 
in the upper half of the anterior side. Hinge with a striated liga
mental area, several small cardinal teeth and generally two or three 
slender lateral teeth near the posterior extremity. Posterior ad
ductor impressions large, situated a little behind the center of the 
valves. Pallial line simple, terminating in the rostral cavity. 
(Ulrich.) 

CI/IDOPHORUS Hall. 

. 'rhe shells of this genus may be characterized as equivalved, 
ineqnilateral; hinge wit~out teeth or crenulations; surfaee (par
ticularly in casts) marked by an oblique linear depression, extend
ing from the auterior cardinal margin towards the base, indicating 
the place of the clavicle; i surface concentrically striated. (Hall.) 

, I: CLIONYCHIA Ulrich. 

Shells equivalve, mod~ately convex, subalate posteriorly; beaks 
terminal, comparatively ~mall, not very prominent and but little 
incurved. Cardinal line: straight, rather long, forming an angle 
of less than 90° with the anterior sidl~. Surface marked concen
trically only. No byssali opening, the margins closing tightly all 
around. Muscular impressions situated in the postero-cardinal 
third, large, bilobed, the lower lobe much larger than the upper. 
Pallial line simple, extending from the posterior adductor to the 
rostral cavity. Hinge plate of moderate strength, without cardinal 
or lateral teeth, excavated longitudinally for a linear ligament. 
Upper part of anterior j:ldge thickened, producing a more or less 
well-marked impression ,n this part of casts of the interior. An
terior pedal mnscle attached a short distance behind the beaks. 
(Ulrich.) 

CTENODONTA Salter. 

Shell equivalve, clos~d, usually largest anteriorly, occasionally 
subequilateral, with the beaks situated sometimes behind the mid
dl~, but usually more or less in front of that point; surface marked 
by concentric lines of growth; beaks approximate, generally small 
and never very prominent. Ligament external, rather small, situ
ated immediately behind the beaks; no striated area nor internal 
cartilage pit. Hinge more or less arcuate, sometimes very gently. 
at other times bcnt almpst at a right angle; with series of small 
curved or geniculated transverse teeth, which diminish in size more 
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or less gradually from the extremities to the beaks; the series are 
continuous and gradually pass into each other in the typical sec
tion of the genus, but in other sections they are often interrupted 
bcneath the beaks. Adductor muscular impressions two in each 
valve, subequal, nearly always readily distinguishable, and some
times very deeply impressed, situated just beneath the anterior and 
posterior extremities of the hinge; scars of small foot-muscles have 
been observed in a number of species, one immediately above or in 
front of each of the adductor scars; pallial line indistinct, simple, . 
submarginal. (Ulrich.) 

CYMATONOTA Ulrich. 

Elongate solen-like shells, gaping more or less at both ends, with 
the hinge line. long and extending in 11 straight line anterior and 
posterior to the small beaks; ventral and dorsal margins subpar
allel. Hinge plate very thin, edentulous; valves united by a deli
cate linear external ligament seemingly extending the,. full length 
of the hinge. Test very thin, marked externally with fine concen
tric lines, and on each side of the hing'3 line short wave-like fur
rows. Pallial line and muscnlar scars so faintly marked that even 
in the best preserved specimens they can not be made out with 
certainty. (mrich.) 

CYRTODONTA Blllings. 

Shell varying from· transversely or obliquely ovate to sub
circulaF, moderately ventricose. Beaks prominent, rather tumid, 

, incurved, situated in the anterior third, fourth or fifth of the shell. 
Surface marked with concentric lines of growth. No lunule nor 
escutcheon. Hinge plate strong, nearly straight, often with a nar
row and not sharply defined ligamental area. Cardinal teeth well 
developed, subequal, generally obliquely ('urved, sometimes nearly 
horizontal, two to foar in each valve, !:Iltuated mostly in front of 
the beaks. Posterior lateral teeth usually two 01' three in each 
valve, strong, elongate, more or less curved and slightly oblique, 
situated near the extremity of the hinge. Adductor muscular scars 
placed immediately beneath· the two sets of teeth, both subovate, 
the posterior very faint, the anterior only moderately impressed. 
Pallial line simple. (mrich.) 

ERIDONYCHIA Ulrich. 

'l'his genus includes, as far as known, a small and comparatively 
unimportant group of Lower Silurian shells, agreeing with Bys
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sonychia in all respects except that their hinges are entirely with
out cardinal and posterior lateral teeth. A well defined, striated 
ligamental area, however, is present, and in the type species several 
obscure and irreWllar small ridges beneath the posterior extremity 
of th~ external area remind of the internal liga~ent supports of 
Anomalodonta. But the obliqne cardinal fold of the latter genus 
is not represented, and the acuminate bpa;ks and oblique form of 
the shells gives them a peculiar expression, 80 that no other course 
seemed open than to erect a distinct group for their especial bene· 
fit. (IDrich.) 

ISCHYRODONTA Ulrich. 

Rhort or moderatel), elongate, thick bivalve shells, having small, 
anteriorly situated beaks, with the hinge line straight or arcuate 
and extended posteriorly. Hinge plate wide and strong, without 
posterior lateral teeth, but wiith two strong cardinal teeth in the' 
left valve, and one large one, and occasionally a small one on each 
side of it, hi"the right valve. Ligament internal, posterior to thp
beaks, linear, supported by from one to three subcardinal ribs. 
Anterior adductor impression large, deep, subovate, sharply defined 
on the inner and upper side by a ridge extending from the cardi· 
nal teeth to the base of the scar. A small pedal muscle was at
tached to the under side of the hinge plate immediately above the 
inner side of the anterior' adductor scar. Posterior muscular scar 
faintly defined, generally' but little larger than the anterior scar. 
situated a little distance beneath the posterior extremity of the 
hinge. Pallial line simple. 'rest thick, chiefly calcareous, without 
the dark epidermis of the Modiolopsidae and Ambonyckidae. eul· 
rich.) 

MODIOLODON Ulrich. 

Ovate shells of the same general type as Modiolopsis and Modio
morpka, but having from one to three oblique cardinai teeth in 
each valve. (IDrich.) 

MODIOLOPSIS Hall. 

Restricted by Ulrich. 

Shtlll more or less elongate, usually subovate, widest posteriorly; 
valves moderately ventricose, closing tightly all around. Beaks 
small, near the anterior extremity; umbones depressed by a flat
tening or depression: whi.ch crosses, the valves obliquely and widen
ing causes a straightening or sinuation of the basal outline. Hing,~ 

of moderate f)trength1 rarely straight, generally somewhat arcuate, 
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without well-marked teeth; an obscure oblique thickening beneath 
the beak of one valve and a corresponding depression in the other 
occasionally distinguishable. Ligaments linear, external and in
ternal, chiefly the former.· Anterior adductor impression subovate, 
large, sharply defined on the inner side, occupying the greater part 
of the small anterior end. Posterior scar very faintly impressed, 
large, subcircular, situated near the center of the posterior third of 
the cardinal slope. P&llial line simple. Anterior pedal muscle 
forming a minute pit in the under side of the hinge plate beneath 
the beak. Posterior pedal muscles large, attached just above and 
in front of the adductor. (Ulrich.) 

OPISTHOPTERA Meek. 

Shell equivalve, usually triangular in outline, with the beaks of 
moderate size, incurved and terminal, and the hinge line straight 
and very long, in most cases forming a great pos~erior wing; 
length greater than the height; anterior side more Or less abrupt. 
In the typical section the greatest height is in the anterior hali, 
and the surface marked with numerous and frequently bifurcating 
costae. In another group of species provisionally regarded as COll

generic, the posterior part of the shell is the,highest, and the radi, 
ating costae few and mostly simple. Byssal opening, muscular 
scars and pallial line as in AnomaZodonta 'and Byssonychia. Hinge 
with two small cardinal teeth in each valve, but so far as known no 
posterior lateral tooth; external ligamental area usually narrow; 
no internal ligament. (Ulrich.) 

ORTHODESMA Hall and Whitfield. 

Restricted by Ulrich. 

Shell elongate, usually increasing slightly in height posteriorly. 
Anterior end comparatively long, contracted in front of the beaks. 
Valves moderately convex, usually with a strong umbonal ridge 
and a broad mesial depression in front of it,their edges fitting 
tightly along the straight or sinuate ventral margin, but leaving a 
narrow gape at each end. Umbones prominent, wide, compressed, 
often extending posteriorly as low cardinal ridges between which 
the hitnge line is sunken. Hinge plate edentulous, very thin, long, 
extending in almost a straight line from the posterior cardinal 
angle, past the beaks, nearly to the anterior extremity of the shelL 
Ligament linear, internal and external, the latter chiefly. Posterior 
muscular scar large, very faint, elongate ovate; anterior scar large, 



PELECYPODA-DIAGNOSES OF GENERA. 983 

though scarcely half the size of the pOi:lterior, well defined, ovate 01' 

approaching semicircular in shape, the vertical diameter the long
est. Pallial line simple. Shells thin, marked externally with more 
or less distinct concentric striae and wrinkles. (Ulrich.) 

ORTHODONTISOUS Meek. ... 
Shells rather small, rounded or 'ovate, subequilateral; 'valves 

equal, moderately convex, with small beaks and no umbonal ridge. 
Surface marked with very fine concentric lines and occasionally 
with obscure rays on the post-cardinal slope. External ligament 
occupying a narrow groove extending both anterior and posterior 
to the beaks. Hinge with one strongly defined, subtriangular car
dinal tooth beneath the beak of the right valve, with a small pit 
just in front of it and a corresponding large pit and a small tooth 
in the left valve. Posterior lateral teeth long, two in the left valve 
and one, two or three in the right. Anterior lateral teeth similar 
to the postenor laterals only shorter. 'l'he large cardinal tooth (in 
the right valve) is usually divided into three radially disposed por
tions. Pallial line simple, muscular impressions well defined, 
though not deep, the posterior slightly the larger, both with a small 
pedal muscle scar above and occupying the small spaces betw~en 
the adductor scars and the :opposite extremities of the two sets of 
lateral teeth. (Ulrich, diagnosis of Oycwconcha=Anodontopsis.) 

ORTONELLA Ulrich. 

Shell subquadl'ate, highest posteriorly, equivalve, very inequilat
eral, with moderately prominent beaks and umbonal ridge. Sur
face with concentric lines of growth. Hillge as in Oyrtodonta, Bill
ings, excepting that the c!lrdinal teeth are relatively stronger and 
placed immediately beneath the beaks. A well defined lunule and 
escutcheon present. Adductor muscular scars sub equal, the poste
rior one very faintly impressed,· ovate, imd situated just beneath 
the posterior extremities of the lateral teeth, the anterior very 
deep, sharply defined 'on the inner and upper sides by a clavicular 
ridge extending obliquely backward from the hinge plate. Pal
lialline simple, distinct. Small pedal muscle attached to the under 
side of the hinge plate immediately over the anterior adductor 
scar. Casts of the interior marked by an oblique umbonal sulcus. 
(Ulrich.) 

I 
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PI'IDRINEA Goldfuss. 

Shell equivalve, inequilateral, with both sides alate, the anterior 
alation short and the posterior drawn out. Cardinal margin more 
or less oblique, internal ligamental area linear. Two or more 
parallel teeth beneath the umbo, and several long posterior teeth. 
Umbones anterior. Two large muscular impressions .. (Goldfuss-· 
trru:lll'-tion. ) 

1'he valves are inequivalve, the right valve being flat, or nearly 
so. The anterior teeth obscure, transverse; the posterior elongate 
and nearly parallel to the cardinal margin. Posterior adductor 
scar large; anterior small, strong, inserted below the anterior wing. 
Pallial line simple. Byssal notch in the smaller valve. 

RHITIMYA Ulrich. 

Shell elongate, moderately ventricose, the dorsal and ventral 
margins subparallel, gaping slightly at one or both eQils. Beaks 
rather prominent, situated from one-third to one-fifth Qf'1;h~entire 
length behind the anterior extremity; posterior umbonal ridge 
rounded, never very prominent; mesial sulcus very wide, generally 
very shallow, often, however, causing a sinuosity in the ventral 
ma.rgin. Lunule very narrow, true escutcheon wanting, ligament 
external, attached to the edges of the valves, extending the greater 
part of the hinge line posterior to the beaks. Hinge apparently 
edentulous, test very thin. Muscular and pallial attachments ex· . 
ceedingly faint, not satisfactorily observed; posterior scar large. 
Surface marked with unequal concentric lines a~d furrows, gath
ered into a series of strong folds on the anterior end. On the pos
terior half or more, the ventral part especially, the concentric lines 
are crossed by closely arranged radiating series of small granules 
or spines. (Ulrich.) 

S~GWIOKIA MeO>y. 

This genus was founded by McCoy on Carboniferous species. 
It is very doubtful if the Ordovician forms .referred to this genus 
belong there. 

SPHENOLEUM M1l1er. 

Shell large, equivalve, inequilateral, elongate, cuneiform, ventri
cose; umbones prominent; beaks incurved at the anterior end; 
cardin~ line at an angle of fifty or sixty degrees from the basal 
line, and appearing wing-like toward the posterior end; lunule 
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present; no escutcheon; ligament external; muscular scars and 
hinge-line unknmvn. (Miller.) 

Surface concentrically lined; occasionally with radiating striae. 
Ligament probably both internal and external. (mrich.) 

WHITEAVESIA Ulrich. 

Shell ovate, more or less elongate, narrowing .anteriorly. Valves 
moderately ventricose, fitting each other tightly. Anterior end 
short, but not :xcessively so. Base gently convex, occasionally 
straight, never sinuate. Mesial sulcus wanting. Beaks compara
tively large, full and rather prominent. Umbonal ridge generally 
strongly rounded, sometimes subangular. Surface with concentric 
lines of growth and often with radii or divaricating folds; the 
radii sometimes restricted to the inner side of the shell, showing on 
casts of the interior and not on the exterior of the shell itself. 
Muscular scars and pallial line as in Mudiolopsis, excepting that in 
the majoritly of the species they are very faintly impressed. Hinge 
plate edentulous, very narrow, especially so under the beaks, a little 
wider and grooved on each side for the reception of a linear in
ternal ligament. A similar external ligament probably also pres
ent. (mrich.) 

WHITELLA UlrIch . 

. Shell thin, obliquely quadrangular or suboval, equivalve, in
equilateral, more or less ventricose. Umbones very prominent, the 
beaks strongly in curved ; umbonal ridge prominent, subangular or 
sharpJy rounded. Cardinal margin straight or slightly convex, the 
edges inflected to form a sharply defined escutcheon extending be
yond the beaks sometimes quite to the anterior extremity of the 
shell; area finely striated longitudinally. Hinge line· straight, 
from one-half to two-thirds the length of the shell, with two to 
five rather oblique folds or teeth in front of the beaks. Posterior 
portion of the hinge apparently edentulous. l.Jigament probably 
both external and internal, the latter only along the posterior third 
of the hinge line, where it was supported by an internal ridge lll· 

each valve. Two simple adductor impressions, the posterior one 
very faint; pallial line simple, marginal; interior of shell lined . 
with a nacrous film. Surface of shell ",ithfine concentric lines, 
and sometimes with stronger concentric undulations. (mJ4ich.) 
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DESCRIP'l'ION OF SPEOIES. 

ALLONYCHIA JAMESI (Meek). 

Plate XLIII, fig. 2. 

Megambon·ia jamesi Meek, 1872, Proc. Acad. Nat. Sci. Phila., 187:l 
(February), p. 321. (Not figured.) 

"Shell attaining a rather large size, a little obliquely subovate 
in general form, rather convex, the most gibbous 'part being some
what above and in front of the middle, more or less abruptly cuneo 
ate posteriorly and below; basal outline regularly rounded; pos
terior margin rounding into the base, and ascending with a convex 
curve and forward inclination to the posterior extremity of the 
hinge, which is not in the slightest degree alate; anterior margin 
rounding into the base below, and slightly sinuous under the lobe
like protuberance, or rudimentary wing above, which is convex. 
slightly more prominep.t than tile margin below, and defined from 
the swell of the umboqal regions on each side, by an o,blique, sulcus 
extending to the hing~ margin in front of each beak ; hinge equal
ing about two-thirds of the antero-posterior diameter of the valves; 
beaks rather prominent, or rising distinctly above the hinge line, 
but slightly oblique, 'and distinctly incurved; umbonal slopes 
broadly rounded; longer axis of the valves moderately oblique to 
the hinge line. Surface ornamented by very regnlar, rDunderl. 
simple, and depressed radiating costae, a little wider than the fur
rows between, and numbering about five in a space of 0.30 inch. 
near the middle of the lower margin. 

"Height, about 2.05 inches; antero-posterior diameter, 2.16 
inches; convexity, 1.50 inch. 

"The .only specimen of this species I have seen is a cast of the 
exterior, with portions ;of the ventral and anterior ventral margins 
broken away. The bealk of its right valve projects rather decidedly 
above that of the left i but I think this is due to accidental dis
placement of the valv~s, rather than to any inequality in their 
size. It shows distinct indications of a well-defined, moderately 
wide cardinal area, wi~est under the beaks, and narrowing to the 
extremities of the hin~. 

"Mr. James referr~d this species, in his list of the Cincinnati 
fossils, 1"ith a mark of idouht, to the Lower Helderberg species, M. 
spimleri of Hall. But; in addition to the rather widely different 
geological horizons from which these two shells were obtained, they 
seem to me to differ so !materinlly in form as to be clearly distinct 
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species, even if similarly marked, while the typical specimen of ],1. 
spinneri shows no traces o;f the regular radiating costae seen on the 
species here described. It is true that the specimen of that species 
figured is an internal cast, and ours a cast of the exterior, which 
might account for the difference of surface characters, but this 
would not produce the degree of difference in form, obliquity and 
general physIognomy., To me, it appears to be much more nearly 
like the typical species M. cardiiformis, from the New York Upper 
Helderberg limestone, though clearly distinct in having much 
larger costae as well as a wider and more defined cardinal area."
l\Ieek, loco cit. 

Identified from the Lorraine at Lawrenceburg, Indiana. 
1.33A3. 

ANOMAr)ODONTA COSTATA Meek. 

Plate XLII, figs. 6, 6a. 

Ambonychia costata Me~k, 1874, Paleontology of Ohio, vol. I, p. 
130, PI/xii, figs. 5 ~-c. Named but not described by James, 
1871, Catalogue of th~ Lower Silurian Fossils of the Qincinnati 
Group, p. 13. 

"Shell of about me~ium size, moderately oblique, sub-ovate. 
very thin, rather comp~ssed, the left valve being apparently a 
little more convex than the other; basal margin regularly rounded; 
posterior margin apparently broadly convex in outline; anterior 
side truncated, or a little concave above, and rounding into the base 
below; beaks pointed terminal, rather oblique, and rising moder
ately above the cardinal margin; umbonal slopes not angular, or 
very prominent; hinge line straight, short, and ranging at an 
angle of about 60° to the longer axis of the valves. Surface of 
both valves ornament.ed :by about twenty simple depressed, radiat
ing costae (narrower th~n the flat interspaces) and fine concentric 
striae of growth. , . 

, 'Length, measuring jobliquely from the points of the beaks to 
the most prominent pa~t of the basal margin, about 1.63 inches; 
anterio-posterior diamet~r, about 1.10 inches; convexity of the two 
valves, 0.54 inch. : 

"This form will be teadily distinguished from the other known 
I 

species by its small n1.fmber, and more widely separated costae, 
and rather compressed, harrow form. It also differs from A.. radi
ata [Byssonychia radia~}, in having its costae separated by flat in
terspaces, jn~tead of 'r~larly concave grooves, narrower than the 
radii.' "-Meek, loco cit. 

http:ornament.ed


The types are from 350 feet above low water of the Ohio river 
at Cincinnati, Ohio. 

1.34C14b. 

ANOMALODONTA GIGANTEA Miller. 

Plate XLIII. figs. l·lb. 

Anmnalodonta gigantea Miller, 1874, Cincinnati Qual'terly Journal 
of Science, I, p. 17, figs. 7, 8, 9. 

(' Shell equivalve, inequilateral, alate posteriorly and COID

pressed, more convex toward the umbones and anterior side, anterior 
side abruptly declining, beaks rather sharp and slightly incurved. 
Surface marked b'y 30 to 40 strong radii, same width as intermedi
ate spaces, which are concave grooves marked with concentric striae. 
giving much the same external appearance as those of an Ambony
ckia radiata. Shell marked exteriorly, toward the margin, with 
lines of growth and concentric striae, which cross the radii, render
ing it likely that concentric striae crossed the radii ov-m', the whole 
surface of the shell, though they appear now to be smooth. Byssal 
sinus immediately below the beak anteriorly, about lti of an inch 
in diameter in a large specimen. Height of the shell from 2 to ':I: 
inches, greatest breadth about 1/5 less. Shell quite thick about the 
umbones and wing, but thinner toward the base. Large cardinal 
tooth or elevation beneath the umbones, and sloping posteriorly 
from the beak. The cardinal elevation on the left valve having a 
depression to receive a corresponding elevation, though slight, on 
the right valve. From the cardinal tooth there are from 4 to 11-1 
lateral cartilage grooves extending posteriorly to the end of the 
wing, and terminating with the shell, and there are, the same num· 
bel' of cartilage grooves on the anterior side of the car!iinal tooth 
that immediately run together as they pass into the byssal sinus .. 
The cartilage grooves vary in number with the age and size of the 
shell. The shell is thickened on the anterior side, and appears to 
show lines of growth passing through the sinus to its base. A large 
muscular impression is found near the anterior margin, half way 
from the sinus to the base of the shell, and there are appearances 
that indicate another muscular impression on the posterior wing oJ' 
the shell, near its termination. Greatest depth of a valve in a large 
specimen, % an inch . 

•, This is the largest bivalve yet known in the Cincinnati Group. 
It may readily be distinguished from the Anomalodonta 'alata b;\' 
the surfaee markings, though the general outline form bf the two 
shells are nearly the same. 
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."I found this species near Versailles, Indiana, about 40 miles 
west of Cincinnati, and about 300 feet below the Upper Silurian 
rocks; and I aLcso found what I believe to be a cast of the same at 
Richmond, Indiana. I do not know that it can be found else
where, but the probabilities are that it can be found in the upper 
part of the Cincinnati Group, from Madison to Richmond, and at 
other places."-Miller, Zoc. cit. 

Miller's specimens evidently came from somewhere in the 
WaynesviUe formation. They could not have come from as Iowa,.; 
300 feet below the Silurian, and have come from Versailles at all, 
since the total thickness of the Versailles section is only about 170 
feet. . 

Concerning this sp~cies Mr. Ulrich, who has given it very care
ful study, has this to say: 

"Dr. Miller is certainly in error when he says that there is 'an 
anterior muscular scar below the byssal sinus.' The depressed tri
angular spaee which he mistook for a muscular inpression is with
out doubt· due to some abnormal thickening of the internal surfalle 
of the valve. Nothing of the kind has been observed in any other 
of the numerous speclmens observed by me, while the true position 
of the large muscular scar, which was left by the posterior ad
ductor, and not the anterior, is unequivocally shown in several 
cases. The pallial line also is clearly shown in the specimens, and 
as it runs through the space to which the muscle was supposed to 
have been attached and on to the cavity of the beak, it affords the 
very best evidence in favor of the view here adopted." (Ulrich, 
Geol. Ohio, vol. VII, 1893, p. 637.) 

1.34A8, 10 .... 1.41A6, 7, D2, E2, 4 .... 1.12E3. 

BYSSONYCBIA ALVEOLATA UlrIch. 

Plate XLII, figs. 7. 7a. 

Byssonychia alveoZata Ulrich, 1893, Geol. Ohio, VII, p. 631, pl. 
xlviii, figs. 1-3. 

"Shell of medium size, moderately convex, obliquely acuminate
ovate, wider than usual, with the basal half of the outline semi
circular; cardinal margin somewhat shorter than the middle length 
of the shell; umbones full, beaks but little incurved, separated; 
ligamental area very large; beneath the beaks the anterior side is 
impressed, forming an obscurely defined sub cordate lunule, in the 
lower part @ which the byssal opening is situated. Surface 
marked by about fifty rounded radiating costae. 
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"'l'he large ligamental area indicates relationship with B. gran
(11:8 and B. obesa, both of which are restricted to a higher horizon. 
The first is sufficiently distinguished by its carinate umbones; the 
second is a more erect shell, with a shorter hinge line, narrower 
area, and differently shaped byssal depression. The wide area 
should separate the species at once from B. radiata with which a 
carele.ss collector might confound it. < 

"]I1m'mation and locality: Middle beds of the Cincinnati group, 
Cincinnati, Ohio. "-Ulrich, loco cit. 

1.34A15a, 19-21, C13, 14a, 14b. 

BYSSONYCHIA GRANDIS Ulricb. 

Plate XLIV, figs. 1, 1a. 

Byssonychia grandis Ulrich, 1893, Geol. Ohio, VII, p. 631, pI. xlvi, 
figs. 6-9. 

"Shell large, ventricose, sub quadrate, the length.atid hight as 
ten is to thirteen; anterior margin sinuate above, broadly convex 
in the lower two-thirds; outline of basal half semicircular; hinge 
line about two-thirds as long as the shell is' at the middle of thl) 
hight. Beaks projecting le!)s than usual, carinate, flattened on the 
anterior side; apices separated widely, the intervening space occu
pied by a broad, striated ligamental area. Upper part of the an
terior side with a broad and deep impression in the bottom of which 
lies the < byssal opening. Surface marked with about forty radiat
ing costae. These are rounded and broad in the lower half of the 
shelL Posterior <lateral teeth small, two, situated near the ex
tremity of the hinge. 

"This species probably attained a larger size than any other 
known. It may be equaled in this respect by the associated B. cuI... 
trata, a species that resembles it in its ontline and in having cari
nate umbones as well. But the present species is readily distin
guished from that one by its greater convexity, coarser and there
fore fewer costae, and by the large depression around the byssal 
opening, this part of the shell being quite flat in that species. The 
ligamental area, furthermore, is of a peculiar type and much nar
rower in B. cultrata, allowing the beaks to come into close proxim
ity. Despite the somewhat striking agreements, I am well satisfied 
that the two species are widely distinct. In B. robusta, Miller, sp., 
the whole anterior side is flattened, the outline different, and the 
beaks do not curve forward as in this species, nOrl'<&'re they as 
widely separated. Despite these and other diiferencies, I wish it to 

http:carele.ss
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be understood that I think it just possible that B. grandis is not 
distinct from the species intended by Mr. Miller. I tried to see his 
types but failed because they were packed away. I 'am therefore 
obliged to rely upon his illustrations and to assume that they are 
correct. Comparing:my' specimens with his figures it will be no
ticed tlj.at in the convexity of the valves. and the number of costae 
the two' species agree very well, but in aU other respects they are so 
obviously different that we are forced to regard them as specifically 
distinct. The carinate umbones will distinguish the species from 
all the other forms of the genus.' . 

. " 'fhere remains to mention that the outline of the shell and 
the coar~e rays, which however are rounded instead of flattened, re
mind one of Anomalodonta gigantea, Miller. That species, how
ever, is not so ventricose, and is without the large depressed area 
which surrounds the byssal opening of B. grandis. 

"Format·ion a.nd locality: Upper beds of the Cincinnati group, 
Oxford and Clarkesville, Ohio. "-Ulrich, loco cit. 

1.MAl, 8, B4-5 .... 1.4lEl. 

BYSSONYCHIA OBESA Ulrich. 


Plate XLII, figs. 8·8b. 


Byssonyckia obesa illrich, 1893, Geol. Ohio, VXI, p. 630, pI. xlv, 

figs. 10-12 . 

•, Shell usually of less than medium size, obese, ovate in outline, 
exeept where the full and prominent beaks project beyond the regu
lar curve; hinge short, rounded behind; byssal openiug small, sit
uated high, the inner margin thickened so that a decided depres. 
sion is formed in the anterior side of. casts of the interior. Radii 
from forty-two to forty-five; length from 20 mm. to 33 mm.; 
height (from beak to base) from 26.5 mm. to 40 mm.; thickness 
from 15 mm. to 25 mm. In one specimen that differs a little from 
the rest these measurements are respectively 27 mm.,3S mm. and 
20mm. 

"This species rarely occurs except in the. condition of casts of 
the interior, but these are easily distinguished from B. radiata 
Hall, sp., with which collectors have generally identified them, by 
their more ventricose valves, more rounded form, and deeper byssal 
excavation. From B. vera the species is separated by its greater 
size, and more ventricose valves. B. grandis is much larger and 
has carinated beaks, they being flattened on the anterior side; B. 
suberecta is a more erect shell and has a longer hinge. Probably 
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nearer than any of these species, at any rate in the general expres
sion of casts of the interior, is the Galena limestone species de. 
scribed by Meek and Worthen as intermedia (Ambonyckia inter· 
media) . Young specimens may be difficult to distinguish from 
that species, but I have not yet seen any of B. obesa that were as 
small as the largest of B. intermedia. Aside from the point of siz'3, 
comparison shows lhat the Galena species' is, relatively speaking, 
higher, and that th~ outline is less ronnded, especially in the pos
tero-cardinal region. 

"Two large specimens from a lower horizon (about fifty feet 
below the tops of the hills at Cincinnati), may belong to an early 
variety of this species. As, however, they had at least fifty radii 
we might be equally justified in regarding them as examples of a 
gigantic variety of Q. vera. The length of the larger of the two is 
about 60 mm. ' 

"}!'ormation ana locality: Near the top of the Cincinnati 
group at Richmond, ;Indiana, where it occurs in association with B. 
rickmondensis, Ulrich, and Ortonella; hainesi, Miller, sp. "-Ulrich, 
loco cit. . 

1.34A17 (1) ....1.41A7, 8, Dl, 3, EI, 2, 3, 5, 6. A common 
Whitewater species. ; 

BYSSONYCHIA PRAECURSA Ulrich. 


Plate XLIII, figs. 8. 8a. 


Byssonyckia praecursa Ulrich, 1893, GeoL Ohio, VII, p. 633, pl. 

xlv, figs. 1, 2. 
"'l'his form I regard as a small forerunner of B. rickmondensis, 

B. rob1lsta, and possibly of B. cultrataas well. The shape agrees 
best with B. richmo~densis, the principal difference being in the 
hinge line which is a~'ways longer and sonletimes quite equal to the 
greatest length of the! shell. The number of the costae varies from 
thirty-eight to forty-tfv"o, the average number being the same as for 
B. robusta and ten lefss than in B. richmondensis. 

"In the number '~f costae and in the outline B. praecursa is 
very much like the ty~ical form of B. radiata, Hall, sp. As a rule, 
however, the latter is; a little more oblique, the hinge shorter and 
the central part of its!valves a trifle wider. But the principal dif
ference lies in the flattening of the anterior· side in B. praeC1trsa. 

"Formation and l1cality: Loraine shales, Loraine, New York; 
also in the equivalent \middle beds of the Cincinnati group, at Cov
ington, Kentucky, and; Cincinnati, Ohio." -Ulrich, loco cit. 

1.12A2. 
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. 

BYSSONYCHIA RADIATA (Hall). 

Plate XLIII, fig. 4. 

Ambonychia radiata Hall, 1847, Pal. New York, I, p. 292, pI. lxxx, 
figs. 4 a-I. 

"Equivalve, obliquely ovate, extending into acute curving 
beaks; anterior slope nearly straight above, and rounded below; 
posterior slope oblique, scarcely alate; surface marked by twenty
five to forty strong simple radii, which are crossed by fine concen
tric striae; radii flattened upon the top; the intermediate spaces 
are regularly concave grooves, narrower than the radii, and marked 
by concentric striae. 

"This species has usually been referred to Pterinea carinata of 
GOLD FUSS, but it appears to me specmeally distinct. The figure 
of that author, which is larger than figs. 4 a, b of our plate, repre
sents the shell as having twenty-three or twenty-four radii, which 
are proportionally stronger than in this shell, while specimens of 
equal size with the figure of GOLDFUSS have from thirty-five to 
forty radii upon each valve. On this account, principally, I am 
disposed to consider the succeeding species [Ambonychia carinata: 
as identical with that of GOLDFUSS. 

, 'I regard both this and the following species as differing su f... 
ficiently from PTERINEA of GOLDFUSS to be separated from 
that genus, and to constitute species under the Genus A1\fBONY
CHIA, which is destitute of an anterior wing, while the posterior 
side is expanded, though scarcely alate, never showing the distinct 
wing which marks the A VICULA and nearly all the species of 
PTERINEA. 

"These specimens, though from different and widely distanl 
localities, have all the same essential characters, and the radii are 
always smaller and more 'numerous than the one cited. It differs 
from A. bellistriata and A. orbicuZaris of the Trenton limestone, 
both of which have finer radii and are of different form. 

"Position and ZocaZity~ This is OIle of the most common fossil:> 
of the Hudson-river gro~p, being found throughout the greater 
part of its thickness, but' is unknown in the Trenton limestone or 
Utica slate. It is abundant at Boonville and Turin, in Lewis 
County [New York]; at Loraine, Jefferson County; at Pulaski, 
Washingtonville and Mexico, Oswego County; near Rome in 
Oneida County; and I have seen a single specimen from the ul
tered slates near Waterford, Saratoga County. This species is 
likewise common in many western localIties, and I have specimens 

[63} 
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from Cincinnati and Oxford (Ohio), Madison (Indiana), and 
Maysville (Kentucky). "-Hall, loco cit. 

1.34B4-5, C14b ... . 1.41AB. 

BYSSONYCHIA RICHMONDENSIS Ulrich. 

Plate XLIV, figs. 2, 2a. 

Byssonychia richmondensis illrich, 189:3,'GeoI. Ohio, VII, p. 632, 
pI. xlv, figs. 3, 4. 

"Shell large, high, triangular in a cardinal view, the anterior 
side being flat; height, length and thickness of an average speci
men, respectively, 57 mm., 37 mm. and 30 mm. Beaks rather 
prominent, triangular, carinate, curving very slightly forward, and 
rather widely separated in casts. Anterior outline nearly straight, 
the margin projecting a little in the lower part; base strongly con
vex, posterior margin broadly rounded; hinge line about two
thirds as long as the middle length of the shell, ranging at an angle 
of about 95 0 with the anterior margin. Byssal opening large, in 
casts appearing as an acutely elliptical low prominence, situated 
about its length beneath the summits of the beaks. Costae of mod
erate strength; their number, though not certainly determined, is 
not less than fifty. Posterior adductor scar and pallial line as 
shown on plate 45 [of illrich's paper]. 

The shell of this species has not been observed, but the casts are 
not uncommon, and with their broadly flattened and nearly straight 
anterior sides are so easily distinguished from all other species of 
the genus, except B. robusta, Miller, sp., that a name for them has 
long been desirable. In 1880 (loc. cit.) Mr. Miller referred these 
casts to his species robusta, but in a recent conversation he admit· 
ted that they probably belonged to a distinct species. B. robusta, 
as figured, is relatively not so high and has coarser rays, their num
ber being only about forty, while in B. richmondensis there are at 
least ten more. B. cultrata is closely related, but differs decidedly 
in its outline, being a wider shell and not so convex. The flatten
ing of the anterior side also is confined to the upper part, while in 
the lower part the outline curves forward in a much greater degree. 

"Formation and locality: Associated with Rhynchonella den
tata, Hall, and Orton ella hainesi, Miller, sp., in the upper beds of 
the Cincinnati group at Richmond, Indiana.' '-Ulrich, loco cit. 

This species is considered by Ulrich as equivalent in part to 
Byssonychia rOb1tsta Miller, 1880, Jour. Cin. Soc. Nat. Hist., III, 
p. :H5. 
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The types are from the Richmond formation at Richmond, In
diana, where the species is associated with Rhynchotrema dentata. 

1.34A19-21, 22 .. : .1.41A6 .... 1.60Hll. 

BYSSONYCHIA SUBERECTA Ulrich. 

Plate XLIV, figs. 3-3b. 

