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Plummet-shaped implements of stone and iron ore, usually hematite,
are frequently found, generally upon the surface, but sometimes in mounds.
They are usually polished, and are very pretty little specimens. Like
many other relics, their use can only be conjectured. Discoidal stones,
or stones disc-like in shape, two to three inches in diameter, and from
three-fourths of an inch to an inch in thickness, concave on both sides,
and generally with a perforation in the center, are also common. Tt is-
not known to what use they were applied. Hundreds of sculptured im--
_plements of various materials and of all shapes, representing animals,
birds, fish and reptiles, are found throughout the State and Union, which
have no apparent relation to any economic use. They occur in mounds,
sometimes in caches, but generally are picked up on the surface. An
attempt to classify them would be bewildering in the extreme and wholly
unsatisfactory.

Pottery. The material used in the manufact re of Indian pottery seems.
to have been a variety of clay mixed with powdered shells. The mixture
forme® a cement of great tenacity, and capable of resisting the action of”
fire to a great degree. The specimens of -pottery obtained throughout this
State are rude, compared to the work of civilized people, but they are
remarkably well executed when we consider the condition of the Indians
and their remote ancestors. The articles consist mainly of what appear-
to have been cooking pots, water vessels, cups—some are termed vases—
and in a mound on the farm of Abiah Hayes, at the State line, near-
Elizabethtown, Ohio, I found a good specimen of earthen lamp about two
inches in diameter, with a handle and depression on the side for the wick.
The articles are all apparently hand-made, the manufacturers having had
no knowledge of the potter’s wheel; but the impressions left on the out-
gide of many of the vessels indicate that they were moulded in a basket,
or other article of wicker work, to give them the required shape. The
vessels found are usually of a globular shape, with wide mouths, some--
times with handles on the sides and occasionally ornamented with rude
lines of scroll work.

The second river terrace, near the State line, in the neighborhood of”
Elizabethtown, Ohio, is a fruitful source of these utensils. Thousands of”
fragments and many perfect specimens are found in that locality. On the
same terrace above Lawrenceburg good specimens are sometimes found.
At the mouth of Laughery Creek, two miles below Aurora, just in the
edge of Ohio County, vast numbers of Indian relics have been found, in-
cluding many perfect specimens of pottery. A number of mounds and
shell heaps are located here. The mounds are located upon the second.
river terrace. Much of the pottery is found buried in. the mounds.
Much of this pottery is found along White, the Wabash and Ohio rivers.
In the vicinity of the immense shell-heaps of Knox, Gibson and Posey
counties many of the finest specimens have been found.
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In the South-west, especially in Southern California, a very large pro-
portion of the exhumed pottery is made of steatite, a variety of ‘“soap-
stone.” Cups and other vessels are composed of the same material.
The great globe-shaped steatite pots found there sometimes hold several
gallons. I have never learned, however, that any steatite pots have ever
been found in this State. ,

Although pieces of copper are occasionally found in the Drift of this
State, it is altogether probable that the great mass of that metal used in
the manufacture of the relics found here was procured from the great
-copper-producing districts of Lake Superior. Among the implements and
-ornaments of copper found in Indiana may be mentioned mauls, hammers,
-axes, awls, ear-rings, bracelets, beads, etc. The articles enumerated have
all been made of native ore, hammered into the required shape. The
beads were made of copper hammered into sheets, cut into strips and
rolled into small, hollow, cylindrical bodies that could readily be strung
-on a string. The bracelets and rings were made by hammering the ore
into a light rod and then bending it into the required shape, the ends
‘usually overlapping each other.

THE MOUNDS.

Vast numbers of mounds are scattered over the surface of the State.
By far the larger portion of them, however, are found in the southern
part of the State. The favorite location for erecting these works was
-along the principal water courses. There are probably not less than five
thousand mounds of all sizes in the State. In Ohio, with an area one-
fifth larger than Indiana, the number of ancient earthworks is estimated
at ten thousand to fifteen thousand. Probably 99 per cent. of the mounds
-of Indiana are composed of clay, sand and gravel, the other one per cent.
-of stone. In some of the northern counties of this State but few, if any,
of these earthworks have ever been observed, while in some of the south-
‘ern counties they are counted by the hundreds.

Form of Mounds. They vary considerably in form. A large propor-
tion of them, however, are circular and conical. Many of them are in
the form of truncated cones. Many are elliptical, some are square, and
‘others octagonal. They are frequently terraced. Besides these, there
are mounds termed ‘‘animal mounds,” from a supposed: resemblance to
some form of animal. I do not know that any of these forms occur in
Indiana, but they are quite numerous in Wisconsin and Michigan, and a
few of them have been observed in Ohio. The “ Great Serpent Mound,”
in Adams County, Ohio, is one of more than ordinary interest. < Alli-
‘gator Mound,” in Licking County, Ohio, is another remarkable work.
“¢Big Elephant Mound,” in G‘rrant County, Wisconsin, has been figured
:and described in many different works on archaeology. - More extended ob-
sgervations throughout this State may reveal works of a similar character.
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Location of Mounds. It has been remarked that, in general, the mounds
#re located near some important stream of water. They are rarely ob-
served upon the low bottons that are subject to overflow. This fact was
long ago observed®by archaeologists, and was referred to as an evidence
of .the foresight of the ancient builders. But if this people possessed the
wisdom ascribed to them by those writers who advocate the theory that
the Mound Builders were a distinet, and, to a great extent, a civilized
people, the simple fact that they had foresight to erect their works above.
the points subject to annual overflow certainly proves no point of supe-
riority above the faculties possessed by the Indians.

A favorite point for the erection of mounds was the gravelly second

terrace of the rivers. These locations furnished excellent facilities for the-
erection of such works. The soil, consisting of sand, clay and gravel was.
easily moved. Besides, these were favorable locations for permanent
homes. The loose, bottom lands were easily cultivated, the streams af-
forded fish, and the adjacent forests game for food. In general the
mounds of the river terraces are promiscuously arranged and not regu-
larly grouped. In general, too, the mounds of the terraces are larger
than those upon the neighboring headlands or those. on the upland plains.
The very largest mounds of this State and Ohio are situated upon the ter-
races. . : '
The projecting headlands of the river bluffs were favorite locations for
the erection of mounds. Upon nearly every prominent point adjacent to
the Ohio River, and many of its tributaries, one or more mounds may be
found. These mounds overlook the neighboring valleys, and command
extensive views, sometimes, for miles in every direction. '

Upon the high plains, or ‘‘flats,” adjacent to our larger streams, it is
common to observe clusters or groups of mounds, sometimes arranged in
a methodical manner. These groups vary in number from four or five to
fifty or more. While they are generally promiscuously arranged, it is.
not uncommon to observe what appears to have been a systematic design
in the order of their disposal. Sometimes they are arranged in circular
rows about a large central mound, the smaller mounds at equal distance
from each other, forming a complete circlé. Again, they are arranged in
lines to inclose a quadrangular space containing other mounds. Some-
times triangular areas are inclosed. Where not limited, however, by in-
equalities in the surface of the ground, the groups of mounds generally
inclose circular or quadrangular areas.

Isolated mounds, occupying prominent points upon elevated tracts of
land, are scattered all over the State. Sometimes these isolated mounds
are located far from any water course. Occasionally pairs of mounds are
observed similarly situated. Also small groups of three or four mounds
are frequently noticed occupying positions upon commanding, elevated
tracts.
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Size of Mounds. There is a great diversity in the size of the mounds.
Those that have not been disturbed by the plow of the agriculturist, vary
in altitude from less than two feet to more than one hundred feet, and
the range in diameter is from fifteen feet to five hundred feet. During
the lapse of ages many of them, no doubt, have been wholly obliterated,
and hundreds of others are scarcely discernible. The highest mounds
now existing in this State probably do not exceed the hight of sixty feet,
while the larger proportion of them range from two to ten feet in hight.

Classification.  Archaeologists have attempted to classify the mounds ac-
cording to their obvious use. The classification embraces ¢‘Sepulchral’”’
or ‘Burial Mounds,” ‘‘Temple Mounds,” ¢‘Sacrificial Mounds,” ¢ Ob-
servations,” ‘“ Habitations,” “ Effigy Mounds,” etc.

Sepulchral mounds are those in which the dead were interred. In his
work, ¢ The Mound Builders,” page 50, Prof. McLean describes these
burial mounds in the following language: ¢ Mounds of sepulchre are
very numerous, and usually have the form of a simple cone, but some-
times are elliptical, or pear-shaped. They are found without the walled
inclosure and removed to a distance more’ or less remote. They vary
from six to eighty feet in hight, but average from fifteen to twenty-five
feet in altitude. Many are isolated and others occur in groups, sometimes
connected at their bases. When they are found immediately connected,
one of the group will be two or three times larger in dimension than any
of the others, the smaller ones being arranged around its base, thus evi-
dencing an intimate relation between them. These mounds invariably
cover a skeleton, occasionally more than one, which is found near the
original surface of the soil. Skeletons have been found in these mounds
at various depths, and not infrequently in great numbers, but belonging
to a more recent time, and generally of the Indian type. The skeleton of
the Mound Builder is easily distinguished from these on account of its
position in the mound. The body was enveloped in bark, coarse
matting or else coarse cloth, and placed upon thin slabs of wood or
other material, which formed the bottom of the tomb. Over it was
sometimes built a vault of timber, and at other times it was inclosed in
long and broad flags of stone. The skeleton is nearly always found dis-
posed at length, with the arms carefully adjusted at the sides. * 3
With the skeleton have been found personal ornaments, such as bracelets,
perforated plates of copper, and beads of bone, ivory, shell or metal.
Few weapons, such as spear or arrow points, are found ; stone implements
are common. Plates of mica are freqoently met*with, and sometimes of
such size as to almost completely cover the skeleton. The plates are often
cut into regular figures, discs, ovals, etc. Vases of pottery are occasion-
ally found.” .