Byssonyehia suberccta Ulrich, 1893, Geol. Ohio, VII, p. 634, pI. xlv, 
figs. 13-15. 
"Shell exceeding the medium size for the genus, moderately 

convex, suberect, the length and height as five is to six. Hinge line 
forming an angle of ab(}ut 1050 with the anterior margin; this is 
a few degrees wider than the posterior angle. Anterior outlinl~ 
gently sinuate in the upper half, and in the central part bendin~ 
forward enough to give the shell the appearance of leaning back
ward rather than forward; posterior margin broadly convex; bas.al 
half with a semicircular curve. Beaks full, rounded, not very 
prominent, bending somewhat forward and strongly in curved. 
Greatest convexity in the umbonal region, but taking the surface as 
a whole it is more uniformly rounded than in any other species of 
the genus. Radiating costae rather small, fifty-five to fifty-eight OIl 

each valve. Ligamental area about 3 mllL. wide, almost vertical, so 
that in a dorsal view it appears as very narrow, with five or six 
distinct longitudinal striae. Cardinal teeth apparently three in 
each valve. Strong posterior lateral teeth are present, but whether 
more than one in each valve could not be learned from the material 
at hand. Byssal opening long though very narrow. Muscular ann 
pallial impression as usual for the genus. In casts of the interior 
the beaks are comparatively erect and obtusely pointed. 

"This species has an outline that is closely similar to that of E. 
ct£ltrata. The two species are also associated in the same strata, 
but can be distinguished at once by the rounded instead of car
inated beaks of B. suberecta. The latter is also a little smaller. 
B. t'adiata is probably more nearly allied, but has fewer costae and 
is a much more oblique shell. 

"]i'ormati01~ and locality: Upper beds of the Cincinnati group, 
at Waynesville, Ohio, and Versailles, Indtana."-Ulrich, loe. cit. 

1.~4A4 (1),20....1.41A5, 7, El, 6 .... 1.l2F3. 
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BYSSONYCHIA TENUISTRIATA Ulrich. 

Plate XLIII, figs. O. oa. 

Byssonyckia tenuistriataIDrich, 1894,' Geol. Nat. Hist. Surv. Min
nesota, III, pt. II, p. 500, fig. 39. 

"Shell rather small, subovate, moderately ventricose in the um
bonai region and anterior half, compressed in the postro-cardinal 
region where the 8urface is distinctly concave; anterior slope 
strongly convex, but scarcely abrupt; beaks smail, projecting bUb 
little, moderately incurved. Hinge line comparatively short, the 
outline passing rather gently into the broadly-rounded POsteriOl' 
margin; basal line strongly convex, eurving uniformly into the 
ends; anterior side slightly concave above, neatly convex below. 
Byssal opening small, its position high, it and the surface around 
it appearing in casts 3.'> a distinct imprE'ssion immediately beneath 
the beaks. Surface marked by very fine radiating striae and ob
scure concentric varices of growth, both showing through the mar
ginol parts of the shell, so as to be visible on good casts of the in
terior. The total number of the radiating striae is probably more 
than seventy. Near the base of the specimen figured eleven were 
cOIDlted in the space of 5 mm. 

"This species is closely related to B. vera Ulrich, from the 
utica horizon of the Cincinnati group of Ohio, differing from it 
chiefly in its finer radiating striae and more impressed byssal 
opening. B. intermedia 1\1. and W., of the Galena, has coarser 
striae and is a more ventricose shell.-C"lrich, loco cit. 

Reported by Tnrich from the Richmond formation at Richmond, 
Indiana. 

CLIDOPHORUS FABULA (Hall). 

Plate XLIV, figs. 6, 6a. 

Numtla tabula Hall, 1845, Amer. Jour. Sci., XLVIII, p. 295. (Not 
figured.) 
"Shell twice as wide as long, smooth; beaks moderately prom

inent; crenulations along the hinge-line very obvious; musculm' 
impressions on the anterior side of the beaks very distinct in the 
cast. 

"Width of largest specimen 1/12 of an inch; generally less. ' 
HaU, loco cit. 

Our view of this species rests rather upon the description of 
. Meek than upon the inadequate description of Hall, given above. 

I therefore quote Meek's description in full: 
"Shell minute, or very small, tram;versely-subelliptic, moderate
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Iy convex; extremities narrowly rouuded, the anterior end being 
narrower than the posterior; basal margin,forming a broad semi
elliptic curve; beaks rather depressed, slightly tumid, and placed 
a little in advance of the middle; dorsal margin sloping gently 
from the beaks, the anterior slope being rather less gradual than 
the other, and, in the cast, a little con('[tve in front of the beaks. 
Anterior muscular impressions distincltly defined by the internal 
ridge, which leaves a rather deep furrow just.in advance of each 
heak in casts of the interior. 

"Lenth, 0.06 inch; height, 0.03 inch; convexity. about 0.02 
inch. " 

1.34B4-6. 
OLIONYCHIA EXCAVATA Ulrich. 

Plate XLIV, figs. 4, 4a. 

Clionychia excavata Ulrich, 1893, Geol.· Ohio, VII, p. 651, pI. h, 
figs. 4, 5. 
"Shell as seen in a cast of the interior, of medium size, erect, 

strongly convex, sub quadrangular, straight above, slightly sinuate 
anteriorly, and rounded below and posteriorly; post-cardinal angl~ 
obtuse, perhaps rounded; length of hinge line about two-thirds of 
the greatest width (length) of the shell; length and height re
spectively as six is to seven. Beaks compressed, scarcely projecting 
above the hinge, separated by an unusually wide interval; between 
and beneath them the greater part of the upper half of the an
terior side of the shell is deeply excavated. Muscular scar situated 
lower than usual, placed just behind the center of the valves. Sur
face of east with distant lines of growth in the outer half. 

"The hinge is shorter and the anterior excavation larger than in 
C. lamellosa and C. erecta, two species of the lower Trenton rocks 
of Minnesota and Wisconsin."-mrich, lac. cit. 

The types are from the Richmond formation at Richmond, In· 
diana. 

CTENODONTA CINGULATA Ulrich. 

Plate XLIV, figs. 0, oa. 

Tellinomya cingulata mrieh, 1879, Jour. Cin. Soc. Nat. Hist. II, 
p. 23, pl. vii, figs. 19, 19a. 
"Shell of medium size, nearly circular, with a slight prolonga

tion of the posterior end, thus giving a little obliquity to the shell; 
anterior and basal borders regularly rounded; p~sterior cardinal 
margin slightly rounded aud sloping to the point of greatest ex
tension; beaks small, obtusely pointed, and not incurved; valves 
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moderately convex, somewhat depressed just posterior to the beaks, 
and along the cardinal. margin. 

"Hinge plate wide, regularly, and rather strongly arched, oc
cupied by eight to ten teeth on each side of the middle, those at the 
extremities bent to about a right angle, becoming more and more 
straight toward the center. 

"Surface ornamented by from six to eight very fine concentric 
lines. 

"Muscu]ar impressions and pallial lines not observed. 
"Length, 0.72 inch; height, 0.68 inch: convexity, 0.22 inch. 
"This species is related to T. pectunculoides, Hall, but its more 

circular form,. less prolonged posterior border; the fine concentrie 
striae and its larger size, will serve to' distinguish them externally, 
while its smaller number of teeth, wider hinge-plate, and more ab
rupt curvature of the same, will separate them internally. "-ill
rich, loco cit. 

The types are from the top of the Richmond formation at 
Marble Hill, near Madison, Indiana. 

1.12E3. 
OYMATONOTA TYPlOALIS Ulrich. 

Plate XLV, figs. 1·le. 

Cym,atonota typ1:calis Ulrich, 1893, Geol. Ohio, VII, p. 662, pI. lv, 
figs. 1-5. 
"Shell elongate with the dorsal and ventral margins parallel, 

the length three and one-half times the height, the greatest thick
ness, which is a little behind the center,. about two-thirds of the 
height; anterior end nearly vertical, rounded but not uniformly, 
the turn into the hinge line being rather abrupt; posterior margi'l 
rounded, slightly oblique, most prominent in the lower half; ven
tral margin gently concave. Beaks apprt,ssed, scarcely prominenl, 
situated one-fifth of the length of the shell behind the anterior ex
tremity; umbonal ridge and mesial sulcus rather distinct features, 
cardinal region anterior to the beaks sharply compressed. Surface 
with fine equal striae anterior to the beaks, of which not over hall 
continue over the flanks of the shell where they take on an irregu
lar character, some being much stronger than the others; or several 
may be united into a fold. The u.mbonal ridge is almost smooth. 
but the upper part of the posterior cardinal slope is marked with 
rather regular, ~trong, oblique folds. "-Ulrich, loco cit. 

'rhe types are from the Richmond formation at Waynesville, 
Ohio. 

] .34A8 .... 1.41E6. 
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CYRTODON'l'A CUNEATA (MiII~r). 
Plate XLV, fir. 2. 

Angellum cuneatttm Miller, 1878, Jour. Cin. Soc. Nat. Hist., I, p. 
106, pI. iii, fig. 11. 

"Shell medium size, ~quivalve, much elongated from the car
dinalline to the base, middle part sub cylindrical, where width and 
depth are sub-equal; lower half wedge-shaped; umbones high, an
gular, and prominent anteriorly; beaks acuminate and incurved 
over the cardinal line; hinge line straight, short, and nearly at 
right angles to the longer axis of the valves. The cast is a little 
convex on the anterior side, where there is some evidence of· a 
byssus, and slightly winged on the posterior margin. Surface 
marked by concentric lines. 

"The specimen illustrated I collected in the upper part of the 
Cincinnati Group, at Richmond, Indiana.' '-Miller, loco cit. 

ISOHYRODONTA DECIPIENS UlrIch. 

Plate XLV, figs. 3·3c. 

lsckyrodonta decipiens Ulrlch,1893, Geol. Ohio, VII, p. 673, pI. liv, 
figs. 16-19. 

"Shell scarcely attaining medium Rize, moderately convex, the 
beaks small, the umbonal ridge distinguishable though not strong, 
the outline almost regularly oval excepting that the cardinal region 
is produced and angular at the poste:rior extremity. Surface 
marked with numerous, strong and more or less irregular concen
tric lines of growth. Oardinal teeth nearly horizontal, three in the 
right valve, the central tooth much the largest, and two in the left. 
valve. Posterior to the cardinal teeth the hinge plate bears three 
or four slightly diverging slender ridges, which served as supports 
for the internal ligament. Muscular impressions subequal, strong
ly marked, the anterior one especially; pallial line distinct. In
ternal umbonal ridge undefined so that the surface of casts of the 
interior is comparatively even. 

"This species is founded upon an excdlent series of specimens, 
most of them recently obtained from Prof. Joseph Moore and Mr. 
John Misener of Richmond, Indiana. One specimen I had for c,lt 
least ten years believed to belong to the similar Ortonella hainesi 
Miller, sp., and it is the likelihood of confusion with that species 
that has suggested the name decipiens. A careful comparison, 
ho.wever, brings out a number of differences that will appear very 
obvious to the student after he has once made himself 'familiar with 
them. First, the surface markings are much coarser in the lschy
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ro.donta j next, the' outline will be found to be not strictly the 
same; then the Ortonella has a well developed lunule and escutch
eon, while the margin of the valves of the Isckyrodonta are not 
in the least inflected i finally that shell has a different hinge, hav
ing true posterior lateral teeth. . 

"Compared with species of this genus, I. ovalis will be. found to 
have a thinner hinge plate and more regularly oval shape, while 
1. truncata is a higher shell, with fewer concentric surface mark
ings, and much more oblique cardinal teeth. "-Ulrich, loc. cit. 

Report~d by Ulrich from near the top of the Cincinnati group 
at Richmond, Indiana. 

ISCHYRODONTA ELONGATA Ulrich. 

Plate XLV, figs. 4, 4a. 

lsckyrodonta elongata Ulrich, 1890, Am. Geol., VI, p. 175, figs. 
12 a-c. 

"Of ·this species only casts of the interior have been seen. 
These may be described briefly as follows: Shell rather large 
transversely elongate-ovate, widest posteriorly, strongly convex, 
with point of greatest convexity a little in tront of the middle. 
Beaks prominent, compressed, almost terminaL Cardinal margin 
convex; posterior margin rather strongly convex, and generally 
somewhat straightened in the lower half; basal margin straight or 
faintly sinuate; anterior end abruptly. rounded, very short. An
terior muscular scar deep, sub quadrate, sjtuated beneath the beaks. 
Just above it the small accessory scar. 

"'fhe much greater length of this shell distinguishes it from I. 
truncata, with which it is associated. The outline is much like 
Modiolopsis modiolaris Com., but the casts of that species are not 
so convex and the beaks less prominent. 

" Associated with this species and 1. truncata I found several ex::
amples of a form apparently intermediate in character between' the 
two. They are, unfortunately, not in nry good condition, but as 
far as they admit of comparison it would appear that they repre
sent nothing more than a slightly elongate variety of 1. truncata." 
-Ulrich, Zoe. cit. 

Reported from near the top of the Cincinnati Group at Oxford, 
Ohio, and Richmond, Indiana. 

1.34A18b. 
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ISCHYRQDONTA MISENERI Ulrich. 

Plate XLV. figs. 5-5a. 

Ischyrodonta mi,~eneri Ulrich, 1893, Geol. Ohio, VII, p. 675, pI. liv, 
figs. 10, 11. 

"This species, as far as known, is very similar to I. elongata, 
and a detailed description is scarcely necessary. Though agreeing 
in most respects very closely with that species, a comparison still 
brings out differences that doubtless will suffice in discriminating 
between the two species. The shell of 1. miseneri is considerabl.'T 
smaller (the largest seen is about 38 mm. in length), comparatively 
a little shorter, and subtriangular in outline. The posterior mar
gin is more oblique and considerably higher, and its junction with 
the straight cardinal margin angular, while the post-cardinal re
gion is distinctly alate and thus quite different from the rounded 
and sloping character of this part of the outline in I. elongata. 
The umbonal ridge furthermore is a more decided feature. Of the 
other species 1. decipiens is much shorter, 1. modioliformis longer, 
and more produced and obliquely rounded posteriorly. 

The specific name is given in honor of Mr. John Misener of 
Richmond, Indiana, who collected and from whom I received the 
hest specimens of the shell seen. "-{}lrich, loco cit. 

According to Ulrich this species occurs at Richmond, Indiana, 
in association with Rhynchotrema dentata, that is in the White
water division. 

ISCHYRODONrA MODIOLIFORMIS Ulrich. 

Plate XLV, tliS. 6-6c. 

lschyrodonta modioliformis Ulrich, 1893, Geol. Ohio, VII, p. 676, 
pI. liv, figs. 4-9. 
, 'Shell scarcely attaining mediuDl size, moderately convex. 

modiola-like, elongate subovate, the base straight or very gently 
sinuate, the back straight for a short distance behind the beaks, 
then cuffing very gradually down into the very obliquely rounded 
posterior margin; anterior end short, shnrply rounded, much nar
rower than the posterior.· Beaks small, situated a short distance 
pehind the anterior extremity; both the mesial sulcus and the urn
bonal ridge are but little developed. The cardinal slope and the 
posterior part of the surface is marked with rather strong, sub
regular, concentric furrows, of which from ten to fourteen may be 
counted in the space of 10 lilli. Besides these furrows a set of 
very fine concentric lines, barely visible to the unaided eye, are to 
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be observed on well preserved specimens. The anterior part of the 
surface seems to be smooth, the furrows at any rate ceasing sud
denly a short distance in front of .the middle of the shell. 

"In cast~ of the interior a narrow and more or less distinct um
bonal ridge may be traced from the beak to the pallial line a short 
distance behind the center of the cast, while in front of the ridge 
there is usually a well defined depression or sulcus. Anterior mus· 
cular scar strongly elevated, very oblique, sharply defined on the 
upper side, occupying the greater part of the small anterior end 
and extending a little posterior to the points of the beaks. Pos
terior scar very faintly impressed, nearly twice the size of the an· 
terior, situated just within the sloping post-cardinal border of the 
cast. Pallial line distinct only in the ventral part of the valves. 
Close to the cardinal border of the casts a long and slightly im
pressed line represents the· support of the internal ligament. Of 
cardinal teeth there seem to have been but two, one in each valve, 
the right above the left. 'rhe scars left by the small pedal muscles 
occupy the usual position immediately in front of the cavity be
tween the filling of the beaks. 

"This well marked species, of which I have seventeen speci. 
mens, is probably nearest 1. elongata. It is, however, a much 
smaller shell and readily distinguished by its narrower form, more 
oblique posterior margin, and different surface markings, the con
centric lines of growth extending almost uniformly over the whole 
surface in that species. 

"In a general way I. modioliformis greatly resembles several 
species of Modiolopsis, but that it is not really related to them is 
proved by the fact that it has the shell structure, cardinal teeth 
and small anterior pedal muscles of a true Ischyrodonta."-ID
rich, loc. cit. 

The types are from the Richmond formation at Richmond, In
diana. 

1.41E1,4. 
ISCHYRODONTA OVALIS Ulrich. 

Plate XLV, figs. 7·7b. 

Ischyrodonta ovalis illrich, 1892, Geol. Nat. Rist. Surv. Minne
sota, Ann. Rep. XIX, p. 242, fig. 27 a-d. 
"Shell small, modera.tely ventricose, almost regularly elliptical 

in outline, with the greatest width and tbickness midway between 
the ends; width and length about as two is to three. Beaks small, 
situated near the anterior extremity, compressed by a flattening of 
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the snrface which, expanding, extends over the greater part of the 
ventral slope. Edges of valves meeting at the center of the ventral 
margin, apparently gaping a little at the ends. Umbonal ridge 
prominently rounded, cardinal slope abrupt, very little concave. 
Surface marked with strong lines of growth and a few finer con
centric striae, both inclining to be irregular. 

"Hinge plate arcuate, widening posterior to the beaks, grooved 
as for the reception of an internal ligament. Cardinal teeth two, 
projecting downward and backward from the hinge plate, which is 
thin at thi"l point, and supported by an internal process that seems 
to extend up into the cavity of the beak, and projects on ea~h side 
of the teeth so as to give the whole the appearance of a quadrifid 
tooth. Anterior muscular scar rather small, occupying the an
terior extremity of the shell. 

"This species is not strictly congeueric with the types of Ischy
rodonta (Amer. Geol., vol. 6, pp. 173-175), but there is no other es
tablished genus known to me offering a closer agreement, and be
fore I can consider the erection of a new genus as fully justified, I 
wish to see the main peculiarities of the shell confirmed in other 
species. The uncertainty of the position of the species is increasel1 
by the fact that it might be referred, with equal propriety perhaps) 
to the genus Matheria, of Billings. I infer therefore that we are 
dealing with an undescribed generic type having somewhat inter
mediate relations between ]latheria and Ischyrodonta."-Ulrich, 
loc. cit. 

Reported by Ulrich from the uppermost beds of the Cincinnati 
group, near Richmond, Indiana. . 

ISCHYRODON'l'A. '.rRUNCATA Ulrich. 

Plate XLV, figs. S-Sc. 

lschytodonta truncata Ulrich, 1890, Am Geol., VI, p. 174, figH. 
11 a-e. 
"Shell of medium size, moderately convex, subquadrate to 

broad-oval, widest posteriorly. Cardinal margin straight or faint
ly arcuate, nearly as long as the shell. Anterior end very short, 
rounding nniformly into the convex btsal margin. From here the 
edge makes a sharp turn (in the post-basal region) into the some
what truncate but convex posterior margin, meeting the posterior 
extremity. Surface of the thick shell smooth between a limiterl 
number of impressed lines of growth. 

"Hinge plate thick and wide, flat; the cardinal teeth strong. 
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Anterior muscular impression deep, its outline somewhat top
shaped, pointed below where the well marked pallial line runs into 
it. Posterior scar very faint, large subeircular, situated near the 
postero-cardinal angle. In casts of the interior the beaks are prom
inent, compressed, while a well marked furrow extending from the 
beaks nearly to the center of the base, gives rise to an obtuse UID

bonal ridge of which no sign is apparent on the exterior of the 
shell. Another but less deep and shorter furrow occurs in the 
space between this and the anterior muscular scar . 

. , An average specimen of the typical form has the following 
dimenMons: GrE:'atest length, 35 mm.; greatest hight, (from pos· 
terior extremity of hinge line to posterior portion of base) 30 
mm.; from postero-cardinal angle to antero-basal region 31.5 mm. ; 
from beaks to postero-basal region 35 mm.; greatest convexity of a 
cast of the interior of a specimen of the same size, 16 min. 

"This species ought not to be confounded with any other known 
.to me from the Cincinnati rocks. I have seen specimens of it la
belled Cypritardites kaine.~i S. A. Miller, a shell occupying the 
same horizon, but there is little reason for confusing the two sinee 
Miller's species has posterior cardinal teeth, is less convex, and not 
so high posteriorly. "-IDrich, loco cit. • 

This species is reported by IDrich from Richmond, Indiana. 
near the top of the Cincinnati group (Whitewater division). 

ISCHYRODONTA UNIONOIDES (Meek). 

Plate XLVI, figs. 1, la. 

Anodontopsis f unionoides Meek, 1871. Amer. Jour. Sci., 3d. ser., 
11, p. 299. (Not figured.) 
"This species has at least all the external characters of the 

genus, including the last, but nothing is ImoWIl of the nature of its 
hinge. Specifically it differs from the species Milleri, not only in 
being very much larger than the adult size of that shell, but in hav
ing its anterior outline more regularly rounded, and its posterior 
obliquely subtruncated above, and with its most prominent part 
below the middle. Its ventral margin is also much straighter in 
outline; while its beaks art more depressed and placed decidedly 
nearer the anterior side, and its dorsal margin is not declining on 
the posterior side of the beaks as in the last. It likewise differs in 
having its posterior umbonal slopes more convex on a line from the 
beaks to the posterior basal margin. 
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"Length, 1.73 inches; height, 1.11 inches; eonvexity, 0.63 
inch. ' '-Meek, loc. cit. 

Reported by Meek from the same locality as A. millen. (=Or
thodontiscus millen.) 

MODIOLODON DEOLIVIS Ulrich. 

Plate XLVI, figs. 2, 20.. 

Modiolodon declivis Ulrich, 1893, Gool. Ohio, VII, p. 654, pI. liii, 
figs. 3,4. 

"Of this species also only casts of the interior have been seen. 
These are so much like those of M. subrectus that a detailed descrip· 
tion is unnecessary. On comparing the casts we find that M. de
clivis is more elongate, the length being twice as great as the 
height; the ventra] margin is slightly sinuate instead of straight, 
and the dorsal margin arcuate, the posterior part sloping doVl'Il
ward in a manner quite unusual in this family of shells. The two 
ends are nearly equal, the posterior one being therefore relatively 
narrower than in M. subrectus."-illrich, loc. cit. 

The types are from the Richmond formation, at Richmond; In
diana. 

1.34B4-5 (?) 

MODIOLODON OB'roSUS Ulrich. 

Plate XLVI, figs. 4, 4a. 

,}[od;i,olod(}n obt~~.~us Ulrich, 1893, Geol. Ohio, VII, p. 654, pI. Iii, 
figs. 20, 21.-Modiolopsis modiolari.~, Hall and Whitfield, 1875, 
Pal. Ohio, Vol. II, plate II, fig. 17. (Not M. modiolaris, Hall, 
1847, nor Pterinea modiolaris, Conrad, 1838.) 
"Shell large, compressed-convex, oblong, subovate or obscurely 

quadrangular, highest behind, though unusually wide and blunt in 
front. Cardinal margin very long, distinctly arcuate, passing
gradually into the regularly curving anterior margin; post-car
dinal angle obtuse, sometimes roul!l.ded but. always projecting be
yond the line of a regular curve; posterior margin nearly erect, 
not strongly curved, except at the base where the outline turns 
rapidly forward into the basal line, which may be straight or more 
or less' sinuate. Ventral and dorsal margins nearly parallel in the 
posterior two-thirds, the height in this part of the shell comparing 
with the length about as six to eleven, while the height at the beak 
is represented by a little more or les.s than four. Beaks small, 
scarcely distinguishable, situated very near the anterior end; um
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bonal ridge inconspicuous, low, defined only on the lower side by 
the broad mesial depression. Surface marked by rather fine con
centric lines of growth. Shell .thick, especially in the anterior 
part. Anterior muscular scar large, deep, of rounded or ovate 
shape. Hinge plate wide, furnished with long cardinal teeth im
mediately over the muscular scar. There appear to be three teeth 
in all, one large one in the right valve and two more slender in the 
left. 

"In a form obtained from the upper beds of the Cincinnati 
group, which I shall consider provisionally as belonging to this 
species, the anterior end is narrower and the anterior muscular scar 
almost straight on the inner side. . A good specimen measures as 
follows: length, 79 mm.; central height, 43 mm.; anterior height, 
23 mm. It is this variety that seems to correspond with the figure 
given, as above cited, by Hall and Whitfield as of Modiolopsi.~ 
modiolaris. If this specimen is correctly represented by their 
drawing, it cannot belong to Conrad's species nor even to the genus 
Jlodiolopsis, since it had well developed cardinal teeth. 

"This large shell finds lts nearest ,30ngt>ners in the three species 
described on the preceding pages and figured on plate 53 [of lJl
rich's paper], but as the means for Mmparison are thus at hand 
and as the differences between the forms must be obvious to every 
one, it is not necessary to point them out."- Ulrich. loco cit. 

Hall and Whitfield report this species from Ciucjnnat~, Ohio. 
'l'he typical form of the species occurs at Cincinnati about 350 feet 
above low water of the Ohio River. 

1.34A8. 

MODIOLODON SUBOVALIS Ulrich. 

Plate XLVI, figs. 3·3b. 

Modiowdon suboval;is Ulrich, 1893, Geol. Ohio, VII, p. 6'55, pI. Ii, 
figs. 11-13. 

"Shell; as seen in casts of .the interior, subovate, highest pos
teriorly, rather compressed-convex, thickest a little above the mid.
dIe, the hight and length about as two is to three; length varying' 
in different specimens between 35 mm. and 50 mm. Dorsal outline 
slightly' arcuate; posterior margin somewhat oblique, generally fi 

little straightened (scarcely truncate) in the upper half and weB 
rounded in the lower, at other times more uniformly curved; bas~ 

broadly rounded, ascending anteriorly; . anterior end very short 
and small, regularly curved. Beaks vt>1'y small, scarcely distin
guishable, situated far in front; no distinct umbonal ridge; mesial 
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sulcus comparatively deep in the umbonal half, not sharply defined 
hO"W{lver anywhere. 

"Anterior muscular scar very faint, prominent, occupying 
about half of the small anterior end; pallial line moderately dis· 
tinct, submarginal posterior scar very faint, back of cast deeply 
channeled, indicating either a strong binge plate or an escutcheon 
in the shell, the former most likely. Cardinal teeth were present 
but they are not sho~ clearly enough in casts to be described. 
Surface of casts with a few distant lines of growth. 

"This species is closely related to M(ldioZopsis truncata, Hall, 
but may be distinguished by its more nearly oval outline, and 
deeper mesial or umbonal sulcus. In the outline it is more like the 
type of the genus M. oviformis but the casts of that species are not 
channeled dorsally in any degree comparable with M. subovalis. 

"Respecting the generic position of the species, I see nothing to 
oppose an arrangement with Modiolodon.The same applies also to 
Modiolopsis truncata, because it is unquestionably congeneric with 
M. subovalis. Until the latter was discovered and studied I found 
Hall's species (truncata) most troublesome to classify, and for a 
time I was inclined to place it into the new genus Eurymya, found
ed upon Modiolopsis plana, Hall."-Ulrich, Zoc. cit. 

From the Richmond formation at Versailles, Indiana, and reo 
ported in Kindle's list from Richmond, Indiana. 

MODIOLODON SUBREC·.rUS Ulrich. 

Plate XLVI, figs. 1'j·5a. 

Modiotodon sub rectus Ulrich, 1893, Geol. Ohio, VII, p. 653, pI. !iii, 
figs. 5, 6. 
"'l'his species is known only from casts of the interior. Of six 

specimens the largest is 47 mm. long and 27 mm. high, the smallest, 
29 mm. long and 17 mm. high. Cardinal and basal margins nearly 
straight and subparallel, diverging slightly posteriorly; posterior 
margin obliquely subtruncate, obtuse-angular above, more prom
inent and strongly rounded in the lower half; anterior end short, 
small, the upper margin sunken considerably beneath the dorsal 
outline. Beaks compressed, prominent anteriorly, situated well 
forward, on a line with the baCk, scarcely incurved, separated by a 
well defined, wide, channel-like depression extending posteriorly 
from the points of the beaks half the length of the cast. Umbonal 
ridge and sulcus strong, extending from the beaks obliquely down
ward to the central third of the base; and producing a decided 
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compression of the antero-basal third of the cast. Anterior mUi>
cular scar very strong, obliquely ovate, large, occupying the greater 
part of the small anterior end. The inner side of the elevated 
scar is marked with about six horizontal folds. Pallial line and 
posterior adductor impression indistinct. The casts exhibit no indi
cations of the surface markings. The hinge plate seems to have 
been strong, while of cardinal teeth the evidence at hand indicates 
two in each valve, one larger than the other. 

"The casts of this spec,ies might be confounded with those of 
small specimens of lschyrodonta eZongata, lJlrich, but a careful 
comparison will show that the lllodioZod011. is narrower posteriorly, 
the dorsal and ventral margins being more nearly parallel and also 
straighter; the ventral margin is not sinuate, and there is no small 
pedal muscular scar above the anterior adductor impression, while 
the inner side of the latter is thrown into folds instead of being 
sharply edged. Excep~ing the following species there is no other 
known to me with which it need be compared. 

"That M. s'ltbrectus is not an lschyrodonta is :;thown by th~ 

black film so characteristic of the lllodiolopsidae which is retaineo 
by two of the specimens. The absence of the small pedal muscles 
over the anterior adductor impressious also is significant. ''-In
rich, Zoc. cit. 

The type is from the Richmond formation, Richmond, Indiana. 

MODIOLODON TRUNCATUS (Hall). 

Plate XLVI, figs. 6, 6a. 

1I:lodiolopsis trunratus Hall, 1847, Pal. New York, I, p. 296, pi. 
lxxxi, figs. 3 a-b. 
"Oblique, transverse, sub-trapezoidal; the cardinal and basal 

margins diverging from the anterior extremity, convex; beaks near 
the anterior extremity, with an obscure elevated ridge extending 
obliqnely to the base; posterior extremity obliquely truncate; mus
cular impression very distinct, a little in advance of the beaks, and 
at the anterior extremity, in the cast projecting beyond the margin. 

, 'This shell differs but little from some of the varieties of M. 
modiolarisj but it is proportionally broader, and the beaks are 
closer to the anterior extremity, while the muscular impression 
seems to be placed' upon the very margin of the shell. It is much 
less common than M. modioZaris, and the few specimens examined 
appear to be constant in the characters . given. It bears a 
close resemblance to the figure of DE VERNEUIL cited above. 
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but it is less ventricose, our specimen being crushed and destitute 
of the shell. "-Hall, loco cit. 

Reported by Hall from Cincinnati, Ohio. Reported from In
diana in Kindle's list. 

MODIOLOPSIS CONCEN'l'RlCA Hall and Whitfield. 

Plate XLVII. fig. 8. 

ModioZopsis concentrica Hall and Whitfield, 1875, Pal. Ohio, II, p. 
86, pI. ii, fig. 18. 
"Shell of medhun size; elongate ovate in outline; broadest 

near the posterior end, and contracted in front of the beaks. Hinge 
line arcuate, gradually declining toward the extremity and round
ing into the posterior margin, which is more sharply rounded be
low than above the middle; basal line gently curved, becoming a 
little sinuate at or about the anterior third of its length; anterior 
end narrowly rounded. Beaks small, and compressed on the back, 
projecting buUittle above the hinge. Surface of the valves moder
ately convex when not distorted by pressure; most prominent' 
above the umbonal ridge, which is low, and broadly rounded; not 
forming a conspicuous feature of the valve. A very slight and 
rather undefined mesial sulcus crosses the valves from the beak to 
the sinus of the baSal margIn. 

"Surface of the shell marked on the cardinal slope and poste
rior end by regular, even, concentric furrows, from three to four 
of which occupy the space of an eighth of an inch in their strong
est parts. These furrows are most distinctly marked near the 
cardinal margin, and become obsolete in crossing the umbonal 
ridge; . existing on the basal portions and anterior end only as fine, 
irregular, concentric striae of growth. Anterior musc~ar impres
sion strongly defined and proportionally large; forming a rather 
distinct, subcircular or reniform protuberance on the anterior end 
of the casts; posterior impreSsion not observed; pallial line often 
distinct on the anterior half; partly composed of detached trans
verse pustules. 

"The specimens of this shell observed in collections have gen
erally been found among and considered as identical with those 
of Modiolopsis modiolaris, but it is always of much smaller size, 
being generally not more than two-thirus as long when fully grOWll 
as the ordinary sized individuals of that species, and although the 
ge~eral form is very similar, the concentric markings of the car
dinal slope and posterior end readily distinguish them. These 

[64] 
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markings are of such a nature that they are usually preserved on 
all specimens retaining any specific markings. The specimens are 
frequently much distorted by compresiion, and when the pressure 
has been vertical, or in the direction of the plane of the shell, thA 
convexity is considerably increased, often causing them to appear 
nearly cylindricaL 

'''rhe species resembles very closely Modiomorpha concentrica 
of the Hamilton formations of New York (Modiola concentrica of 
authors) in its general appearance and snrface markings, so much 
so that it might readily be mistaken for that shell; but the con
centric, undulating striae becoming obsolete on the umbonal and 
anterior portions of the shell, will serve, we think, as an unfailing 
means of distinguishing them-the striae on that species continuing 
over all parts. "-Hall and Whitfield, loc. cit. 

The types are from Waynesville, Ohio. Reported from Indiana 
in Kindle's list. 

MODIOLOPSIS VERSAILLESENSIS Miller. 

Plate XLVI, figs. 7, 7a. 

Modiolopsis versaiZlesellsis Miller, 187<.1:, Cincinnati Quarterly 
Journal of Science, I, p. 150, figs. 18, 19. 
"Equivalve, in equilateral, oblong, expanded and compressed 

posteriorly; basal margin !3ontracted or arched up:ward, below the 
beaks; cardinal line straight; beaks near the anterior extremity, 
.and slightly more prominent than those of the Mod·ioZopsis modio
lam j umbones subangular and extending obliquely, posteriorly; 
surface marked by concentric lines; muscular impression circular 
and deep, below and anterior to the beak; mesial ridge between it 
and the umbonal cavity; hinge line plain and smooth, except a 
slight ligamental depression below the beak. 

"Length of specimens examined varying frqm % inch to 2lj2 
inches; breadth and thickness in proportion to the length. 

"This species differs from the Modiolopsis modiolaris, in having 
a more prominent beak, more angdlar umbones, different hinge 
line, and ligamentary attachments, and in having the muscular im
pression farther anterior to the beak. Casts of the two species 
might not be distinguishable lrom each other. 

"This species was found by me at Versailles, Indiana, about 300 
feet below the rocks of the Upper Silurian, and associated with 
AnomaZodonta gigantea, Anodontopsis (1) MiZleri, PZeurotoma~a 
trop£dopkora, TeUinomya occidentaZis, etc. "-Miller, Zoc. cit . . ;'. 
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Apparently Miller obtained the species from the Waynesville 
formation, or the base of the Liberty. His statement that the 
specimens came from a level 300 feet below; the Upper Silurian is 
interesting in view of the fact that the total thickness of the Ver
sailles section does not exceed 170 feet. 

OPlSTHOPTERA CASEl Meek and Worthen. 

Plate XI,VII, figs. I, 1a. 

Ambonyckia (Ml::gaptera) casei Meek and Worthen, 1:866, Proc. 
Chicago Acad. ScL, vol. I, p. 23. (Also Geol. Surv. Ill.,. vol. 
III, 1868, p. 337.) 