The foregoing is a very elaborate description of many of the so-called
burial mounds; more correctly, it is a complete description of the ideal

. 20—GEOLOGY,
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burial mound. The old Mound Builder himself at the bottom, with the
skeletons of an ‘intrusive’” race deposited promiscuously above and
around him. I have, myself, assisted in opening several mounds which
contained remains and relics deposited in a manner very similar to that
des ribed by Prof. McLean above; but who can tell whether or not the
skeletons around and above the vault were those of a people distinct from
that of the remains within the vault? Besides, in some instances, not oné
skeleton, but dozens and hundreds of them, have been found carefully
placed in the same vault. If the remains of the single individual some-
times found in one of these cists are those of the chief, as is frequently
assumed, why may not the remains deposited in the same mound about
him be those of different members of his tribe—the real Mound Builders?
If the vast numbers of skeletons found in the broad cemeteries of our
river terraces and adjacent highlands, and the vast numbers found in the
mounds themselves, but spoken of commonly as those of an intrusive
race are not the remains of Mound Builders, where, then, are the Mound
Builders buried? If the Mound Builders were the great and numerous
people that their works indicate, they are certainly buried somewhere.

In the Smithsonian Report for 1881, page 591, Dr. Floyd Stinson, of
Evansville, gives a brief description of some interesting mounds and ceme-
teries six miles south-east of Evansville, in Vanderburgh County, where
he found six mounds, four distinct cemeteries; three lines of earth-works,
one large stone cist and one altar. The following is his description:

““The first and most western mound is fifteen feet high, five hundred
and eighty-five feet in circumference, truncated, and one hundred feet
across the top. The second mound, east-north-east of this, is eight feet
high and one hundred and fifty feet in circumference. This had been
dug into by Charles Artes, who found in it some human bones, burnt
earth, charcoal and ashes. Near this mound I found a stone cist which
was eight feet long, four feet wide, four feet deep, welled with slate. In
this were found several skeletons. Nearly north of this is a third mound,
~which is twenty feet high, four hundred and two feet in circumference,
truncated, and sixty feet across the top. On the top of this mound, just
below the surface, was burnt earth. Forty yards from this I found a
remarkable altar. The roof, which was sand rock, was plowed off; the
sides and ends were slate, four inches thick; the floor the same as the
- roof rock. Inside it was three feet long, two feet wide and fourteen
inches deep. The contents of this altar were, first, earth, then one-half
peck of burnt and charfed bones, charcoal, and ashes. Part of the bones
were human (the patella and head of the femur). Beneath this was
burnt earth, and below that, earth.

¢ East-south-east from the second mound is a fourth mound, which is
one hundred and fifty feet in circumference and four feet high. To the
east of this is one of the most remarkable mounds I ever beheld. It is
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one hundred yards long, one hundred ygrds wide, and square; conse-
quently, it is four hundred yards around. It is forty-five feet high toa
plateau, the width of which is one hundred and eighty-five feet. Then,
at the south-west corner, on the top, there is an additional mound, fifteen
feet high, which would make a mound sixty feet high. Then, at the west
end, there is an elevated platform four feet high, one hundred and fifty
feet long and fifty-five feet wide. I will designate this as the fifth mound.
East and west of this great mound are burying grounds. All of the
“graves in this section are walled with slate. East of this again is a sixth ~
mound, which is ten feet high and thirty yards in circumference. Around
these six mounds is a line of earth-work, resting at either end on the river
bank, and inside of this are two other short ones. The outer line is about
one mile in length. The middle and inner lines are about two and one-
half feet high, and about every forty yards there are mound-like widen-
ings on the outer edges. One-half mile north-east of these mounds is a
mound fifty feet high and one hundred and sixty-four yards.in circum-
ference.” .

The discoveries of Dr. Stinson I consider of very great importance.
Here are works of a remarkable character and great extent, connected
with which are extensive cemeteries, in which the dead have been placed
in uniformly walled graves. If one or more races of men preceded the
Indians on this continent, whose are the remains that are deposited here?
To me it is evident that the men who erected the earth-works are the men
who dug and walled the adjacent graves, and buried their dead within
them. I think that a thorough examination of the works would reveal
much of interest to the scientific world.

Temple mounds are in the form of truncated cones or pyramids. They
are the largest in size, and are characterized by the greatest regularity of
construction. The great, square mound ‘described above, by Dr. Stinson,
is evidently a temple mound. It is supposed that originally they all had
graded ways leading to the summit. In many instances those graded
ways are yet discernible. Archeeologists with vivid imaginationg have
pictured sacred temples upon these mounds, with adoring multitudes
facing the east, bowing with superstitious adoration before the rising sun.
Temple mounds are said to be octagonal, oblong, square, round or oval in
outline. They vary in this respect as greatly as do any other class of
mounds. About the only distinguishing feature, then, of a temple mound,
from a superficial examination, is its truncated appearance. I think that
the term ¢ Temple Mounds” applied to these works has no more perti-
nency than the terms ¢ Council Mounds” or ‘ Theater Mounds” would
have. .

Sacrificial mounds contain the so-called altars, upon which an unknown
race of men offered unknown sacrifices to unknown deities. An altar
mound can not be distinguished from others except by an exploration of



308 . REPORT OF STATE GEOLOGIST.

the interior. The altar is usually found near the original surface of the
ground, and generally consists of a receptacle of stone, varying in form
and dimensions. Sometimes it is said to have been made of baked clay. -
Mounds are occasionally examined containing a series of these altars, one
above another. Ashes, charcoal and calcined “bones are usually found in
the altars, and pipes, gorgets, beads and ornaments of various kinds upon
them. Among the earth-works of our State these altar mounds form a
fair proportion.

Observatories, termed also “ signal stations” and ‘‘ laokout mounds,” are
those mounds which are situated upon the prominent points and head-
lands overlooking river valleys and the adjacent country. It is thought
that a series of these works, within a communicable distance of each
other, extends the entire course of the Ohio Rivcr from the Alleghanies -
to the Mississippi. I have personal knowledge of the existence of such a
series between Cincinnati, Ohio, and Rising Sun, Ind., a distance of thir-
ty-five miles by rail and pike. Each mound, at the stations named below,
is within easy view of the neighboring mounds above and below. Begin-
ning at Cincinnati, where there are a number of mounds, they may be
observed at the following points:

On bluff west of Storrs, Ohio.

On bluff south of Ludlow, Ky. :

On Kentucky and Ohio bluffs at Anderson’s Ferry.

On bluff north of Delhi, Ohio.

On Kentucky bluff opposite North Bend, Ohio.

On headland between Ohio and Miami rivers.

On bluff west of Hardintown, Ind.

On Tanner’s Creek bluff’ west of Lawrenceburg, Ind.

On Kentucky bluff' opposite Lawrenceburg, Ind.

On divide between Tanner’s arid Wilson creeks, Indiana.

On bluff south of Aurora, Ind.

On bluff at Split Rock, Ky.

At Rising Sun.*

Near Gunpowder Creek, Kentucky.

Dibble Farm, two miles south of Patriot, Ind.

. Taylor Farm, below Log Creek. -

Opposite Carrollton, Ky.

Below Carrollton.

These stations cover a distance of more than sixty miles along the Ohio
River. In the same region, within a distance of three or four miles from
the Ohio River, there are probably not less than five hundred other
mounds; so that it is not clear, by any means, that these works were de-
signed for signal stations. Dozens of other mounds have been observed
along the same bluffs, and it certainly can not be that all were designed

*This and the following stations are taken from Indiana Geological Report for 1872,
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for purposes of observation. They are usually conical in form, and round
or elliptical at the base. Their contents consist of burnt earth, ashes,
charcoal, bones which are frequently charred, and relics of various kinds,
In this locality the explorations have not been extended enough to de-
termine their true character.

The grouped mourds, especially those upon the river terraces, are some-
times termed ‘‘ habitation mounds.” There is nothing peculiar in their
external appearance, aside from their location and connection, to indicate
their character. They are recognized by the “ kitchen middens,” house-
hold refuse, contained within them, or to be found in the immediate vicin-
ity. The immense shell-heaps, so frequently observed along our water
- courses, and their contiguous mounds, are included in this class.

Effigy, or symbolical mounds, are those in which an effort has been
made to represent the form of some animal, or other creature, in bass-
relief. These, as' before remarked, are frequently observed in other
States, but I have no knowledge of any in Indiana. They occur in Wis- -
consin by the hundreds, representing almost every form of animal known
to this continent.

The contents of these mounds vary. Some contain nothing but ashes;
charcoal and burned earth. If bodies were ever deposited within them
the skeletons have long been wholly decomposed, and all traces of them
are obliterated. Others contain stone cists, or vaults, in which are some-
times found well-preserved skeletons. Some years ago twelve skeletons
were found inclosed in a well-molded earthen vessel which rested upon a
shapely furnace of unhewn stone, eighteen feet in length, in a large mound
at Lancaster, Ohio. The mound was twenty feet in hight and fifty feet
in diameter. In addition to the skeletons inclosed in the vaults, some-
times dozens of skeletons are found in the same mound, irregular]y dis-
posed about. Besides these, innumerable relics of various kinds are
sometimes found in the same mound.

Of the many mounds in Indiana, probably not more than five per cent.
of them have ever been explored, and in but a small portion of these has
the work been systematically done. It is to be regrétted that sufficient
means have never been placed in the hands of the State Geologist to se-
cure a systematic and thorough examination of these works. If the
many shell-heaps that are found in Martin, Daviess, Knox, Greene, Gib-
son, Perry and other counties were examined in detail, and the work
thoroughly done, many perplexing questions might be solved

EMBANKMENTS AND INCLOSURES.

Works of this character are not so numerous in this State as they are
in the adjoining State of Ohio. Prof. McLean states that there are more
than fifteen hundred inclosures in Ohio.
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Inclosure walls and embanktents are usually constructed of clay, but
sometimes of stone. A ditch usually accompanies the wall. The
ditch is frequently found upon the outside of -the wall, but in gen-
eral it is upon the inside—like a modern earth-work hastily erected in
front of a hostile enemy. Two classes of inclosures are mentioned by
‘archzeologists—sacred inclosures, surrounding temple and sacrificial
mounds, and defensive works. The walls inclosing the temple mounds
near Evansville, Ind., may be classed among the sacred inclosures.