"Shell trigonal, compressed, subequivalve, extremely inequi
lateral, posterior side long, compressed and strongly alate; the 
wing very large, produced, pointed, and not separated from the : 

. alate posterior margin by a distinctly defined sinus; margin below 
the wing, sloping obliquely forward to the basal angle; cardinAL 
margin the longest part of the shell, straight and much compressed 
from immediately behind the beaks. Anterior side truncated 
nearly vertically from the beaks, about half way down the front. 
thence sloping slightly backwards to the basal angle. Basal mar· 
gin produced downwards, anit terminating in a distinct angle, 
slightly in advance of the middle. Umbonal slopes very prominent, 
anlS'ular, or sometimes apparently bicarinate, straight, and extend
ing from the beaks, near the anterior margin, to the most promi
nent part of the base, ranging at an angle of about 65° below the 
horizon of the hinge-line, and providerl with a longitudinal sulcm; 
below the middle of the valves. Beaks strldght, rising a little above 
the cardinal margin, and quite terminal. Surface ornamented.with 
distinct, irregular, alternately large~ and smaller, thread-like radi
ating striae, with less diStinct concentric lines, and a few distinct, 
stronger marks of growth, which sometimes form prominent, im
bricating, subspinous projections on the umbonal angle. 

, 'Length, as inferred from the direction of ·the lines' of growth. 

about 2 inches; height, 1.73 inches; eonvexity, 0.64 inch. " 

:Meek and Worthen, Geol. Surv. Ill., vol. III, 1868, p. 337. 


I have not been able to obtain the Proc. Chicago Acad. Sci., 

1866. 


The descriptiari is followed by a discussion of the generic rela· 

tions of the species; which Iomi!: . 


The type is from Richmond, Indiana. 

1.12E~. F3 .... 1.60H1L 
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OPISTHOPTERA OBLIQUA Ulrich. 

Plate XLVII, figs. 2-2b. 

Opisthoptera obliqua, Ulrich, 1893, GeoL Ohio, VII, p. 646, pI. xlix, 
figs. 6-8.' 

"Shell small, trianuglar, highest ill the posterior third, and 
thickest along the oblique anterior'side; hifige line as long ~s 
the shell. posterior margin vertical, gently convex, basal margin 
narrowly rounded; anterior side very abrupt, almost flat, forming 
an angle of about 55° with the hinge. Beaks rather large, promi
nent, but little incurred [sic.] and separated by a considerable in
terval in casts of the interior. Ligamental area very wide. Sur
face marked with small, apparently bifurcating costae, of which 
those near the cardinal margin are if anything smaller than else
where. On the whole they may be described as subequal. 

'. "This species doubtless is closely related to O. extenuata, the. 
two species being very similar in their anterior halves. Still, it is 
highly improbable that they will ever be confounded, since they 
are so different posteriorly, this part of the outline being vertical 
and slightly convex in the present form and deeply sinuate cen
trally and prolonged above in that one. The ligamental area also 
is much larger in O. obliqua. Compared with O. alternata it is 
found that the valves though more convex are not as uniformly 
rounded, the anterior side more oblique and much more abrupt, 
and the costae of nearly equal size instead of alternately large 
and small. None of the other species are near enough to require 
comparisons. 

"Associated with O. obliqua we find Byssonychia richmonden
sis, another species having the anterior side fiat. But as it attains 
a much larger size, is relatively much higher and almost erect, and 
has it much shorter hinge, they are not likely to be confused. "-
Ulrich, loco cit. 

Richmond formation, Richmond, Indiana (Whitewater divi
sion). 

ORTHODESMA OANALICULATUM Ulrich. 

Plate XLVII, dgs. 4-4b. 

Orthodesma .canalioulatum firich, 1894, Geol. Nat. Rist. Surv. 
lViinnesota, III, pt. II, p. 520, pI. xxxvii, figs. 7:11. 
"Shell elongate, the length three times the hight; cardinal and 

basal margins straight, nearly parallel; posterior margin oblique, 
rounding into the hinge line, below which it slopes backward with 
a gentle curve to the postero-basal extremity where it turns abrupt
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ly into the basal line i anterior end contracted in front of thE, 
beaks. of mo<;ierate length, rounded, most prominent a little above 
the middle. In a side view the beaks project very little, are com
pressed by a broad shallow sulcus which crosses the valves and 
occupies a large part of the anterior three-fifths of the shell; um
bonal ridge rather distinct, extendifg from the beaks to the postero· 
basal extremity. - In a cardinal vrw of casts of the interior, the 
only condition in which the species has been noticed, the hinge line 
is ~trongly depressed, lying at the *ottom of a wide and deep chan
nel, deepest between the widely sFparated beaks and gradually 
shallowing posteriorly. Casts usltally almost smooth, exhibitin~ 

only a small number of obscure coincentl'ic furrows. One specimen 
preserves a small part of the she~l and this shows that near the 
dorsal edge the outer surface is ,marked with somewhat regular' 
raised lines, about six of them in ~ mm. The best preserved casts 
exhibit in the posterior half of th~ mesial sulcus a number of ob· 
scure radii. Anterior muscular s~ar sharply defined at the inner 
side, rather small, broad-oval or·circular, occupying the middle 
two-fourths of the upper half of the auterior end. Posterior imt
pression somewhat larger than t e anterior, subcircular, with a 
narrow prolongation· extending fbrward nearly parallel with the 
posterior cardinal margin. Palltal line di'stiuct in the anterior 
half, consisting (on the casts) of ~ straight row of obscure pustUle,; 
extending in a slightly oblique d~reetion from the base of the an· 
terior adductor impression towarq a point much nearer the ventral 
border. i 

, . 'I'here are several peculiar features a bout this species. (1) I 
have never seen its valves separ~te, a fact indicating, if it is not 
fully accounted for by the next Icircumstance, a strong ligament. 
(2) Its natural position seems t~ have been with the anterior end 
down, and so it is commonly foq.nd in the shales, and in conse
quence is often greatly shortened. by pressure. (3) The channel
like depression of the hinge i andi (4) the unusual course of the an
terior half of the pallial line. These peculiarities distinguish thl) 
species readily from all other~ of the genus known."-ffirich, 
loco cit. I 

Reported from the upper be4s of the Cincinnati series in Ohio 
and Iudiana (Ulrich). ' 
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ORTHODESMA REC'fU~l Hall and Whitfield. 

Plate XLVII, figs. 6, 6a. 

Orth()desma recta Hall and Whitfield, 1875, Pal. Ohio, II, p. 9:1:. 
pI. ii, figs. 7, 8. 

"Shell elongate, soJen-like in outline, two and a half to three 
times as long as wide, the cardinal anti basal lines posterior to the 
beaks straight and Pliral1el; anterior end abruptly contracted be
neath the beaks to one-half the width of the body of the shell, 
somewhat extended and abruptly rounded at the extremity; pos· 
terior end as broad as the body of the shell, obliquely rounded, 
longest at the postero-basal angle, and gently sloping backwards to 
the extremity of the hinge line; beaks small and compressed; sur
face of the valves between the umbonal ridge and the anterior con
tracted portion depressed, forming a broad, shallow, and unde
fined sulcus, strongest toward the beaks, and becoming obsolete or 
lost in the general flattening of the shell before reaching the basal 
1ine, in which it scarcely produces any perceptible feature. 

"The surface of the valves is marked by irregular, concentric 
lines of growth, and by several stronger 11ndulations, which become 
somewhat regular on the posterior slope for a shQrt distance be· 
low the hinge line. T,p.ere are also appearances of one or two ob-· 
seure secondary ridges on the cardinal slope between the umbonal 
ridge and the cardinal margin, extending from near the beak to the 
posterior end of the shell. This latter feature is extremely faint, 
and may be often not observable. 

"The species is not readily confounded with any other found in 
the same geological position, except, perhaps, O. curvata, from 
which it may be distinguished by the contraction of the basal line 
and the greater postenor breadth of the shell in that species. It 
somewhat resembles Orthodesma parallelo;=Orthonota parallela, 
Hall, Pal. N. Y., Vol. I, p. 299, pI. 82, fig. 7, from the Hudson 
River group of New Y?rk, but it differs in the greater contraction 
of the anterior end, the; broader beaks, the broad, undefined depres
sion of the median portion of the valves. and in the form of the 

1 

posterior end of the shell, which in that species is rounded, while 
ill this one it is obliquely truncate. The surface characters also 
differ very materially iiI the two forms, that one having fine, even, 
regnJar, concentric lines over the anterior two-thirds of the valves. " 
-Hall and Whitfield, we. cit. 

The type is from the Richmond formntion at Waynesville, Ohio. 
It is reported ill Kindl~'s list from Madh;on, Indiana. I have not 
seen any specimens of it. 
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ORTHODESMA SUBANGULATUM Ulrich. 

Plate XLVIl, >figs. 7, 7a. 

Orthodesma sUbangulatum Ulrich, 189;3, Geol. Ohio, VII, p. 660, 
pI. lv, figs. 21-23. 

"This species is closely related to O. rectum, H. and W., the 
type of the genus, but may be distinguished by a number of minor 
differences, chiefly in the matter of outline. The shell is more 
elongate, the posterior height being less and only about one-third· 
of the entire length. The ventral margin is straighter and sinuate 
rather than convex, while the central and dorsal outlines are mor(~ 
nearly parallel. The anterior end is uniformly rounded instead 
of being oblique with the most prominent point in the upper part. 
Finally, the posterior margin is a little more oblique. Of other 
differences we may mention that the umbones seem to have been 
somewhat smaller and merely flattened instead of sulcate, while the 
umbonal ridge is stronger and more curved. 

"'l'he Trenton species O. subnasutum (Modiolopsis subnasuta, 
Meek and Worthen), is higher posteriorly, while O. ourvatum, 
Hall and Whitfield, has a more rounded posterior end and more 
sinuate ventral margin. None of the other species are near enough 
to require comparisons. "-tnrich, lao. cit. 

Upper beds of the Cincinnati group, Richmond, Indiana. 

ORTHODONTISCUS MILLERI Meek. 

Plate XLVII, figs. S·Se. 

Anodontopsis ? millen Meek, 1871, Amer. Jour. Sci., 3d ser. II, 
p. 297. (Not flgured.) 
"Shell ovate, rather compressed or only moderately convex, 

the greatest convexity being a little above and slightly in advance 
of the middle, extremities more or less narrowly rounded, basal 
margin longitudinally semi-oval in outline, the most prominent 
part being near the middle; cardinal margin sloping from the 
beaks at an angle of 1300 to 1350 and rounding into the lateral 
margins; beaks only moderately prominent, somewhat obtuse and 
not very convex, plaeed more than one-third the length of the 
valves from the anteri<>r end. Surface smooth, or only with obscure 
lines of growth. 

"Length of a :rpcdium sized adult specimen, 0.83 inch; height, 
0.59 inch; convexity, 0.30 to 0.33 inch. 

"It is not without considerable doubt that I refer this shell to 
McCoy's genus Anodontopsis, since it does not seem to correspond 
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exactly in its hinge characters to his description of that genU8. 
if 1 correctly understand him. As the hinge of Artodontopsis. 
however, has not yet been illustrated, and different authors do not 
always describe the sanie hinge exactly in the same way, I have 
concluded to refer our shell, for the present, provisionally to 
Anodontopsis. If a new genus, however, it may be called Ortho
dontiscus. 

, 'Prof. McCoy described the hinge . of his genus as follows: 
'Hinge line shorter than the shell, with a posterior long slender 
tooth or cartilage plate extending just below it (double in the right 
valve), and another similar but shorter one in front of the beaks; 
and then adds that there is 'occasionally one small cardinal tooth 
beneath the beak.' 

" In the shell here described, the hinge may be characterized as 
having one rather well defined, subtrig011al, or somewhat obliquely 
extended cardinal tooth under the beak of the right valve, and a 
corresponding pit under the .beak of the left valve, with sometimes 
a slight prominence or rudimentary cardinal tooth just in advance 
of this pit; while of posterior lateral teeth there is in the right 
valve one long tooth ranging parallel to the cardinal margin, with 
a parallel furrow above and below it for the reception of two pos· 
terior iaters in left valve, the lower one of which is more promi

'nent, and the upper merely linear or rudimentary. 'rhe furrow be
tween these two posterior lateral teeth of the left valve is. well de
fined, and receives the tooth between the two furrows in the other 
valve. Below the lower of these furrows on the posterior side of 
the right valve, there is" a very slight marginal ridge, that may 
sometimes assume the character of a second posterior lateral, but 
it is most prominent anteriorly, where it connects with the cardinal 
tooth, of which it seems to be rather an oblique posterior prolonga
tion than a distinct tooth. On the anterior side there is one shorter 
anterior lateral tooth in the right valve, also ranging parallel to 
the hinge margin, and above and below this a little furrow for 
the reception of two small anterior laterals in the left valve, which 
receive between them that of the right valve. 

"The pallial line is certainly simple, and the muscular impres
sions well defined, the posterior one being larger than the other, 
and provided with a small accessory scar above just under the pos
terior ends of the posterior lateral teeth. The ligament or cartil
age was probably small and internal, as there are no traces of an 
external ligament to be seen, the valves fitting close all along the 
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hinge margin. .No lunule or escutcheon is to be seen in any of the 
specimens. 

'''fhe specific name is given in honor of S. A. Miller, Esq., of 
Cincinnati, Ohio, who sent on to the Smithsonian Institute the 
first specimens of this shell I have seen. I am also indebted to 
him for some broken valves showing the hinge. For the use of a 
good specimen showing the hinge of the left valve I am likewise 
under obligations to C. B. Dyer, Esq., of Cincinnati. "-Meek, 
loco cit. 

This shell is said by Meek to come from forty miles west of 
Cincinnati, from above the middle beds of the Cincinnati group. 
In Kindle's list it is said to come from Versailles, which would 
make it a Richmond group form. 

ORTONELLA HAINESI (Miller). 

Ple.t~ XLVII, figs. 9-9d. 

Cypricardites kainesi Miller, 1874, Cincinnati Quartely Journal of 
Science, I, p. 147, figs. 12, 13. 

"Equivalve, inequilateral; margins subparallel, diverging pos
teriorly; beaks sharp, projecting over the hinge line and slightly 
in curved ; umbones snbangular, with a ridge extending posteriorly 
and curving toward the base. where it becomes obsolete; cardinal 
teeth unknown; lateral teeth two, one much longer than the other; 
muscular impression below the beak anteriorly. 

"The cardinal teeth, in the valve, figure 13 [of Miller's paperJ . 
being destroyed, as sh{)wn by the letter t, the number and char
acter could not be ascertained. 

"Surface marked by fine concentric lines. 
"Length 1 3/20 inches; width, 19/20 inch; greatest depth 

through the umbones 12/20 inch. 
"The specific name is given as a compliment to ~£rs. M. P. 

Haines, an earnest and devoted naturalist of Richmond, Indiana, 
who has collected a very fine cabinet and studies to appreciate it. " 
-Miller, loco cit. 

From ~hat Miller says about the locality at which this species 
was found. it would correspond to some portion of the Whitewater 
division. IDrich says it is found associated with Rkynckotrema 
dentata about forty feet below the top of the Richmond formatiml 
(Whitewater division). ' 



1018 REPORT OF STATE GEOL9GIST. 

PTERINEA CORRUGATA (James). 

Avicula corrugata James, 1874, Cincinnati Quarterly Journal of 
Science, I, p. 239. (Not figured.) 

"Shell (left valve) oblique, subrhomboidal; cardinal line 
greater than the breadth of the shell farther forw~rd; umbone 
prominent; beak compressed; anterior ear rounded on a line 
with the margin of the shell; posterior ear triangular, extending 
beyond the margin below. Anterior umbonal slope abrupt; pos
terior slope gradual to the point of the ear and the back margin. 
Surface marked by crowded concentric lines of growth, strongly 
corrugated from the umbone to the front, giving to that part of the 
surface a finely sculptured appearance, but not extending to th~ 
wings or ears. 

"Breadth, measuring along the cardinal line, about one inch; 
length from the back obliquely to the front, seven eighths of an 
inch. "-James, loco cit. 

Reported by James from the Richmond formation in Waync 
County, Indiana (Richmond?). 

PTERINEA DEMISSA (Conrad). 


Plate XLVIII, fig. 1. 


Avicula demissa Conrad, 1842, Jour. Acad. Nat. Sci. Philadelphia, 
VIII, p. 242, pI. xiii, fig. 3. 

"Elevated; inferior valve plano-convex, concentrically wrin
kled, and occasionally slightly furrowed; anterior wing triangular, 
the upper margin on a line with that of the posterior' wing, which 
is extended beyond the line of the posterior extremity; beneath 
the wing the posterior margin is nearly straight, and but slightly 
oblique; upper valve flat, and concentrically furrowed with wide, 
shallow, concave grooves; summit of umbo on a level with the hinge 
line. "-Conrad, loco cit. 

Hinge line much longer than the body of the shell. Anterior 
wing extended, when perfect, into a rather long acute point, form· 
ing nearly one-third of the length of the hinge, measured from 
the point of the beak. Posterior wing' large, rather obtusely 
pointed, and extending as far as the body of the shell below; a line 
drawn from the beak to the center of the base forms an angle of 
about 65 or 70 degrees with the posterior hinge line. Left valve 
strongly cQnvex; right valve concave. (Meek.) 

1.41A6, 7, lOb, Bl, Dl, 3, C2-3, El. ... 1.12E3, F3. 
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PTERINEA INSUETA (Emmons). 

Plate XLVII~. fig. 2 • 

.d.m·cula insueta Emmons, 1842, Geol. New York, Rep. Second Dist., _ 
p. 399', fig. 110, No.5. 

"No.5. Avicula insueta, belongs to the Mohawk valley. 
did not find it in the slate of the Second district. "-Emmons, 
loco cit. . , 

This shell is reported f'rom Madison by Cornett, but quite cer
tainly does not occur there or anywhere else in the Cincinnati 
group. 

RHYTIMYA BYRNESI (Miller). 

Plate XLVIII. figs. 3-Sa. 

Orlkodesma bY1'nesiMiller, 1881, Jour. Cin. Soc. Nat. Hist., IV, 
p. 76, pI. I, figs. 7-7b. 
"Shell of medium length and breadth, but proportionally very' 

thin. Oardinal and basal margins sub-parallel, but gradually di· 
verging posteriorly to the posterior third of the shell. The car
dinal line is straight, posterior to the beaks, for about one third of 
the length of the shell, from which point it gradually declines to 
near the extremity, which is abruptly rounded. Anterior end con
tracted beneath the beaks, and beautifully rounded in front. Basal 
line concave in the middle part, for about one half the length. 
Beaks small but nearly or quite uniting j umbones flattened, and. 
from which, there is a shallow expanding depression, directed a 
little posteriorly, and crossing the valves-to the basal line. 

"Surface of the valves marked hy concentric lines, and cov
ered by numerous little spines. • 

"Length, 1 2-10 inches; height, 5-10 inch; thickness, 25-100 
inch. 

"This species is founded upon a specimen preserving the shell, 
and also upon .the matrix from which the shell was taken, collected 
by Dr. R. M. Byrnes, in whose honor I have given the specific 
name, in the upper part of the Hudson River group, near Weis
burg, Indiana, and now belonging to his collection. It is peculiar 
in preserving the markings of the spines 'which covered the surface, 
in the matrix, and also preserving the J..ases of them on the shell, 
which may be readily observed with an ordinary magnifier. It 
will be distinguished from other species by the fact that its thick
lless is only half its height, and only one fifth its length, as well 
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as by other peculiarities. .As this species was covered with numer
ous spines, it becomes interesting to knO\9" whether other species in 
the same genus were also thus' ornamented. "-Miller, loco cit. 

Richmond formation,Weil'lburg, Indiana. 

SEDGWICKIA FRAGILIS Meek. 

Plate XLVIII, figs. 4, 411. 

Sedgwickia Y fragilis Meek, 1872, Pl'oc. Acad. Nat. Sci. Phila., 
1872, p. 323. (Not figured.) 

"Shell rather small, apparently very thin, longitudinally oblong 
or suboval, rather distinctly convex along the umbonal slopes from 
the beaks toward the posterior basal margin, and down near the 
anterior side, while just under the beaks a rather strqngly markerl 
impression descends, widening and deepening as it appr(\aches thc 
base; basal margin subparallel in its general outline to the dorsal, 
but diverging more or less posteriorly, where it is most prominent 
and distinctly sinuous toward the front: posterior margin wider 
than the anterior, and more or less truncated; anterior extremity 
very short, and rounded or somewhat truncated; hinge line 
straight, and shorter than the entire length of the valves, appar
ently very slightly inflected behind the beaks, which are raised a 
little above the cardinal margin, incurverl, contiguous, tIattened on 
the outer sides, and placed near the anterior end, with a slight for
ward inclination. Surface ornamented· with moderately distinct 
lines and irregular minute wrinkles of growth. 

"The only specimens of this species yet known to me are too 
imperfect to afford exact meqsurement, though they seem to have 
been, when entire and llndistorted, about 0.90 inch in length, 0.73 
inch in height, and 0.40 inch in convexity. They present some 
appearance of having been gaping behind and in the anterior ven
tral region. One specimen looks as if it had been truncated, with a 
backward obliquity from below upward behind, but this may be 
due to distortion. 

"I am far from being satisfied that this shell is congeneric with 
the forms for which Prof. McCoy proposed the nameSedgwickia, 
as nothing can be determined from the specimens yet known in 
regard to its hinge and muscular and pallial impressions. Possi
bly it would be nearer right to call it Modiolopsis fragilis; but 
there is something in its physiognomy that suggests affinities to 
Carboniferous types referred to Sedgwickia and Allorisma."
Meek, loco cit.. 
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Doubtfully reported from Madison, Indiana. 
'rhe type is from 350 ft. above low water mark at Cincinnati, 

Ohio. 
SPHENOTJEUM RICHMONDENSE Mlller. 

Plate XLVIII, fig. o. 

Sphenoleum riclJ,mondense Miller, 1889, North ~~merican Geology 
and Paleontology, p. 513, figs. 925, 926. ' 

, 'Shell large, cuneiform, ventricose, beaks incurved at the an· 
terior end, pointed; umbones pigh, defined; cardinal line at a high 
angle, having a wing-like posterior end; anterior end rounded 
below the ltmule. Distinguished from S. cnneiforme, which it much 
resembles, by its shorter form and more angular umbones. Possi· 
bly more specimens may show a gradation from one form to the 
other, and if so, this specific name will fall' into the synonomy. 
Collected by Charles Faber in the upper part of the Hudson River 
group, at Richmond, Indiana. "-Miller, loco cit. 

TELLINOMYA HILLI Miller. 

Plate XLVIII. fig. 6. ' 

Tellinomya hilli Miller, 1874, Cincinnati Quarterly Journal of 
Science, I, p. 230, fig. 20. 

"Shell somewhat oval in outline, the posterior end prolonged, 
with the cardinal border nearly straight, until it bends somewhat 
circurlarly to the point of greatest extension; anterior end quite 
regularly rounded; basal margin forming a semi·elliptic curve; 
beaks near the auterior end moderately promiuent, greatest convex
ity immediately behind the beaks; surface smooth. Hinge line oc
cupied by three small teeth anterior to the beak and ten small teBth 
posterior to it. Some difficulty has been experienced in determin
ing the number of teeth from their indistinct character in the 
specimen exami.ned, and it may be that there are actually more 
than we have stated. Muscular impressions and pallial line not 
observed. 

"The very slight curvature of the hinge line and the minute 
character of the teeth, as well as their straight transverse charac· 
tel', may leave some doubt as to whether or not this shell belongs 
to the genus 'l'ellinomya. , 

"The specific name is given in honor o~ Dr. H. H. Hill, of 
, Cincinnati, who has been an active collector in various departments 

of natural history. for a number of years, and very prominent in 
the organization and management, from the beginning, of the Cin
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cinnati Society of Natural History. His private cabinet sparkles 
with mineral gems, is ornamented with the rarest and finest speci
mens of the 'workmanship of the Indians and Mound Builders, and 
bears upon its shelves many of the choicest. fossils of the Cincin
nati group. 

"I found this species in: the upper 50 feet of the Cincinnati 
group, about three mil~s south of Osgood, Indiana; and nearly fifty 
miles west of Cincinnati. The valves were found quite abundant, 
though not well preserved, on slabs, associated with Beyrichia stri
ato-marginatus. An entire specimen was not found. "-Miller, 
lac. cit. 

Imperfect specimens in the writer '8 collection may belong to 

this species. Saluda. 


WHHEAVESIA OlNOlNNA'I'IENSIS (Hall and Whitfield). 

Plate XLVIII, figs. 7, 7a. 

Modiolopsis cincinnatiensis Hall and Whitfield, 1875, PaL Ohio, II, 
p. 88, pI. ii, figs. 14, 15. 
"Shell of medium size or, smaller; elongate ovate, or narrowly 

'sub-elliptical in outline; widest posteriorly, and abruptly con
tracted in front of the beaks; hinge line slightly arcuate, and a 
little more than half as long as the shell posterior to the beaks; 
posterior margin obliquely sloping, with a slight convexity, from 
the extremity of the hinge line to the postero-basal angle, which 
is the point of greatest length of the shelL Basal line gently curv
ing throughout its length in most cases, but in some examples be
coming slightly sinnate opposite or a little posterior to the beaks. 
Anterior end narrow, not very extended, and ,sharply rounded. 
Beaks small, appressed ;-projecting but little above the hinge line, 
and situated just within the anterior third of the length of the . 
shell. General surface of the shell moderately convex; most prom
inent along the posterior umbonal ridge, which is sharply rounded 
or obscurely angular ;umbonal slope abrupt and slightly convex. 
An obscure, shallow mesial depression extends across the valves 
from the beaks, reaching the basal line just behind the anterior 
third of the length. 

"Surface marked by numerous, irregular, concentric lines of 
growth, which are often strongly marked, but without any definite 
arrangement; a little stronger on the anterior portion of the shell , 
than elsewhere. The substance of the shell is thin, and the surface, 
when perfect, quite polished. 
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"This species bears considerable resemblance to the larger spec
imens of the form identified with and figured as 1ll. anodontoides, 
Cour., in Paleontology of New York, Vol. I, p. 298, pI. 82, fig. 3b, 
but differs in the greater breadth posteriorly, and'in being much 
contracted in width in front of the beaks. From the other forms 
given on the same plate as the same species it differs more strongly, 
and can nol: be. readily confounded with them. The specimen rep
resented by fig. 3a of the same plate, which is the original of the 
species used by Mr. Conrad for description, and that which must 
be considered as possessing the true specific characters, is much 
more angular along the umbonal ridge; the hinge line is propor
tionally longer, and the anterior end of the shell shorter and 
broader than in the species under consideration. "-Hall and Whit
field, loe. cit. . 

Reported by Hall and Whitfield from near the base of the Cin
cinnati formation at Cincinnati, Ohio; and in Kindle's list from 
Richmond, Indiana. It almost certainly does not occur in the 
Richmond formation. 

WHITEAVESIA PHOI.lADIE'ORMIS. (Hall). 

Plate XLVIII, fig. 8. 

Jlodiolopsis pkoladiformis Hall, 1851, Report on the Geology of the 
Lake Superior Land District, p. 21:3, pI. xxx, figs. 1 a-c; pI. 
xxxi, fig. 1. 

"Shell oval-obovate, elongate; base slightly arcuate in the mid
dIe; convex in the middle and compressed towards the posterior 
extremity; umbones prominent, hinge-line slightly arched, and, in 
some specimens, nearly straight; muscular impression large and 
strong, near the anterior extremity; surface marked by strong 
folds or ribs, which, originating on the hinge-line, diverge an<i 
curve gradually downward to the base. 

"All the specimens of this peculiar species, which I have ex
amined, are more or less distorted, so that we may not be fully 
acquainted with the form. The peculiar surface-marking, how
ever, is unmistakable, and in hearly all the specimens is preserved, 
in some degree, even in casts. There appears to be considerable dif
ference in the size of these ribs in different specimens, and it is 
possible that we have among them two species, which, for the pres
ent, however, we prefer to regard as one. The form in many speci
mens is similar to that of M. modiolaris, but in the surface-mark
ings it is very distinct. In some specimens, however, from the same 
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locality, which appear to belong to M. modiolaris, I have observed 
concentric ribs similar to those in the species now described. In 
that species, however, they appear more arched, and confined to 
the region of the hinge-line, gradually losing themselves in the con
centric striae, and are quite obsolete toward the base. Neverthe
less, we have never observed this feature in the New York speci
mens, and these western ones, thus marked, prove a distinct 
species. 

"Geological Position and Locality.-This species occurs in the 
marly beds, constituting the higher portions of the Hudson-river 
group, on the eastern shore of Little Bay des Noquets. It is asso
ciated with M, modiolaris and Ambonychia radiata, with two or 
three species of Orthoceratites. "-Hall, loco cit. 

Reported by Miller from Richmond, Indiana. 

WHITELLA OBLIQUATA Ulrich. 

Plate XLVIII, figs. lO-10d. 

Whitella obliquata Ulrich, 1890, Am. Oeo1., VI, p. 177, 178, fig. 
13 a-e. 

"Shell large, oblique, subrhomboidal in outline, produced in 
the postero basal region, v~ntricose, with point of greatest convex" 
ity above the middle; beaks rather small, prominent, slightly in
curved, situated one fourth of the length of the hinge line from 
its interior extremity, umbonal ridge well marked, the cardinal 
slope concave. Anterior end small, narrowly rounded above, merg
ing gradually into the evenly and only moderately convex ventral 
margin. Posterior end sharply curved and produced below, gently 
convex and sloping forward in the upper half to meet the slightly 
convex, cardinal margin. Escutcheon well marked, wide, shallow
est in front of the beaks. Anterior muscular scar elongate. Hinge 
thin, the posterior half sImple, the anterior h~f, of the left valve, 
with two long slightly oblique teeth just beneath the beak, and two 
shorter parallel ones at the anterior extremity. 

"The dimensions of cast of the interior, of the average size, 
are as follows: greatest length 50 mm.; greatest hight 38 mm.; 
greatest convexity 24 IIlIIi. A large specimen is 59 mm. long, and 
42 mm. high. 

"This species is related to W. sterlingensis (Dolabra sterling
ensis, M. and W.) but has a longer hinge line, is less convex, wider 
posteriorly, and more oblique, the angle included between the hinge 
line and the umbonal. ridge being much narrower. W. hindi (Oyr, 
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todonta hindi Billings) is much more acutely produced posteriorly, 
being besides on the whole a more elongate shell, with the umbones 
also more tumid. "-mrich, loco cit. 

illrich reports this shell from the upper beds of the Cincinnati 
group at several localities in Indiana and Ohio. 

WHITELLA UMBONATA Ulrich. 

Plate XLVIII, figs. 9-9c. 

Whitella umbonata mrich, 1890, Am. Geol., VI, p. 178, figs. 14 a-d. 
"A detailed description of this species is scarcely necessary, 

since the main point in identifying it is to distinguish from W. 
obliquata. On comparison it will be found that the beaks and 

. umbones are much larger than in that species, the postero-dorsal 
slope shorter- and more abrupt, the hight comparatively greater 
and the outline in general somewhat different, particularly in; the 
ventral rf:gion where the margin is more convex than in W. ob
liq'uata. W_ quadrangularis (Cypricardiies quadrangularis Whit
field) is much shorter and more erect. 

"In a large specimen the hight and length are respectively 47 
mID. and. 60 mID.; in a small specimen 38 mID. and 45 mm.; great
est convexity of the latter 25 mm. "-firich, loe. cit. 

This species is reported by firich as occurring at Blanchester, 
Middletown and other localities in Ohio and Indiana, in the upper 
beds of the Cincinnati group (Richmond). 

[65J 
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CEPHALOPODA. 

DIAGNOSES OF GENERA.. 

The generic disposition of the species of Cephalopoda described 
in this report is, it must be confessed, unsatisfactory. Neverthe
less, I do not see how they can well be ptflCed in the various genera 
erected by Hyatt, until very much further study has been devoted 
to them with special reference to the young stages of growth; and 
just at present the material is not .availahle for such studies. This 
is especially true of the species referred to the genus Ortkoceras, 
since most of them are founded on fragments wl:tich lack the crit
ical characters that might enable one to place them in their proper 
genera. As restricted by Hyatt OrthoC/j'ras is not a~ Ordovician 
genus; nevertheless I believe it is better for the present to leave the 
species from the Cincinnati group, which have ordinarily been re
ferred to that genus, .where they are, awaiting a finafrevision when 
adequate material is at hand. In the case of the species which is 
identified with Cameroceras proteiformo, if it is that species, I 
believe we should recognize the distinctions insisted upon by Hyatt 
anti place the form in the genus Endoceras, as restricted by that 
author. I have accordingly disposed of it in that way. 

CYRTOCERAS Goldfu8S. 

Shell long, conical, gently curved, aperture sometimes con
tracted; siphuncle straight or expanded between the septa, and 
variable in position, but usually at the outer edge. (Miller.) 

ENDOCERAS Hull. 

Smooth or annulated orthoceracones. Funnels reaching from 
septum of origination/to the next apicad of this, but no farther. 
Septa pass entirely around the siphuncle. Organic deposits in the 
form of endocones, and taper off at the center into a spire that is 
sometimes tubular ahd hollow, or again flattened and elliptical. 
This is the endosiph1l1~cle. (Hyatt.) 

GOMPHOCERAS Sowerby. 

Stout short orthoceracones and cyrtoceracones similar to some 
species of Pkragmocems, but straighter, stouter, and less com
pressed in form, a~d gerontic aperture less contracted laterally. 
Hyponomic sinus shorter, and curvature exogastric. (Hyatt.) 
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GYROOERAS DeKonink. 

Discoid, rolled in one plane; volutions in contact or open, but 
not embracing; transverse section circular, elliptical, scutiform, 
or polygonal; body chamber large and sometimes straight or tan
gent to the spiral; opening hollowed out on the exterior border like 
the Nautilus; septa arched and frequently project, curving back
ward; siphon slender, cylindrical, and usually subcentral toward 
the convex border, but sometimes found within the concave border; 
surface tuberculous, having imbricating excrescences or ringed 
with projecting fringes from the septa. (Miller.) 

ORTHOCERAS Breynius. 

Shell conical, straight,or nearly so; body chamber large, be
hind which the shell is composed of numerous chambers separated 
by convex, transverse septa, with simple edges, at right angles to 
the longer axis of the shell; siphuncle central, subcentral or ec
centric, cylindrical or dilated in the chambers; surface smooth or 
transversely or longitudin~lly striated, OJ' furrowed.. (Miller.) 

DESCRIPTION OF SPECIES. 

CYRTOCERAS AMOENUM Miller. 

Plate XLIX, fig. 1. 

Cyrtoceras amoenum Miller, 1878, Jour. Cin. Soc. Nat. Hist., I, p. 
105, pI. iii, fig. 8. 

"Shell large, gently arched, and very gradually tapering; sec
tion slightly elliptical, the dorso-ventral diameter being a little 
more than the transverse. Body chamber contracted toward the 
front. Septa moderately arched. In the specimen figured, the 
body chamber is followed by six thin chambers hefore reaching 
what appear to represent the mature size; another specimen shows 
only five of these thin chaJl1bers between the oody chamber and the 
mature sized shell chambers. Where on the back of a shell the 
septa are nearly 2-10ths of an inch distant, the transverse diam
eter of the shell 1 3-10ths inches, and the dorso-ventral diameter 
1 5-10ths inches. Measuring on the side, however, the transverse 
diameter of the 'shell is equal to the thickness of almost nine shell 
chambers. Siphuncle small, and situated very close to the margin 
on the dorsal or outer side of the shell. Outer shell and surface 
unknown. 

"The specimen illustrated has a dorso-ventral diameter of 
1 ·1-1Oths inches, and transverse diameter a little over 1 2-10ths 
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inches. It contains twenty-three chambers, including the thiD. ones, 
between the body chamber and the broken end in a length of 2lh 
inches. . 

, 'I coUected the specimens at Richmond, Indiana, in the upper 
part of the Cincinnati group, and near the top of the bluffs which 
abut the river. "-Miller, loco cit. 

Whitewater. 

OYRTOOERAS HALLIANUM d'Orbigny. 

Cyrtoceras hatleanus d'Orbigny, 1850, Prodrome de Paleontologie, 
I, p. 1. (Not figured or described.) 

"9. Halleanus, d'Orb., 1884, C. lamelZosum, Hall, 1847. Pal
aeont. of New-York, t. I, p. 193, pI. 41, fig. 2 (non Verneuil, 
1842). Etats-Unis, New-York, Trenton-limestone."-d'Orbigny, 
loco cit. 

'rhis species reported in Kindle's list as occurring at Madison, 
Indiana (on the authority of Cornett) , i~ not a Cincinnati group 
species. 

OYRTOOERAS TENUISEPTUM Faber. 

Plate XLIX, figs. 2, 2a., 

Cyrtocems ifnuiseptum Faber, 1886, Jour. Cin. Soc. Nat. Hist., 
vol. IX, No.1, p. 18, pI. i, figs. 3 ,a-c. 

. "Specimen medium size, with slight curvature and tapering 
very- slightly. Composed of twenty thin septa, equal in width and 
rather circular in section. Siphuncle small and dorsal. Specimen 
is thirty two mm. in length, and measures in section seventeen 
mm. in its greater, and fifteen mm. in its lesser diameter. 

"3a is a dorsal view of a larger specimen of the same species, 
having five septa and a body-chamber showing the sinus. The 
body-chamber is 27 mm. in length, and rueasures in section 23 mm. 
in its greater, and 20 mm. in its lesser diameter.' This specimen 
has a thick shell, but shows no external markings. It also shows 
that a coral had begun its growth in the body-chamber and ex
tended somewhat beyond it. This species has about seventeen 
septa to an inch. 3a is a remarkable specimen, !ls it is the only 
one figured and known to me of this group with a complete body
chamber. 

"Collected by the author in the Cincinnati group near W aynes
ville, 0., and at Versailles, Ind. "-Faber, loCo cit. 
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CYRTOCERAS THOMPSONI MlIler. 

Plate XLIX, Figs. 3, 3a. 

Cyrtoceras t/wmpsoni Miller, 1893, GeoI. Nat. Rist. Indiana, vol. 
XVIII, p. 323, pI. x, figs. 7, 8.· 
., Shell medium sized, rather rapidly increasing in size and 

slightly but regularly curved j transverse diameter one-fifth greater 
than the dorso-ventral; broadly rounded on the dorsal and ventral 
sides and more narrowly rounded on the lateral sides; tra~verse 
section elliptical. 

"Septa very slightly arched, almost transverse in the young 
shell and distant from each other in the younger shell about one
tenth the transverse diameter, but nearer the body chamber in 
maturer shells about one-twelfth the transverse diameter; siphun
cle very small and close to the outer margin. Outer shell thin and 
smooth or marked by fine transverse lines of growth, of which there 
is some evidence on the specimen described. . 

"Our specimen is from the middle part of the shell and shows 
no part of the body chamber. Part of the outer shell is quite well 
preserved. It will be distinguished from other species by the 
transverse elliptical section, close septa and gentle curvature. 

"Ji'ound in the Hudson River Group, at Longw.ood, Fayette 
County, Indiana, and now in the collection of A. C. Benedict. The 
specific name is in honor of Prof. Maurice Thompson, late State 
Geologist of Indiana. "-Miller, Zoc. cit. 

ENDOCERAS PROTEIFORlIIE Hull. 

Plate L, figs. I-ld. 

Endoceras proteiforme Hall, 1847, Pal. New York, I, p. 208, pIs. 
:dv, to I. and liii. 
"General form cylindrico-conical, more or less elongated, often 

compressed, tapering somewhat unequally in different specimens; 
young specimens terminating in an extremely acute point; sur
face marked by distinct transverse striae, which usually appear 
like narrow subimbricating bands, with one edge well defined and 
more elevated than the other, more or less distinctly striated longi
tudinally; striae varyiD;g from extreme tenuity to distinct elevated 
thread-like lines; section circular; septa distant from one fifth to 
one fourth the diameter; siphuncle eccentric or submarginal. 

"I am able to characterize three distinct varieties of this spe
cies, which are the prevailing forIllS j these depend mainly on the 
surface markings of the young shell. The old shells are recognized 
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by a large submarginal siphuncle, which usually contains a smooth 
cylindrico-conical embryo tnbe or sheath. This tube is sometimes 
irregularly tapering, and always free from visible surface mark
ings or sculpture. Within this embryo tube are thc young shells, 
sometimes perfectly formed Orthocerata, and at other times desti
tute of septa or siphuncle. These young shells are also frequently, 
found separate from the parent shell or embryo tube, when we 
are compelled to rely upon the surface markings for their determi
nation. The position of the sipuncle, convexity of septa, and some 
other characters, are ,usually constant in all the varieties, which 
only exhibit· a change in the character of the surface. In the ab
sence of septa and siphuncle, which is of common occurrence in the 
young shell, the character of the surface is reliable for determining 
the species. ' '-Hall, loco cit: ' 

The characters of this species are better indicated by Hall's fig
ures, which I reproduce, than by the above description, which is 
rather vitiated by the fact that these fossils were not thoroughly 
nnderstood at that time. The great siphones of these huge Cepha
lopods, as remarked by Clarke, were favorite retreats for other 
species of Cephalopods, and to such adventitious species belong the 
so-calle,d youp.g shells mentioned by Hall, and upon which he based 
several of his varieties. The specimens that have come under my 
notice in Indiana are all of rather small size, as compared with 
the immense size of some of the examples known from the New 
York formations. They seem to have all the characters of E. pro
tei/orme, however, aside from size, and I see no reason for making 
any other qisposition of them. 

All of my specimens, which are imperfect fragments, are from 
the Richmond formation. 

1.34A17, 19... .1.41A9. 

OO:lfPHOCERAS INDIANl:<JNSE Miller alld Faber. 

Plate XLIX, figs, 4·4b, 

Gomphoceras ind:ianense Miller and Faber, 1894, Jour. Cin. Soc. 
Nat. Hist., vol. XVII, p. 137, pI. vii, figs. 3, 4, 5. 
"Shell medium or a little above medium size. Transverse sec

tion ovate. Ventral or narrow side of the ovate outline nearly 
straight, while the opposite or dorsal side is strongly arched from 
the apex to the mouth .. Body chamber forming nearly half the 
length of the shell; the specimen illustrated' has part of the tenth 
air chamber, and another specimen has pa~t of the eleventh air 
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chamber preserved, and apparently it approximates close to the 
apex. Probably, if complete, these spooimenswould not have more 
than thirteen or fourteen air chambers. Septa moderately con
cave, the concavity not amounting to the depth of an air chamber, 
and almost equally distant from each other, from the apex to the 
body chamber. The increase in the diameter of the shell is not 
followed with a corresponding increase in the distance of the septa 
from each other, or in the length of the air chambers. The sutures· 
curve forward over the dorsal or convex side of the shell. The 
greatest transverse diameter is in the lower half of the body cham
ber. The siphuncle is marginal on the straight or ventral side, and 
abruptly expands in the cavities of the short air chambers to two 
and a half or three times its diameter at the septa. The aperture 
is unknown. 

, 'The external shell is thin, transversely wrinkled and smooth. 
The surface being smooth, the transverse wrinkles do not appear 
as lamellose lines of growth, nevertheless the wrinkles may mark 
stages of growth in the shell, though they do not conform to the 
septa or sutures. 

"This species does not resemble Gompkoceras eos from rocks of 
about the same geological age. Gompkoceras eos is longitudinally 
ovoid, but not transversely ovoid. This species is not longi
tudinally ovoid, for the lateral sides are flattened, the ventral side 
nearly straight or slightly convex and the dorsal side convex, but 
transversely it is more or less ovoid. Gompkoceras eos has propor
tion:;illy a much shorter and more robust body chamber, more nu
merous air chambers and more arcuate septa, and the siphuncle is 
ececntric in the middle of the greater diameter of the shell. We 
have a good specimen of Gompkoceras cos, having eight body cham
bers, and will give some measurements for comparison. The' body 
chamber is 1 85/100 inches long; 2 60/100 inches in diameter 
dorso-ventrally or through the siphuncle; and 3 20/100 inches in 
diameter laterally; the length of the air chambers is 1 65/100 
inches, making the total length of the entire specimen 3 50/100 
inches; the lateral diameter of the last or eighth air chamber is 
2 10/100 inches, and dorso-ventrally nearly 2 inches, though it is 
broken on the siphuncular side so the latter measurement is not 
accurate. 'l'he specimen illustrated has a body chamber 1 80/100 
inches long; 2 80/100 inches in diameter dorso-ventrally; and 
only 2 inches in diameter laterally; the length of the two speci
mens does not differ very much; but the eighth air cha.mber in the 
specimen illustr/1ted has a dorso-ventral diameter of 1 80(100 

• 
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inches and a lateral diameter of only 1 40/100 indles. The outer 
shell and aperture of Gompkoeeras eos are unknown, but our ,cast 
shows a deep notch at the ventral side or the aperture, which in
dicates that the species here described is not congeneric with it. 

"l'IIr. Faber collected three specimens of this species, one of 
which is illustrated, in the upper part of the Hudson River group, 
near Versailles, Indiana, and Prof. Hubbard and Mr. J. F. Ham
mel eollected a number of specimens in the same range, associated 
with Cyrtoeerina madisonensis, near Madison, Indiana. "-Miller 
and Faber, loe. cit. 

I have specimens from the Richmond formation on Tanner's 
Creek, too imperfect for certain identification, that may belong to 
this species. 

GYROCERAS BAE~I (Meek and Worthen). 

Plate LI. fig. 1. 

Trockdceras Y baeri Meek and Worth~n, 1865, Proc. Acad. Nat. 
Sci. Philadelphia, 1865, p. 263. (Not figured.) 
"Shell subdiscoidal, consisting Qf about two or three rather 

rapidly enlarging volutions, which are more broadly rounded on 
the outer surface than on each side, and about one-fourth wider 
transversely than their dorso-ventral diameter; each inner whorl 
slightly impressing the inner side of the succeeding turn. Umbil
ielL'] a little more than half the dorso-ventral diameter of the outer 
volution, and showing all the inner vollltions. Spire apparently 
scarcely rising above the upper sudace of the last turn. Septa 
rather distinctly concave on the side facing the aperture, sepa
rated on the outer side of the whorls, at a point where the dorso- _ 
lateral diameter is about 1.25 inches, by spaces measuring 0.35 
inches-all showing a very slight backward curve on the rounded 
periphery, and passing nearly straight' across e~ch side. Surface, 
siphon, and non-septate portion of the shell unknown. 

"Greatest breadth of the· septate part of the shell, 5 inches; 
height (estimated), about 2.50 inches. Dorso-ventral diameter of 
the volutions, increasing about three-fold each turn. 

"The specimen from which this description was drawn up is 
defective on one side. so that it is not easy to determine whether 
or not its whorls are coiled in the same plane, though they have 
the appearance of being somewhat oblique, and hence we have 
placed it provisionally in the genus Tro ckoceras. Should it be 
found, however, when more nearly entire specimens can be ex,am
ined, that its whorls are coiled all upon the same plane, it. would 
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belong either to the genus Litttites or N alttilus, and hence its name 
would become Lituites Baeri, or Nautilus Baeri . 

•, The typical specimen does not show the position of the siphon, 
but a fragment found near the same locality, and at the same 
horizon, apparently of this species, though possibly belonging to 
another shell, has the siphon placed about its own breadth outside 
of the center. It pierces the septa from without inwards or back
wards, as in Nautilus. . 

.,At a first glance this sheH would seem to resemble Orypto
ceras (Lituites) undatus, as represented by fig. 3, pI. 13, vol. i. 
~alaeontology of New York, but on a closer inspection it will b~ 
at once seen to differ materially in the more rapid increase in the 
breadth of its whor~, and in the proportionally smaller size and 
greater depth of its umbilicus, as well as being apparently not 
coiled on a plane. 

"The specific name is given in honor of Dr. O. P. Baer, of 
Richmond, Indiana, to whom we are indebted for the use of the 
typical specimen."-Meek and Worthen, loco cit. 

The type is from the Richmond formation at Richmond, In
diana. 

ORTHOCERAS BILINEATUl\I UnII. 

Plate LIt figs. 2-2b. 

Orthoceras bilineatum Hall, 1847, Pal. N. Y., vol. I, p. 199, pI. xliii, 
figs_ 2 a-d. 
"General form cylindrical, gradually tapering, marked by 

slightly arched or undulating rounded annulations distant about 
two fifths the diameter; surface marked by longitudinal sharp 
elevated lines, whi~h alternate with finer lines in equal number; 
transversely marked by fine scarcely visible striae, which are in~ 
terrupted by the longitudinal lines; section circular; siphuncle 
eccentric. 

"Two series of longitudinal lines, one being more than twice 
the elevation of the other, are distinguishing features of this fossil. 
The annulations are more arched on the back than in the last 
species [0. textile], but still rounded. The transverse fine striae, 
under the magnifier, give a kind of varicose appearance, being 
closely arranged and slightly arched between the longitudinal ones, 
following the oblique direction of the annulations. 'fhe difference 
in the size of the longitudinal and transverse lines is a striking 
peculiarity of the species, rendering it readily distinguishable from 
the last. "--Hall, loe. cit. 
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Hall's types are from the lower shaly strata of the Trenton 
limestone at Middleville, Turin and Lowville, New York. The 
species is reported in Kindle's list from Madison, Indiana, but it 
very probably does not occur in the Cincinnati series. 

ORTHOOERAS BYRNESI Miller. 

Plate LI, fig. 4. 

Ortkoceras byrnesi Miller, 1875, Cincinnati Quarterly Journal of 
Science. II, p. 126, fig. 13. 

"Shell medium size, very long, and slowly tapering; arch of 
the chambers about equal to the distance between the septa, and 
distant about one seventh the diameter of the shell; siphuncle ec
centric or crossing from one side to the other, and consisting of a 
series of slightly ovate enlargements in each chamber. The great
est diameter of the siphuncle is as much or a little more than the 
distance between the septa, while the septa are pierced with holes 
about two thirds the diameter of the siphuncle. 

"The ~istance between the septa does not always increase uni
formly, as the shell enlarges its diameter, but take a large number 
of chambers and the increased distance between the septa becomes 
manifest. It is likely that the increased distance between the septa 
is more uniform in rapidly tapering shells than in the longer and 
more slowly changing ones. 

, 'Found on the hills back of Cincinnati; range unknown. 
"Specific name given in honor of Dr. R. M. Byrnes, of Cincin

nati. "-Miller, loe. cit. 
On the basis of strong similarity of the longitudinal section to 

that figured by Miller, I have referred a speci14en from Manchester 
.station, Indiana, from the upper part of the Lorraine to this spe
cief!. I admit that from the imperfect nature of the specimen the 
identification is worth very little. 

ORTHOOERAS OARLEYI Hall and Whitfield. 

Plate LIl, fig. 1. 

Orthocems carleyi Hall and Whitfield, 1875, PaL Ohio, II, p. 98, 
pI. iv, fig. 19. 
"Among the fossils received for examination from the Hudson 

River formation there is a very interesting specimen of Ortho". 
ceratite, which does not appear to belong to any described species, 
but is in such a state of preservation as to present bnt few dis
tinguishing features. Still, the conditions under which it presents 
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itself are of such a nature' as to make it one of considerable inter
est. The specimen consists of an inner septate tube of a little more 
than five inches in length, with a diameter at the lower end of 
about three-eighths of an inch, by about seven-eighths of an inch 
at the upper end, giving an increase of half an inch in the length 
of five inches, or one-tenth of the length. This tube is surrounded 
by two others, one within the other; each of the three being sepa
rated by a space of about an eighth of an inch on either side, giv
ing to each about the same degree of expansion. The spaces be
tween the tubes are filled with sedimentary matter; that between 
the inner and n!iddle tube being composed chiefly of finely commi· 
nuted organic remains, while that between the two outer tubes is 
composed of fine silt chiefly, and in some places of crystalline mat
ter. 'fhe septa of the inner tube are closely arranged, eight of the 
spaees measuring one inch where the upper end of the spaee meas
ured is seven-eighths of an inch in diameter, those below being a 
little closer. These are all either empty spaces, or filled only by 
crystalline matter. There is not the least evidence of septa or 
partitions of any kind across the spaces between the several tubes. 
The specimen lies imbedded in the roek, and weathered away to 
near the center of its diameter, but the section at the end shows 
that the inner tubes rest upon, or nearly upon, the inner surfaces 
of the surrounding ones, as though they had settled to this posi
tion after they had been imbedded in the·sediment. These condi
tions would seem to indicate that there had been no very intimate 
connection between the several tubes, and that the spaces between 
the outer ones and the inner septate portion had been open to the 
access of foreign matter, while the inner septate portion had been 
closed, or that the outer tubes had been independent of each other, 
and of the inner ones, and had only drifted into each by accident. 
If this has really been the case, these outer· tubes must 'be only the 
terminal chamber or chambers of habitation, and must have been 
of unusual length, as the degree of tapering would carry the mid
dle tube to within a few inches, if perfect at the lower end, of the 
point of a specimen nearly or quite fifk>en inches in length. The 
probability, however, is that they are only fragments of outer 
chambers that have drifted upon the inner ones by accident. 

"The first sight of the specimen might be taken for a beautiful 
example of the genus Endoceras; but true examples of this genus 
are septate in the outer tubes, while the inner ones are free from 
septa. The reverse is, however, the case'in the example before us." 
-Hall and Whitfield, loco cit. 
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The type is from the Richmond formation at Fayetteville, 
Brown County, Ohio. I am very un~ertain about \ts occurring in 
Indiana. 

OR'rHOCERAS DUSERI Hall and Whitfield. 

Plate LIl, tlgs. 2-2b. 

Ortkoceras duseri Hall and Whitfield, ] 575, Pal. Ohio, II, p. 97, 
pI. iii, figs. 2-4. 

Shell of medium size, rather rapidly and gradually enlarging 
from below upwards, the diameter increasing to twice the size in 
the space of four and a half . inches. Transverse section circular; 
length of the outer chamber not deterniined. Septa moderately 
concave, and closely arranged, but gradually increasing in dis
tance with the increased size of the shell-six chambers occupying 
the space of one inch where the diameter of the shell is one and a 
half inches at the upper one of those measured; nearer the joint 
there are ten to twelve in the same distance where the diaD;leter 
is only three-fourths of an inch. Siphuncle eccentric, situated a 
little nearer to the center than to the margin; very small .where 
it passes through the septa, but expanding within the chambers to 
about four times its diameter at the other point, and forming a 
flattened bead-like body within each chamber . 

."Surface of the shell apparently smooth, except that the edges 
of the septa are raised above the genera] level, in the form of nar
row rings. This feature may possibly be due, in part at least, to an 
expansion of the. septa during the process of petrifaction, but it 
would scarcely seem to be the case, as the feature is too regular, 
and only shows where the external sholl is wholly or partly pre
served. The rings are often some little wider on the surface than 
the thickness of the septa. Where the surface is most perfectly 
preserved there is also a finely reticulate or net-like character, 
dividing the surface into small rhombic figures of microscopic di
mensions, having their longest diameters corresponding to the 
length of the shell, and presenting a surface similar to that fre
quently produced by the attachment of bryozoans; but the regu
larity is so great that this can not have been the origin of the fea
ture; neither have the rhombs anything like a radial structure or 
direction in any part, as would have· been the case if they were 
the result of the growth of a bryozoan. Along one side of the 
shell and directly opposite to the position of the siphuncle, there 
is a narrow, raised, longitudinal line, extending the entire length 
of the tube, but slightly interrupte.:t just above each one of the 
annular rings. 
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"The species resembles somewhat the O. c'rebriseptum, Hall 
(Paleontology of New York, Vol. I, p. 313, pI. 87), but increases 
much more rapidly in size, and does not possess the longitudinal 
markings of that species. In the rapid expansion of the tube it 
corresponds nearly with O. Sieboldi, Bill.; from the island of Anti
costi; but the. septa are much more numerous, that one having 
seventeen in the space of seven inches, while this one has the same 
number in the space of two and one half inches. "-Hall amI Whit
field, Zoc. cit. 

The type is from the Richmond formation at Waynesville, Ohio. 
I have with great hesitation listed a specimen as this species, com
ing from a slightly lower horizon on Tanner's Creek, Indiana. 

, ORTHOCERAS GORbYI Miller. 

Plate LII, fig. 8. 

Orthocems gorbyi ,Miller, 1893, Geol. Nat. Hist. Indiana, XVIII, 
p. 322, pI. x, fig. 2. 

"Shell about medium, size, among specie!'; from the Hudson 
Uiver Group, very long, slowly and gradually enlarging from be
low upward, and increasing' in diameter only .04 of an inch in an 
inch in length; transverse section subcircular; septa very mod
erately concave, closely arranged, thirteen of them occurring in a 
distance equal to the diameter of the shell, where the diameter is 
1.1 inches; surface marked by broad furrows or undulations that 
cross the shell at an angle of twenty or twenty-three degrees from 
the ventral to the dorsal side. The tWI) specimens examined are 
casts, but one of them bears a few. fine longitudinal lines that indi
cate the surface of the shell was so marked; body chamber and 
siphuncle unknown. 

"This species will be distinguished by its elongate form, close 
septa and inclined undulations. 

"Found by A. O. Benedict, in the Hudson River Group, in 
Franklin County, Indiana, and now in his collection. The species 
is named in honor of the State Geologist. "-Miller, lac. cit. 

ORTHOCERAS JUNCEUM Hall. 

Plate LI, figs. 5-5e. 

Orthoceras junceum Hall, 1847, Pal. New York, I, p. 204, pI. 
xlvii, 3 a-f. 
"Slender, terate-cylindrical, tapering very gradually; septa 

thin, distant from one fourth to one third the diameter; outer 
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chamber deep; siphuncle small, central; section circular; sur
face finely striated transversely, but without longitudinal striae. 

"This species presents a surface marked precisely similar to 
Endoeeras p"oteiforme, var. lineolatum; but· the shell is much 
more slender and gradually tapering, the siphuncle being always 
central. The septa, towards the outer chamber, are more closely 
arranged, sometimes two ()r three in the usual space of a single 
one. 

"This is a constant species, presenting no important variation 
in its characters. All the specimens seen are imperfect, and t4e 
interior is often filled with crystalline matter, which obliterates the 
septa and siphuncle. The outer chamber, though incomplete, is 
proportionally very deep. Very little variation in size has heen 
observed in all the specimens obtained. "-Hall, loe. cit. 

Reported in Kindle's list from Madison, Indiana. This IS a 
Trenton species and very probably does not occur in 'Indiana. I 
have given figures and description, however, because Nickles in his 
list of Cincinnati fossils includes it among the species reported 
from the Utica formation. If he is correct, it may possibly be 
found in rocks of the same age in Ip.diana. 

ORTHOCERAS MOHRI Miller. 

Plate LI, fig. 3. 

Orlkoeeras mohri Miller, 1875, Cincinnati Quarterly Journal of 
Science, II, p. 124, fig. 10. 
"Shell elongated, tapering very regularly, at the rate of about 

0.16 inch to the inch, to an acute point. Septa rather strongly 
arched, and distant about one fourth the diameter of the shell. 
(Measurement of three different polished specimens produced the 
following result: Diameter 0.62 inch, septa distant 0.15 inch; 
diameter 0.60 inch, septa distant 0.12 inch; diameter· 0.25 inch, 
septa distant 0.06 inch.) Siphuncle central, and having the ap
pearance of a connected series of oval beads, with the larger ends 
directed forward, and gradually diminishing in size, as the dis
tance between the septa becomes less -and less. Greatest diameter 
of the siphuncle about or a little more than one fourth the diam
eter of the shelL Outer chamber more than one fourth the length 
of the shell, measuring to the end of the siphuncle. Outer surface 
of the shell in good· specimens smooth, and not showing the septa 
within. . 
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"Polished specimens show septa commencing to form in the 
body chamber, in advance of the siphuncle; those near the siphun
cle approaching, while those more distant only commencing to leave 
the outer shell. 

"I found this species near Versailles, Ind., about 300 feet below 
the Upper Silurian rocks, associated with Anodontopsis millen, 
Anomalodonta gigantea, Modiolopsi~ Versaillesensis, Cyrtolites 
ornatus, showing the outer shell and surface markings, and other 
fossils better preserved than I have 'found them elsewhere. The 
specific name is given in honor of our paleontological friend, Paul 
Mohr, Sr., Esq. "-Miller, loc. cit. 

Probably from somewhere in the Waynesville formation. There 
, is not 300 ft. of Oraovician rock in the Versailles section. 
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OSTRACODA. 

DIAGNOSES OF GENERA. 

CERATOPSIS Ulricb. 

Valves somewhat obliquely subovate, widest posteriorly, straight 
dorsally, with a thick rounded semicircular marginal ridge, and 
two submedian ridges extending obliquely upward from the mar
ginal ridge, the anterior one reaching the dorsal edge, the other 
shorter and smaller; . post-dorsal end of n;targinal ridge raised into 
strong spine-like or mushroom-shaped process, beaded or fimbriated 
along one edge or around the flattened top. Free edges of cara
pace as in Ctenobolina, being thick, and having 'false borders.' 
(Ulrich.) 

CTENOBOLINA Ulricb. 

Carapace small, elongate-suboval, strongly convex, the poste
rior two-fifths more or less decidedly bulbous or sub globular, and 
separated from the remainder by a deep, narrow and more or less 
oblique sulcus extending with a gentle curve from the dorsal mar
gin more than half the distance across the valves toward the 
postero-ventral border. The anterior three-fifths often with an
other oblique but less impressed sulcus. Valves equal, the dorsal 
margin straight, hingement simple, the' ventral edge thick, and 
the true contact margins generally concealed, in a lateral view, 
by a 'frill' or flatteRed false border; surface granulose, smooth, 
or punctate. (Ulrich.) 

ENTOMIS Jones. 

Shell subovate or fabiform; valves with a slightly curved sub
median vertical furrow extending to hinge line; in front of fur
row occasionally a rounded tubercle. Surface marked generally 
with raised, concentric, transverse or longitudinal lines. (Ulrich.) 

EURYCHILINA Ulrich. 

Carapace with a lon.g, straight hinge line; semicircular, oblong
subquadrate, or somewhat rollIided in outline; generally with a 
well defined subcentral vertical sulcus and a more or less promi
nent node immediately behind it. Except at the dorsal side, the 
valves are sourrounded by a wide marginal area, externally either 
flat or convex, and usually marked in a radial manner; on the 
inner side deeply concave, an outer wall being raised almost to the 
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level of the true or closing edge of the valve; area. terminated in 
most cases by a narrow rim-like border. Hinge simple. Surface 
beautifully reticulated, pitted, granulose or smooth. (Ulrich.) 

LEPERDITIA Ronault. 

Carapace more or less convex, often large, suboblong or semi
ovate in outline, with an oblique backward swing; dorsal edge 
straight, often angular at the extremities; ventral outline rounded, 

. sometimes a little produced at the· middle; greatest thickness in 
the ventral half, the lower edge usually being also blunt; valves 
up.equal, the right the larger and o\'erlapping the left; overlap 
chiefly ventral, simple, o~ the furt-her entrance of the ventral edge 
of the left valve is prevented by two or more papillae set within 
the overlapping edge of the right; hinge simple. Surface fre
quently horny in appearance, smooth in most cases, granulose or 
minutely punctate in others; a small tubercle or "eye-spot" is 
generally present on the antero-dorsal fourth, and a large, rounded 
subcentrally situated sunken muscle-spot is seen on the inner side 
of the valves and not· infrequently distinguishable on the exterior 
also. (Ulrich.) 

PIUMITIA Jones and Holl. 

Carapace small, varying in outline, usually subovate, but the 
hinge is always straight; valves equal, uever'overlapping, gen
erally provided with a narrow border; in, or to one side of, the 
middle of the dorsal half, a well-marked pit or sulcus; the pit 
may be rounded or situated subcentrally, or it may be drawn out 
vertically so as to extend from the dorsal margin half across the 
valve; on one or both sides of the sulcus the surface may be 
raised into a low, rounded or ridge-shaped prominence. Surface 
of valves punctate, reticulate, or withoot ornament; in rare cases 
it seems to have been minutely granulose. (Ulrich.) 

TETRADELLA Ulrich. , 
Carapace somewhat oblong, often subquadrate, never tumid, 

-with the hinge line straight. Surface depressed, with a semi
circular ridge; within the enclosed space two simple or slightly 
modified, equal or unequal, and more or less nearly vertical ridges 
unite below with the marginal ridge and extend upward from it, 
one in many cases failing to reach the dorsal margin. Free edges 
usually with a simple flattened border; in one case (T. subquad
rata) thick and with the contact margins concealed by a "false 
border." Surface smooth or granulose. (Ulrich.) 

[66] 
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DESCRIPTION OF SPECIES. 

BOLLIA PUMILA Ulrich. 

Plate LIlI, figs. 12, 12a. 

Bollia pumila Ulrich, 1890, Jour. Cin. Soc. Nat. Rist., vol. XIII, p. 
117, pI. xii, figs. la, lb. 

"Valves oblong-subelliptical, the anterior end somewhat nar
rower than the posterior, and with the point of greatest extension 
near the antero-dorsal angle; . from here the edge curves backward 
into the uniformly convex ventral portion; posterior end rounded, 
nearly vertical, forming an obtuse angle where it joins the dorsal 
margin; the latter is never quite straight, but protrudes more 
or less in the central third of its length. A narrow ridge runs 
nearly parallel with the free edges, the abruptness with which it 
rises above them varying slightly. The ends· of the inner or horse
shoe shaped ridge characterizing the genus are bulbous and project 
a little beyond the dorsal margin; the curved portion thin, gen
erally a little oblique, and well separated from the nia'fginal ridge. 

"Size: Length, 0.86 mill.; height, 0.52 m,m. 
, 'This species is smaller than usual in this genus. Its chief pe

culiarity is the bulbous enlargement of the ends of the horse-shoe 
ridge. It is too clearly distinct from. B. persuloata, fir., to require 
comparisons. "-Ulrich, loo. oit. 

The types are from the Richmond formation at Weisburg, In
diana. It is also known from other localities in Ohio and Indiana. 

CERATOPSIS CHAMBERSI (Miller). 

Plate LIII, figs. 1, 1a. 

Beyriohia okambersi Miller, 1874, Cin. Quar. Jour. Sci., vol. I, p. 
234, fig. 27. 
"Shell small, subreniform, dorsal margin straight, nearly as 

long as the entire length of the shell, basal margin subelliptical; 
anterior end wider than the posterior. The body of the valve is 
crossed by two broad, deep sulci, one of which is situated imme
diately behind the eye tubercle in the anterior third, the other in 
the middle third of the shelL The projecting basal margin is 
marked with a depression throughout its length, and bordered with 
a carinated edge. 

"The eye tubercle is about as long as the breadth of the shell, 
and rises like a half corie . from the extreme anterior end, with the 
flattened face in the rear marked by fine oblique'lures: very much 
resembling in appearance, when magnified, the teeth of a comb. 
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"Greatest length of the shell about 1/15 inch; breadth, one
third less. 

"This species is readily distinguished from all others by the 
remarkable eye tubercle. In other respects it most nearly resem
bles B. 'oculifer (Hall), though not exactly corresponding with it. 

"I first found it in the excavation l?r Columbia Avenue, in 
Cincinnati, about 150 feet above low water mark; subsequently I 
found it at Richmond, Indiana, in the upper part of the Cincinnati 
group, thus indicating that its range is coextensive with the ex

. posure of the blue limestone. I found, however, only one slab at 
Richmond and two at Columbia avenue bearing the fossil, and do 
not know of any others having been found, but, considering its 
great range, we must expect to find it in some locality in great 
abundance, and the only reason this has not thus far been accom
plished is most likely owing to the extreme minuteness of the 
fossil. 

, 'The sp~ific name is given in honor of our most eminent nat
uralist and learned entomologist, V. T. Chambers, Esq., of Coving
ton, Ky. "-Miller, loc. cit. 

Miller, above, reports this species from the Richmond forma
tion at Richmond, Indiana. From the statements of Ulrich, how
ever, there would seem to be some doubt about the typical form 
of the species occurring in the upper part of the Cincinnati series. 
Apparently he would refer the Richmond forms to his variety 
robusta. 

OERATOPSIS CHAMBERSI var. ROBUSTA Ulrich. 

Plate LUI, figs. 2, 2a. 

Oeratopsis charnbersi var. robusta Ulrich, 1894, Geological and 
Natural History Survey of Minnesota, voL III, pt. II, p. 677, 
fig. 50. 
"This designation is proposed for the variety which occurs in 

the upper beds of the Cincinnati group at numerous localities in 
Ohio, Indiana and Kentucky, and in the equivalent Hudson River 
group strata of Minnesota. So far as known it is not to be found 
below the horizon of Orthis subquadrata Hall, and Rhynchotreta 
capax Conrad, It differs from the typical form of the species in 
having all the ridges somewhat thicker, and the post-median one 
much larger. In many cases the latter is nearly or quite equal to 
the anterior/ridge, and extends like it entirely across the valve. 
The ventraiportion of the carapace al."o is thicker, and the mar
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ginal ridge sub angular where the contour turns abruptly inward 
. to the false border.' '-mrich, loco cit. 

Reported by IDrich from Richmond and Versailles, Indiana. 
Liberty (?). 

CERATOPSIS OCULIFERA Hall. 

Plate LIlI, figs. 3, Sa. 

Beyrichia oculifer Hall, 1871, 24th Report of the New York State 
Museum, p. 232, pI. viii, figs. 9, 10. 

"Carapace small, seldom exceeding seven-hundredths of an inch . 
in length, by three to four-hundredths in the greatest breadth in 
the largest specimens; valves obliquely subreniform, broadest near 
the anterior end, with a straight hinge line, which is a little shorter 
than the greatest length of the valve; anterior end projecting be
yond the hinge; center moderately convex, with a proportionally 
broad, deep channel just -within the margin, extending all around 
it, except for a short distance at the posterior extremity near the 
dorsal margin. The body of the valve is crossed obliquely by two 
deep furrows, having their origin on the dorsal margin, the pos
terior one situated a little more than oDe~third of the length of 
the valve from the posterior extremity and extending fully two
thirds across it; the anterior furrow is situated just behind the 
anterior. third of the length, and in its lower portion is more 
strongly curved forward than the other. Eye tubercle large, pedun
culated, very prominent, and spreading at the top, its surface equal 
to about one-third the width of the valve, and its height at the 
posterior margin equal to the breadth of the top, while the anterior 
margin is but little elevated, giving an obliquely sloping circular 
surface, with a denticulated b01;der. This surface, under a strong 
magnifier, is seen to be covered by fine eye-like facets, similar to 
those of the eyes of Triliobites of the genus ILLAENUS., 

"This species is very distinct from any other described, in the· 
form and strength of the transverse furrows, and especially in the 
great prominence of the club-shaped eye tubercle. So' far as Cali be 
ascertained, it is the first species of this group of crustaceans in 
which the eye facets have been detected. "-Hall, loco cit. 

1.34C10. 
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CTENOBOLINA CILIATA var. HAMMELl (Miller and Faber). 

Plate LIB:, fig. 6. 

Beyrickia kammeli Miller and Faber, 1894, Jour. Cin. Soc. Nat. 
Hist., XVII, p. 157, pI. viii, fig. 26. 

"Carapace medium size, dorsal margin straight and nearly as 
long as the greatest length of the valves. Anterior and posterior 
extremities broadly rounded, the anterior being slightly the wider 
of the two. Greatest width of the valves at the anterior third, 
where the width is to the length of the dorsal margin about as 
three is to four. Basal margin rounded, and slightly advancing at 
the anterior third. Valves moderately convex, with a border on 
the anteriorr posterior, and basal margins, separated from the valve 
by a sharply-defined line or groove. The border on the basal mar
gin is about one-sixth the width of the valve, and it narrows to 
about two· thirds that width at the antero-dorsal angle, and to about 
one·third that width at the postero-dorsal angle. The body of the 
valve is constricted by two sulci, directed obliquely backward from 
the basal border of the shell; the anterior one arises at the groove 
separating the border from the body of the shell, at the antero
basal margin, and when half way aeross the valve bifurcates, the 
stronger sulcus directed forward toward the antero dorsal margin, 
and the shallower one fading. out before it reaches the dorsal mar
gin of the shell. There is thus formed, anterior to this sulcus, a 
large, convex, rounded area, and between the branches of this 
sulcus and the dorsal margin a depressed, convex, subtriangular 
area. Between the two oblique sulci there is a convex ridge more 
prominent than the rounded area in front, and which extends far
ther toward the basal margin than either the anterior or posterior 
convex areas. The posterior oblique sulcus fades out before it 
reaches the dorsal margin. The area between the posterior oblique 
sulcus and the posterior extremity of the valve is wider, but not 
as prominent as the more central ridge between the oblique sulci. 