While it is possible that many of the mounds were erected for the cele-
bration of religious rites, I am inclined to think that all the earth-works
inclosing them should be termed defensive works rather than sacred in-
closures, as it seems very evident that the walls were built for the defense
of the other works. . :

In Franklin County, Indiana, there is an interesting series of earth-
works. They are situated upon the bluffs of the east fork of White Water
River. The wall here is three or four hundred yards in length, and from -
three to four feet high, accompanied by an outside ditch about two to
three feet deep. The wall is built across a narrow ridge, which projects
into the valley in the form of a headland, the steep bluffs on either side
forming a naturally impregnable barrier. The inclosed area contains
about fifteen acres. Many mounds are located in the immediate vicinity
of the earth-works. These works are situated three or four miles north
of Brookville. .

Dearborn County contains an interesting fortification also. It is situ-
ated upon the bluff of the Ohio River, three miles north of Lawrence-
burg. A full description of these works, by Samuel Morrison, Esq.,
with map and drawings, was published in the Indiana Geological Report
for 1878, page 121. In connection with that is a description and figures
of the remarkable works at Fort Hill, on the headland between the Great
Miami and Ohio rivers, in Hamilton County, Ohio. Some slight mention
of these works has been made in the body of this paper. They are lo-
cated just across the Miami River, not more than three-fourths of a mile
from the State line.

“Fort Azatlan,” near Merom, in Sullivan County, was named and
described by Prof. John Collett in the Indiana Geological Report for 1870,
page 238.

Probably the most interesting works of this character yet discovered in
this State are those near Anderson, in Madison County. They were fully
described and figured by Prof. Cox in the Gelogical Report for 1878,
page 129 et al.

On page 134 of the same report is described the magnificent inclosures
near Winchester, in Randolph County, Ind. These works are figured on
page 137 of the same report.
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In the Geological Report for 1874, page 25, Prof. Cox described and
figured some remarkable inclosures on the bluffs of the Ohio River, in
the eastern edge of Clark County, Indiana. In the same report, page 31,
similar works near New Washington, Clark County, are figured and de-
seribed.

An interesting inclosure, walled with stone and situated in the north-
west corner of Jefferson County, Indiana, is also described and figured in
the Geological Report for 1874, page 32.

In the Geological Report for 1882, page 194, Dr. A. J. Phinney de-
scribes a small inclosure in Franklin Township, Randolph County,
Indiana.

In the Geological Report of 1875, page 238, Drs. M. N Elrod and E.

" S. Mclntyre describe an inclosure one mile east of Paoli, Orange County,
Indiana. On page 198, of the same report, Prof. W. W. Borden de-
scribes a quadrilateral inclosure two miles from Versailles, in Ripley
County. Also, a circular embankment, near Osgood, in the same county.

In the Geological Report of 1881, page 148, Dr. Phinney describes a
small inclosure in Delaware County.

During the progress of the geological survey of this State, the State

«Geologists and their assistants have endeavored to give a summary, at
least, of the archaology of the State. While prosecuting the geological
survey of the counties in detail, special attention has also been given to
the antiquities, and the results of investigations in that direction have
been given in connection with the Geological Report. Below are given
references to the various Geologlcal Reports prior to this, and the pages
in them in which references are made to archeeology :

Geological Report of 1869— :
Archeology of Franklin County, by Dr. Rufus Haymond, page 198.
(xeologlcal Report of 1870—
Archezology of Martin County, by Prof. E. T. Cox, State Geologist,
page 110. ’
Archzeology of Sullivan County, by Prof. John Collett, page 237.
Geological Report of 1872—
Archwxology of Perry County, by Prof. John Collett, pages 82, 88
and 141.
Archzeology of Pike County, by Prof. John Collett, page 287.
Archeeology of Jasper County, by Prof. John Collett, page 299.
Archaology of White County, by Prof. John Collett, page 305.
Archzeology of Dearborn, Ohio and Switzerland countles by Prof.
Robert B. Warder, page 413.
Geological Report of 1873—
Archzeology of Warren County, by Prof. John Collett, page 246.
Archzology of Lawrence County, by Prof. John Collett, page 310.
Archzology of Knox County, by Prof. John Collett, page 370.
Archzology of Gibson County, by Prof. Johii Collett, page 410.
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Geological Report of 1874—
Antiquities (State in general), by Prof. E. T. Cox, State Geologist,
page 24. _
Archaology of Jackson County, by Prof. W. W. Borden, page 60.
Archzology of Scott County, by Prof. W. W. Borden, page 133.
Geological Report of 1875—
Archzology of Huntington County, by Prof. John Collett, page 130.
Archzology of Vigo County, by Prof. John Collett, page 114.
Archzology of Jennings County, by Prof. W. W. Borden, page 174.
Archaology of Ripley County, by Prof. W. W. Borden, page 196.
- Archzeology of Orange County, by Drs. M. N. Elrod and E. S.
Mclntyre, page 238.
Archzeology of Vanderburgh County, by Prof. John Collett, page 297,
Archzology of Owen County, by Prof. John Collett, page 356.
Archzology of Montgomery County, by Prof. John Collett, page 418.
Archzology of Steuben County, by Prof. E. T. Cox, State Geolo-
gist, page 500.
Geological Report of 1878— )
Antiquities (State in general), by Prof. E. T. Cox, State Geologist,
page 121. .
Archzology (An address delivered before the Indiana State Archee-
ological Society, at Indianapolis, Ind., October 15, 1877), by
Prof. E. T. Cox, State Geologist, page 138.
Archzology of Wayne County, by Prof. J. C. McPherson, page 219.
Archaology of Harrison County, by Prof. John Collett, page 419.
Geological Report of 1880—
- Vincennes and Worthington Mounds, by Prof. John Collett, State
Geologist, page 387.
Geological Report of 1881—
Archazology of Shelby County, by Prof. John Collett, State Geolo-
gist, page 84.
Archeology of Fountain County, by Dr. R. T. Brown, page 124.
‘Archzology of Delaware County, by Dr. A. J. Phinney, page 148.
‘Archaeology of Bartholomew County, by Dr. M. N. Elrod, page 204.
Geological Report of 1882—
Archaology (State in general), by Prof. John Collett, State Geolo-
gist, page 37.
Archaxology of Newton County, by Prof. John Collett, State Geolo-
gist, page 6.
Archaology of Jasper County, by Prof. John Collett, State Geolo-
gist, page 73.
Archeology of Marion County, by Dr R. T. Brown, page 96.
Archeeology of Decatur County, by Dr. M. N. Elrod and Prof. L.
H. Marshall, page 151.
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Archaeology of Jay County, by Prof. David S. M’Caslin; page 167.
Archeeology of Randolph County, by Dr. A. J. Phinney, page 192.
Greological Report of 1883—
Archaology of Posey County, by Prof. John Collett, State (JGO]O-
gist, page 68.
Archzology of Morgan County, by Dr. R. T. Brown, page 83.
Archwology of Johnson County, by Prof. David 8. M’Caslin, page
135.
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NATURAL GAS.

WHAT 18 IT?

Natural gas has been the subject of much thought and discussion in
Indiana during the two years just past, and, as might have been ex-
pected, under the pressure of popular excitement, much of the work
done with a view to develop the facts in connection with the discussion
has been ill-directed and generally futile.

The discovery of gas at Findlay and at other points in North western
Ohio created a furor for well-boring, which ran all over Indiana, and the
drill began its work at whatever point money was to be had to pay for
the expensive operation. The consequence has been a loss to the citizens
of Indiana of many thousands of dollars. The State Geologist was not
consulted, save in two or three instances where work had already been be-
gun. Everybody took it for granted that because Ohio had great reservoirs
of subterraneous gas Indiana also possessed them, whereas it is true that of
wells bored but a short distance apart, even in the best areas of the Qhio
gas region, some are successful while others are utter failures. The
reason for this will clearly appear when some of the leading facts are con-
sidered. It is the purpose of this paper to set before the people of Indi-
ana, in the plainest way, a sketch of the substance of what has been dis-
covered in relation to the nature, the origin and the mode of accumula- '
tion and retention of na ural gas in the rocks of the earth.

Natural gas has for its chief constituent carbureted hydrogen, or marsh
gas, which amounts, speaking generally, to about ninety-three per cent.
of the whole substance in the case of the gas found nearest us in the State of
Ohio, the remaining seven per cent. being made up of nitrogen, hydro:
gen, carbonic acid, oxygen, carbonic oxide and sulphureted hydrogen,
with quantity graduated in the order named.

Professor Howard, of Columbus, furnished Professor Orton, State Geol-
ogist of Ohio, to whom I am greatly indebted for many facts, the follow-
ing analysis of the gas from the celebrated Findlay wells:
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Marsh gas (light carbureted hydrogen). . . . . . . . . . .. 92.61
Olefiant gas. . . . . . « . o v« « v o ot e e 0.30
Hydrogen... . . . . . . v v v v o oo 2.18
Nitrogen. . . . « v v v v v o e e e e e e e e 3.61
OXFEEDie + v v v v v e e e e e e e e e e e e e 0.34
Carbonicacid . . . . . . . . . .. ..o 0.50
Carbonic oxide. . . . . . . . e e e e e e e e e e 0.26
Sulphureted hydrogen.. . . . . . . . . ... ... ... 0.20

Of course such a gas is highly combustible and possesses great heating
power upon being ignited. So far the discovery of natural gas has shown
it to be associated with deposits of petroleum or with rocks in which petro-
leum might reasonably be looked for upon scientific principles; this,
together with the chemical composition of the gas substance, supports the
assumption that petroleum and natural gas come from the same source,
and that they are, in some way, the result of the chemical decomposition
of organic matter chiefly vegetable.

There has been a great deal of fine-spun theorizing upon this subject
which might well give place to a practical collating and analyzing of
facts.

Nearly all the conditions which point to a vegetable origin for fossil
coal affect both petroleum and natural gas, as will be better understood
by keeping it in mind that oil and gas are able to travel through passages
in the rocks under ground, while coal must remain in the place where
first deposited. It is because oil and gas have flowed readily, and, per-
haps, to great distances under favorable circumstances, through subter-
raneous channels, that we can not always trace them to a local source.
It is very significant, however, that, as a rule, any strong and persistent
stream of natural gas will not be far from deposits of petroleum in the
same, or practically the same, horizon, or it will be found so situated that
it may be traced to the same rocks for its source.