"The surface of the valves is. distinctly granulous. The mar
gin of the border, as seen from the interior side of the shell, is 
fringed or ciliated in the same manner as Beyrichia ciliata. 

"This species, when compared with Berychia ('-iliata, is propor
tionally wider; has a wide border, while that species has only a 
linear border i has deeper sulci. and a more convex ridge between 
them. Judging from some recent publications on the Ostracoda, 
there are those who would affix a new generic name to this species, 
but what light that would shed upon its characters, or how it 
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would advance knowledge or assist in classification, we are unable . 
to understand. We'think it is a.true Beyrichia. 

"Found in the upper part of the Hudson River Group, by one 
of the authors, at Versailles, Indiana, as&ociated with Cyclora pul
cella, Palaeoconcha faberi, Hyolithes t'crsaillesensis, and other 
small fossils. 

"The spe~ific name is in honor of Mr. J. F. Hammel, the well
known geologist of Madison, Indiana. "-Miller and Faber, loco cit. 

ENTOMIS MADISONENSIS Ulrich. 

Plate LIII, figs. 8. 8b. 

Entomis madisonensis Ulrich, 1890, Jour. Cin. Soc. Nat. Hist., vol. 
XIII, p. 107, pI. vii, figs. 12a, 12b. 
"Valves oblong-ovate, the back straight but short, the ends 

subequal and curved almost uniformly into the much more gently 
convex ventral edge. Sulcus deep, nearly central, extending from 
the dorsal edge fully two-thirds across' the valve, bending forward 
a little at its lower extremity. Anterior half moderately convex; 
posterior half more so, and rising abruptly from the sulcus. Sur· 
face smooth. 

"Size: Length, 1.3 mm.; height, 0.78 mm. 
"This, and a much larger for~ from the Niagara of Indiana, 

are the only species of Entomis at present known to me from 
American rocks. Though appar~ntly a true species of the genus, 
E. madisonensis does not seem to be very closely related to any of 
the European forms. 

"The strong sulcus will distinguisb it from species of Primi- . 
tia. "-Ulrich, loco cit. 

The types are from the . uppermost beds of the Cincinnati series 
at Madison, Indiana, where it is said to be rare, 

EURYCHILINA STRIATOMARGINATA Miller. 

Plate LIlI, fig. 9. 

Beyrichia striato-marginata Miller, Cin. Quarterly Jour. of Science, 
I, p. 233, fig. 26. 
"Shell small, semi-elliptical; dorsal margin straight, rounded 

at both 'ends; basal margin elliptical. Valves strongly convex, 
with a single depression extending from the middle of the dorsal 
margin, at right angles, about half the breadth of the shell~ Bor
der one third the width of the shell, and finely striiited or lined 
from the shell outward. 
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"Length about 4/60th inch, and width about 2/6Oth inch; cone 
vexity nearly as great as the width. 

, 'I found this species in the upper fifty feet of the Cincinnati 
group, about fifty miles west of Cincinnati and about three miles 
south of Osgood, Indiana. "-Miller, loco cit. 

Saluda. 
LEPERDITIA CAECIGENA Miller. 

Plate LUI, figs. 10-lOc. 

Leperditia caecigena Miller, 1881, Jour. Cin. Soc. Nat. Rist., voL 
IV, p. 262, pI. vi, figs. 5, 5a. 

"Length usually about 12/100 inch, breadth about 8/100 inch, 
and thickness about 4/100 inch. 

"General form subovate. Ringe line straight, a little more 
than half the length of the valves. Anterior end narrower than 
the posterior, extending but little beyond the hinge line, when it 
rapidly curves into the ventral line below. The posterior part is 
broadly rounded, and constitutes beyond the hinge-line full . one
third the length of the valves. Valves most convex at the posterior 
third. Surface smooth and eye-tubercle obsolete. 

"This is a true Leperditia, as one valve overlaps the other. 
"The author collected this species in the upper part of the 

Hudson River group at Versailles, and near Osgood, Indiana. The 
specimens illustrated and described are in his collection. "-Miller, 
loco cit. 

Reported by IDrich from near Madison, Indiana. 

PRIMITIA CINCINNATIENSIS (MlIler). 

Plate LUI, figs. ll-l1d. 

Beyrichia cincinnatiensis Miller, 1875, Cincinnati Quarterly 
Journal of Science, II, p. 350, fig. 25. 
"This is the smallest Beyrichia, known to me, in the Cincin

nati rOcks. It belongs to the unisulcate group of 'simplices,' and 
is very closely related to the Leperditia. General form elliptical, 
with astraight dorsal edge. Surface of the valves smooth, convex, 
with a single depression extending from the middle of the dorsal 
margin across about or a little over half the breadth of each 
valve. Ventral and terminal margins bordered by a very narrow 
depressed rim. 

"Length of specimen about 2/100 inch; breadth about two 
thirds the length, 

"It is found associated with B. quadrilirata, on slabs, about 



1048 REPORT OF STATE GEOLOGIST. 

three miles east ofWeis~urg on the 1. & C. R. R., and with the 
same fossil and B. chambersi about two miles north-east of Fort 
Ancient, on the L. M. R. R. The rocks at each of these places are 
about 300 feet below the upper Silurian. "-Miller, loco cit. 

Arnheim. 
PRIMITlA IMPRESSA Ulrich. 

Plate LIlI. figs. 7·7 d. 

Primitia impressa Ulrich, 1890, Jour. Cin. Soc. Nat. Rist., voL 
XIII, p. 131, pI. x, figs. 3 a-c, 4· a-c. 
"A small, ovate species, rather tumid, with the dorsal and ven

tral margins nearly equally convex, and the ends equal, or the 
anterior slightly the widest. The free margins usually with an 
indistinct flange. Sulcus situated centrally, or a little in front of 
the middle, unusually deep, extending from the dorsal edge nearly 
half the distance across the valve, terminating abruptly. Just 
behind the sulcus a more or less faint swelling. 

" Size: Length, 0.6 mm.; height, 0.3~ mID. 

"The valves of this species are more convex than those of P. 
fabulina, Jones and Roll, and P. humilis, Jones and Roll, to both 
of which it is closely related. . Both of those species differ further 
in having the posterior end wider, and the point of greatest con
vexity further removed from the dorsal edge. There is no species 
known to me from American rocks resembling this sufficiently to 
make comparison necessary. "-lTIrich, loco cit. 

1.34A1, 3, 4, 7, 8 0). 

TETRADELLA QUADRILIRA~A Hall and Whitfield. 

Plate LIlI, lIgs. 4, 4a. 

Beyrichia quadrilirata Rall and Whitfield, 1875, Pal. Ohio, II, p. 
105, pI. iv, figs. 6, 7. 
"Carapace minute, the larger individuals seldom exceeding 

three-hundredths of an inch in length, and often not more than 
that size. Form sub-quadrangular, longer than wide, the propor
tions being about as two to three, and a little the wiliest at the 
anterior third of the length. Dorsal margin straight, a little less 
than the length of the valve; ends squarely rounded, and the basal 
line scarcely flattened. General surface of the valves flattened, 
but marked by transverse furrows, four in number, three of which 
are distinct and deep, extending across, or nearly across, the valve; 
the fourth is less distinctly marked and extends hu't'little more 
than half way across the valve. The furrows divide the surface 
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of the valves into transverse ridges, whi.ch are situated, one at each 
end, and one at each' third of the length. Those situated at the 
ends are :qarrow and abruptly elevated; that at the anterior third 
of the length does not reach quite to the dorsal margill; while that· 
of the posterior third is much the strongest, rapidly widens in 
the lower part, and divided along the middle by the fourth, or 
smaller furrow, which gives it the character of a strong ridge, bi
furcating in the lower half. The central furrow is wider than the 
others, oblique in its direction, and somewhat curved in its course 
toward the ventral border. The margin of the valves is strongly 
and abruptly depressed below the general surface, forming a nar
row, flange-like projection around the ends and basal portions. 
Surface of the crust not spinose or granulose under a lens of mod: 
erate power. 

"The species somewhat resembles B. trisulcata, HalL from the 
J-lower Helderberg group, in the general expression of the valves, 
but differs in the relative position of the furrows. The specimens 
vary considerably in the strength of the ridges, these, in some cases, 
being broad and rounded, as in the specimen figured, while in 
others they are sharp and narrow, leaving broader furrows be
twe~n. "-Hall and Whitfield, loco cit.. 

The types are from the Richmond formation near Waynesville, 
Ohio. The species is also reported by Ulrich from Richmond and 
Versailles, Indiana, from the Richmond formation. 

TETRADELLA QUADRILIRATA var. SIMPLEX Ulrich. 

Plate LIlI. figs. 5, 5a. 

Strepula quadrilirata Val'. simplex illrich, 1889, Contributions to 
the Micr()...Paleontology of the Cambro-Silurian rocks of Call
ada, II, p. 55, pI. ix, fig. 13. 
"Figure 13, plate IX [of Ulrich's paper] represents a variety 

from Stony Mountain, Manitoba, that may be designated as var. 
simplex. It differs from the typical form in having the postero
median ridge simple instead 'of bifurcated below. The vertical 
plates which divide the anterior edge of the typical form intO' shal
low cavities seem also not to have been developed except to a very 
limited extent. A very similar variety occurs in the Trenton shales 
of Minnesota. "-TJlrich,loc. cit. 

Reporteg by Ulrich fromW'eisburg, Indiana, from the· Rich
mond format~on. 
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CIRRIPEDIA. 

LEPIDOCOLEUS JAMESI (Hall and Whitfield). 

Plate LIll, figs. lS·lSd. 

Pl1tm'ulites jamesi Hall and Whitfield, 1;,75, Pal. Ohio, p. 106, pI. 
iv, figs. 1·3. 

"General form of the plates triangular, with the apex a little 
inclined to one side, the lateral margins gradnally and rapidly 
diverging from the initial point, one of them considerably longer 
than the other. Basal margin sigmoidal, the convex portion situ
ated next to the longest lateral face, the concave portion to the 
shorter, and the shorter lateral margin deflected downwards in 
some cases (probably the marginal row of plates). 

"The surface of the plates is flattened or slightly convex on 
the sides, and very faintly depressed along the middle, the whole 
marked by rather closely arranged, . annulating, and scaliform 
transverse lines parallel with the basal or sigmoidal margin, and 
marking stages of growth. These transverse lines are usually 
faintest neal' the apex, and gradually inerease in width with the 
increased growth of the plate, but in some eases they are quite 
irregular in their distances. 

"The length fro~ the apex to the basal margin of the plate is 
usually a little greater \han the transverse diameter, and seldom 
exceeds a sixteenth of an inch, the largest specimens seen not meas
tuing a line in their greatest diameter. "-Hall and Whitfield, 
loco cit. 

I have seen many fragments of a species probably the same 
as the above, though I do not feel that the identification is a sure 
one. 

5.9AB ....1.34A3, 4, 7, 8, 10, 12, 15a .... 1.3408. 
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TRILOBITA. 

DIAGNOSES OF GENERA. 

ACIDASPIS Murchison. 

Cephalon semicircular or semiellil'ticaI, thickened margiu 
spinous and genal angles produced into spines of greater or less 
length. Glabella with one large median lobe and two on either side, 
one or more spines frequently project backward from the pos
terior margin of the glabella. Eyes prominent. Thorax with 
eight or nine segments; pleurae laterally ex tended into long spines, 
ridged. Pygidium small, .margined with spines. 

CALYMMENE Broglliart. 

Body oval in outline, POss€,ssing the power of enrolement tn 
perfection; glabella conical, strongly convex, divided by three 
pairs of deep lateral grooves; eyes small; hypostoma quadrate, 
notched. Thorax of thirteen segments, axial furrows deep; pygi
dium or from six to eleven segments, Hot distinctly marked off 
from the thorax. (Beecher.) 

CERAURUS Green. 

Body very much depressed and slightly tapering. Cephalon 
scarcely trilobate; cheeks large, fiat, with small remote oculiform 
tubercles; posterior (genal) angle of the cephalon spinous. Thorax 
with twelve articulations. Pygidium rounded at the end, hut 
terminating on each side with two slightly curved spines. (Green.) 

DAI,MANI'l'ES Emmrich. 

Glabella with three well-marked lateral furrows; genal angles 
produced into spines; eyes large, prominent, and with many dis- . 
tinct facets; pygidium triangular, frequently pointed or mucron
ated, with more than eleven segments, sometimes twenty or more. 
(Beecher.) 

ASAPHUS Brogniart. 

Cephalic and caudal shields of nearly equal size, with broad 
infolded margin; glabella expanded, nearly smooth; free cheeks 
large; hypostoma deeply farked; eye"! large and prominent; 
thoracic segments eight; pygidium not strongly segmented, often 
nearly smooth. (Beecher.) 
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Subgenus ISOTELUS DeKay. 

Same as in Asaphu8, but with broad unsegmented pygidial 
axis at maturity.. . 

PROETUS Steininger. 

Head-shield semicircular, with thickened marginal rim; gla
bella well defined, extending nearly to the anterior margin, lateJ,"al ' 
furrows obsolescent, basal lobes often present. Eyes large, cres
centic, near the glabella; thoracic segments usually ten, pleura 
grooved; pygidium semicircular, margin entire, axis elevated, seg
mented; limb ribbed. (Beecher.) 

TRINUCLEUS Lhwyd. 

Cephalon with a broad, regularly pitted border, produced be
hind into long genal spines; glabella prominent; thorax of six 
segments; axis narrow; pygidium triangular, wide" short. 
(Beecher.) , " 

DESCRIPTION OF SPECIES. 


ACIDASPIS CERALEP'£A (Anthony). 


Plate LIV. figs. 1. la. 


Ceratocephalia ceraZepta Anthony, 1838, Amer. Jour. Sci., 

XXXIV, p. 379, figs. 1, 2. 
"CeratocephaZa ceraZepta.-Clypeo antice rotundato, subplano,' 

granulato. 
"Margine crenulata. 
"Cornibus prorsum expansibus et gracilibus. 
"The buckler is semi-lunate, surface covered with fine granu

lations resembling shagreen; its margin is raised, presenting a 
rounded rim, over which pass two antennae, distant from each 
other where they pass over about one fourth of an inch. These 
antennae extend one third of an inch beyond the rim, and are 
only one third of a line in diameter, forming a character from 
which we derive our specific name, 'ceralepta' (slender horned) ; 
their extremities are broken off, and it would appear that they 
have been several lines longer; they diverge a little at their ex
tremity, being about one line more distant there than at the mar
gin of the buckler; they are inserted about ope line within the 
rim. Between the horns there is a triangular process extending 
from the rim back as far as their insertion; this ,.lla$ two deep 
sulci on each side, separating it from the antennae. No abdomen 
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or tail has yet been found, which could be identified as belonging 
to this species. 

"Only two specimens ar~ known to have been found, both by 
myself. They were discovered among the rubbish thrown down 
from a quarry, half a mile from this place [Cincinnati]. Millions 
of fragments may be found there of C'alymenes, Isoteli, etc., and 
we may hope a more perfect specimen of our own species. 

, 'When first shown to some scientific friends, it was pronounced 
a part of Ceraurus pleurexanthemus, and Dr. J. Green so judged 
it from an imperfect east shown him. Those who have since had 
an opportunity of comparing my specimen with a Ceraurus Pleur
exanthemus found in this vicinity this spring, have discovered that 
it cannot be confounded with it. Among those who thus doubted 
at first, and afterwards became conv;inced, T may mention Dr. J. A. 
Warder of this place, who, on a recent visit to Springfield, Ohio, 
found among some fossils belonging to his sister a specimen of 
what he deems another species belonging to the same genus with 
the present. On consultation, we have concluded to form a new 
genus, to be called Ceratocephala (horned head)."-Anfhony, 
loe. cit. 

'fhe figures given herewith (after Meek) are of two fragments 
similar to those from which the above original description was 
drawn up. Anthony's description applies to the pygdium which 
he mistook for the cephalon of his species, as pointed out by Meek, 
the "antennae" being the two pygidial spines. 

I have referred fragments from the Utica formation at Vevay 
(1.38 A 24 and 29) to this species. 

ACIDASPIS CINCINNA'l'IENSIS Meek. 


Plate LIV, ft". 2, 4 (1). 


Alyidaspis cincinnatiensis Meek, 1873, Pal. Ohio, I, p. 167, pI. xiv, 

fig. 3. 
"Cephalic shield, and most of the thorax unknown. Pygidium, 

exclusive of its spines, about three times as wide as long, and ap
proaching a sub-semicircular outline; its anterior margin being 
Rtraight all the way aeross, and about one-third of its posterior 
margin in the middle transversely truncated, while on each side 
of this the posterior lateral margins are straight to the anterior 
lateral angles; mesial lobe prominent at the anterior end, where 
it is about'~ wide as each lateral lobe, but becoming rapidly de
pressed and narr.owed posteriorly, composed of only two well de
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fined segments; lateral lobes fiat, excepting a ridge that extends 
obliquely backward and outward from the anterior segment of the 
mesial lobe, across. each, to the posterior lateral margins, where 
these ridges terminate in prominent, rounded, diverging spines; 
while the posterior lateral margins between these spines and the 
lateral angles are each armed with four smaller slender spine,; 
directed obliquely backward and outward; four similar smaller 
spines also occupy the truncated middle part of the posterior 
margin between the larger ones, Surface smooth, excepting a few 
very minnte scattering asperities on the ~pines. 

. " Of the thoracic segments, the posterior one, and a part of the 
next one in advance-of it, are seen in connection with the pygidium 
in the matrix. These show that the posterior extremity of the 
mesial lobe of the thorax is about as wide as the lateral lobes, 
moderately arched upward (not forward), and nearly or quite 
smooth, while the lateral lobes are fiat. The pleurae of the pos
terior thoracic segment are smooth, and have each a ~trong mesial 
ridge extending straight outward to the lateral extremity, where 
it cnrves abruptly backward, and is produced into a.long, sharp 
spine, extending as ·far backward as the longest spines of the 
pygidium, or farther. The anterior margin of each of these pleurae 
has also the character. of a more slender, depressed marginal ridge, 
that likewise terminates in a backward curve, bnt much smaller 
lateral spine, just in front of the larger one, while there is behind 
the larger mesial ridge a narrower, fiat margin, that runs out to 
nothing before reaching the outer extremity. 

"Length of pygidium, exclusive oJ spines, 0.19 inch; breadth 
of do., 0.55 inch. Transverse diameter of first thoracic segment in 
advance of pygidium, 0.70 inch; length of each pleurae, 0.23 inch; 
anterior-posterior diameter of the same, 0.08 inch; length of larger 
lateral spine of each, 0.38 inch. 

"That this species is distinct from the form I have referred 
to Dr. Locke's A. crosotusJ seems to be evident, not only from its 
much larger size, but because it shows no trac~ of the rather dis
tinct, closely set granulations seen on all parts of that species, and 
differs in other details. In many respects it appears to be closely 
related to A. prevosti of Barrande, so far as we have the means of 
comparison; ·but still it wants the distinct surface granulations of 
that form, and hence would doubtless be found to present other 
differences, if we had the entire fossil to compare. ,III 

"I hav,e also before me a right, movable cheek of an Acidaspis 
from Cincinnati, that may, judging from its size and general ap
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pearanoo, belong to this species. Its posterior extremity is pro
duced in the form of a long, stout, rounded spine, covered with 
little asperities, while the margin of this cheek is armed by about 
twelve short digitations. The inner or under side of this specimen 
is represented by our figure 4, of plate 14 [of Meek's paper]. Fig. 
5 of the same plate represents the inner side of another similar 
cheek, with a more slender terminal spine, longer digitations, and 
a greater breadth between the eye and the digitate margin, from 
a higher position in this series, at Dayton, Ohio. 

"Mr. James's collection also contains two specimens of the 
glabella of one or two'species of Acidaspis, with a long spine pro
jecting backward from the occipital portion. They differ enough 
in details to belong to two distinct species, and yet may belong 
to varieties of the same form. Of course, without other specimens 
showing these parts in connection, it is not possible to determine 
what relations they may bear to the pygidium for which I have pro
posed the :dame A. cincinnatiensis. I suspect, however, that one or 
the other, or both, belong to that species, and yet they may be quite 
distinct from it. It was evidently to one of these forms that Dr. 
Locke referred, in Vol. XLV, p. 223, of the Am. Jour. Sci. and 
Arts, published in 1843, as possibly belonging to his A. crosot·us. 
They are certainly ,distinct from that form, however, not only in 
their much larger size, and the possession of the long appendage 
to the back part of the head, but in the form and comparative 
sizes of the lateral lobes of the. glabella. They seem to be related 
to A. grayi of Barrande, though differing in details. 

"If these specimens should be found to belong to a distinct 
species from any of those yet named, I would propose for it the 
name Acidaspis rhynchocephalus, in allusion to the beak-like ap
pendage of the back of the head. "-Meek, loe. cit. 

I have seen only a few small fragments that may belong to this 
species. 

1.12E3. 

ACIDASPIS CROSOTUS (Locke). 

Plate LIV. figs. I'i. l'ia. 

Ueraurus crosot-ns Locke, 1842, Amer. ,Jour. Sci., XLIV, p. 346, 
wood-cut. 
"Messrs. Billiman-I enclose to you a drawing of a new spe

cies of trilobite, evidently of the genus Ceraurus of Green. It is 
one of the smallest, and at the same time one of the most elegant 
of this fa~ily of extinct crustaceans; this drawing being magni
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fied three times in linear dimensions. Fragments of this species 
have been repeatedly found in the rocks of this vicinity, especially 
the fringed margin of the shield; but it was not until last summer 
that I. procured a specimen so nearly entire as to determine its 
generic relations. When Dr. Green established the genus of Ce
ramus, it consisted of only one species, the Pleurexantkemus. But 
now that other species very closely allied to that are found, the 
justice of his discrimination is very apparent. I have named this 
new species crOl~otus, from the Greek word, signifying fringed. 
Dr. Green's description of his species-'Clypeo, postice arcuato, 
angulo externo in mucronem valde producto, occulis minimis re
motis, post abdomine in spinam arcuatam utrinque extenso'-ap
plies quite well to the crosotus; but this last differs from the 
former in having the shield pectinate or fringed anteriorly. The 
·spines of the shield and of the several ribs are more nearly straight. 
Besides the spines terminating the ribs, there are six slender teeth, 
similar to those of the anterior fringe, attached, not to ribs, but 
to the termihal margin of the tail, four of them between the two 
last costal spines,·. at a, and the other two outside or anterior to 
the same, at b. Each of the costal arches is marked by two tuber
cles or 'pimples' (one in the other species), one on its middle, and 
the other at the commencement of the free spine in which each 
costal arch terminates. These tuberCles form four rows or lines 
down the body, two on each lateral lobe, the inner one being in the 
direction of the distant eyes."-Locke, lac. cit. 

As I have seen only small fragments referable to this species 
I have reproduced the figure given by Meek in the Ohio Paleon
tology. From Meek's description I condense the following addi
tional points: 

Subovate or SUb-elliptic in outline. Cephalon semicircular in 
outline, lateral angles produced into slender, sharp, somewhat 
curved spines that extend outward and backward to about oppo
site the fifth or sixth segment. Glabella with an oblong, subeUip
tic outline, the widest part being somewhat behind the middle and 
behind the eyes. Two lateral lobes on each side, of slightly oval 
outline, with the~r long diameters directed a little obliquely out
ward and forward; the posterior slightly larger than the anterior, 
and both separated from the middle lobe of the glabella by well de
fi.ned. furrows. Anterior lobe about as large as all four of the 
lateral lobes, twice as wide as the narrow part of the glabella and 
apparently rounded in front. Between the lateral lobe and each 
eye is a sort of outer or supplementary lobe as large as each two 
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of the lateral lobes, and from the outer side of each of these pro
trudes the small prominent palpebral lobe. Eyes unknown, but 
apparently small. Neck segment large, prominent, with a central 
tubercle, and well defined by the neck furrow, which arches for
ward in· the middle. Thorax nearly twice as long as the cephalic 
shield, and about one-fourth wider than long, exclusive of the pro
duced extremities of the pleurae, segments slightly arching up
ward, but not forward. Lateral lobes comparatively rather de
pressed and rounding off gradually toward the lateral margins. 
Pleurae terminating in sharp spines directed outward and more or 
iess backward, the posterior ones being longer and directed more 
backward. Pygidium small, and with its mesial lobe composed of 
about three or four segments; lateral lobes consisting apparently 
of about four segments, each of which terminates in an acute 
spine, the lateral ones of which are larger than the pthers, and 
curved backward. Entire surface rather coarsely granular, the 
granules being larger on the head than elsewhere; while on each 
pleura a large granule occurs at a point about half way o,.;.t to the 
knee, at which point there is also some appearance of another 
granule. 

I have referred to this species fragments from near Guilford. 
1.34C6. 

CALYMENE CALLICEPHAIJA Green. 

Plate LIV, figs. 6-6c. 

Calymene callicepkala Green, 1832, Monograph of the Trilobites of 
North America, p. 30, cast No.2. 
"Clypeo antice attenuato, figura liliiformi in fronte depicta; 

oculis minimis; abdomine quatuordecim articulis; corpore plano. 
"The buckler is subtriangular; on the front there is a figure in 

high relief, somewhat resembling a fleur de lis, or, perhaps more, 
the capital of a Corinthian column. The oculiferous tubercles are 
rather lower down on the cheeks than uanaL The articulations of 
the abdomen and the tail cannot well be distinguished from each 
other; fourteen in all may be easily counted. The middle lobe of 
the abdomen is nearly equal in breadth throughout. The ribs, or 
costal arches, are not grooved or bifurcated at their extremities. 
Length nearly two inches and a half. 

"This beautiful species is in the Philadelphia Museum, where 
it is labeled as being found in 'Hampshire, Virginia.' It is min
eralized by a dark yellowish limestone. It differs from C. Blumen
bachii in the form and number of its articulations; in the shape 

[671 • J I 
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of the head; in having only two flat tuberculous elevations on 
the front; and in other particulars. 

"In the cabinet of the New York Lyceum, and in that of J. P. 
Wetherill, Esq., there are some examples of this species from the 
Miami river, near Cincinnati, Ohio. I have also seen it from In
diana, in a dark coloured limestone, very much distorted. It has 
never been found at Trenton Falls, or at any other locality, as far 
as my knowledge extends, which yields the true C. Blumenbachii." 
--Green, loco cit. ' 

The illustrations given herewith will make the identification of 
this common and characteristic species easy, without further de
scription. It is perhaps the most sOt!.ght after by amateur col
lectors of any fossil in the Cincinnati series, and in the more 
accessable localities perfect specimens are becoming increasingly 
rare. Its x:ange is coextensive with the Cincinnati series, though it 
is abundant at comparatively few levels. 

5.9A2... . 1.34A1, 3, 7, 8, 10, 11, 13b, 14a, 14b, 15a, 15b, 16b, 
]7, 19·21, 22 ....1.34B4-5 ... ·.1.34C5, 6, 7, 10, 11, 13, 14a... . 
1.41B1, 3 .... 1.41C1, 2-3 .... 1.41D1, 2..•.1.41E4.... 1.12A2... . 
1.12Dl-6 ....1.12E3. 

CERAURUS PLEUREXANTHEMUS Green. 

Plate LIV, figs. 9-Sb. 

Ceraurus pleurexanthemus Green, 1882, Monograph of the Trilo
bites of North America, p. 84, cast No. 33, fig. 10: 
, 'Clypeo postice arcuato, angulo externo in mucronem valde 

producto; oculis minimis remotis, post-abdomine in spinam arcu
atam acutam utrinque extenso. 

, 'The exact contour of this species cannot be perfectly ascer
tained from our specimens; it.seeIllS, however, to have been lunate. 
rrhe horns of the crescent which form the posterior angles are very 
distinct, 'and they project like curved spines, some distance on each 
side of the head. The middle lobe or front is faintly scalloped on 
each side along the cheeks. The cheeks are rather large, and are 
furnished with two small oculiform tubercles, very remote from 
each other, and quite near to the anterior portion of the buckler. 
'{'he abdomen is composed of twelve articulations. The lateral 
lobes of the abdomen are fiat, and each of the ribs, at about half 
their extent, is marked on the upper surface, with an elevated pim
ple. These little pustules are nearly on a line with the oculiferous 
tubercles of the buckler, and present two par,allel ranges down the 
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bop.y, one on each side of the middle lobe, and are terminated by a 
curved spine, which projects to some distance beyond the tail of t~e 
animal. Length, . one inch and a fourth. 

"This remarkable organic relic was fOlmd near Newport, in the 
State of New York. It is embedded in black limestone shale, and 
so exceedingly depressed is this animal that a very thin lamen of 
the slate removed from the surface would destroy every vestige of 
its appearance. I am indebted to my early friend, Professor T. R. 
Reck, for the use of this valuable petrifaction, which now belongs 
to the cabinet of the Albany Institute."-Green, Zoc. cit. 

o.f this species I have seen only an imperfect, but lIDmistak
able, pygidium from the base of the Lorraine at Manchester, In
diana, and another fragment from the base of the Waynesville 
formation near Harmon's Station, Indiana. For the identification 
of the first I "am indebted to the iate Dr. C, E, Beecher, to whose 
opinion on such points only the highest regard can be paid. So 
far as I am aware, the species has not heretofore been reported 
from this horizon of the Cincinnati region. 1.34 C 13 and 1.34 A 3, 

CERAURUS ICARUS (Billings). 

Plate LIV, figs. 8, 811.. 

Ohei1'urus icarus Billings, 1859, Canadian Naturalist and Geolo
gi&t, voL V, p. 67. (Also Geol. Canada, Report of Progress-'
18GB-page 219, fig. 231.) 

DALMANITES BREVICEPS Hall. 

Plate LIV, figs. 10, 1011.. 

Dalmania breviceps Hall, 1866, 24th Report of the New York State 
Museum, p. 223, pI. viii, figs. 15, 16. (Published in 1866, re
published in 1872.) 
"Body broadly ovate in general form, having its greatest width 

across the base of the cephalic shield. Head subcrescentiform, the 
anterior margin very slightly produced in front of the glabella. 
Frontal lobe of glabella transversely elliptical, the breadth nearly 
twice as great as the length, separated from the anterior lobe by 
deep narrow furrows. Anterior lobe transversely subovate, promi
nent; middle and posterior lobes obsolete; occipital ring narrow, 
distinctly defined. 

"Eyes very prominent, with five lenses in the central vertical 
range, but the number of vertical ranges cannot be determined; 
palpebral lobe depressed. The outel' border of the movable cheeks 
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is thickened and rounded, and the space between the border and 
t1).e eye dEpressed. The posterior spines long and broad, reaching 
to the sixth thoracic segment. 

"'I'horax with the axial lobe highly eon vex and the lateral lobes 
strongly geniculate, subequal in width, rapidly tapering posteriorly 
'from the fourth or fifth segment. Segments curved forward on 
the top of the axial lobe, and the furrows on the pleura strongly 
marked. 

"Pygidiuni obtusely pointed behind, the lateral borders inclos
ing an angle of about 1200 

, the anterior border rounded; the num
ber of articulations not clearly defined, but apparently numbering 
about ten or twelve, besides the terminal one; those of the laterf;ll 
lobes have been more numerous. 

"The entire surface, so far as can be R('Cn Ull the specimen, has 
been finely pustulose. 

"This species differs "from all others describ;>d. in the short 
cephalic shield, and in the absence of middle anJ pu!"terior glabel
lar lobes. In general form, it resembles Dalmania ca.uicC[:~alia of 
tlIe 'frenton limestone of New York; but differs conspict:ously in 
having spines on the posterior angles of the cephalic shield."
Hall, loco cit. 

Doubtfully reported from Madison, IIIdiana. 

ISOTELUS MAXIMUS Locke. 

Plate LV, fig. 1. (Isote!us gigas.) 

isotetus maximus Locke, 1838, 2d Annual Report of the Geol. 
Surv. Ohio, p. 247, figs. 8, 9. 
The description given by Locke in ] 838 of this species is of 

so untechnical a sort as to be of very little value, were it not for 
the figures with which he accompanies it. I extract from his re
marks whatever can be said to have any special bearing upon the 
diagnostic characters of the species in question. 

Locke's specimen has a "kind of shovel shaped termination at 
both ends >If< «< large eyes, placed on the highest part of his >If< 

body, «< "" >If< The animals were of various sizes, from less than 
an inch in length to 21 inches "" 'It «< [the specimen] is a 
fragment of the under margin of the tail or post abdomen of the 
animal, and when viewed sideways, exhibits a convex and a con
cave part precisely like the'moulding' called the' O-gee' "" «< .. 

I am not sure that my specimen is not actually an overgrown mega
lops of Green j the character' cauda suborbiculari limbo lato.' ap· 
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plies exactly, and the only definable difference which I can per
ceive between Dr. Green's specimen and my own is that the length 
of the post abdomen in his specimen is two thirds of its width. 
while in mine it is less than two thirds. The size, which is hardly 
a character, is very different, his being 5 inches, and mine 21 in 
length. I merely propose it as a new species, under the name 01' 
maximus, leaving it for those who have the means of more extensi ve 
comparisons than I possess to determine the question:"-Locke, 
loco cit. 

Clarke has pointed out in the Paleontology of Minnesota that 
the sole distinction between this species and the Isotelus gigas is in 
the presence of genal spines in l maximus and the absence of these 
structures in t. gigas. The spinous individuals are also in the 
New York and Minnesota specimens always smaller.' Locke has 
indicated spines in the sketch which 'he gives of his extraordinarily 
large specimen. In general, my observation indicates that even 
very large individuals in the Cincinnati region possessed the genal 
spines. I have not seen any perfect specimens of either species 
of Isotelus; in fact, the majority of the specimens are in an ex
ceedingly fragmentary condition, but several of these of very con
siderable proportions show the genal spine. 

The general features of the two species can readily be seen in 
the figure of 1. gigas (after Hall) given herewith. The following 
points bJlought out in Clarke's description apply to both species: 

The c.ephalon and pygidinm are elongate sub-triangular, the 
~xtremities subacute, slightly flattened or extenuate. The facial 
sutures meet at an acute angle at, or just behind the frontal mar
gin. The glabella is obscurely deflned, and more obscurely lobate, 
tt'aces only of the lateral furrows being visible in an oblique light. 
'rhe cheekM bear an intramarginal furrow, above which their gen
eral surface is elevated into a more or leRs conspicuous node, 
crowned by the eye. The occipital ring and furrow are quite obso
lete. The axial furrows of the thorax are quite distinct, the axis 
itself broad, considerably more than one-third the width of the 
thorax. The lobation of the pygidinm is very obscure, the dorsal 
.furrows hardly distinguishable. 

So far as I can determine, the common species in the Cincinnati 
region possesses the genal spines, and should therefore be referred 
to Isotelus maxim1ts. Many of the fragmf;nts seen, however, do not 
show this critical part of the species, and in such cases no speciflc 
determination could be attempted. Specimens showing the spines 
were obtained at the following localities: 
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5.9A14 .... 1.33A3 ....1.34A3, 4, 5, 15b, 16, 18b, 19-21. ... 
1.34C13 .... 1.4102-3, E6 ... .1.12A2. 

PROETUS SPURLOCKI Meek. 

Plate LIV, fig. 13. 

Proetus spurlocki Meek, 1872, Amer. Jour. Sci., 3d series, III, p. 
426. (Not figured.) 

"Gene;al form, exclusive" of the spines of the cephalic shield, 
ovate-subeUiptic, with moderate couvexity. Cephalic shield having 
the form of half an ellipse divided through its shorter diameter, its 
posterior margin being straight, an9-' its anterior narrowly rounded; 
posterior lateral angles produced into long sharp spines, that ex
tend back nearly or quite the entire length of the thorax;· glabella 
a little less than one-third the breadth of the posterior part of the 
head, separated from the cheeks on each side by a well defined fur
row, but without having the neck furrow behind distinctly marked; 
other characters of the glabella unknown; eyes sublunate, nearly 
their own length in advance of the posterior margins of the cheeks. 

"'l'horax apparently shorter than the head, showing in the 
specimen examined only seven segments (one or two being probably 
concealed by the slipping backward of the cephalic shield); me
sial lobe moderately prominent, scarcely equalling the breadth of 
the lateral lobes anteriorly, and tapering more rapidly backward, 
with its segments not arching forward. Lateral lobes less convex 
than the middle one; pleurae nearly straight and transverse, and 
furrowed for a little more than half way out, with their outer ex
tremities merely rounded in front, and nearly rectangular behind, 
without any distinct backward curvature. 

"Pygidium semicircular, scarcely one-half as long as the 
cephalic shield, and provided with a smooth flattened margin; 
mesial lobe moderately prominent, narrower than the lateral, taper
ing posteriorly, where it terminates rather abruptly, without pass-

o iug quite upon the flattened margin, showing only very obscure 
traces of five or six segments on its anterior half. Lateral more de
pressed than the mesial one, and with flattened margins rather 
more than one-third the breadth at the anterior end of each, and 
each showing obscure traces of six or seven furrow~d segments. 

"Entire surface smooth. 
"Length of a specimen apparently very slightly shortened by 

the slipping of the cephalic shield a little back upon the thorax, 
0.33 inch; breadth at the widest part across the posterior part of 
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the head, 0.25 inch; length of head, 0.27 inch; do. of pygidium, 
0.11 inch. 

" Until I saw the published figure of Proetus parviuseulus Hall, 
I had thought it possible that this might be the same, although it 
did not seem to agree in several characters with those mentioned in 
the previously issued description of that species. On comparing 
it with the figure of that form, however, it will at once be seen to 
present well marked differences. In the first place, its cephalic 
shield is decidedly longer in proportion to its breadth, and more 
narrowly rounded in front; while the posterior lateral spines of 
its cheeks are nearly or quite twice the proportional length of those 
in P. parviu8eultts. Its eyes are also placed decidedly farther for
ward, and its neck segment is much less distinctly defined. When 
we come to its thorax, we also see equally well marked differences, 
its pleurae not being curved backward and falcate as in that 
species, nor having their furrows extending so far outward. It 
almost certainly has one or two segments less, though the slight 
slipping backward of the cephalic shield leaves some little room 
for doubt on this point. I have, however, also an inferior speci
men before me, belonging to the collection of Dr. H. H. Hill of 
Cincinnati, believed to belong to this species, and this .certainly 
has only eight thoracic segments. Again, the pygidium of our 
species differs in having distinctly flattened, smooth and very ob
scure furrowed segments on the lateral lobes, that do not extend 
out upon this border, while upon that of P. pa1'viu8culu8 the seg
ments are strongly defined, without furrows, and extend very 
nearly or quite to the border, so as scarcely to leave any flattened 
margin. 

"'l'he specific name is given in honor of T. W. Spurlock, Esq., 
of Cincinnati, who discovered some of the new fossils loaned to 
the Ohio Survey, and is well known in that city for his long devo
tion to the study of the natural sciences. "-Meek, loe. cit. 

'l'he above description needs no supplementing. I have a frag
ment referable to this species from the base of the Lorraine at 
Manchester Station, Indiana. 1.34C1:1. The type is from 100 ft. 
below the tops of the hills at Cincinnati, O. 
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TRINUCLEUS CONCENTRICUS (Eaton). 

Plate LIV, fig. 11

Nuttainia concet~trica Eaton,. 1832, Geol. Textbook, p. 34, pi. i, 
fig. 2. 

"Fillet in th0 form of a semi-ellipse cut in the direction of its 
transverse diameter, and truncated so as to present the two ends of 
the fillet in the line of the same diameter; punctures of the fillet 
in about 4 or 5 eoncentric arcs, separated by alternating arcs of 
fine elevated ridges; middle lobe of the head narrower than the 
side lobes, more prominent, and tapering posteriorly; whole ani
mal short-ovate; side lobes wing-like, fiat, with very narrow joints. 
The head is found in great numbers in the transition limeroek of 
Glenn's J:4"alls, and in the. wacke variety of transition argillite on 
the Champlain Canal, between Waterford and the Mohawk. 
Three fignres, 7 A, B, C, Plate IV, of Brogniart, found in Russia 
by Stokes, are the heads of this species; but Stokes did not find 
the bodies. Fig. 6 of the same is probably a species of this genus. 
'l'he head excludes all t.hese species from the genus Asaphus."
}l;aton, loe. cit. 

'l'he pitted margin of the cephalon and three conspicuous pear
shaped lobes, and the long straight genal spines, are sufficient to 
distinguish .this species, which is unlike any other Trilobite in the 
same formations. The thoracic segments are rarely seen, but frag
ments of the cephalon are abundant at several horizons in the Eden 
shales. 

il.9A2, 4 .... 1.34C5 .... 1.38A23, 29. 
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ANNELIDA. 

DESCRIP'l'ION OF SPECIES. 
CORNULITES RICHMONDENSIS (Miller). 

Plate XLll, fig. 5. 

Tentaculites richmondensis Miller, 1874, Cincinnati Quarterly 
Journal of Science, voL I, p. 234, fig. 28. 
"Tube free or detached, straight, conical, gradually tapering 

from the aperture to an obtuse point. Surface marked by strong 
encircling annulations or constrictions, which are crossed by very 
fine, regular, longitudinal striae. 

"Length of a specimen about one inch; diameter at the aper
ture about 1% lines; width of the annulations at' the aperture 
about half line, which grt¥lually diminish to less than one-quarter 
that size, and become nearly obsolete as they approach the closed 
end of the tube. 

"While some of the tubes appear to be slightly curved toward 
the point, yet the numbers observed, which are broken across each 
other and across coral stems and other inequalities of the surface 
with which they came in contact, indicate that the tubes were very 
slightly, if at all, flexuous. 

"They were found in the upper part of the Cincinnati group, 
near Richmond, Indiana, by Mrs . .1\1£. P. Haines, on slabs, dispersed 
and scattered in every direction, in great abundance. 'l'hey do 
not appear to have ever been attached to each other or to any other 
body, nor to have lived in clusters, yet on one particular slab, not 
more than six inches squa.re, in the cabinet of Mrs. Haines, there 
may be more than a hundl'ed tubes scattered, wholly without order, 
in every direction. A slab, however, 'of that size, with a dozen of 
these tubes on it, may be ;regarded as a reasonably good specimen. 

"The tubes have a marked resemblance to conchiolitcs , fica:
uosa (Hall), though they, may be readily distinguished by their 
much larger size, straight. instead of curved form and free. instead 
of attached habit. While I think that the latter are not always 
curved nor always attached, yet that is the general condition in 
which they are found, but this species does not appear to have 
ever been attached, and it is doubtful whether it was in the least 
flexuous in its living state. "-Miller; loc. cit. 

'rhe type as indicated above is from Richmond. Indiana. The 
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specimens which I have referred to this species are usually rather 
smaller than indicated above, though in other respects they- con
form to the description. ~iller's figure does not show any longi
tudinal striae, thtmgh he mentions such in his description. All of 
the specimens in my collection show the longitudinal striae very 
plainly. An example of this specles is shown natural size on the 
upper end of the slab containing a number o£ specimen~ of flaT,.. 
manella meeki from Versailles, Indiana. (PI. XXXIII, fig. 6g.) 
If I have correctly identified it, it occurs rather abundantly in the 
lower part of the Richmond formation, wherever the latter is ex
posed in Indiana. 

1.34A3, 4, 7, 8, 9, 10, 11. ... 1.41Bl, 1.12E3. 

CORNULITES TENUISTRIATUS (Meek and Worthen). 

Tentaculites tenuistriatus Meek and Worthen, 1865, Proc. Acad. 
Nat. Sci. Phila., 1865, p. 254. (Not figured.) 
"Shell attaining a rather large size, gradually tapering, and a 

little curved; annulations large, prominent, rather obtuse near 
the smaller end; separated by rounded constrictions of about 0.10 
inch breadth at the larger extremity of a specimen one inch or 
more in length. Supface marked by numerous, very fine, regular, 
closely arranged longitudinal striae, most distinctly marked in the 
rounded depressions between the annulations. Aperture circular. 

"Length, - 1.16 inches; breadth at the aperture, measuring 
upon one of the rings, 0.25 inch; do. between the rings, 0.19 inch; 
space occupied by four rings and the three intervening spaces at 
the larger end, 0.30 inch; while the same space includes six rings 
at the smaller end. 

, 'This species resembles rllther closely the enlarged figure of a 
form from the same horizon, referred by Prof. Hall to his T. ftexu
osa (pI. 78, fig. 26, Palaeont. N. Y. Vol. 1); but its annulations are 
sharper, and its longitudinal striae more crowded; while the 
natural size of the New York species is much smaller. 

"Dr. Shumard has also described, under the name T. incurvus 
(1\Iissouri Report, p. 195), a similar form, though his species is 
much smaller, with· more crowded rings, while it also differs in 
having minute annular striae; "-Meek and Worthen, loe. cit. 

Reported in. Kindle's list from Richmond, Indiana. I have not 
succeeded in obtaining a figure or spedmen of this species. 
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CORl\'UUTES FLEXUOSUS (Hall), 

Pla.te XXXII, fig. 11. 

'1:entaculites ? fiexuosus HallJ' 1847, Paleontolgy of New York, vol. 
I, p. 92, pI. xxix, figs. 6 a-d. . 
"Tubes singl~ or aggregate, adhering, more or less curved at 

the tip or along the whole length; surface marked by strong annu
lations, which are crossed by fine longitudinal striae; annulations 
somewhat irregular; interior distinctly septate; septa with the 
concave sides upwards. 

"The mode of growth and the interior structure here developed 
give us more information regarding the habits of this hitherto 
doubtful fossil than we have before possessed. If the species in 
question is a true TENTACULITES, of which perhaps we may 
have some doubt, it appears to have been developed like many of 
the corals, viz., a simple tube affixed at the base, occupied by an 
animal which secretes calcareous matter, building up the walls of 
the cell, and extending across it transverse septa as the tube be
came elongated. The structure of the tube, however, allies it more 
nearly with Crinoideans than with Corals; and it is probable that 
it was inhabited by a simply constructed animal of the same order. 

"The specimen fig. 1a [of Hall's paper] first attracted my I;lt
tention by its curved tip, showing that it must have been attached 
to some other body. A further careful search among a large num
her of specimens from Lowville enabled me to discover the at
tached group, which shows that an exudation of calcareous matter 
attached them firmly to the shell, while a group of the cells of 
Chaetetes lycoperdon have commenced their growth on the same. 

"I have referred this, with some hesitation, to the genus TEN
TACULITES, both on account of its general form and mode of 
adhering to other bodies, as well as from its internal structure, 
which, however, has not heretofore been shown in the true TEN
TACULITES. All the other species known in our strata are 
straight, rigid, and gradually tapering to a point, always separate, 
and never known as adhering to other bodies. "-HaIl" we. cit. 

'l'he type is from the Trenton Limestone, Lowville, New York. 
The specimen of which I give a figure. is from the upper part of 
the Utioo formation on Tanner's Creek, near Manchester, In
diana. This is, if I am not mistaken, the form commonly }{pown as 
C. conica. The reference of this species to the worms instead of 
the genus Tentaculites now rests upon secure evidence. 

f 
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PLATE I. 
Page 

lJeut1'icea undulata Bill .......................................... . 700 

1. 	 General view of !'llecimen. N." 

Beatricea nodulosa .....................•......................... 701 
In. Longitudinal fectioD. N. 
lb. Transverse section. N. 

l,alJechia montitera. (Tlr...................................... , . . . .. 704 

2. 	 Portion of n Inrge specimen which hus overgrown nn Orthocerns. 

n."'" 
2a. 	"Vertical redioll or ~ specimen from WaynesvllIe, O. U. 
2b. TransYer,'e 1;p('(loll of the snme. U. 

Calal)oecia criul'it(;l'Ii: i.~ :Nidl.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 70:). 
3. View of n slllall specimen. Natural size. N. 

3a. Portion of the surface, enlarged. N. 

ob. Interior of' a corallite, showing the septa and mural pores, en


In,rged. 	 N. 
3c. Section of n !'pecimen from Richmond, Indiana, showing the tabulae 

and nll11'l11 pores. x about 1.5. 

ColmJli1(lrill ub;Golata Goldf........................... , . . .. . .. . . ... 703 

4. 	 Longitudinal section of a specimen from Osgood,Indiana, natural 

size. 
4n. ':'ransverse section of the same specimen. 

"rolarea vetusta Hall. •.... .. . . .. .. . . . .... .. . . . . .. . . .. . .. . . .. . . . .. 705 
5. 	 Surface of a [lOJtlon of a specimen from Ulchmond, Indiana. x 2. 

Streptelasma di'paricana Nich ....... 707<•••••••••••• <' • • • • • • • • • • • • • • • • •• 

G. Small specimen with a single lateral bud. N. 

Gn. Another specimen with four corallitee. N. 


*Figure after Nicholson . 

••Figure after Ulrich. 
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PLATE II. 
Pagt! 

'1'etradtum minU8 Safford............................ ,',........... 709 
1. Surface of a portion of a specimen from Welsburg, Indiana. x 2. 
lao VIew of a broken surface showing the corallites In longitudinal sec· 

tlon. 	 x 2. 
lb. Transverse section. r 18. 
lc. Longitudinal section. x 18. 

St1'eptelasma rusticum ,BilL ................. : ...• ~ ........... '. . . .. 708 

2. Specimen from Tanner's creek, Indiana, natural size. 

2a. Transverse section of a specimen from Versailles. x 2. 

2b. Longitudinal section of the same. x 2. 


strephoohetull rwhmoodensis Miller................................ 706 

3. Polished slab, showing several specimens, natural size. Ml." 

3a. Longitudinal section. x 100. Ml. 

ab. Transverse section. x 100. MI. 


• Figure after Miller. 
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PLATE III. 
Page 

A.nomalo01'inll8 'inCU1"VU8 Meek and Worthen ..... :.. ... ... .. ....•. .. . .. 716 
1. Anterior view of a specimen from the Miller collection. M. '" 

lao Posterior view of same. M. 

lb. An end view of the column at 0.43 inch above the root. M. 

lc. An end view of the column Ilear the body.. x 2.5. M. 


LichenocrinU8 crate1'i-formilJ Hall ........... , ..........•........ , .. , 728. 

2. A large individual growing on the shell of Dalmanella, and show

ing the column-like appendage, broken at its free end. James collection.-. 
Natural size. M. 

H(jteroorinU8 juvenill Hall......................................... 725 

3. Side view of body, arms, and part of the column. M. 

3u. Posterior view of a specimen. x 2. M. 

3b. One of the discs of the column. x 2.5. M. 


Den!i1"ocrifVtl8 polydactylu..q Shumard................................ 719, 

4. Posterior view of the body and arms with portion of the column 

attached. M. 

Heterocrinus heterodactylus Hall.................................. 724 

5. Posterior view. x 1. M. 

5a. Same enlarged. M. 


U1'astereUa grandis Meek•................................ , ........ 731 

6. DOr!'1al view of a specimen with two of the arms folded over so as 

to show 	their ventral sides. Haines collection. M. 
6a. Piece of one of the rays enlarged. M. 
6b. Dorsal side of same more highly magnified. M. 

'l'aeniaster granuUferou8 Meek.............................. ....... 733 

7. Ventral view of a specimen showing part of the disc and portions 

of the rays. x 2. M. 

Palaeasterina spcciosu Miller and Dyer ........................ '..... 731 
'8. Dorsal view. Dyer collection. M. D.t 

. "Figures after Meek. 

t Figure after Miller and Dyer. 
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PLATE IV. 
, Page 

Xenoorinu8 baeri ~Ieek ........... ~'........................ '" . . . .. 734 
1. Specimen consisting of the arms and pinnulae only. M. 

la. Side view of the body and arms with the pinnulae. M. 


DendrocrVnU8 easei :Meek. ...... ........ .•................•. .. .. ... 717 

2. Anterior view with portions of some of the arms and part of the 

column attached. ~I. 


2a. Posterior view of young individual. Dyer collection. M. 

2b. End view of the column. M. 


uiehenoerinU8 tubereulatus Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 730 
3. Upper surface of a specimen from Richmond, Indiana. Haines col· 

lectlon. x 2. Miller. 

[,iehenocrinus patte'rso1~i Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 729 
4. Top view of a specimen from Kentucky opposite Cincinnati. Miller. 

~ 2. 

4a. Same, natural size. MUler. 


Liehenocrinus dyeri Hall•.•...............•.....•........ " • . . . . • . 729 

5., A specimen showing the upper side of the disc with its numerous 

very small pieces, and the base of its appendage in the middle. "'Dyer col· 
lection. M. 

Lepaaocrinus 1!worei Meek........................................ , 727 

6. Side view of body and part of column. x 1. M. 

6a. Another view of same showing the anal opening. M. 

6b. Top view, enlarged. M. 


locrVnus subcrassus Meek and Worthen..... . . . . . . . . . . . . . . . .. . . .. . .. 726 
7. Posterior view of a specimen showing the anal series of pieces. M. 
7a. Side view of body and arms with a piece of the column. M. 

Glyptocrinus ayeri Meek.................................... . . . . . . . 722 

8. Posterior view of body and lower part of arms. M. 

Glyptoerinus aeeaaaetylus Hall. ......•............ : . • . . . . . . . . . . . . . . 720 

9. Side view of the body and lower part of the arms of an unusually 

fin? specImen. M. 

Ectenocrinus'simplew Hall .... ,...............................,...... 720 

10. Oblique posterior view of a specimen. M. 
lOa. SIde view of body and portion of the arms of a specimen that 

seems to ha,ve had the upper portion of its arms broken away and subse
quently restored during the life of the animal. M. ' 

Lepiaoaiscus faberi Miller.. . . • . . . . . . . . • . • • . . . . . . . . . . . . . . . . . . . . . . . . 728 
11. Enlarged view of an imperfect specimen on the shell of a brachio· 

pod. MI. ' ' 

Lichenoerinus crateritormis Hall. . . . . . . . . • . . . . . . . . • . . . . . .. . . . . . . • . . 728 
12. Basal layer of platform showing its upper or inner structure ex· 

posed by the removal of the disc plates and internallaminae.;r2. M. 
12a. Upper side of disc with the long appendage removed.' K B. M. 
12b. Side view of a similar specimen. x 2 Y. 



Plate IV. 
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PLATE V. 
Puge 

Oalapoecia cl'ibrifarmis Nicholson ...................., . . . . . . . . . . . . . . 701 
1, View of a fine specimen from Richmond, Indiana. Natural size, 

A 1111l1exopara filiasa. (American authors. nOll d'Orbigny) ... , , , ...... , 70;; 
2. View of II large specimen of this species from the upper part of 

the Lorrlline at Vevay, Indiana. 



Plate V. 
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PLATE VI. 
Page 

Amplexopora cingulata Ulrich.............. , . . . . . . . . . . . . . . . . . . . . . . . 758 
1. Longitudinal section. x 18. U. 

1a. Tangential seCtion near the surface. x 18. U.' 


Amplcl1!opora septosa var. multispinosa Cumings..................... 765 

2. 	 Longitudinal section of a specimen from the Upper Utica at Milton, 

Indiana. 	 x 18. 
2a. Tangential seciion of the same. x 18. 
2b. Portion of tile surface. x 9. 

Amplel1!opora petasifontl<i8 Nicholson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 760 
3. Tangential section. x 18. N. 

3a. Longitudinal section of the same. x 18. N. 


A11IplcI1!opora pustulosa Ulrich..................................... 761 

4. Longitudinal section. x 18. U. 

4a. Tangential section. x 18. U. 

4b. Portion of the surface. x 9. U. 


d 111 plcaJopora robustu Ulrich............. . . . . . . . . . . . . . . . . . . . . . . . . .. 762 

5. Longitudinal section. x 18. U. 

5a. Tangential section. x 18. U. 

5b. Portion of the surface. x 18. U. 


/1 mplexopora septosa Ulrich....................................... 763 

6. Longitudinal section of a specimen from the base of the Lorraine 

at Vevay. Indiana. x 18; 
6a. Tangential sectio~ cutting the deeper portion of the mature region. 

x 18. 
Gb. Tangential section of the mature region. x 20. 



Plate VI. 
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PJ...ATE VII. 
Page 


Amploxopol'a fiU/lsa (of Americflll aut/lOt·s) ........•.... ".", " ,... 765 

1. Longitudinal section of a large specimen from the upper part of 

the Lorraine at Vevay, Indiana, x 18. 

la. TangentIal section of the same, x 18. 

lb. Portion of the surface of the same, x 9. 


Atactoporella multigrallosa t:lrich, ..... , .. , .....•.• , ... , , ....... , ,. 769 

2. Tangential section. x 18. U. 

2a. Vertical section. x 18. U, 


Atactoporclla. mund'u/(t Ulrich ....... , . .... .. . . . . .. . ... .. .. .. .. . .. .. 770 

3, Vertical section 'of a specimen from the Lorraine at Lawrenceburg, 


Iudlana, x 18. 

3a, Tangential section of the same. x 18. 

ab. T:.ongitudinal section of a typical specimen. x 18, W.' 


A tactopol'ella newpol'tensis Ulrich, ........ , . . . . . . . . . . . . . . . . . . . . . . . . 770 

4. Tangential section. x 18. U. 


A tactoporella ortoni Nicholson .. , ...... . 771 

5. Tangential section. x 18. F. 

5a. Vertical section. x 18. U. 


Atactoporella schuchfl1'ti Ulrich ............. , ..... : .... , . . . . . . . . . . . 772
6, Portion of a tangential !lectiOll. x 50. U. 

6a. Tangential section, x 18. U. 


Batostoma implicatmn Nicholson ............... , . . . . . . . . . . . . . . . . . .. 774 

7. Tangential section of the matm'e I'eglon of a specimen from near 


Guilford, Indiana. x 18. 


Batostoma jamesi Nicholson •.... , , .... : . , ........ , .......... , . . . .. 775 

8. TangentIal section of the mature region of a spill;imen fr:om Guil

ford, Indiana. x. 18. I 


8a. Longitudinal section of the same. x 18. 


Batostoma va-rians Jumes........... _................... , . . . .. . . . .. 778 

9. Longitudinal section of a specimen from neflr Weisburg, Iudlonn 


x 18. 
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Batost01na jamesi Nicholson.................... . . . . . . . . . . . . . . . . . . . 775 
1. 	 Surface of the same specimen as Pl. VII, fig. 8. x 9. 

Ratostoma imptwatum Nicholson ........................ , ....... '" 774 

2. 	 Surface of a specimen of this species from Guilford, Indiana. x 9. 

Batostoma varians James..................................... .. ... 778 

3. Surface of a specimen from near Welsburg, Indiana. x 9. 
3a. 'l'angential section of the mature region of the same. x 18. 
3b. Tangential ,sections of the mature and immature regions of another 

specimen. x 18. U. 

Batostoma varia,bile Ulrich................ ............. .. .. .. .. ... 777 

4. 	 Longitudinal section of a specimen of this species. U. 

Bythopol'a meeki James ... '" ..... ...... .....• . .•......... . .. .. ... 783 

G: 	 Longitudinal section of a specimen from the top of the Waynesville 

formation 	near Weisburg, Indiana. x 18, 
5a. Tangential section of the mature region of another specimen. x 18. 

BlIthopm'a gracilis Nicholson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . 782 
6. 	 Tangential section of the mature region of a specimen from the 

Lorraine at Lawrenceburg, Indiana. x 18. 
6a. Surface of a specimen of this species. Enlarged. N. 
6b. Surface of the species still further enlarged. N. 

BlIthopora uelicatula Nicholson.. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . .. 781 
7. 	 Portion of the surface of a specimen, enlarged. N. 

Buthopora arctipora Nicholson ~ ................................. ~ .. >.. 780 

8. 	 Portion of the surface of this species greatly enlarged. N. 

CaUopora andrewsi Nicholson. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 785 
9. 	 Portion of the surface of a specimen of this species from Lawrence

burg, 	Indiana. x 9. 
9a. Surface of a specimen enlarged. N. 

CaUopora onealli val'. comm1~nis James............. _............. '. 788 

10. Portion of the surface of a specimen from Manchester Station, In

diana. x 9. 

Callopora dalei Edwards and Haime. .................. .... .. .. ..... 792 

11. Portion of the surface of a specImen from Manchester Station, In

diana. x 9. 
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GaUopora tl'onaosa n. Sip ••• ,. . . • . •. .• • . •. . .•• • • . . . . . • •. . •• .• ••• • • •• 785 
1. 	 Tangential section of a specimen from the Whitewatel' division at 

Richmond, 	Indiana. x 18. 

la. Longitudinal section of the same. x 18. 


. GaZlopol'a 110dulftllu Nicholson.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 786 
2. Longitudinal section. x. 18. N. 

2a. Cross section. x 18. N. 

2b. Tangential section. x 18. N. 

21'. Portion of the surface. x 18 .. N. 


Gallopora onealli James....... ... . .. . ... . . ....... . . . ... .. ..... . ... 786 

3. PortIon of a specimen from Guilford, Indiana. x 9. 

3a. LongitudInal section. x 18. N. 

3b. 'l'angential section. x 18. N. 


OaUop(}ra onealli var. sioill(Jcroi~tes Nichoidon. . . . . . . . . . . . . . . . . . . . . . .. 189 
4. 	 Longitudinal I'lection of a specimen 01' this species. I x 18 . 

. Gallopol'a ranwsu d'Orbigny.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 790 
5. Longitudinal section of a specimen from Lawrenceburg, Indiana. 

x 18. 
511. 	 Surface of same. x 9. 

GaUopor(J cf. ramosa . .•...•..•...........•.....•..•..•.•..•..•...• 

6. Longitudinal section of a specimen from Weisburg, Indiana, from 

the top of the pberty formation. x 18. The surface characters of this 
specimen~are practically.identlcal with those of typical O. ratffWlJu. 
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Oallopara ramosa d'Orbigny....... , , ..... , .. , . , , .. , .. , .. , ........ " 790 
1. Cross section of the stem of the type in the collection of d'Orbigny. 

x 10. A. P.· 

Oallopora rarnosa var. rugosa Edwards and Haime...... , ..... ",... 793 
2, Longitudinal Section of a specimen of this species from neal' the 

top of the hill back of Vevay. Indiana. x 18, 

Oallopora ct. rugosa ••. , .......• , ., •..••... , .•.....•... , ... , .. , , ... 

3. 	 TangentIal section of a specimen from the Whitewater division at 

Richmond, 	Indiana. having the external charncters of O. rugosa. x 18. 
3a. Longitudinal section of the same. x 18. 

Oallopo1"a 8ubplana Ulrich ................................. ;"t,.. . . . . 795 

4. Longitudinal section of a specimen from the upper Eden near Guil· 

ford, Indiana. x 18. 
4a. 'l'angential section of another specimen from a position Flli~htly 

higher up in the section. x 18. 

OalZopara 8ubnodo8a Ulrich..................... , .... , .... , ...... ,. 79S 

5. 	 Longitudinal section of a specimen from near Weisburg, Indiana. 

x 18. . 
5a. Surface of a similar specimen from the same locality. x 9. 

Oalloparella c'irc.ulal'i,s James.... , ... ,............................. 797 

6. Vertical section of a specimen, naturnl size, .u. 

Sa. Surface of a portion of the zoariuIll. x 18. U. 

Sb. Vertical section. x 18. U. 

6c. Tangentia( section of the mature region. x 35. U. 


OeramoporeUa di8tincta Ulrich. . . . . . . . . . .. • .. . .. . . . . . . .. . . .. . . . . . . . 799 
7. View of a portion of the surface of a specimen from near Guilford, 

Indiana. x 9. 

• AnnaJes de PaJeontoJogie. 

I 
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Uhiloporella fiabellata Ulrich...................................... 802 
1. Tangential section. x 18. U. 
1a. Longitudinal section of a specimen froll! Manchester, Indiana, very 

doubtfully referred to this species. 'x 18. 

(Jeramoporella disti1wta Ulrich. . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. '791) 
2. Tangential section.• x 18. U. 

2a. Vertical section. x 18. U. 


Ceramoporella grtJm1losa Ulrich ............. '. . . . . . . . . . . . . . . . . . . . . .. 799 

3. Longitu'dinal section. x 18. U. 

3a. Tangential section. x 18. U. 


CeramoporeUa ohioensill Nicholson.......... . . . . . . . . • . . . . . . . . . . . . . . . 800 

4. Tangential section. x 18. U. . 

4a. Vertical section. x 18. U. 

4b.' Representation of a portion of the surface of a worn ,specimW! SUll' 


[losed by Nicholson to belong to this species. Enlarged.' N. 
4c. Portion of the surface of another worn specimen, doubtfully re

fened to this species by Nicholson. N. 
4d. Surface of a specimen from near Weisburg, Indiana, )laving an ap

pearance similar to that of fig. 4c. A tangential section ,of this specimen 
is given in fig. 4g. x 9. 

4e. Surface of a specimen from Guilford, Indiana, presenting the ap
peamnce shown in fig. 4b. x 9. 

41'. Longitudinal section of a specimen from the Lorraine at Vevay, In
dIana. x 18. 

4g. Tangential section of a specimen from the top of the Waynesville 
formation near Weisburg, Indiana. x 18. The specimen Is growing upon 
a species of lJallopora. 
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Ohiloporella ttalJellata Ulrich...................................... 802 
1. Transverse section of this species. x 18. U. 

1a. Longitudinal section. x 18. U. 

lb. Surface of a specimen from Manchester, Indiana, referred to this 


species. x 9. 

Ooeloclerna alternat'um James............................. .. ... . ... 803 
2 and 2a. Longitudinal sections. x 18. U. 
2b. Portion of a transverse section. x 18. U. 
2c. Portion of the surface. x 9. U. 
2d. Portion of the surface of a specimen from Vevay, Indiana. x 9. 

Ooeloclmna commune Ulrich... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 8Q4 
3. 'I'angential section. x 18. U. 

3a. Tangential section of a specimen from the Utica formation at Ve-' 


vay, Indiana. x 18. 
Sb. Portion of the surface, showing one of the maculae. x 9. U. 
3c. Portion of the surface of a specelmen from Guilford, Indiana, show

ing one of the maculae. x 9. 

Oonstellaria constellata Dana..... . .... .......... ......... .. .. .. ... 804 

4. Portion of the surface of one of the star-like clusters that consti

tute the chief feature of the genus. U. 
4a. 'l'angential section of the fully mature region. x 18. U. 
4b. Tangential section of the immature region. x 18. U. 
4c. Portion of a tangential section of the mature region. x 50. U. 
4d. Longitudinal section. x 18. U. 
4e. Portion of a tangential section of a specimen from the base of the 

Lorraine at Vevay, Indiana. x 18. 
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Constellaria, polystomella NicholsOll......................... : . . . . . .. 808 
1. 'l.'angential section througb one of tbe star·sbaped maculae of tbis 

species. Weisburg, Indiana. x 18. 
1~. LongitudInal section of same. x 18. 
lb. Portion of the surface of a somewhat abraded specimen. The same 

as 1a and 1. x9. 

Constellarla limita1"'ls Ulrich.............................. . . . . . . . .. 806 

2. Very perfectly preserved surface of a specitneu from \Veisburg, In

diana. x 9.' 

Delcayia appre88a Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . .. 809 
3. 'l.'angential section of a specimen of this species froUl the collection 

of the Yale Museum. . x 18. 

Dekayia, pelltculata Ulrich ....................................... " 818 

4. Tangential section of a specimen from the Lorraine formation at 

Vevay, Indiana. x 18. 
4a. Longitudinal section of the same. x 18. 

Dekayia aspera EC;wards and Haime................ " .... . ... .. . .. 810 

5. Longitudinal section of a very perfect specimen of this specieR ill 

the Redfield collection of the Yale Museum. x 18. 
5a. Tangential section of tbe mature region of the same. x 18. 
5b. Surface of the same. x 9. 

Delcayia magna, Cumings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 815 
6. 'l.'angential section ofa specimen from the Lorraine at Lawrence

burg, Indiana, showing the small acanthopores. x 18. 
6a. Longitudinal section of the same. x 18. 
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Delcallia fronaosa vaT. cystata Cumings...•............ ,. .. .. .. .. ... 813 
1. 	 Tangential sectIon of a specimen from the Lorraine formation at 

Vevay. Indiana. x 18. 

la. LongItudinal section of the same. x 18. 


Delcayia uZriclti var. roousta Foord.... . . ..... . ..... . .... . ... .. .. ... 826 
2. 	 Longitudinal section of a specimen from the uppel' part of the 

Utica formation at Manchester Station, Indiana. x 18. 

2a. Tangj!ntial section. x 18. 

2b. Portion of the surface. x 9. 


Dekallia ooseura Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 816 
3. 	 Tangential section of the mature region of a specimen In the collec

tion of tne Yale Museum. x 18. 
3a. Portion of tile surface of a specimen from Guilford, Indiana. x 9. 

DeTcayia ulrichi Nicholson... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 824 
4. Tangential section of a specimen from the upper Utica at Vevay, 

Indiana. x 18. 
4a. Tangential section of tbe fully mature region of a specimen from 

near Guilford. Indiana. 	 x 18. 

4b. Surface of anotiler specimen from Guilford, Indiana. x 9. 


Dekayia cf" uZrichi • •..••••....••....•.•.•...•••................... 

5. Tangential section of a small ramose species from the base of the 

Waynesville formation near Harmon's Station, Indiana, which may be a 
v.ariety, of this species. x 18. 

Dekayia Suof1'onaosa Cumings............ , . . . . . . . . . . . . . . . . . . . . . . . .. 821 
6 and 6a. Portions of a tangential section cutting the submatul'e re

, glon and showing the two sets of acanthopores. x 18. 
61Y. Longitudinal section of the same. Rase of tile Lorraine formation 

at Manchester Station, Indiana. x 18. 
6c. Portion of the surface of same. x 9. 
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Delcayia f1'on,dosa d'Orbigny........................ '" . . .. . . . . . . ... 812 
1. Longitudinal section of ~he type in the collection of d'Orbigny. 

x 10.' A. P. 
la. Longitudinal section of a specimen from the Lorraine at Vevay, 

Indiana. x 18. 
lb. Tangential section of the immature- region of a specimen from the 

hase, of the Lorraine at Manchester Station, Indiana. x 18. 
Ie. Tangential section of the submature region of a specimen from the 

same locality and horizon. x 18. 
ld. Tangential section of the mature region of a finely preserved speci

men from Brookville, Indiana. x 18. 
Ie. Surface of same. 'x 9. 

DeklJ;}/ia inf/,ecta Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 814 
2. 	 I./mgitudlnal section of a specimen in tile Yale Museum, labeled by 

Mr. Ulrich. 	 x 18. . 
2a. Tangential section of same. x 18. 

Dekayia pa1tpera Ulrich ...................... _. . . . . . . . . . . . . . . . . . . . 817 
. 3. Longitudinal section of the type. x 18. U. 

Ba. '.rangentlal Eection of same. x 18. U. 

Dekavia pl'olif/ca Ulrich .............................. '. . . . . . . . . . . .. 820 

4. Tangential section of u specimen from the top of the Waynesyille 

formation near Welsburg, Indiana. x 18. 
4a. Longitudinal section of another specimen from tile sanle place. 

x 18. 
4b. Surface of a specimen from the Arnheim formation near Hal'mon's 

Station"Indiana. x 9. 

Dekallia 8ubra1l!-osfJ Ulrich........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 823 

5. Tangential section of the submature region of a specimen from the 

Whitewater division at Richmond, Indiana. x 18. 
00. 	Longitudinal section of same. x 18. 
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Dekayia 8ubpulcltella Nicholson.......... , . , , , '. , " , • . . . . . . . . . . . . . . . 822 
1. 	 Tangential section of Ii specimen ID. the Yale Museum, labeled by 

Mr. Ulrich. 	 x: 18. 
lao Portion of the surface o.(,a specimen showing the maculae of meso

:Pol"es. N. 

'Dekullia sp............. , .......................... '. . . . . . . . . . . . . .. - 
, 2. Longitudinal section of a specimen from the Whitewater division 
at Rlehmond, Indiana, showing the presenee of an occasional acanthopore 
of great size in the immature region. x 18. 