There are many facts tending to prove that petroleum and gas are, in a
degree, indebted for their substance to the chemical destruction of animal
matter, but the larger facts point to a vegetable origin, and some of our
profoundest scientists have suggested the existence during the Silurian
age of a sargasso sea which furnished the organic matter. Such a sugges-
tion carries with it the explanation of how animal organisms, such as
marine shell-fish, could have added their part to the petroleum of the .
sedimentary rock forming at the bottom of the water.

It has been demonstrated that a substance practically identical® with
petroleum can be extracted chemically from vegetable matter, and the
existence of paraffine in both vegetable matter and rock oil is a signifi-
cant fact in this connection when we consider the constitution of hydro-
carbons. :

It would not be profitable to enter into a discussion of the many theo-

“ries advanced by scientists of high standing to account for the existence of
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petroleum and gas in the body of the rocks. Suffice it to say that all the
evidence appears to me quite conclusive that, in the first place, the gas and
oil come from the same source—that they are separate and distinct mani-
festations of the chemical destrugtion of vegetable and animal organisms;
and, in the second place, that they are the results, each of a different
stage, of the decomposition of those organisms. In short, the theory that
natural gas is generated deep in the bowels of the earth from super-
heated water coming in contact with metallic oxides is extreme]y fanciful,
*and has no observed facts for its basis.

In answer to the question, then, What is natural gas? we may say that
it is, in substance, marsh gas slightly charged with impurities, and that
it has been derived, just as marsh gas now is, from the decomposition of
carbonaceous matter, mostly vegetable.

IL

WHERE IT IS FOUND.

~ Petroleum is found in nearly or quite all the paleozoic rocks. What
is called by drillers ‘“oil sand” is, generally speaking, a porous limestone,
whose interstices are filled with the fluid; but the substance is found
throughout the limestone formations in ‘‘ pockets,” or hollows, varying
in size from mere infinitessimal cavities to large reservoirs. In the shales,
too, bituminous matter is plentifully distributed.

Gas is always present in the oil-bearing rocks, its amount being con-
trolled by certain laws not yet thoroughly understood.

The lightness of gas causes it to.seek a higher level than that of water
or that of oil, consequently it will occupy the highest reservoir open to it
under ground, so that, in boring for it, it may be reached in a position
far removed from the place of its origin. Indeed, the very nature of a
light gas would require force to confine it at a low level; as, for instance,
at the bottom of a synclinal. Hence we should most naturally expect to
find it under the crown or along the slope of an anticlinal. We might
safely assume that, just as water generated at the crown of an anticlinal
would flow down to the lowest point of the adjacent synclinal, gas gen-
erated at the bottom of a synclinal would follow any porous stratum
thence to the highest point of the anticlinal. Hence all the great sub-
terraneous reservoirs of gas are to be found in localities where the strata
have been disturbed by shrinkings of the earth’s crust. No thoroughly
successful gas wells have been made in low synclinals. In Ohio, Pro-
fessor Orton has shown that where gas is found in the Trenton limestone
the horizon is never lower than 500 feet below the sea level. It is worth
noting in this connection that in some places where the Trenton rock has
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failed to yield oil or gas a strong flow of artesian water has been secured.
Here is a suggestion of hydrostatic power supplied by nature for forcing
oil up to the levels far above its source of production. When more shall
be found out than is now known about the structure of the deep-lying
recks of Ohio and Indiana a law may be discovered governing the rising
and accumulation of gas in the porous strata along slopes and anticlinals,
and T feel sure that what may be phrased as artesian pressure will prove
to be a large factor in the process.

The force exerted by the gas in some of the greatest wells is enormous,
amounting in some instances to a pressure of several hundred pounds to
- the square inch.

Gas, in available quantities, has been found in various geological hori-
zons, but those valuable wells which are nearest to Indiana in Ohio have
their source in the Trenton formation of the Lower Silurian. The rock,
as described by Professor Orton, is a porous magnesian limestone and not
an oil or gas sand at all. It lies below from two to three hundred feet of
Utica shales which form an impervious clayey roof.

The region of the Ohio wells is one showing marked disturbances of
the rock strata in the form of slight folds or waves. The oil and gas are .
gathered in the anticlinals, or in the higher parts of the porous stratum.
The series of troubles or disturbances of the paleozoic rocks noted by
Professor Orton in Northern Ohio has been traced by my survey across
Indiana into Illinois, and is described in another paper. It would, there-
fore, appear possible, if not strongly probable, that gas and oil may be
found at some point in our northern area. One may not speak with as-
surance pro nor con, but with the light at hand it is safe to say that there
is much to encourage confidence in the successful outcome of boring, as
regards finding oil or gas in paying quantities, and the reward of success
in boring is so great that even a bare possibility is worth risking the ex-
pense on, especially where the work is done upon the system of local
subscription so generally followed in such cases. Furthermore, struct-
ural accidents in the rock formations must necessarily be regarded as an
element in all our calculations in this connection, and the evidence of
these accidents is often so hidden by the Drift deposits over a large part
of Indiana that boring is, after all, the only perfect road to discovery.

In answer, therefore, to the question, ‘‘ In what areas of Indiana is the
finding of oil and gas in valuable quantity most to be expected?” I may
safely say: The northern part and the south-western part may be ex-
amined with much confidence, though it is quite poss1ble that extensive
reservoirs exist in other areas of the State,
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IIT.

‘““SURFACE SIGNS” AND OTHER EVIDENCES OF WHERE TO BORE FOR _
OIL OR GAS IN INDIANA. ’

The following facts must be understood and be kept well in memory
while exploring for oil or gas:

Oil has been found, in varying quantities, throughout the paleozoic
rocks. :

Gas has been found in all the rocks above and including the Lower
Silurian, small ¢ pockets” or cavities full of it having been discovered in
the body of the glacial Drift and in the compact recent clayey and peaty
deposits.

‘Wherever carboniferous shales are exposed there may be found evi-
dences of the escape of oil and gas from the body of the formation. So
in limestones, and even in the central cavity of geodes, a thick, rich
rock-oil may be seen. From marshy places and from springs of water a
light gas is often found rising, sometimes accompanied by a natant film of
oil on the surface of stagnant pools. These so-called ‘ surface signs” are
rarely significant of any deposits or accumulations of gas or oil worth de-
veloping. In the case of marshy spots the source of gas generation may
be and usually is very near the ground surface and will be found in sub-
merged vegetable matter. In the Drift formation the gas source is often
ohsture, but facts enough have been observed and recorded to make it
clear that in this case, too, the generation is brought about by the decom-
position of rafts of wood or other plant matter buried during some of the
glacial or post-glacial disturbances of the mass. Bituminous shales and
other carboniferous deposits of a like character probably have received
their oily and gas bearing character from both vegetable and animal sub-
stances deposited along with their other constituents at the time of their
formation by sedimentation on the sea bottom. Clay has a peculiar affinity
for petroleum or bitumen and will often be found charged with it in one
form or another, especially where natant oil has come in contact with the
banks of streams. Thus old clayey terraces, marking the margin of
ancient water currents may be found to contain bituminous traces and to
give forth feeble hints of gas, on account of oil transported, perhaps from
a great distance, and imprisoned by the mere accident of contact. _

All over the great Drift area of Indiana gas has been found in digging
or boring for water. In most instances the reservoir was tapped before
reaching the paleozoic rock. Of course, in each case the supply was small
and the pressure feeble. Still the discovery would invariably be con-
strued by the ordinary well digger to be promissory of a grand reservoir
deeper down. The consequence has been the expenditure of a great deal
of money and labor in vain. Gas can not pass through a heavy bed of
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compact bowlder clay, nor through a dense stratum of argillaceous shale.
Hence, a ¢ pucket” of gas may exist in the midst of the Drift mass, or
within a shale deposit, without at all indicating any supply deeper down.
With the foregoing facts in mind, if’ we should bore entirely through the
Drift and immediately upon reaching the paleozoic rocks we should find
gas, we might be justified in expecting to reach a reservoir further down,
more especially if we knew, from the geology of the region, that a forma-
tion otherwhere gas-bearing lay at no great distance beneath the drill,
with clay shale intervening. In other words, the conditions would strongly
indicate a gas-leak from a reservoir somewhere deeper in the earth.

At Findlay, in Ohio, however, such a leak extended through the en-
tire Drift-mass, and the gas was utilized long before any of the now cel-
ebrated Trenton bores were made. Still, the rule and not the exception
must govern. Marsh gas, fire-damp and natural gas are one and the same
thing, and have the same sources of generation, namely : Decomposition
of animal and vegetable matter. Old silted-up stream channels in our
Drift deposits contain considerable amounts of plant remains and, per-
haps, of animal matter also; hence, it is easy to account for a limited ac-

“cumulation of carbureted hydrogen in such places. Superficially, these
filled-up and abandoned stream beds are sometimes marshes giving rise to
springs, through which the gas finds exit with fetble bubbling or boiling
of the water. Of course, even the feeblest leak from the earth surface,
of the character described, may indicate high pressure natural gasin a
great reservoir far below, but the chances of this are so slight that they
are not worth considering.

It may be set down, therefore, that there are no valuable accumulations
of natural gas in the Drift mass, and that from the nature of the structure
of our bituminious shales the gas they bear probably can not be collected
into reservoirs great enough in extent to furnish a desirable supply, and
that, therefore, surface indications in connection with either of these forma-
tions are deceitful and valueless, and that all the reservoirs of gas will be
found below them.

It is well, perhaps, to remark just here that the ¢ subterraneous reser-
voirs” mentioned in this paper are not vast, open caverns filled with oil or
gas, but are merely porous strata into which these substances have been
forced by the operation of their own gravity as compared with that of
some other fluid or liquid, or by reason of hydrostatic pressure, or of ca-
pillary energy, or of all these combined. In the case of the Western
Ohio gas the reservoir is, according to Professor Orton, a well defined
formation of magnesian limestone. If, however, gas should be discovered
leaking from the carboniferous rocks in the western or southwestern part
of our State, it might be a good indication. I say ‘it might be,” for all
the features of the situation would have to be carefully considered in con-
nection with a more definite statement of the probabilities. So, if surface

%
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indications, very much like those which preceded the discovery of gas at
Findlay, Ohio, were observed anywhere in Northern Indiana, I should
say that a bore should be made there at once. .