2a. Tangential section of the same. Showing an occasional acantho
pore of extraordinary size. x 18. 

fJekallia proZiflcat _............................................... 820 

8. 	 Longitudinal section of a speCimen from Richmond, in which the 

walls of the zooecia are unusually thlclt. Probably Ii fOrm of D. pmlifica·. 
x 18. ' 

Erld,otrypa llimulatm Ulrich...................................... 828 

4. 	 Tangential section of a specimen from the base of the Waynesville 

formation 	near Harmon's Station, Indiana. x 18. 
41:1.. Longitudinal section of a. typical example of the species. x 18. U. 
4b~ Surface of a specimen. x 9. U. 

E8charopora faZciformis Nicholson................................ ;. 830 

5. Tangential section of a specimen from the Utica formation at Ve

vay, Indiana. x 18. 
5a. Surface of a specimen from the Lower Lorraine at Manchester Sta

tion, Indiana. x 9. 

E8charopora pavonia Edwards and Halme... '.' . . • . . . . . . . . . . . . . . . . .. 832 
6. , Surface of a well preserved specimen from the base of the Lorraine 

at Manchester Station, Indiana. x 9. 

H o11lotrypa A ustini Bassler.•..............'. . . . . . . . . . . . . . . . . . . . . . . . 838 

7. Tangential section of, the type. x 20. B." 

7a. Longitudinal section of the type. x 20. B. 

Th. Portion of a tangential section. x 50. B. 


*Figures after BllIIIller. 
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HOl1!otrypa col1!tltu,nis Bassler......................-... ,. .. . .. . .. . .. 839 
I, Tang(>lltiai section of the type. x 20. B. 
la. lJOIl;:itudlnal section of the type. x 20. B. 
lb. 'Iaugential section of a specimen from the. base of the Liberty for· 

~ Illation near 'Yeisburg, Indiana. x 18, 

.' 1('. IAlngitudiual section of the same. x 18. 
1d. Surface of, same. x 9. 

lIul1!Qtr'ypa cDnstellariformis n. sp ....................... " .. . . .. . .. 839 
, 2. Longitudinal section of a specimen from the top of the Liberty for

lUation at Weisburg, Indiana. x 18 . 
. 2a. Tangential section of the same specimen. x 18. 
2b. Surface of same. x 9. 

Hornot'rypa C1tr1!ata Ulrich..... ... . .... ..... .............. .. .... ... 840 

S. Longitudinal section of II specimen from the Lorraine formation at 

Vevay, Indiana. x 18. 
Sa. Tangential section ~f the submature regloll of the same specimen. 

x 	18. 

3b. Surface of the same specimen. x 9. 


Homotrypa eryUndrica Bassler.........•.......................... " 842 

4. 	 Longitudinal section of a typical specimen from the base of the 

Whitewater 	division at Ri('hrtlond. Indiana. x 18. 

4a. Tangential section of the same specimen. x 18. 


H01notrypa da1Clloni Nicholson. ............. ..... . ............ ... .. 842 

5. Longitudinal section of a spe('imen from Brookville, Indiana. x 18. 
5a. Surfa<>e of same. x 6. , 
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Homotrypa ttabellari8 Ulrich....................... ....... .. ....... 845 
1. Longitudinal section of a typical specimen of this species, from the 

base of the Liberty formation near Weisburg, Indiana. x 18. 
] a. Tangential section of same. x 18. 
lb. Surface. x 9. 

Homotrypa ttabellaris var. 8pinitera Bassler. . .. . ... .. . .. . . ... . . . .... 841 
2. 1.'angential section of a specimen of this variety, from the White

water division on Elkhorn creek, near Richmond, Indiana. x ]8. 

Homotrypa ttabellaris var. trondosa Cumings....... . ... . .... .. . .... 846 

3. Portion of the surface of the tYrle. x 9. 

3a. Tangential section of the same. x 18. 

3b. Longitudinal section of the same. x 18. 


Homotl'ypa curvata var. praecipta Bassler .... " . . . . . . .. . . .. . . . . . . .. 841 
4. Portion of the surface of a specimen from the base of the Lorraine 

formation at Manchester Station. x 18. 

Homotl'lJpa nitida Bassler....................................... ,. 848 

5. Longitudinal section of the tYDe. x 20. B. 

5a. Tangential section of the type. x 20. B. 


Homot1'1}pa nicklesi Bassler .... '" . . . . .. . . . . .. .. . . . . . . . . . . . . . . .. . .. 847 
6. Longitudinal section of the tY!le. x 20. B. 

6a. Tangential section of the type. x 20. B. 
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Homotrllpa obliqua UlrIch ...................,........... ...• .. ..... 848 
'1. Tangential sectIon of a specimen from the Lorraine formation at 

Lawrenceburg, Indiana. x 18. 
Ill.. Longitudinal section of the same specimen. x 18. 
lb. Oross section of the same specimen. x 18. 

Homot1'lIpa ramulosa Bassler...... ,............. ................... 849 

2. Longitudinal section. x 20. B. 

2a. Portion of a longitudinal section. x 50. N. (This figure is in


verted.) 
2b. Tangential section. x 50. B. 

Homotrypa 'Worthen'i James.................................'..... .. 849 

3. Longitudinal section. x 20. B. 

311.. Longitudinal section of a specimen from the extreme top of the 


Richmond series at Richmond. Indiana. x 18. 
Sb. Tangential section. x 20. B. 
3c. Portion of a tangential section. x 50. B. 

Homotrypa sp................................ , ................... . 

4. Longitudinal section of a species found in the 'Liberty formation 

near 	Weisburg, Indiana. x 18. 
, 411.. Tangential section of the same specimen. x 18. 

Homotrypella cr. rustica Ulrich..... ...................... .. .... ... 851 

5. Longitudinal section of a specimen from the Whitewater divisioll 

at Richmond, Indiana. x 18. 
5a. Tangential section of the same spooimen. x 18. 



Plate XIX. 

[70] 



1106 REPORT OF STATE GEOLOGIST. 

PLATE XX. 
Pagt' 

"eptotrypa calceola Miller Rnd Dyer......................... '.' . . . .. 853 
1. Vertical section. x 18. N. 

1a. 'rangential section. x 18. N. 

lb. Portion of the surface. 11: 18. 

1c. Specimen of the entire zoarlum. natural size. N. 


Leptotrypa discoidea Nicholson. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .. 851) 
2. Tangential section. x 50. N. 

2a. Portion of a longitudinal section. x 50. N. (This figure is in 


verted.) 
2b. Tangential section. x 18. N. 
2c. Longitddinlll section. x 18. N. 
2d-2f. Several views of a complete specimen, natural size. N. 

"eptotrypa clava<:oidea James. .. .... .. . . . . .. .. .. .. . .. ... .. .. .. .. ... 854 
3. Transverse section. x 7. N. 

3a. Portion of a tangential' section. :x 18. N. 

3b. Portion of the surface. x 18. N. 

3c. An average specimen of the natural size. N. 


MonotrypeUa aequali.~ Ulrich ....• ' ......... , ........ ' .. ... .. .. ..... 856 

4. Longitudinal section of the type. x 18. U. 

4a. 'l'angential section of the type. :x 18. U. 

4b. Surface of the type. x 18. U. 

4c. Tangential section of a specimen from the Utica formation neal' 


Guilford, Indiana, which seems to possess the characters of this species. 
x 18. 

Monticulipora ep'iderm.ata Ulrich and Bassler. , . . . . . .. . . . . . . . . . . . . .. 857 
5.' 'rangential section of a specimen from the Whitewater division at 

Hichmond, Indiana. x 18. 
5a. Tangential section, cutting the fully mature region of another speci· 

men. x 18. 
5b. The deeper portion of a longitudinal section of the last. x 18. 
5c. Longitudinal section of the specimen of fig. 5. x 18. 
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Mouticlllipora mammulata d'Orbigny.. .......... ... ... .•. .. ......... 859 
1. Longitudinal section of the type in the collection of d'Orbigny. 

x 10. A. P.'" • 
la. Longitudinal section of a specimen from the Lorraine, at Lawr\'~l"p, 

burg, 	Indiana. x 18. 
lb. 'J angentiaJ section of the same specimen. x 18. 
Ie. Surface of a specimen from the same locality. x 9. 

M onticulipom parasitica Ulrich .....................•...... : :'. . . . . • 862 

2. 	 Vertical section of a. specimen from th.e base of the Liberty forma

tion, near Weisbul'g, Indiana. x 18. 
2a. Tangential section of the same specimen. x 18. 
2b. Portion of the surface of the same specimen. x 9. 

NicholsoneUu vaupe/i Ulrich....... ............... ... .. . .. .. ....... 863 

3. Tangential section of the fully mature region of a specimen from 

the top of the Waynesvllle formation near Weisburg, Indiana. x 18. 
3a. Deeper section of a specimen fr01l1 the upper Lorraine at Vevay, 

Indiana. 	 x 18. 
3b. Longitudinal section of a specimen from the same locality. x 18. 
3c. Surface of the specimen of fig. 3a. x 9. 

H ol1lotrypella cf.. rustica Ulrich..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 851 
4. 	 Portion of the surface of this species. x R 

•Annales de Paleontologie. 
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Pe1'onopora pavonia d'Orbigny............... : ................... '" 800 
1. 	 Longitudinal section of a specimen from the Lorraine formatiou 

at Lawrenceburg, Indiana. x 18. 
1a. Tangential section of the same specimen. x 18. 
lb. Surface of a large and very perfect specimen from Lawrenceburg, 

Indiana. 	 x 9. 
1c. Longitudinal section of the type in the &llection ofd'Orbigny. 

x 10. A. P. 

L'el'onopora vera Nickles.......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 867 

2. 	 wngitudinal section of a specimen from the Utica formation near 

llislng 	Sun, Indiana. x 18. 
2a. Tangential section of the same specimen. x 18. 
2b. Portion of the surface of same. x 9. 

Petigopora asperula Ulrich........................................ 868 

3. Tangential section of the type. x 18. U. 

3a. Vertical section. x 18. U. 

3b. Surface. x 18. U. 

3c. View of an entire specimen, natural size. U. 


l'etigopora gregaria Ulrich... . . . . .. . . .. . .. . .. . . . . .. . . .. . .. .. .. . . ... 869 
4. Tangential section. x 18. U. 

4a. Vertical section. x 18.U. 

41.+. Surface of a specimen. x 18. U. 

4c. Several specimens of the natural size. U. 


Petigopora petechialis Nicholson.... . .. . . . . . . . . . . . . . . . . .. .......... 870 

5. 	 Portion of a frond of Dekayia, tronitosa upon which are several 

specimens of this species. Natural size.···· N:. 
5a. One of the specimens magnified. N. 
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Page 

Pmsopom hospitaU,s Nicholson. . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . 871 
1. Tangential section of a specimen from. the top of the Waynesville 

formation near Weisburg, Indiana. :x: 18. 
la. Longitudinal section of the same. x 18.
lb. Portion of the surface of another specimen from-the same locality 

and horizon. x 9. . 

RllOmbotrypa cra88imuraUI! Ulrich........... .... .......... .. .... ... 876 

2. Longitudlnal section of the type. x 18. U. 

2a. Tangential sectioQ.. :x: 18. U. 

2b. Portion of the surface. :x: 18. U. 

2c. Section of a specimen from near the top of the Whitewater dl· 


vision at Richmond, apparently of this species. x 18. 

Rhombotrypa 8ubquadrata Ulrich.. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. 877 
S. Longitudinal section of this species. x 18. ·U. 

Sa. 'l'angential section. :x: 18. U. 

Sb. Portion of the surface. x 18. U. 


Rhombotrypa quadrata Rominger.. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. 877 
4. Section across the stem of a specimen of this species from the base 

of the LIberty formation near Weisburg, Indiana. x 18. 
4a. Tangential section of another specimen from the same place. x 18. 
4b. Portion of the surface of the last. x 9. 
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Page 

l'tilodictya plU1naria James .•...... ~...........•.......... " ... , .. , 874 
1. Tangential section of a specimen from the Whitewuter division at 

Richlllond, Indiana. x 18. 

Stigm ateUa clavi.~ Ulrich.......................................... 881 

2. 	 Tangential section of a specimen from Lawrenceburg. Indiana. 

x 	18. 
2a. Vertical section of the same. x 18. 

i'lti{lmMella perS01tata Ulrich and Bassler. . . . . . . . . . . . . .. . . . . . . . . . . .. 884 
3. IJongitudinal section. x 20. U. and B.* 

3a. Tangential section of the sume. x 20. U. and B. 

Sb. Portion of a tangential section. x 50. U. and B. 

3c. Tangential section of a specimen from the top of the Richmond 


formation. on Ell,horn creek, 	near Richmond, Indiana. x 18. 
3d. Longitudinal section of the same. x 18. 

,'!iigmatella crenulata Ulrich and Bassler.. . . . . . . . . . . . . . . . . . . . . . . . .. 882 
4. Longitudinal section of this species. x 20. TT. and B. 

4a. Tangential section. x 20. U. and B. 

4b. Portion of a longitudinal section, showing the structure of the walls 


that characterizes the genus. x 35. U. anli B .. 
4c. Tangential section of a specimen from the top of the Wayne~vi1le 

formation near Abington, Indiana. x 18. 
4d. Longitudinal section of the same specimen. x 18 . 

• Flgures after Ulrich and Bassler. 



'late XXIV. 



1116 REPORT OF STATE GEOLOGIST. 

PLATE XXV. 
Pnge 

Stigmatella spinosa U1i'ieh and Bassler;., ..... , . . . . . . . . . . . . . . . . . . . . 884 
1. Tangential section. x 20. U. B. 

la. Portion of a tangential section. x 50. U. B. 

lb, Longitudinal section. x 20. U, B. 

Ie. Portion of a longitudinal section. x 50. U. B. 

Id. A SIJecimen of this species from the Waynesville formation on Tan· 


ner's creel;::. Tangential section. x 18. 

8tigmatella il'regulal-i8 Ulrich ........•........ , . . . . . . . . . . . . . . . . . . .. 883 

2. Longitudinal section of this species. x 20. U. B. 

2a. Portion of a tangential section. x 50. U. B. 


St igmatelZa clavis Ulrich .............. ; , . . . . . . . . . . . . . . . . . . . . . . . . .. 881 
3.. Portion of a tangential section. x 50. U. B. 

Ample.1!opora sp.................................................. . 

4. Longitudinal section of a specimen from the extreme top of the 

Liberty formation at Weisburg, Indiana. x IS. 
4a. Tangential section of the same. x 18. 
4b. Longitudinal section of a specimen from a little lower in the Lib

erty formation near Weisburg. x IS. 
4c. Deep tangential section of a specimen of the same species from 

Richmond, Indiana. x 18. 

Rhomootrypa qualkata Rominger.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . 877 
5. View of a specimen of this specIes, natural size. From the top of 

the Waynesvllle formation on Tanner's creek, Indiana. 
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Page 

Amplexopora pustulosa rJrich ............. '............... . . . . . . . .. 761 
1. View of a specimen, natural size. U. 

l'implelJ)op(Jra peta8iformi.~ Nicholson.. . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. 760 
2. View of a typical specimen, natural size. N. 

Amplexopora cingulata Ulrich......... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. J58 

3. Specimen from the middle Lorraine at Manchester Station, In


diana. 


Amplexopora septosa Ulrich............................. , . . . . . . . . .. 763 

4. Specimen from the base of the lJOrraine, Vevay, Indiana. 


AmplelCopo-ra septosa, val'. multispinosa Cumings....... ,. . . . . . ... . .. 765 

5. Specimen from the lower Lorraine or upper Utica near Milton, In- , 

diana. 

Atactopol'ella mund'ula Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 770 
6. Large example of this species growlug upon the frond of Dekayilt 

t1'Ondosa, from Lawrenceburg, Indiana. 

l'ltactoporella newpol'tensill Ulrich .................. , .. , . .. .. .. .. .. . 770 

7. Typical specimen of this species. U. 

Atootoporella ortoni Nicholson ..... '" ....... " .. .. .. .. . . . .. .. . . ... 771 

11. Portion of the surface .of a specimen. x 55. 

AI·throstylus tenuis James .......................... , ... .... .. ..... 768 

8. Reverse of a sp~cimen. U. 

8a. Celluliferous face, enlarged. U. 

8b. Cross section of the stem. U. 

8c. A zoarium of this species, natural Size., U. 


Arthropora shafjeri Meek .............•.•. :........................ 767 

9. A fine example of this species from the base of the Liberty forma

tion near Weisburg. x 18. 

Arthropora cleavelandl .Tames........................... ........... 76(; 

10. A typical example of this species. Cincimlati, Ohio. x 6. B. 

Bernwea primttiva Ulrich................................. ...... ... 779 

12. Portion of the surface. x 18. U. 

Batostoma vCtria/)ile Ulrich............................. .... ........ 7'77 

13. A specimen of this species, natural size. U. 

Batostoma varians James.................. ............... ...... ... 778 

14. A specimen from the Richmond formation near Weisburg, Indiana. 

Bythopora arctipora Nicholson.........•................. , ...... ... 780 

15. SpeCimen natural size. N. . 

15a. Specimen from the Utica shales at Guilford, Indiana. x 9 .. 
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Page 

Bythopol'a deUcatula NIcholson...•.....•... '. . . . . . . . . . . . . . . . . • . . . . • • 781 
1. Typical specimen of this species. N. 

BlIthoporp; oracili8 Nicholson ............•....... , . . . . . . . . . . . •. . . . .. 782 
2 and .'2a. Two typical specimens of this species from the upper part 

of the Lorraine, near Manchester Station, Indiana. 

B11.thopora parvula James...........•........... " .....•......•.... 783 

8. A specimen from the upper Utica near Guilford, Indiana, apparently 

belonging to this species. x 9. 

Bytllo11(l1'a stl'ia.ta 'Llrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 784 
4. A specimen from the base of the Liberty formation near Weisbnrg, 

Indiana, whieh seems to belong to this species. x 18. 

Bythopora meeki James ............ " ................. , ..... :..... 783 

5. . A rather small example of this common species from near Weisburg. 

Indiana. 

Batostoma jamesi Nicholson ......................... , ... , ... ,... .. 775 

6. An eXaml}le of the lobate form of this species. N. 

6a. A ramose example from Guilford, Indiana. 


Callopo1'a andrewsi Nicholson., ....................... "........... 785 

7. A good ;>xample of this species from Lawrenceburg, Indiana. 

Callopm'a nodulosa Nicholson ... , . , ....... , . . . . . . . . . . . . . . . . . . . . . . . . 786 

8. A typical specimen. N. 

Callopora onealU James ........ :., .............. ,.,'. .. .... ....... 786 

9. A specimen f1'om Guilforg, Indiana. x 9, 
10. A specimen' about intermediate in size between typical C. oneaTli 

and O. sigillaroides. 

Callopom onealli var. communis James... .......... ..... .. .... ..... 788 

11. A specimen from the Eden shales at Cincinnati. x 1.5. B. 

Callopo1'a dale'i Edwards and Haime... .......... .. ................ 792 

12. '.rypical eXaml)le of this species.N. 

Oallo11ol'a ramosa d'Orbigny ........... ,............................ 700 

13. Figure of the type in the collection of d'Orbigny~ A. P. 
13a. Specimen from the Lorraine near Manchester Station, IIlCliftua. 

Callopora ramosa var. r-ttoo8a Edwards and Halme. . . . . . . . . . . . 793 
14. Typical example of this species. N. 
Ha. A specimen in which some of the rugae run almost completely 

around the stem. 

Gallopora 8ullplana Ulrich ............................... , .. .. .. ... 795 

15. Specimen from Vevay, Indiana. Lorraine formation. 

Ooelocleina alte1'natum James ................. , ....... ' ......... '" 803 

16. Typical specimen of this Iilpecie&. r. 
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Coeloclema commune. Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 804 


17. 'l'ypical e,xample of this species. U. 

Uonstellat'ia constellata val'. prominens UlrIch .................... '" 806 

18. A fragment of the natural size. U. 

Constellaria constellata Dana................................ , .... , 804 

19. A t.YI!ical example of thIs species. U. 

De'kayia aspera Edwards and Haime. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 810 

20. A beautIfully preserved specimen of this species In the Redfield 

collection of the Yale Museum. 

Dekayia uZrichi var. Jobata Cumings. . . . . . . . . . . .. .. . . . .. . . . . . . .. . .. . 815 

21. A subfrondeseent example 'of this varIety from the LorraIne at 

Manehester Station. 

Dekayia ulrichi var. robusta Foard........... ...... ................ 826 

22. An Irregular and Imperfectly preserved specimen of thIs species 

from the Lorraine at Manchester Station, Indiana. 
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Constellaria polllstomella Nicholson........ " ....... " . " .. .. . . . . . .. 808 
1. A. fine specimen of this species from the base of the Liberty forma

tion near Weisburg, Indiana. 

Constellaria limitaris UlrIch. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 806 
2. A. good example of this species from the Liberty formation neal' 

Weisburg, Indiana. 

Dekayia Ironaosa val'. cysta,ta Cumings... . . . . . . . . . . . . . . . . . . . . . . . . . 813 
S. A. typical specimen of this species from Vevay, Indiana. 

Dekayia ulrichi val". lobata Cumings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 815 
4. A nI!arly frondescent form of this variety from Manchester Station, 

India.na. 

Delcallia pelliculata Ulrich... . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. 818 
5. A. small specimen of this species from Vevay, Indiana. 

Delcallia paupera Ulrich... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 817 
6. A. specimen of thIs species from Vevay, Indiana. 

Dekayia ulrichi Nicholson... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 824 
7. A. typical example of this species. N. 

Dekayia magna Cumings............................. '.' . . . . . . . . . . .. 815 

8. A. specimen of the branching form of this species from Lawrence

lJurg. Indiana. 

/Jekayia Ironaosa d'Orhigny. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 812 
9. A massive form of this SlJecies from Vevay, Indiana. 

Dekayia 8ub1mnilo8a Cumings.............................. .. .. . .. 821 

10. Figure of the type of this species. From Manchester Station, In

diana. 

Delcayia 8ubpulchella Nicholson. . . .. ... . . . . . . . . . . . . .. .. ... . . . . . . ... 822 
11. A. typIcal example of this species. N. 

http:India.na
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Page 

Dekayia jrondosa d'Orbigny....................... " ., .. .... ....... 812 
1. Figure of the type in the collection of d'Orblgny. 

Dekayia subramosa Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 823 
2. Figure of the type. U. 

Dekayia proli/ioa Ulrich............................ '" ....... , . ... 820 

3. Figure of a beautiful frondescent example of this species from the 

Liberty formation near Weisburg, Indiana. 

Dicranopora jragilis '/ Nicholson (or RMnW,iGt:/fu sp.) . . . . . . . . . . . . . . .. -, 
4. A segment possibly belonging to this species, ,,"om the Liberty for

matlon near Weisburg. x 18. 

Erldotrypa rimula.trill) Ulrich...................................... 828 
5 and 5a. 'Two zoarla of this species of the typical form.. U. 

Esoharopora pavonla Edwards and Haime..... .. .... ........ ..... .. 832 

O. A beautifully preserved specimen of this species from the I ..orraine 

at Manchester Station, Indiana. 

Fenestella gram/.wsa Whitfield... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 835 
7. Reverse of a specimen of this species from the Liberty formatloll 

lle~u' Weisburg, Indiana: :x: 9. 
7a. Obverse of another specimen from the sallie place. x 9. 

Gt'aptodictya pm'elegans Ulrich.......... '.. ; .....,. . . . . . . . . . . . . . . . . .. 83G 
8.· Portion of the surface of this species. x 18. V. 

H elopora elegans Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 837 
9. A typical example of this species. The Ilaturul size is shown in 

the small figure to the left. U. 

Helopora harri8i Ulrich...... , . .. . . . . . .. . . . . . . . . . . . . . . .. .. .. . . . . . .. 837 
10. A segment of this speCies. Natural size showll in tile small figure 

to the right. U. 
lOa, Portion of the segment still further magnified. U. 
lOb. Oross section of a segment. U. 

H omotrypa ausJi1ti Bassler..............." . . . . . .. . . . . . . . . . . .. . . . . . . .. 838 

11. Figure of a typical specimen of tbis species. B. 

lla. Another specimen. B. 


Homot1'11pa communis Bassler....................................... 839 

12. A typical specimen of this species from the base of the Liberty 

formation near Weisburg, Indiana. 

Homotrypa oorvata Ulrich ........,.................. ................ 840 

18. A well preserved example oftbis species. from Vevay, Indiana. 

H ofllOt1'11pac1llind1'ica Bassler ....................... . 

14. A typical specimen of this speCies. B. 
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Page 
Homot,'ypa tlaICsoni Nicholson. . . . . . . . . . .. .. . . . . . . . .. .. . .. . . .. .. ... 842 

1. A large and beautifnlly preserl'ed speCimen of this species frOlll 
Brookville, Indiana. 

llmnotr'IJpa !labeUaris Vlrich .... " ................ " . ... .. .. ....... 845 

2. A typical example of this species from the base of the Liberty for

mation near Weisburg, Indiana. The 'photograph fails to show the vel'Y 
low and inconspicuous monticules. 

Homotrypa !labellaris val'. jrondosa Ctllnings ..................... '" 846 

3. A tine specimen of this variety from the Arnheim formation near 

Harmon's Station, Indiana. This is the type of the varl('ty. 

Homotryp€t nicklesi Bassler................. , ............. ,........ 847 

4. 	 TyPieal example of this species. B. • 

'Homotrypa nitida Bassler......................................... 848 
5 and 5a. Two examples of the typical form of this species. B. 

Homotrypa obUqua Ulrich. . . .. .............. ...... .. ....... ....... 848 

6. A specimen of this species from the Lorraine at Lawrenceburg, In

diana. 

lfomotrypa curvata val'. pn/'Bcipta Bassler. .. . . . . . . . . .. .. . ... .. . . ... 841 
7. 	 A specimen of this variety from the base of the Lorraine at Man

chester 	Station, Indiana. 

7a; A view of Olle of the types, B. 


l1omotrypa "amulosa Bassler.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 849 
8. 	 A view of the type. B. 

Homotrypa wortheni James........................... " .. .. ....... 849 

9. 	 View of a specimen from J:Uchmond, Indiana. B. 

H ornotrypa wortheni val'. prominens Bassler. . . . . . . . . . . . . . . . . . . . . . .. 851 
10. 	 View of a typical example. B. 

H omotrypella cf. rust·ifJa Ulrich...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. '851 
11. View of a specimen of this species from the 'Vhitewater divisiol1 

nt Iti<'i1l110nd,Indiana. 

JIonticulipo1'a ep'idermata Ulrich and Bassler. . . . . . . . . . . . . . . . . . . . . .. 857 
12. View of a medium sized example of this abundant species frow 

the Whitewater division At RIchmond, Indiana. 
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Monticuli1JOI'a marnmulata d'Ol'bigny .............................. , 85U 
1. From a photograph of the type in the collection of d'Orbigny. A. P. 
la. A specimen of the more massive form of the species from the Lor

raIne at Lawrenceburg, Indiana. 

jjf.ontic'ulipor.a parasitica Vlrich........ . . . . . . . . . . . . . . . . . . . . . . . .. . .. 862 

2. A specimen of tills spedes growing 011 a specimen of Streptelasma 

'rusticum. Frolll the base of the Liberty forlll!liion neal' Weisburg, Indiana. 

Ntchol.wnella vaupeli Ulrich............. . . ..... ... ...... ...... . .... 863 

3. A :finely preserved SIlt'eimen of this spedes from the LOl'l'aine at 

Vevay, Indiana. 

Peronopora pavon·ia d'Orbiglly.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 866 
4. Photograph of the type in the collection of d'Ol'bigny. A. P. 
4a. A large and very beautiful specimen from Brookvil1e, Indiana, in 

which the maculae are elevated very slightly into low monticules. 

l'CI'onopora vera Nickles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 867 
o. A fragment of the zoarium of this species from neal' Rising Suu, 

Indiana. 

l'ra.~opo/'a hospitalis Nicholson ................................... " 871 

G. A small but typical specimen of this common Rpedes from the base 

of the Liberty formation near \Veisburg, Iudiaull. 

Rltopalonal'ia vcnosa Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 879 
7. A specimen from WeisLmrg. Indlallll. x 2. 

7a. A portion of the type. x 3. r. 




Plate XXXI. 



1132 1UiJPOBT OF Sl'All;; GlWLOGIS1'. 

PLATE XXXII. 
• Page 

Btomatopora infiata Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... 88G 
1. 	 View of a typIcal specimen enlarged. 'J'he natural size shown below 

ill 	the small figure. N. 

la. Several zooecia still further enlarged. N. 


Stomatopora arachnoideaHall... . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 885 
2. Portion of a zoarium considerably enlarged to show the form or 

the zooecia. N. 
2a. A zoarium growing on the stern of a species of '£l'{l]lostOluata. 

Natural sIze. N. 
2b. The same enlarged..N. 
2c. A specimen from the Eden shale at Guilford, Indiana, apparelltly 

belongIng to thIs species, though more slender and with wider spacing of 
the zooecia than shown in Nirholson's figures. x 9. 

P1'o/)o8cina frondolSa Ni<:holson.......... ... .. . ..... . . ... . . . .... . ... 873 

3. portion of a zoariuIll, enlarged. N. 
3a. Small portion of u zoaril1lll, still further enlarged to show the 

shape of the zooecia. N. 
3b. Small portion of a zoarium of this species (?) froll1 Guilford, Ill

dinna. x 9. 

Pl'o/)o8cina aulopol'oides Nicholson.. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 872 
4. 	 Portion of a zoarlurn enlarged. N. 
4a. Small portion of a zoarlurn still further enlarged to show the form 

of the zooecia. N. 
5. A few branches of this species associated with a Stomatopora. 

Versailles, Indiana. x 9. 

Ptilodictlla plumaria James............ . ......•......... .... ... . ... 874 

6. 	 Basal portion of a frond of this species. U. 

Rltin-idictya lata Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 
7. Part of a zoarium, natural size. U. 

7a. Portion of the surface. x 18. U. 


Rhinidictlla parallela James. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 875 
8. 	 View of the type. x 6. B. 

Spatiopora maculosa Ulrich. .. .... .... . . .. . . .... . . .. . . . . . . .. .. .. ... 879 
9. Portion of the surface of the type, showing one of the maculae of 

large~ zooecia. x 18. U. 

Spatiopora tuberoulata Edwards and HaiIne..... ..... ............... 880 

10. Portion of the surface of the type enlarged. E. and H." 

Cornu1lte.~ fie!lluosa Hall .......................................... 1067 
11. A specimen referred to this species from the base of the Lorraine 

forlllation near Man('hester Station, Indiana. x 18. . 

"Figure after Edwards and HI/.lrne. 
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12. A specimen of a specIes common on DekavUJ. trooa08a and other 
Bryozoa. 

Dicranopora emaoorata Nicholson.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 827 
13. A specimen of this species enlarged. Natural ·iiize shown in IILDaU 

figure to right. 	 N. 
13a. Cross section of stem enlarged. N. 
13b. Portion of branch still further enlarged. N. 

http:CornuU.tN


1186 REPORT OF STATE GEOLOGIst. 

PLATE -XXXIII. 
Page 

Gatazyga headi Billings.: ......................................... . 896 
1. Ventral view. M. 

la. Dorsal view. M. 

lb. Profile view. M. 

Ie. Anterior view. M. 


G)'ania laelia Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 897 
2. 	 Several specimens of this species on the shell of a StrophomenR. M. 

Urania 8cabwsa Hall... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 898 
3. A group of examples of this species on the shell of RafinesqulllR 

alternata. M. 
3a. Specimen from the Waynesville formation at Versailles, Indiana. 

showing several examples of this species on the shell.of Rafinesquina. 

Dalmanella testudinaria val'. nwUisecta Meek ... '" ...... .. .. .. ..... 001 
4. 	 Ventral valve of a specimen from the upper Eden sh!1.les at Guil

ford, 	Indiana. 
4a. Dorsal view of a specimen from the same locality. 
4b. Interior of the dorsal val ve. 
4c. Interior of the ventral valve. 

Dalmanella testudinaria var. emacerata Hall. . . . . . . . . . . . . . . . . . . . . . .. 898 
5. Dorsal valve. H. and C. 

5a. Interior of the dorsal valve enlarged. H. and C. 


Dalmanella testudinaria val'. meeki Miller ........................ :. 899 

6. 	 Interior of the dorsal valve of a specimen of this species from 

Minnesota. H. and C. 
&t. Interior of the ventral valve. M. 
6b. Interior of the dorsal valve. M. 
6c·6f. Various views of a number of examples of this species from 

Madison, 	Indiana. 
6g. View of a portion of a slab from Versailles, Indiana, showing the 

great abundance of this species in the Waynesville formation. 

Dinorthis retror8a Salter....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 002 

7. Ventral view of a very perfect specimen. M. 

7a. Dorsal view. M. 

7b. Profile view. M. 

7e. Interior of the ventral valve of a large lndividuflI. M. 

7d. Portion of the sur~ace enlarged. M. 
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DinQrtM-s Il'ubquad1'ata Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 904 
1. Dorsal vIew' of a specimen from Oxford, OhIo. H. and C. 

la. Posterior view. H. and C. 

lb. Interior of the ventral vaJve. H. and C. 


Hebel'tella insculpta Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 900 
2. Dorsal valve of a specimen of tMs species from Weisburg, Indiana. 

2a. Ventral view. 

2b. Posterior view. 

2e. Interior of the dorsal valve. 

2d. Interior of the ventral valve. 


HelJertella oecidentali8 val'. sinuata Hall. . . . . . . . . . . . . .. . . .. . . . . . . . . . 008 
3. Ventral "lew of a specimen from the Waynesville formation at 

"ersailles, IndIana. 
38. Dorsal yiew of a smaller specimen. 

3b. Anterior view. 

3c. Posterior view. 

3d. Interior of the ventral valve of a specimen froID Welsburg,Indiana. 

3e. Interior of the dorsal valve of a specimen from Vevay, IndIana 


(Lorraine) . 

Hebertella oecidentali8 Hall... .. . . . . . . . . . . . . . .. .. . .. . .. . .. .. .. ... .. 906 
4. Dorsal view' of a specimen from Richmond, Indiana, showing the 

sinus in the dorsal valve. 

Leptaena rhomboidaUIf Wllckens.................................. " 909 

5. Ventral view of a specimen from Versailles, Indiana. 

5a. Interior of the ventral valve of a specimen from the same locality. 

5b. Interior of the dorsal valve of a specimen of the so-called variety 


tellltistriata 	Meek. 1\1. 
5e. Portion of the surface enlarged. M. 
5d. Section of the two valves united. M. 

U:ptOlJotU8 lepi8 Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 911 
G. Interior of the ventral valve. H. and W. 

Ga. Interior of the dorsal valve. H. and W. 


l~influla cov-ingtonensi8 Hall and Whitfield.......... . . . . . . . . . . . . . . .. 911 

7. View of the exterior Of the ventral (1) valve, from a gutta-percha 

("11St. H. and W. 

Suhizoorania filo8a Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 93;~ 

8. Enlarged view of an upper valve. H. and W. 

8a. Enlarged view of the ventral valve. H. and W. 


'l'rematis millepunctata Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .~ 
9. Dorsal view of a specimen from Cincinnati, Ohio. H. and W. 
9a. Ventral side of the same specimen. H. aud W. 
90. Interior of a ventral valve. H. and W. 

9c. Profile view. H. and W. 


Trematis reticulal'il! Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 944 
10. View of the type. ;\L 
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Platystrophia lynx Eichwald...••..•••.•••••••.. " ••• • . . . . .. . . .. . . . 914 
1. A specimen of the normal type from the middle part of the Lorraine 

at Vevay, Indiana. 
la. A somewhat more gibbous. e same locality, anterior 

view. 
lb. 	Posterior view of the same. 
Ie. 	Profile view of a similar specimen. 
1d. InterIor of the ventral valve, showing the deeply Impressed mUSCH

lar pit. 
leo Interior of the dorsai valve. 
If. OutUne drawing of a specimen from the "Lynx" beds of CincinnatI. 

This is the gerontic form of the species, found in the top of the Lorraine, 
at Cincinnati. 

19. Ventral view of the same. 

Platystrophia 11lnllJvar. laticosta Meek... ... ............... ........• 918 

2. 	 Ventral view of a specimen from the base of the Liberty formation 

at Versailles, Indiana. 
2a. Dorsal view of a similar specimen. 
2b. Ventral view of a larger and somewhat more acuminate specimen 

from the same locality. . 