There are considerable disturbances of a peculiar and interesting nature
affecting the paleozoic strata underlying the Drift of Northern Indiana,
but at present their extent can be inferred only from certain conditions
observed near Kentland, Delphi, Logansport, Huntington and Wabash.
Further examinations may disclose a condition of things making the ex-
istence of gas in parts of that area quite probable, but at present nothing
may confidently be said on the subject further than that there are some
good reasons for believing that a thorough test might result successfully.
Indeed, the existence of high pressure gas in the Lower Silurian rocks of
Northwestern Ohio is owing to just such disturbances of the strata as are
indicated by certain visible features of the same formation in our own
State, and when we consider that the successful wells at Findlay, and
other Ohio points, led to the discovery of the hidden folds of deep strata
in which the precious substance had been collected, we may go forward
with prudent and well-directed explorations, feeling that, at least, there
need be no great loss, and that, if success should come, the results would
be almost incalculably valuable.

In conclusion, it must be said that surface indications are not to be
trusted, especially within our Drift area, and that if high-pressure gas be
found anywhere within the limits of Indiana, it will most likely be in con-
nection with accidents or disturbances of the rock structure which are so
hidden by Drift as to be discovered in no way save by the patient investi-
gations of science, or by the expensive operations of experimental boring.
This boring should be done with great care and caution, and not till after
there has been an exhaustive study of all the facts within reach should it
be said that .ndiana has no vualuable deposits of oil or gas.

GAS IN INDIANA.

Since the foregoing report was made ready and a part of it published in
the Indianapolis papers for the benefit of the public, natural gas has been
reached at several points in Northern Indiana. A bore at Eaton, in
Delaware County, and one in Kokomo, Howard County, struck a reser-
voir in the Trenton limestones under surroundings very similar to those
of the Ohio wells. The flow at Kokomo at this writing indicates a good
pressure and a probability that the supply is great; that at Eaton appears
to be less promising, but not by any means discouraging. Owing to the
fears entertained by the owners of the wells that the piping might be blown
out the gas has not been confined in either of them, consequently no ac-
curate measurement of either flow or pressure has been made. I hope to
be able to present these facts before this report goes to press, though but
few days are left to wait for them.
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Dr. A. J. Phinney, of Muncie, who has proved himself a very able
and painstaking assistant, makes the following report of the facts in con-
nection with the well at Eaton :

THE EATON GAS WELL.

¢ This well was first bored in 1876 to a depth of 600 feet, at which point
a flow of gas was obtained sufficient to produce a flame two feet in hight.
A diamond drill was used and the hole was only two inches in diameter.
As the company was exploring for ‘coal, no attention was paid to the gas
as it was not_thought at that time to possess any economic value. Since
the discovery of natural gas at Findlay, and other points in Ohio, those
formerly interested in the Eaton well became convinced that gas would
be found in paying quantities at that point. This opinion, of course, was
based upon the fact that gas had been found previously. Among those
most sanguine of success were George W. Carter, of Eaton; W. W.
Worthington and Robert Bell, of Fort Wayne. These gentlemen, to-
gether with the wide awake and enterprising citizens of the town and
surrounding country, organized the present company, and work was be-
gun at ence, Mr. A. H. Cranell having the contract. The hole has a
diameter of eight inches for the first 250 feet, the balance five and one-
half inches; hight of derrick, 72 feet.

Gas was found at a depth of 922 feet after having passed through the
following strata : ‘

Buff limestone . . . . . . .. ... ... 5ft. )

Blue limestones . . . . . . . . . . . .. 20 ft. '

Yellowish limestone . . . . . . . . . . . 30 ft. L Niagra.

Bluish-gray limestone. . . . . . . . ... 45 ft. ’

‘White limestone . . . . . . . . . ... . 35 ft.

“Bluish argillaceous limestone . . . . . . . 55 ft.

Buff limestone . . . . . . . . .. . ... 10 ft. . . . Clinton.

200 ft.

Argillaceous limestone, drab, lower half Hudson River
gradually becoming darker until quite }group and Uti-
black . . . . . . . ... ... 690 ft. ) ca shale.

Buff limestone . . . . . . . .. .. L. 321t . . . Trenton.

Total depth . . . . . . . . .. .. 922 ft.

The lower portion of the 690 feet of argillaceous limestone I consider
the equivalent of the Utica shale of N. T., though not so black here as at
its outcrops in Canada or as found in the wells at Findlay or Bluffton,

21—GEOLOGY,
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Below I give a rough section of the Bluffton well, given me from mem-
ory by Mr. Cranell:

Limestone. . . . . . . . . . ... 350 feet. . . . . Niagara.
Gray and blue limestone.. . . . . . 300 feet. . . . . Hudson River.
Black shale. . . . . . . .. .. 400 feet.-. . . . Utica shale.
Trenton limestone, darker than Eaton,
full of salt water . . . . . . . . 150 feet. . . . . Trenton.
1,200 feet

From the above the Niagara will be seen to be 150 feet thicker than at,
Eaton. No gas was found in the Bluffton well.

The gas has some odor, though not very unpleasant; it burns without
smoké, and is thought to be free from sulphur. The roar produced by
the escaping of gas can, under favorable conditions, be heard at a distance
of two miles. A two-inch pipe was extended from an elbow at the top of
the casing to a point 18 feet above the derrick, or 90 feet from the ground.
Another two-inch pipe was extended horizontally from the elbow about
60 feet from the well. Both pipes were furnished with a T, giving four~
places for the escape of the gas. When lighted the flame from each was
about 10 feet long. The light could easily be seen from Muncie, twelve
miles south, and I was told it had even been seen twenty miles. At the
time of my visit, the derrick and the vertical pipe had been removed and
the gas was all escaping from the horizontal two-inch pipe. Though the
day was very windy, the flames were from 15 to 20 feet in length. The
heat from the burning gas is perceptible for at least 60 feet. Mr. Cranell
kindly allowed the gas to escape through a two-inch opening at the top of
the elbow after having turned it off from the horizontal pipe: The force
of the escaping gas was considerable, though one could force his hand
down over the hole and hold it for a moment. The pressure, as it flowed
from the pipe, is not probably over 10 pounds per square inch, though it
would reach perhaps 150 pounds when confined. Work had just begun
whereby the tubing is to be anchored to the rock; a gauge will then be put
on and the pressure tested. The work of laying mains and fitting houses
will soon be commenced, and in a short time this enormous waste will be
utilized. The surface rocks, as shown in the quarry close by, have a
slight westerly dip. There are no evidences of any arches in the strata.
The rock is present in the bed of the Mississinewa River most of the way
from Ridgeville, Randolph County, to the Wabash, River, and it is prob-
able that there is a slight dip of ‘the strata to the north, sufficient to equal
the fall in the river, as the same strata seem to be exposed as far down as
Marion, Grant County. Of the conditions present in the Trenton rock
nothing is known except that it is a very porous rock from the crevices
and fissures out of which the gas escapes.” N

From what Dr. Phinney reports it will be seen that no local evidence
of any disturbance of the rock is observable in the region of Eaton; but
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of course there is as yet no way of determining whether or not the Tren-
ton deposit has been subjected to disturbance. All along the line of the
Wabash River, as is otherwhere shown, there is ample proof that the Silu-
rian strata have been affected by upheavals, and there are features of the
outcropping rocks at Kokomo pointing in the same direction, as will be
seen by reference to Professor Gorby’s report upon the Wabash Arch,
where the occurrence of vertical breaks or seams in the strata are recorded.
It is not likely, however, that a series of low anticlinal ridges or knobs,
like those reaching from Northern Ohio across Indiana, would afford any
such evidence of their existence as could be detected with any certainty
_in such limited exposures of the rocks as occur at Kokomo, or anywhere
in Howard or Delaware counties.
From the workmen at the Kokomo gas well the following section was
obtained :

Limstone (Devonian and Silurian) . . . . . . . . . . .. 434 feet.
Bituminous shale, dark . . . . . . . .. [ 470 feet.
herty rock . . . . L oL Lo oL o o 4 feet.
White sandrock (?) . . . . . . ..o 0oL 4 feet.
Cherty rock (whitish limestone) . . . . . . . . . . .« . 4 feet.
Whitish limestone (Trenton?) . . . . . . . . . . . . .. 4 feet.

Total . . . . . . . . ..o 920 feet.

This section I did not regard as reliable, and from specimens of the
borings and the depth at which each was reached, the following would
appear to be nearly correct:

Silurian limestone . . . . . . . . .. ..o L 300 feet.
Bituminous shale (Hudson River and Utica) . . . . . . . 590 feet.
Brownish-gray limestone (Trenton) . . . . . . . . . . .. 2 feet.
Whitish or buff limestone (Trenton) . . . . . ... . . .. 15 feet.
Grayish magnesian limestone (Trenton). . . . . . . . . . 13 feet.

Total . . . . . . . . . ..o 920 feet.

One fact would seem to be settled at least, which is, that the Ohio gas
field, so-called, reaches into Indiana, and that the Trenton limestone, in
the northern part of our State, is the great reservoir of the precious sub-
stance. I see no reason to modify, as yet, the statements of the foregoing
report made long before our gas was reached. The northern and north-
eastern parts of the State are the most promising fields for exploration.
The dip of all the paleozoic strata of Indiana, as a rule, is westerly or
south-westerly. This fact of itself makes the accumulation of gas and
oil possible at any point where a porous stratum is obstructed by im-
pervious matter, for, as I have said, oil flows downward and gas upward,
and wherever this flow is obstructed there the substance will accumulate.
At Kokomo the outeropping strata are oil-bearing to a considerable
degree, and the shales are extremely bituminous, so much so, indeed,
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that they have been burned for fuel in furnaces. This, to my mind,
shows the source of the gas. Long ago the oil from these upper strata
found its way down to a much lower level in the rocks where, by a
process of distillation or chemical change, it was converted into gas which
rose until it found its reservoir in the porous magnesian limestone of the
Trenton formation.

I am aware that many objections can be urged to this theory, but I can
not take space or time here to meet them in advance.

KOKOMO GAS WELL NO. 2.

The success attending the boring of the first gas well at Kokomo natur-
ally created considerable excitement in that city and vicinity, and imme-
diately a number of companies were organized at that place and others in
the surrounding towns with a view of making siniilar experiments. The
Kokomo Natural Gas and Oil Company, the successful projectors of Well
No. 1, immediately set their drill to work at a point about one-fourth of a
mile southwest of the first well, where, at the depth of 916 feet, a flow of
gas was obtained greatly exceeding that from any well hitherto bored in
Indiana. ’

The following article, clipped from the Kokomo Dispatch of December
23, 1886, gives the main facts in connection with Well No. 2:

““The Dispatch a short time since published an exhaustive history of pe-
troleum and natural gas ventures in Howard County. The first effort -
was made by the Kokomo Petroleum and Mining Company in 1866,
when a well was sunk southwest of the city to a depth of 825 feet and
abandoned. The Howard Natural Gas and Oil Company will reopen the
abandoned well next spring. From that time until Sep‘ember 13, 1886,
derricks were unknown and no drill punctured the vigin soil. On that
day the Kokomo Natural Gas and Oil Company began drilling on the
land of A. F. Armstrong, just across Wildcat Creek at the foot of Wash-
ington street. At a depth of 904 feet Trenton sand rock, the upper shell
of the gas bed, was reached. October 6, at 2:30 p. M., having drilled
four feet through the Trenton, a small vein of gas was struck in a porous
white sand rock, and at 1 o’clock the following morning, after puncturing
the white sand four feet, a good volume of gas was developed. The drill
was sent down thirty feet further, opening a strong vein of artesian water.
At a total depth of 946 feet the well was packed, a separator put in to
divide the .gas and water, and the gas from Well No. 1 has since been
flowing without the slightest indication of diminished volume,
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* THE SECOND WELL.

““No. 2 was located on the Armstrong land about 1,000 yards south-west
of No. 1 and the drill started on November 16, and the work was con-
tinued up to 3:30 r. M., Friday afternoon—about 31 days—much delay
being caused by the breaking of machinery and a defective boiler. The
geological showing of the well did not differ, until the Trenton was
struck, from No. 1, which was as follows:

Upper Silurian and Devonian limestone . . . . . . . . .. 434 ft.
Lake Huron shale* .................... 470 ft.
Trenton . . . .. . . . . P L 41t

At No. 2 the Trenton was struck at a depth of 905 feet. At 8:30, Fri-
day morning, a flow of gas many times stronger than the first find in No.
1 was reached at a depth of 9164 feet. The news spread rapidly and
many persons braved a blinding snow storm to reach the well. The flow
increased steadily as the drill went dewn, and at noon the pressure was
forcing bits of stone and pebbles from the well and tossing them high in
the air. At 2 o’clock the sand pump was sent down, coming up dry as a
bone. At 3:30 o'clock the tools were withdrawn for the last time, 924
feet having been attained. A few moments later the explosion detailed
in another column occurred. In the fire that followed the rope mooring
the drill was burned away, and it, with 900 feet of cable, went crashing
to the bottom of the well. It is thought that it punctured the thin
. stratum forming the bottom shell of the gas bed and dividing it from the
artesian water vein. The well is spouting water in about the same quan-
tity as No. 1. However, the artesian water is a good thing; it does the
gas no particular harm, since it can be perfectly separated, and as we
can’t have too much of a good thing, we can endure the water with sin-
gular good grace if necessary. The contractors believe that they can
pack the water entirely out and make No. 2 a dry well. In the event
they should fail in this, the gas and water will be piped to No. 1 and run
through the separator. The flow is estimated to be from two to five
times greater than that of No. 1. The drill and cable yet in the hole
necessarily in some degree weaken the pressure, yet, seen after the wreck
Friday night, a flame 30 feet in circumference was ascending from the
‘Bix-inch casing to a hight of 50 feet.

“The formation in which gas was found in No. 2 differs somewhat from
that of the first well. Below the Trenton stratum, instead of a bed of -
white sandstone is a ledge of porous rock or a bed of coarse gravel about -
eight feet in thickness.

¢ The gas was extinguished Saturday morning by forcing a T-of casing
over the hole. A new derrick is being built, and the work of casing and

#* Hudson River and Utica shale.
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packing the well will be immediately begun. The edmpany has contracted
for a third well, to be sunk at once upon a site not yet chosen. They
have more than enough gas to meet all present demands, and their future
wells will doubtlessly be sunk only to the Trenton shell and held for emer-
gencies or increased demands on service. The logic of economy at least
would suggest this course, unless the purpose.is to prospect for oil, which
has a precedent in the gas fields of Ohio and Pennsylvania.

‘¢ Mains have been laid from well No. 1 north on Washington Street to
Mulberry, east on Mulberry to Main, south on Main to Sycamore, and
west on Sycamore to. Washington. Work will be pushed rapidly forward
north on Washington to Jefferson, and west on Jefferson to the Spring
Mills, and before spring this company, and the South Kokomo Company
as well, will bave many miles of mains in the ground. Gas is already
being furnished as fuel to the natural gas companies’ boilers and those of
the Kokomo Gas Company and Electric Light Company. Many business
houses and residences will at once be fitted for its use, and as soon as reg-
ulators are placed upon the wells, service will be furnished to those along
" the line of mains now laid. All mains have been tested to a pressure of
twenty-five pounds, and a mean pressure of one-half pound will be car-
ried. Three stoves and a grate furnished with gas have been on exhi-
bition at the hardware store of Armstrong, Landon & Co. the past week.
The test is highly satisfactory. The temperature is unvarying, and a ge-
nial warmth permeates the remotest corner of the vast room, while the
entire absence of dirt, ashes and smoke is most favorably commented
upon.

SOUTH KOKOMO COMPANY.

*“The South Kokomo Company resumed work Monday morning, after
a week’s delay, with a new boiler at their rig. They are making good
speed at a depth of 500 feet, and will probably develop gas Saturday.
This company has a carload of mains on hand and will begin laying them -
immediately after gas is struck. "With the second company almost at the
goal, the third almost ready to begin work, the fourth organized and pre-
paring to contract, and companies innumerable in prospectu, the consum-
er’s interest can not but be served. And it is not straining the aphorism
that ‘“ competition is the life of trade” to believe that the competition will
work to the benefit of the companies, the consumers and the city at large, ’
in that the companies will hasten the endeavor to secure the location of
foreign interests to consume their vast over-supply.

\ THE JUNCTION COMPANY.

“A meeting of the stockholders of the Junction Company was held yes-
terday, at Harris’s furniture store, and the contract for the first well closed
with Messrs, Laney & Churchill. The well will be sunk near the Junc-
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tion, but the exact location has not yet been determined upon. The der-
rick will be put up at once, and drilling will begin as soon as the machin-
ery can be placed.”

The flow of gas from Well No. 1 is estimated by Mr. McNeill, who
has had a long experience in the manufacture of artificial gas, at from
1,000,000 to 1,500,000 cubic feet per day. He, estimates the flow from
the second well at from 4,000,000 to 5,000,000 cubic feet daily. There
has been no perceptible diminution of the flow of gas from Well No.
1 since the well was developed on October 6. Neither was it affected in
the least by the developing of the second well.

N CHARACTER OF THE GAS.

No analysis has as yet been made of the gas from the Kokomo wells,
but it is quite likely to prove to be nearly identical with the gas found at
Findlay, Obio; probably, however, showing a much higher per cent. of
sulphureted hydrogen. The odor of this gas was very strong from both
the wells at the beginning of the flow, but it gradually diminished until
it is scarcely more perceptible than in ordinary coal gas. At the begin-
ning of the flow small ““sulphur balls” were continuously being forced
out of the pipe by the flowing gas, but with the continuation of the flow
the escapement of these small particles gradually diminished until at
present none are noticed. The concretionary appearance of these sul-
phur particles indicates that they were formed by precipitation in the
cavity near the bottom of the tubes or pipes.

It is quite evident that the flow of gas is obtained from the Trenton
limestone. The so-called ‘‘sand” consists of small calcareous particles
resembling silicious sand, which consist, however, of a large proportion of
" carbonate of lime. The stratum from which the gas flows varies from a
nearly pure white to a darkish gray color. The stone is porous and some-
what concretionary in structure. The stratum from which the gas
flows seems to be perfectly dry, containing no water nor evidence of
petroleum. ,

While the rock deposits about Kokomo are generally covered by deep
accumulations of Drift, the few exposures that may be examined show
considerable evidence of disturbance at some remote period. Though not
tilted to any considerable degree, they appear to lie in great folds, or
wave-like masses, consisting of alternating anticlinal ridges and synclinal
troughs or valleys. These phenomena are probably due to the same
causes that produced the tilted and distorted condition of ‘the:rocks at
various points described in the paper on the Wabash Arch. Since the oil
and gas fields of Western Ohio are embraced in the area subjected to the
Wabash disturbances, it seems that bores for oil and gas might be made
with some degree of confidence at points intermediate between Kokomo
and the Ohio gas fields.
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GAS WELL NO. 3, KOKOMO.

Gas well No. 3, at Kokomo, was drilled into the Trenton limestone on
December 28, 1886, and the following letter from Mr. John T. Stringer,
received just as this article goes to press, contains all the important facts
pertaining to it:

. Koxkomo, Inp., December 31, 1886.

8. 8. Gorby, Esq., Indianapolis, Ind. :

DEeAr StR—Mr. John E. Moore hands me your letter of inquiry. With
pleasure I answer:

Depthof well . . . . . . . .. ... . ... ..... 912 feet.
Drift . . . . . . . ... 5 feet.
Limestone . . . - . . . . . . . . ... 400 feet.
Huron shale* . . . . . . . .. e e e e e e e e e 498 feet.
Trenton limestone. . . . . . . . . . . .. . . .. ... 4 feet.
Total in Trenton after striking gas. . . . . . . . ... .5 feet.

Total . « .« -« « « v e e e e e e e e e e 912 feet.

Our well is not anchored yet, hence we can not get a full test beyond
one hundred pounds. The steam gauge runs to one hundred pounds in
two minutes. The estimates given of quantity, by a gentleman familiar
with and owner of wells in Pennsylvania, is 4,000,000 feet per day.

I think the smell of sulphur was less than that observed in wells Nos.
1 and 2 when first struck.

- Respectfully,
J. T. STRINGER,
Secretary South Kokomo Gas Co.

The gas-bearing rocks are reached in all the Kokomo wells at the depth
of about one hundred feet below sea level.

THE KOKOMO ARTESIAN WATER.