PlatY8t1'ophia aoutilimta Conrad. . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . • .. 912 
3. 	 A specimen of this species from Welsburg, India"Qa, intermediute 

in 	form between P. latioosta and the typical P. aoutilirata. 
3a. A Similar, though somewhat larger form from Versailles, Indlana~ 
3b. A more extended form from Richmond, Indiana. 
Bc. A very much extended form from Richmond. 
3d. A similar form from Versailles, Indiana. 

PlatY8tt'oph-ia aoutilirata var. senew.. . • . . • . . . . . . . . . . . . . . . • . . . . • . . . .. 913 
4. A specimen of this form from the Whitewater dIvisIon at Richmond, 

Indiana. 
4a. A specimen from the same locality, which is still shorter on the 

binge-line. 
4b. Profile of another specimen showing the extreme illcurvature of 

the beaks, and the exceptional gibbosity: 
4c. A section of the same to show the great thickening of the shell. 

Platysit'ophia l'JnJJ var. /noritum........ . ... •. . .. . ... . ........ ..... 920 

5. 	 Ventral view of a specimen from Elkhorn creek, near Richmond, 

Indiana. 
5a. Dorsal view of a larger specimen. 

Pl({tll,~t1'ophia codata Pander.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 914 
n. Ventral view of a specimen of this species from Cincinnati, Ohio. 
(la. Anterior view of the same specimen. 

l'latyidropltia lynx (nepionic stage) .. . . . . . . . ... . .. ...... .. .. . . .. . .. 914 
7. 	 Dorsal view of It' young specimen 1 mm. in breadth, from Vevay, 

Indiana. 	 :x: 22. 
7a. Ventral view of sama. ':X: 22. 
7b and "lc. Prattle of the dornl and ventral valv...rdpHiinly. x 22 
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PlectamQunites ,'Cl'imIl8 Sowerby .... , ............................. , 922 

1. Photograph of a portion of 3 slab from the base of the Liberty tor

mation at Versailles, Indiana, showing the abundant occurrence of this 
species at that horizon. 

la. View of the interior of the dorsal \'11 h'e of II specinH'll. x 1.5. :\1. 


lb. Interior of the ventral valve. x Hi. l\J. 


Ie. Dorsal ,·iew. x Vi. M. 


Plectm'this ella Hall.............................................. 924 
2·2c. DorEaJ, anterior, posterior !Iud protile "iews of this species. ]\f, 

/'Iectorthis plicatella Hall ......... , ......... ;.,................... 925 
3-3d. Profile, anterior, pOl'terior, (10l'!;>!1 and ventral "hm's of this 

species. M. 
31'. Dorsal "Iew of 11 form intermediate between this species and the 

val'. tripUcatella. ;U. 
3f. Interior of the (iorsal ,-ah'e of SlIllIe. :.H. 

l'lcctorthis plicatella val'. tripUcatella, 1\re!'k .•..• , . . . • . . .. . . . . . . • . . •. OZ:J 
4. Profile view. M. 

4a. Dorsal view. M. 

4b. Portion of the Sllrfnee enlarged. 1\1. 


Rctzia. granlllifera Meek .......................................... , mw 

5. 'Ventral riew. M. 

5a. Dorsal view. M. 

Gb. Profile view. M. 

5e. Portion of the surfac(' !'Illar,,!'(l to show the grannIes. :\1. 


lUllItwftot1'ema capax Conrad............................ , . . . . . . . . . .. 931 

G, Dorsal view of an adult spedmell. 1\f. 
Ga. Ventral ,'i!'w of same. M. 
6b. Profile view of a large, somewhat gibbous sveeilllell. 1\1. 
Gc. Anterior view of the same specimen as 6. M. 
Gd. Interior of the dorsal valve. )r. 

(\e. Interior of the ventral valve. M. 
Gf. V!'lltral view of an unllsually broad specimen frolll Weisbnrg, In

diana. 
Gg. Ventral view of an l1uusually narrow specim!'n from Weisburg. In

diana. 
6h. Profile of n very gibbous specilll!'n flom Richmond, fudiana. 

,RlllJnchotrema dr.ntata Hall.. .................................. ',' " 932 

7. Dorsal view. M. 

7a, Profile view. M, 

7b. Ventral view of a normal specimen from th!' W'hitewater dh-islon 


at Richmond, Indiana. 
7e. Profile view of an 11I1l1sIlally gibbons spf'Cimen from the same local· 

Ity :md horizon. 
Td. Profile vi!'w of II youlli!: ;;flE"cimell from th!' 1<allle lorolity. 
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Zygosp'ira modesta Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 946 

8-Sb. Ventral, dorsal and anterior views of a number of specimens of 
the normal size from Lawrenceburg, Indiana. 

S68d. Dorsal and ventral views of two small specimens. Same lo
cality. 

Be, Sf and Sh. Posterior, ventral and dorsal views of other specimens 
from the same locality. 

Sg. Ventral view. M. 
Si. Anterior view. M. 

Zygospira cincinnat-/ensis Meek. . . . • . . . . . . . . . . . . • . . . • . • • . . • . . . . . . . .. 945 
9-9b. Dorsal, ventral and anterior views of thIs species. M. 

Stroplwmena sulcata VerneulI.......... ...... .... ....... .. ..... .... 942 

10. Dorsal view of a rather small specimen. M. 

lOa. Ventral view of a larger individual. M. 

lOb. Post~r1or view. M. 

lOco Anterior view. M. 

lOd. Ventral view of a specimen from the Whitewater division at Rich


mond. Indiana. 
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Page 
RafillC8(l'lfinn aUermtta FJllllllons, .. , , '.' .............. , . . . . . .. . . .. . .. 92H 

1. Dorsal view of It rather nanow !lpedmell, resembling exactly III 
outline the val'. Inleta, but with n1l1<:h more massive shell. Weisburg, fl'olu 
the Liberty formation. 

la. 	Ventral view of a very large, fiat form from the lower HidllllolHt 
at Versailles, Indiana. 

lb. View of the type specimen figured by Emmons. m.* 
lc. Interior of the ventral valve of the normaf form of the speeips. l\L 
ld. Profile of a very thin specimen from tile lower Uiehillond at Ver

sailles, 	Indlanu. 
le. Portion of the surface of No. la enlarged. 

Rafinesquina alternat(~ val'. loxorhyUsf,.. . .. . . . . . . . . . . . . .. .. . . . . ... 928 
2. 	 Dorsal view of a specimen from ,"Veisburg, Indiana (base of the 

Liberty fOI'l11ation) that has the general form of this variety. 
2a. Profile of a similar specimen from Versailles, Indiana. 

Rafinc8quina a/ternata nlr. pondero.qa . .... " , . .. . . . . . . . . . . . .. . . . . . . . 1:129 
3. Dorsi'll view of a specimen frolll the Lorraine at Lawreu('{'burg, In

diana. 
Sa. Tnterior of the dorsal "al"p of a ~illlilal' spef'illll'lI from the same 

plae{'. 

Rajinesl]uina a/te/'uata val'. n(lRut(t {"onra(l ........... , ' ............ . 928 

4. 	 Ventral view of nil example of this nU'iety. ]\f. 

Hajinesquina aUel"nata var. Iractn ~Jeek ............. , .. ' ... , . . . . . .. H27 

a. Dorsal view of It large Ap€eiI1Wll. M. 

5a. Section of the two valves showing the (tepress{'d forlll. ;\I. 


"Figure after Emmons. 
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Strophomena neilleota .James? ............' ........................ . 934 
1. Interior of the dorsal valve. M. 

la. Interior of the ventral valve. M. 

lb. Dorsal valve. M. 


Stl'ophomena si1£uata Meek......... . . ... . . . .. . . . . . . . . . . . . . . . . . . . . .. 941 
2-2c. Posterior, anterior, dorsal and ventral views of this species. M. 
2d. Interior of the ventral val·ve. M, 
2e. Interior of the dorsal Yah'e. 1'f. 

St1'Ophomena planoc01wexa Hall.. ........ , . . . . . . . . . . . . . . . . . . . . . . . . . 938 
3-Db. Dorsul, ventral and posterior views of this specieR. 1\1. 
Bc. Interior of the ventral valve. M. 
3d. lIiterior of the dorsal valve. M. 
3e. Section through the two valves. 1\1. 

8t'l'OtJhomena planumbona Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .939 
4. Dorsal view of this species. M. 

4a. Interior of the ventral valve. 1\1. 

4b. Interior of the dorsal valve. l\f. 

4c. Section of the two valves. M. 

4d. Portion of the surface enlarged. lI<£. 


Stl'ophomena mttans Meek ....................................... . 

5. Ventral view. 1\1. 

5a. Interior of the ventral valve. l'I. 

5b. Section of the two vah·eR. M. 

5c. Portion of the surface enlarged. M. 


Stl'ophomena planumbona val'. subtcnta Hall .......... . 940 

6. Ventral view of this speCies. 1\1. 

6a. Interior of the ventral valve. M. 

6b. Interior of a ventral valve of this variety (?) from ,\'eisol1l'g. In

diana. 
6c. Dorsal view of another specimen from the same placp. 
6d. Section of the two valves. 1\:1:. 
6e. Portion of the surface enlarged. M. 
6f. Dorsal view of another specimen. 
6g. Posterior view. M. 
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Bellemphon gorblli Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 953 
I-lb. Three vIews of the type. Miller. 

Belleroplwn 1/tohl"i l\Iiller ......................................... _ 954 
2-2a. AperturuJ and side views of specimens from HiehIllolld. Indi-

Ulla. U. • 

Bellel'ophon'8ubangular·is Ulrich................ , . .. .....•. .. .... . .. !)54 
3-3b. Three views of'the type. From Richmond. IndIana. U. 

Bucania crassa Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 955 
4-4b. Three views of the type. Prom Richmond, Indiana. U. 

Pl'otowarthia s'ubcomprcssa Ulrich .................................. 972 
5-5b. Three views of the type (l'OIll the Richmond fOlj,mation at Ver

sailles. Indiana. U. ' , 

Pl'otowal'thia can.ceUata Hall.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 971 
G-Ga. 'rwo views of a rather small cast of the iutei'ior of It small speci

men from the Trenton of Minnesota. U. 
6b. Snrface of a specimen froIll the Utica (Edell) fOl'matiOJ} at ('OY

ington, Ky. x 4.5 and 9. U. 

8alpin.f]Qstoma richmondensis Ulrich .......... " . . . .. . . . . . . . . . . . . . .. 974 
7-7a. Two views of a nearly cOlllplete eHst of the Intel'ior frolll Rich

mond, Iudiana. U. 

Conradella dycl'i Hall......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 957 

8-8a. Side views of two specimens elllal'g'ed to show the surfnce wark· 

ings. M. 
8b. Aperturai view in outline. M. 
8c. Portion of the surface s,till further enlfll'g('d. r. 

Gom'adellc, dyeri val'. ceUulosa. Ulrich ....................... . 

9. Surface of this variety enlarged. U. 

1'1'ybUdium madisonenae Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 977 
10. Side view of this species. Miller. 

1'l'ybUdi;um indianense ~filler. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 977 
11. Top view of the type of this species. Miller. 
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Salpingostoma el1Jpamum Hall............................. . . . . . . . .. 973 
I-lb. Three views of the type specimen, from the Trenton of New 

York. Hall. 

Cyc~onema bilil1J Conrad... .. ........ ......... . ..... . ..... .. ....... 958 
2 and 2c. Two specimens of the form called var. conicum by Miller. U. 
2d. Dorsal view of a rather large example from VersaIlles, Indiana. n, 
2a. A smaller specimen from Waynesville, Ohio. U. 
2b. Dorsal view of a specimen from CIarI,sville, Ohio. U. 

Oyclonema bilil1J var. ttuctuatum James .. ;......... ........ ....... .. 959 

3. 	 Dorsal view of a perfect specimen of this form from Versailles, 

Indiana. 	 U. 
3a and 3b. l.'wo views of the apex of the same. x 5. U. 

Oyclonema mediale Ulrich................................. , . , , .... ' 960 
4a. Dorsal view of a specimen from Covington, Ky. TT. 
4. 	 Under side of another specimen from Covington. U. . 

Oyclonemq humero8um Ulrich .................................... , .. 060 
5 and 5b. Two views of a typical specimen from Cincinnati, Ohio. U. 
5a. A large and strongly marked specimen of the Richmond formation 

variety of this species from Waynesville, Ohio. U. 
5c. Apertural view of a form abundant at Cincinnflti, Ohio. U. 

Oyclora minuta Hall.................. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 961 
6-6c. Four views of typical examples of this minute species. x 6. M. 

Cyc/ora pu/cella Miller., ........................... , ...... , . . . . . . .. 962 
7-7b. Three views of the type from Versailles, Indiana. x about 8. 

Miller. 

C1Irtolites of'fl.atus' Conrad........... , ........................... ,. 962 

8. Side view of a gutta-percha cast from a natural mold. 1\1. " 
Sa. Portion of the surface of the same magnified. M. 

Microceras inornatus Hall ......... , .... , , , ... , .. , ..... , . , , .......' . j:f70 

9. Side view. x 6. M. 

9a. Apertural view. ~ 6. M. 


lleZicotoma marginata Ulrich .... , . .. . . . .. .. . . .. . . . . . . ... . .. . . . . ... 963 
10. Top view of a specimen from the extreme upper part of the Rich

mond formation at Richmond, Indiana. Below is shown the profile in out
line. U. 

HQlopea,' , (1) hubbardi Miller............... . . .. . . .. . . .. .. . . . . . . ... 964 
iland lla. Top and apertnral views of this species. Miller. 

H01'motoma, bellicincta Hall ....................................... . 

12. A specimen showing the surface markingil. Hall. 

12a. View of another less perfect specimen. Hall, 
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Page 
HonnQtoma gracilis Hall. ................ " ....................... . 

13 and lSb. '1'wo casts of this. species. Hall. 
1Ba. Small specimen preserving the surface markings. Hall. 

Liuspim 'vitr'uvia Billings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 965 
14 and 14a. 'two views of a cast of the Interior from Beloit, WiSCOlI

sill. U. 
14b. Vertical section of a specimen from Cmmon Falls, l\finllesota. r. 

LopholJPira acuminata Ulricb and Scofield............... . . . . . . . . . . . 960 

15. Specimen of tbls species from Richmond, Indiana. V. ann S. 

Lophowlra bicincta Hall................. . . . . . . . . . . . . . . . . .. . . . . . .. 967 

16. Large cast of the interior preserving some of tile external lIlark

ings. Beloit, Wisconsin. U. 
16a. Vertical section of an elongated spectmen from Dixon, Illinois. V. 
16b. Portion of tbe surface of a speclmeu frolll Murfreesboro, 't'ellllf'S

see. x 2. U. 
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Lopho8[Jira ampla Ulrich.......................................... 966 
I and lb. Apertural and dorsal views of a large specimen from the 

Lorraine formation, Newport, -1(y. U. 
la. Apertural yiew of a large specimen from the Richmond formation, 

Boyle county, Kentucky. U. 

Lophospira trop'idophom Meek. . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . .. 969 
2. A specimen of the usual form from the Lorraine group, Newport. 

'Ky. n. 
2a. A form from the Richmond group at Madison, Indiana. U. 
2b. 	Portion of the last whorl of a smaller example from the Richmond 

formation, 	Butler county, Ohio. U. x 2. 
2c and 2d. 'I'wo views of the form to which Miller gave the nltll1e 

multigrmna. Miller. 

Lophospira hummeli Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 969 
3 and 3a. Apertnral and dorsal views of this species. Miller. 

Lophospira bowdeni Safford ...................................... . 
 * 
4. A large specimeJ?, imperfect at both ends, from the Richll10nd for

mation, Boyle county, Kentucky. V. 
4a. Last whorl and aperture of another specimen from the same 10-. 

(,Hlity. 	 U. 
4b. A narrow, elongate specimen froll1 the same locality. U. 

OI1'1Jdisc'Us 1Ilagn'Us Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 970 
5. 	 Side view of the type. Miller. 

Ilaphi8to1lla l'ich1llollllense Ulrich. ..... .. .. .. . . . . . . .. .. . ... . . . . .. . .. 972 
6 and 6a. 'l'wo views of a specimen from Riehmond, Indiana, retaining 

somp of the shell. U. 
(;11. Portion of tllp flllrfaee of the last part of the whorl of same. 

x4. 11 

Schizolophu moorei Ulrich. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 975 
7. 	 View of a nearly perfect cast from Richmond, Indiana. U. 
7a. Vertieal section of an unusually high example of the Oincinnati 

form. U. 
711. 	 Gutta-percha impression from a natural mold of a Richmond speci

men. 	 U. 
7c. Basal view of No.7. U. 

Clathrospira subconica Hall... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 956 
S. 	 Cast of a specimen from Minneapolis, Minn. U. 
Sa and Sb. Two views of a cast from the Stone's RiYer group at 

Beloit, Wis. U. 

• Safford gave no description of this speCies. For an excellent description see 
Geol. Nat. Hi&1:. Sun., Minnesota, vol. III, pt. II, p. 986. 
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l'llge 
'fn)()honema madisonen,~e lllrich... ... .. . . . . . . .. . .. . . . . . . . ... . . . . . . .. 9m 

I·Ib. Three views of the type of this species. r. 

Conttlaria formosa Miller and Dyer. . . . . . . . . . . . . . . . . . . . . . . . . 9~ 

2. View of the type. M. and.D.'" 
Hyolithes (1) dubious Miller and Faber. . . . . . . . . . . . . . . . . . . . . . . . . . .. 964 

8. View of the type. M. and F .... 

Hyolithes versaillesen8is Miller and Faber................... ....... 965 
4 and 4a. Several views of the type. M. and }1'. 

(Jornulites riohmondensis MlIler .............................. '.' . . .. I()(l5 


5. View of the type. x 1%. Miller. 

A.nomalodonta oostata Meek.............................. . . . . . . . .. ~87 

6 and Ga. Two Ylews of the type. M. 

BlIssonyohia alveolata Vlrlch...................................... 98~ 

7-7a_ Two views of a right vaJve of this s{Jc(·ies. III one ,-lew the Jeff 
yuh-e is restored. U. 

BlIssonllohi(~ obesa Ulrich ...... _....... _" ............ _....... _... _ 991 
8-8b. Three views of a cast of the intpriol' of the medlullI size. from 

Richmond, Indiana. n. 

Ruoania simulat1'im Ulrich... .... ..... .... ..... . .. .. ..... ... .. .. ... 955 
9-9a. Two views of this species. From RkhlllOlld. Indiana. U. 

·Figures after MUler and Dyer. 

··Flgures after MUier and Ji'aber. 
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A.tiOmalodonta gigantea Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 988 
1. Very good cast of the interior of a left val V£', with 'the ligamenta! 

area restored. U. 
1a and lb. Internal "'iews of the original types of the genus and 

species, from Versailles, Indiana. U. 

AlZonychia jame$i Meek.. . . . . . .. . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . .. 986 
2. An excellent cast of the interior of the right valve of this 

species. U. 

B1I880nllehia praeC1lrsa Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 992 
a and Sa. Two views of the type. U. 

B1Jsson1JoMa radiata Hall. . . . . . . . .. . ............................'.. 993 

4. Exterior of the left valve, showing the surface markingS. Hall lind 

WhItfield. 

B1I880nllehia tenuistriata Ulrich ......................... " .. .. . . ... 996 
5 and 59,. Two views of the type. from Granger, Minnesota. T. 
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Bys80nllohia grandiIJ Ulrich...... .. ........ ........ .. .... ... ... .... 990 
1 and la. 'rhe left valve and anterior view of nn imperfect and sllghtly 

distorted tast of the exterior, from the Rlchmond formation at Oxford. 
Ohio. U. 

B1I880nllohia rlchmonden8is Ulrich. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 994 
2 and 2a. Two views of a cast of the interior of the average sIze and 

proportions, from Richmond, Indiana. U. 

BYS80n1lchia suberecta Ulrich .................................... " 990 

3. An imperfect testUerous right valve. U. 
3a. Anterior views of two valves from the Richmond formation at Ver

sailles, Indiana. U. 

Clion1lchia ea:cavata Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 997 
4 and 4a. Lateral and anterior views of a cast of the Interior. l.'he 

tl1iekness doubtless reduced by pressure. U. 

Otenodonta cingttlata Ulrich ..................... " ........ , ..... .. 007 

5. Exterior of a right valve. U. 

5a. Interior of same. x 2. U. 


ClidophorU8 tabula Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 001; 
6 Ilnd 6a. Lateral Ilnd cardinal views of this sveciel>. 1\[. 
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'DlImaton()ta tllpicalis Ulrich ........................ ,. . . . . . . . . . . . .. 998 
1 and lb. Left side and dorsal views of an imperfect cast of the in

terior, from Waynesville, Ohio. U. 
'la. Left side of a nearly complete cast of the exterior. 
lc. Dorsal view of same in outline. U.. 

U. 

()1I1·toaonta cuneata Mlllel'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
2. View of the type. Miller. 

999 

I ~chyroaonta aecipiens Uli·ich. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
3, 3b and 3c. Three v:iews of a nearly perfect right valve. U. 

999 

Sa. Interior of the largest left valve seen (by Ulrich). Near Rich
'm,p,nd, ~udiaha. U. 

\'llichyt'.~donta elongata Ulrich ..... : ............................. :.. 1000 
i.~":i ".; 4;~ I..eft valve of the original type of the species. U. 

".' 4~~ 'Smaller mold of the exterior, from RichmolJd, Indiana. U. 
" " . 
. tschYl'odonta miseneri Ulrich........ , .. , " ., ...................... " 1001 


5. 	 Right side of a specimen from Richmond, Indiano. U. 
'Jr18c1ty)'()d~hta moaioloformis Ulrich. . . . . . . .. . ... . . .. . .............. 1001 


6. 	 Small example of this species, differing somewhat, especially In the 
basal 	region, from the typical form of the species. U. 

6a. The right side of a nearly perfect cast of the;linterior. U. 
6b. Dorsal view of another cast of the interior.U. 
6('. From a gutta-percha impression of a portion of the extel·iol'. x 2. U. 

lschyrodonta ovalis Ulrich ......................................... 100'2 
7-7b. Three vIews of the original type of this species. U. 

I sehyt'odonta truneata Ulrich..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 100.'1 
B-Sc. Various views of this species. U. 
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[8ohllrod()ntauniorw~de8 l\I('elL ........................... , ........ 1004 
1 and 111. Two views of the type. M. 

Modiolo(/on declivi;; Ulrich ............ , ............................ 1005 
2 and 2a. Right side aud cardinal \'il'\\' of n eRst of the interiOl' of 11 

speeimen from Richmond, Indiana. U. 

Modiolodon 8ubo1Jalis lJlrlch ....................................... 1006 

3. Left side of a cast of the Interior, From Versailles, Indiana. TT. 
3'a and 3b. Right side and cardinal view of a CRst from the Richmond 

formation at Versailles, Indiana.' U. 

Modiolodon OI)tu8u,8 Ulrieh ................... , ..................... 1005 
4 and 4a. Impressions of the extf'l'iors of a left and right valve of this 

species from Cincinnati, Ohio. U. 

MlHfiolodon 8ubrectu8 t!1rich ........ " ........... , ................. 1007 
5 and 5a. Left side and cardinal yiew of a small but characteril'ltic 

Cllst of the interior. Richmond, Indiana. U. 

Modiololfon tnl'nCatu8 Hall. , ................... " .... " .... , ....... 1008 

6. The right side of an internal cast from Versailles, Indiana. U. 
6a. Left side of a Cllst of the interior from Cincinnati" Ohio. U. 

Modiolop.~i8 'versaillesensi8 Miller ..... " ......•... , . " ......... " ... 1010 
7 lind 7a. View of the exterior of a left valve and the interior of II 

riglIt yah'e of this species. Miller. 
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Opisthoptem C(lsei Meek and Worthen .. , , .. , .. , . '" ............... ' 1011 
1. 	 Gutta-perdlll impressioll otia natural mold of the exterior of a 

specimen 	from Marion county. Kentucky. 11. 
la. Left side of a cast from Richillond, Indiana. U. 

Opistlwptera oIJliqua Vldch....................................... 1012 

2. Right side of a specimen from Richmond, Indiana. U. 

2:1, Anteriur "iew of the same. U. 

2b. Dorsal view of a good cast from Richmond. Indiana. U. 


Modiolopsis conccntrica Hall and Whitfield, .... , ., ... , ...... , .. ,.,. 1009 
3, View of a small specimen retaining both valn·s alld shuwing the 

surface markings. H. and W. 

Orthodesma eanuliculatmn Ulrich... , .. , .. , ...... , ........... , . : . , . ~ '1012 
4 and 4b. Hight side and clll'dinal views uf a nearly perfect cast of 

the interior. Waynesville, Ohio. U. 
4a. Incomplete cast of the anterior end. showing obscure rays across 

the central half. U. 

Ol'tltotlcsma paralle/um Hall. ......................... . 
5, Right side of the type. Hall. 

O,·thodesrna ,'cctUTIl Hall and Whitfield .. , ............ , ... ; .. : .. , ... J014 
6 lmd Ga. Right sides' of two specimens showing the range in size. 

H. and W.* . 

Ol'thotlesmasubangulatum (llrich... , ............ , .......... , . . . . . .. 1015 
7 and 7a. Left side and cardinal views of a speeimen from IUchmond, 

Indiana. U. 

Ol'thodontiscus miUe1'i Meek ........................................ 1015 

8. Interior of a left valve of It large specimen. 1\1. 

. 8a nlld 8b. Left side and dors>11 view of a medium sized specimen. , M. 

01·tonella ltainesi. Miller .................................. , . . . . . . .. J 017 

9. Right side of a perfect. though rather smtill, and typical sped

mel!. V. 
Oa. 	 Antero-dorsal view of same. V. 
9b. 	 Interior of a left valve. V. 
\:lc. 	 Nearly entire mold of the interior of a right v~lve showing Impres· 

SiO{lS 	of the posterior lateral teeth. U. . 
\:ld. Dorsal view of an excellent cast of the interior. F'rolll Richmond.' 

Imlill.tla. U. 

• Figures alter Hall and WhItfield. 
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Ptel'inea demissa Conrad..................................... . . . .. 1018 
1. Left valve, showing the general shnpe and surfucf' markingI'!. Cln

ciullnti, Ohio. H. and W. 

l'terinea insueta Emmons............................ , ............ lOll) 

2. View of the type. E. 

Hhlltimya byrnesi Millf'l' ........................................... 1019 
3 ulld Sn. Dorsal view und left ~ide of a hU'g~) east of the interior. 

HielUIlOlld, Indiana. U. 

Sedllwickirt ('1) traoilis Meek ..................................... 1020 
4 and 4a. Two views of the type. 11£. 

Sphenoliam rw!~monden8e Miller ............... , . . . . . . . . . . . . . . . . . .. 1021 

5. View of the type. Miller. 

'1'ellinomya hUli :Miller............................................. 1021 

6. Interior view of the type. Miller. 

lVhiteat:esia c·inoinnatiensis Hall "and Whitfield............ . . . . . . . .. 1022 

7. View of a large specimen of this species. H. and W. 

7a. View of 11 smaller specimen. H. and W. 


Whiteavesia pholaditormis Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1023 
8. View of a good specimen of this form showing the surfnce mark· 

ings. B. Ilnd W. 

lVhitella umbonata Ulrich .......................... , ....... , ...... 1025 

9. View of the right side of a large specilllen (gutta-percha cast of a 

natural impression). U. 
9a-9c. Three views of a well-llreserved cast of a smaller Individual. 

from Middletown, Ohio. U." 

Wltitella obliquata Ulrich.. . ... . . .. . . ... . . . . . .. . . . .. . . . . .. . . . 1024 
10. Left side of a small specimen.. Cast of the interior. U. 
lOa and lOb. Anterior and cardinal views of another cnst: ·U. 
lOco View of a portion of the interior of a vaive from Mlnueljiota. U. 
IOd. Left side of a cast the height of whiCh has been reduced by pres

sure. U. . 
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01lrtoceras amoenum l\Iiller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1027 

1. V~w of the type. Miller. 

Oyrtoooras tenui8eptum ll'abel'... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1028 
2. View of a small specimen. with tweuty sevtn. Faller. 

2a. Specimen showing body chamber. Ji'. (fig. Sa of Faller). 


Oyrtoeem,~ t1;omp8()n~ Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 102U 
3·3a. '.rwo views of the type. Miller. 

Gomphocerasindianense ;\>IilJer and Faber. . . . . . . . . . . . . . . . . . . . . . . . .. 1000 
4. Body chamber and ten septa. )1. and F. 

4a. Outline of a transverse "e~tion. :\1. and F. 

4b. Outline of the tenth septum and positio11 of the siphuncle. IH. 


alld F. 
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Endoceras prateifarme Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1029 
1. 	 Specimen showing the siphnnele with portions of several of the 

I'nlllerae still 	in position. Hall. 
la. A similar specimen giving a natural section of the camerae. H. 
lb. View of a similar specimen. Siphuncle somewhat broken. H. 
le. Specimen showing twelve camerae. H. 
Id. 'l'ransverse section of the last. H. 
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GyI"OC~;';:'; bae1'i Meek and Worthen ............ . . .......... 1032 
1. View of the type.. M. . 

OrthocenJ:8 biUneatum Hall. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1033 
2-2a. Two fragments of this species preserving the surface mark· 

ings. H. 
2b. Enlargement of a portion of the snrfaee. H. 

01'thoceras mohri Miller ........................................... J038 
. 3. Longitudinal section of the type. Miller. 

o ,.thoceras byrne.~i Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1034 
4. Longitudinal section of the type. Miller. 

01·tltoCeras junceum Hall .... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 103. 
5·5e. Various views of the type spedmPlls. H. 

~: 
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Ort/wcems cal'leyi Hall and Whitfield ...... " ., ............. 1034 
1. View of t)1e tyP€;o H. and W. 

Ol'tllOcel'(ts d1111e1'i Hall and 'Vhitfield............................... 103tl 

2. View of the type.' H. and W. 

2a. Fragment showing the position of the siphnnc]p. H. IInll \Y. 

2b. l<Jnlal'gernent of the surface, showing the peclllial' mnrl\ings. H. 


and W. 

O,·thoce(l!! gOl'byi Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1037 
3. View of the type. M\I1er. 
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Cel'utopsis chambersi Miller.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1042 
1. Lateral view of a right valve. H. and W. 

Ill.. Partial profile view of a left valve. H. and W. 


Oel'atopsis chambersit var. robusta Ulrlcq. '~",>,., .....•.•... " ........ 1043 
2-211.. Lateral and posterior views of' an entire carapace of thIs spe

cies. U. 

Cemtopsis oculi/era Hall..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1044 
3. Lateral view. H. and W. 

3a. Basal profile vIew. H. and W. 


7'etradeUa quadl'ilirata Hall and WhItfield .. .' ....................... 1048 

4. 	 View of a left valve, showing the character of the ridges and sulci. 

H. and W. 
4a. Basal profile in outline. H. and W. 

'f.~tradella quadriliata var. simplex Ulrich. . . . . . . . . . . . . . . . . . . . . . . . .. 1049 
5. View of a left valve. U. 

fia. Profile. U. 


Gtenobolina ciliata ,yar. hammeli Miller and Faber. . . . . . . . . . . . . . . . . .. 1045 
6. 	 View of a right valve. x 12. M. and D. 

Primitia impressa Ulrich.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1048 
7-7d. Two rIght valves, illustrating sUght differences, with anterior 

and dorsal views of each. From Savannah, Ill. U. 

Entomis madisonensis Ulrich...... . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . .. 1046 
8. Left valve. x 18. U. 

8b. Ventral view or same. x 18. U. 


, " 

EurYch,ilina striatomargina.ta Miller. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1046 
9. 	 V1ew of this spedes. x about 20. Miller. 

Lepel'ditia caecigena Miller ....................................... 1047 
:;10. A large right valve showing a small eye spot. x 3. U. 
':'10a-l0c. Left, posterior and ventral views of a complete example of 

the medium size. Both specimens are from near Madison, Indiana. x 3. U. 

Primitia cincinnatiensis "'filler. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1047 
11. Anterior view of an average specimen. U. 

11a. Dorsal view of a complete carapace, differing in several polVts 


from 	the typical form of the species. U. 
lIe. Left side of the same specimen. U. 
11b. Interior of a right valve. U. 
11d. Right side of specimen No. 11. U. All x 20. 

BoUia pumila Ulrich............. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1042 

12. End view of a valve of this species. u. 

12a. Side view. Both x 20. D. 


http:striatomargina.ta


Plate LIlI. 



PLATE LIII-CONTINUED. 118:3 

Page 
['{'[)idoco/cus jarnesi Hall aud Whitfield............................ 1050 

13-13R. Detached plRtes of this speC'les from Cincinnati, Ohio, greatly 
enlarged. H. and W. 

l3b. An outline of n very perfect specimen (after Woodward), sup
lJOEed by Ilan and Whitfield to be congeneric with their Plwrnulitcs jamesi, 
hut evidently not to be so considered. 

l3c. An entire example of this species. Outline drawing from a figure 
by Faber. 

l3d. One of the plates of same Slleeimen. Outline after Fabf'l'. 
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11 cidaspis cet'alepta Anthony. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1052 
1. A pygldium apparently belonging to this species. 1\1. 

In. Another pygidium referred to this species. '. M. 


Acida.9pis cincinntJtiensis Meek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1053 
2. Pygidium and part of one of the thoracic segments. M. 

A.ciaaS1Jis sp ...................................................... 1051) 

3. A left free cheek, apparently of a distinct species. M. 

ACidaspis sp...................................................... 1053 

4. A right free cheek, insi.de view. May belong to A.. cincinnatien

sis. M. 

ACidaspis cro8otu8 James.......................................... 1055 
. 5. A nearly perfect specimen. x about 4. M .. 

5a. A mould of the exterior of another specImen, apparently of this 
species. x about 4. ]\f. 

Call1mene caUwephala Green....................................... 1057 

6. Lateral view of a very perfect specimen in the enrolled state, which 

is the usual way in which this species occurs. M. 
6a. View of a perfect enrolled specimen from Cincinnati, Ohio, show

ing the pygidium and Cepha)on. 
6b. Simllar view of No.6. M. 
6c. View of the under side of a portion of the cephal on of a specimen 

showing the hypostome. x 2. M. 

Acidaspis sp................................. " .................. . 
7·7a. Two glabellae of a specie.., or possibly t,..<'O species of Acidas· 

pis. M. 

Ue'raurU8 wa1"u8 Billings. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1059 
8. A large, nearly perfect specimen. Haines collection. M. 
8a. A view of the cephaliC shield of an enrolled specimen.1\[. 

Cerau-nt8 plemrewanthemus Green... :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1058 
9. A view of It large Imperfect specimen from the Trenton formation 

of New York. H. 
9a. Pygiilium of another specimen, showing the characteristic long 

~jJilles. H. 
9b. Portion of the surface magnified. H. 

DaZmanites breviceps HalL ....'....... ~ ............................ 1059 

10. View of the type specimen. H. and W. 

lOa. OJltline profile of the same. H. and W. 


Trinucleus concentt'icu8 Eaton ........... , ............ "........ ".. ". J064 

11. View of the cephalon of this species. Specimen from the Trenton 

. of New York. H. Slightly modified. 
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Page 
Dalmanites callicephalu8 Hall..................................... • 


12. View of a complete specimen of this species. H. 

12a. Enlarged viliw of the cephalon. H. 

12b. Pygidium. H. 

12c. Enlarged view of one of the eyes, showing the faCets. H. 

12d. Portion of the surface magnified. H. 


Proetu8 ·spurlocki Meek. . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . • . . . . . . . .. 1062 
13. A specimen with the cephal on slightly injured by abrasion, and 

slipped sllghtly backward so as to hIde one or more of the thoracIc seg· 
ments. M. 

"This is a Trenton spec1es. 
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PlIge 

IBoteluB ofoaB DeKay.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. lOGO 
1. View of a nearly perfect specimen of this species, but with the 

test more or less exfollllted so as to show the hypostoma. From the Tren
ton limestone of New York. H. 
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