A strong flow of water, containing valuable chemical qualities, was
obtained -from wells Nos. 1 and 2, at Kokomo. - No complete analysis of
this water has yet been made, but Dr. Moulder, of that city, made a par-
tial analysis which shows that, as a remedial agent, the water of the Ko-
komo wells will undoubtedly achieve the popularity of the well-known
waters of Lafayette, Lodi, French Lick, and other points.

The following statements, with Dr. Moulder’s analysis, were clipped
from the Kokomo Dispatch : :

¢ There are over sixty grains of mineral matter to every pint of the water,
held in solution in such proportions as to make a drinking and bathing
water with an exhilarating influence, and a very valuable remedy in

* Hudson River and Utica shale.
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treating debility, languor, rheumatism, diseases of the kidneys, liver,
skin, stomach, headache, cancer, syphilis, gout, running sores, scrofula,
etc., and will, when properly understood and applied, produce cures that
w111 be miracles.

“Every pint (of sixteen ounces) of the water contains the following
valuable minerals held in solution in such a manner as to make a pleasant
and very palatable drinking water, and hundreds of our people already
are loud in its praise for what it has done for them, some almost marvel-
ous cures already having been reported of kidney, liver and stomach
.diseases: :

ANALYSIS,
Specific gravity . . . . . . .. . .. L. e 1010
MINERALS.
Sodium Chlorate (about) .. . . . . e e e e e 26 grains.
Magnesium Chloride (about) . . . . . . . . . . . . .. 2 grains.
Potassium Chloride . . . . . . . . .. . ... .. .. traces.
Sodium Sulphate . . . . . .. ... 000000 2 grains.
Oxideof Iron .. . . . . . . . . .. ... .... - . 3grains.
Magnesium Todide . . . . . . . . ... L0 3 grains,
Magnesium Sulphate. . . . ... . . . .. ... 0. 3 grains.
Calcium Sulphate . . . . ... . . . ... .o, 10 grains. *
Calcium Chloride . . . . . . . . . .. . . .. ..., traces.

Petroleum . . . . . . . . .. ..o traces. .

GASES.
Sulphureted Hydrogen.
Nitrogen
Oxygen.
Carbonic Acid.

‘‘There may also be other remedies held in solution that will prove to
be as remarkable as the ones that have already been detected by analysis.
The water is as clear as crystal and is quite pleasant to the taste, being
noticeably charged with chloride of sodium, or common salt. The smell
or odor is ‘that of sulphureted hydrogen, but not so pronounced as the
artesian water at Lafayette or the water of Lodi. All scientific and
medical men, who have examined the water, give it as their opinion that
it is a valuable find of wonderful remedial chalybeate water. One can
not drink too much of this water or suffer any inconvenience from fre-
quent and copious draughts. Its effect is mildly cathartic and pleasant
A fondness for it grows on a habitual drinker, as is the case with all min-
eral waters.”

The water rises in the pipes to a hight sufficient to distribute it over
every portien of the city, and it is the design of the city -authorities to
erect suitable fountains at convenient points for the accommodation of the
public.
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THE MUNCIE GAS WELL.

Gas well No. 1, at Muncie, is located about one mile east of the city.
The elevation above sea level at the well is about 975 feet. The total
depth of the well is 898 feet. The following is the section of the well:

SECTION OF MUNCIE GAS WELL No. 1.

Niagara limestone and shales . . . . . . . . . . . . . .. 265 ft.-
Hudson R.ver limestone and Utica shales. . . . . . . . . . 611 ft.
Trenton limestone . . . . . . . . . . . .. . ... ... 22 ft.

Total . . . . . . . . ..o 898 ft

The gas at this well, flowing through a two-inch pipe, has a pressure of
325 lbs. per square inch. Mains are being rapidly laid throughout the
city, and the gas is rapidly coming into use for domestic and manufactur-
ing purposes.

The odor of sulphureted hydrogen is scarcely preceptible. The gas
burns with great brilliancy, creating an intense heat. By a simple and
cheap arrangement, in the form of a burner, any heating or cooking
stove can readily be adapted to its use. The price of the burner is only
- eighty-five cents. For lighting purposes it has been found, upon thorough
tests, to be fully equal to artificial gas. It does not require to be refined.

- Well No. 2, bored about one-fourth of a mile north-east of the city, has
reached a depth of 1,020 feet, and at the date that this paper goes to
press, January 7, 1887, no gas nor petroleum- has been found. The drill
is now at work in the sandstone underlying the Trenton rocks.

THE TIPTON GAS AND OIL WELL.

Soon after the_discovery of gas in .paying quantities, at Kokomo, a
company was organized at Tipton, twenty miles south, under the title of
““The Tipton Mining and Exploring Company.” This company began
operations early in December, and sunk their first well in the northern
part of the city.

A slight flow of gas was obtained from the Trenton, limestone, at a
depth a little greater than 1,000 feet. A few feet lower down a *“ flow” of
petroleum was obtained, and a strong vein of water at 1,030 feet.

The following section of the well was obtained :

SECTION OF TIPTON GAS WELL.

Drift material . . . . . . ... .. 00000 139 feet.
Limestone, varying in color and texture. . . . . . . . 326 feet.
Limestone and shales . . . . . . . . . . . .. oY 532 feet.
Limestone (gas-bearing) . . . . . . . . . . . . . .. K 11 feet.
Limestone (oil-bearing) . . . . . . . . .. .. .. .. 3 feet.
Limestone to water . . . . . . . . . . . . 19 feet. ,

Total . . . . . . oo e 1,030 feet.



NATURAL @AS. 881

The accumulation of petroleum in the bore is estimated at from three
to five barrels per day.

The probabilities are very strong that gas will be found in paying quan-
tities at this point, and the prospects for petroleum in the vicinity are very
encouraging. Other wells will be sunk soon.

The following report, kindly handed in by Dr. R. T. Brown, shows the
results of the work to date in the experimental well at Indianapolis:

Hon. Maurice Thompson, State Geologist :

DEAR SiR—At your request I submit notes of the boring in progress
in this city in charge of the Indianapolis Gaslight and Coke Company :

Surface Drift—gravel, sand andclay . . . ... . . . . . . 1181t
Devonian limestone. . . . . . . . . . ... ... Ce .
Coarse sandstone (Oriskany). . . . " . . . . . . .. .. 20 ft.
Niagara limestone andshale. . . . . . . . . . .. . .. 694 ft.
Trenton (Cincinnati) limestone. . . . . . . . . . . L. 620 ft.

Total . . . . . . . .o 1,520 ft.

At the base of the Trenton a bed of firmly compacted sand was en-
countered, in which the drill became detached, and more than a month
has been spent in efforts to recover it. It is the intention of the company
to sink the boring to the depth of 2,500 feet, unless a supply of gas is
sooner obtained. .

Copious streams of water, highly charged with sulphureted hydrogen,
were encountered at 200 and 900 feet, but neither rose to the surface.

R. T. Brown.

InpranaproLrs, Jan. 4, 1887. :

PORTLAND GAS WELLS.

An a't/tempt was made to find gas at Portland during the summer of
1886, and although a flow was obtained it was so slight as to merely ignite
with a feeble flash, and be immediately extinguished. The first well was
bored to the depth 1,440 feet, passing entirely through the Trenton lime-
stones, and for all practical purposes was, of course, a failure. A second
attempt, however, has recently resulted in marked success, securing a
flow with a pressure of 298 lbs. per square inch, and, as at Muncie and
Kokomo, the gas is rapidly being adapted to the various uses throughout
the city to which it may be applied. The following is a section of the

second well :
4 SECTION OF GAS WELL NO. 2, PORTLAND.

Drift . . . . .. oo e e 58 ft,
Niagara limestone . . . . . . . .. ... ..., 192 ft.
Hudson River limestone and Utica shale. . . . . . . . .. 740 ft.

Total - o oo e 990 ft.

The elevation at the well is a little more than 900 feet above sea level.
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THE ARTESIAN WELL, BLOOMINGTON.

Under date of Jan. 11, 1887, Mr. Wallace Hight, of Bloomington,
forwarded to this office the following section of the Artesian well at
Bloomington, which was bored at the joint expense of Monroe County
and the city of Bloomington. It was the original intention to continue
the boring until the depth of 3,000 feet was reached, but the pumps
became fastened in the well at the depth of 2,730 feet, and the work was
abandoned. The following is the section :

SECTION OF THE ARTESIAN WELL, BLOOMINGTON.

Earth . ... . .. o e e e ae s e e e e e e e S 6 ft.
St. Louis limestone, water. . « . . . . . . . . .. ... 30 ft.
Keokuk limestone . . . . . . . . . .. .. ... 0. 89 ft.
Knobstone. . . . . . . . . . 0000 e e 630 ft.
Redshale . . . . . .. . ... ... ... 20 ft.
Blue limestone . . . . . . . . . ... 000000 5 ft.
Brown shale,gas . . . . . . . . . .. e e e 10 ft.
Black slate, Devonian . . . . . . . . .. ... ... 1201t
Gray limestone, Portland cement . . . . . . . . . . .. 15 ft.
Brown limestone, Niagara . . . . . . . . . . .. ... 240 ft.
Shaly limestone . . . . . . . . . . ... e e e 15 ft.
Light-brown limestone . . . . . . . .. . ... ... 130 ft.
Flinty limestone . . . . . . . . . . . . ... .. ... 30 ft.
Light-colored limestone. . . . . . . . . . . . . .. .. 100 ft.
Brown limestone . . . . . . T e e e e e e e e e e 70 ft.
Biueshale. . . . . . . .. .. 00000 40 ft.
Blue limestone . . . . . . . . ... o000 . 40 ft.
Blue shale, streaks of limestone . . . . . . . . . .. .. 60 ft.
Blueshale. . . . . . . . .. ... 0. 180 ft.
Grey limestone, some shale . . . . . . . . . .. .. .. 586 ft.
Blueshale. . . . . . . . . . ... .. 0000 40 ft.
Hard, white sandstene . . . . ., . . . . . .. ... .. 4 ft.
Shaly limestone and sandstone . . . . . et e e e e e 20 ft.
Grey limestone and sandstone . . . . . . . . .. .. .. 20 ft.
Shaly limestone, sandstone and quartzite . . . . . . . . . 98 ft.
White and yellow, hard sandstone, iron . . . . . . . .. 22 ft.
White sandstone, softer . . . . . . . . . . ... ..., 20 ft.
‘White sandstone, soft . . . . . . . . . . .. ... 40 ft.
Grey limestone and sandstone, mixed . . . . . . . . 421
Grey limestone, sulphur-water increasing rapidly . . . . . 8 ft.

Y 7 2,730 ft

The foregoing reports of the successful efforts to develop natural gas at
the various points mentioned are necessarily brief and incomplete. In
most instances the sections of the wells given are probably not strictly
accurate, as no careful notes of the changes in strata were made as the
work progressed.
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This departnent has had very little opportunity to collect facts, as all
of the matter intended for publication in this volume was already in the
hands of the printer, and much of it already printed, before the opera-
tion of drilling had been commenced in the most largely productive wells.
However, these facts, brief as they are, will be full of interest to many of
our citizens, showing, as they do, that a new source of wealth, hidden
deep in the reservoirs of the earth, is likely to open up in Northern and
Eastern Indiana, and possibly in other parts of the State. ,

It is the intention of this department to carefully collect and preserve
all the facts connected with these subterranean explorations, to the end
that those who desire information on this subject may here obtain all the
reliable data to be acquired within the State.



A GLOSSARY

COMPILED FROM THAT OF DR. W. T. 8. CORNETT, IN THE THIR-
TEENTH ANNUAL REPORT OF THIS DEPARTMENT,
AND OTHER SOURCES.

BY s.

AccrerionN. The process by which in-
organic bodies grow larger, by the ad-
dition of fresh particles from the out-
side.

AcCOTYLEDON. A plant in which the
seed-lobes (cotyledons) are not pres-
ent, or are indistinct, like the fern,
lichen, and most of the coal plants.

“ AcroGENS. Plants which increase in
hight by additions made to the sum-
mit of the stem by the union of the
bases of the leaves. The highest
tribe of Cryptogams, such as Stigillaria,
Lepidodendria, Calamites, Ferns, ete.

ACTINOLITE. A variety of hornblende
which nsually occurs in fascicular
crystals.

AcumiNaTA. Pointed ; peaked.
Acura. Sharp pointed.

AcuticosTA. Having sharp or pointed
" lobes. ’

AErROLITE. A stone or other body
which has fallen from the air, or
more correctly, has come to the earth
from distan} space; a meteorite.

AGATE. A semi-pellucid, uncrystallized
quartz.

AGGLOMERATE.

AvxrorMis.  Wing-shaped.

ALBITE. A variety of feldspar.

Arcm. Marine plants, comprising the
seaweeds and many fresh-water plants.

To gather together.

Arvuvium. Earth, sand, gravel, loam,
vegetable mold, etc., washed down
by streams and floods, and deposited

upon formations not permanently
submerged.
ALUMINA. A characteristic ingredient

of common clay.

E. LEE.

ALUMINOUs. Pertaining to or contain-
ing alum, or alumina. The clay slates
are very frequently impregnated with
alum, and are then called alum-slates
or alum-shales.

ArLveorarus. Having a surface covered
with numerous depressions, compara-
bleto the alveoli or sockets of the teeth.

AMBLYPTERUS. A fossil fish.

AMMONITE. An extinct genus of Cephal-
opoda, like the Nautilus, found in the
Secondary or Mesozoic rocks; so called
from the resemblance of its shell to
the horns of Jupiter-Ammon.

AmorpPHOUS. Bodies devoid of regular
or determinate form. A name some-
times used to designate the sponges.

AMPHIBIA. Animals capable of living
either in water or on land, like the
frogs, newts, lizards, turtles, certain

*, serpents, etc.

AMpHIBOLE. Variety of hornblende.

AMrLEXUS. Generic name of a fossil.

Amyeparomn. A rock in which erys-
tallized minerals are scattered in al-
mond-shaped cavities.

ANAsSTOMOSED. Branching and inter-
lacing.
ANDALUSITE. A mineral first observed

in Andalusia, in Spain. It is very .
hard and infusible and consists chiefly
of alumina and silica. Chiastolite.

AncrLi oF Dip. Angle formed with
plane of the horizon.

ANxHYDROUS. Without water.

ANNELIDES. Animals having an ex-
ternal integument formed of rings.

ANNULAR. Shaped like a ring.
ANNULARIA. Generic name of a fossil

plant,
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ANopoNTA. Systematic name of a kind
of mussel.
ANTICLINAL. The crest or line from

which strata dip in opposite directions.
APEX. Summit or tip of the spire of a
shell.
ARBORESCENT.  Branching like a tree.
ARcUuATA. Arched; bent like a bow.

ARENACEoOUs. Sandy ; of the nature of
sand. .

ARGENTIFEROUS. Producing silver.

ARrGIirnLACEOUS. Clayey; composed in
whole or in part of clay.

ARTICULATA. Animals characterized by
the possession of jointed bodies or
jointed limbs.

ARTICULATION. A joint betwixt bones
or portions of crustations.

AsApHUS. A name devised to express
the obscure nature of a genus of tri-
lobites, fossil crustaceans.

ASAR, EskER. A long, narrow, sharp
ridge of gravel and sand, with some
associated bowlders, parallel with the
ice movement or lines of drainage.

AsBesTus. A fibrous soft K mineral
composed of easily separable filaments
of asilky luster. It consists essen-
tially of silica, magnesia and lime.

AsTARTE. Name of a genus of fossil
bivalve shell.

ASTREA. A genus of polyparia.

ATTENUATED. Made slender or thin,

AUGITE. A mineral, the same as
pyroxene.

AvGITic-PORPHYRY. Crystals of Lab-
rador feldspar and of augite in a
green or dark-gray base.

AvURrIFEROUs. Containing gold.

Avicura. Name of a genus of bivalve
mollusks. -

Axi1s oF ELEVATION. Line of elevation.

Azorc Rocks  Rocks formed before the
existance of organic life, or, at least
of animal life, consequently destitute
of fossil remains.

BasarLt. A rock essentially composed
of feldspar and augite, of a compact
texture, and dark green, gray or
black color. It occurs in columnar
masses,

Basser.  Outcrop, or emergence of
strata at the surface.

BasiN. An isolated or circumscribed
formation,. particularly where the
strata dip inward, on all sides, toward
the center. Especially applied to the:
coal formations, called “coal-basins”
or “coal-fields,”
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BatracuHiA. The order of reptiles
which includes the frog and related
animals. .

Beak. The continuation of univalve
shells in which the canal is situated,
or the extreme point of the summit
of bivalves.

BereEMNITES. A genus of fossils di-
branchiate Cephalopods.

BELLEROPHON. A genus of Gasteropoda,
having a univalve shell, found in the ,
Paleozoic rocks.

BrrurcaTeD. Divided into two branches.

BrrumMEN. A variety of inflammable °
mineral substances, which, like pitch,
is included under this term.

BrruMiNoUus SHALE. Shale im%)regnated
with bitumen; usually of a dark
brown or black color.

BrvarLve. Consisting of two plates or
valves, hinged together by an elastic
ligament. .

BrENDE. Sulphuret of zinc; a com-
mon shining zinc ore.

Bosse. A hillock; a rounded projec-
tion or elevation.

BowLpers. Rocks rounded or other- -
wise, which have been transported
from more or less distant localities by
patural agencies, especially during
the Drift period.

BowLpER CLAY. The stiff, unlaminated
clay of the Drift period.. .
BracHIOPODA. A class of marine mol-
lusks, characterized by two fleshy
arms, continued from the sides of the .
mouth, and which served to create

currents to bring them food.

BrEcciA. A rock composed of an ag-
glutination of angular fragments.

BucciNnuM. A trumpet or horn. Name
of a genus of mollusks.

CavamrTe. Extinct plants, with reed-
like stems, sometimes gttaining a di-
ameter of fourteen inches and the
hight of trees, found almost entirely
in the Coal Measures

CarLcArReous. Consisting of or contain-
ing carbonate of lime.

CarcIte. Crystallized carbonate of lime.
Common limestone, all the white and
most of the colored marbles, calc-sin-
ter, calc-spar, calc-tufa, stalwctites,
and stalagmites are so classified.

Cavrc-spAaRr. Calcareous spar.

CALC-SINTER. A German term for lime-
stone deposited from springs and water
containing it. Travertin.

CALCEOLA, A fossil bivalve shell.
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CarciNep. Converted into calx or a
friable substance by the action of
fire. ,

CALYMENE. A name of a genus of
trilobites.

CaxnzrForMis. Reed-shaped.

CARAPACE. A protective shield. The
upper shell of the tortoise, turtle, crab,
lobster and other Crustacea.

CarBoN. The pure inflammable prin-
ciple of charcoal. In its state of ab-
solute purity it constitutes the dia-
mond.

CARBONATE. A salt formed by the
union of carbonje acid with a base.
CARBONIC AcID. An acid compounded

of carbon and oxygen.

CARBONIFEROUS. Producing or contain-
ing carbon or coal. °

CARBONIFEROUS AGE. The one imme-
diately following the Devonian A%e,
or Age of Flishes, and characterized by
the vegetables which formed the coal
beds. This age is divided into the
Subcarboniferous, the Coal Measure
and the Permian epochs.

CARBONIFEROUS PERIOD. The second,
or middle, division of the Carbonifer-
ous Age.

CARBURET. A combination of carbon
with a metal or other substance. Steel
and black lead are carburets of iron.

CarpruM. A cockle. A genus of bivalve
shells.

CARINATA. Carinate, having a keel-
like elevation.

CARINATED. Shaped like the keel of a
ship. Applied to flowers consisting
of two petals, either separate or
united, inclosing the organs of fruc-
tification, and which have a longitu-
dinal prominence like a keel.

CarNivorous. Flesh-eating.

CARPOLITE. Petrified fruit.
meaning, “stone fruit.”

CARYOPHYLLIA. - A genus of Madre-
pora.

CATENIPORA. Genericname of a polyp;
chain coral.

CATYLUS, or CATILLUS.
A genus of fossil shells.

Literal

A little dish.

Cauparus. Having a tail.
CaverNous. Containing hollows ex-
cavated.

CENozoic. Belonging to the Tertiary
period, and means “recent life.”

CENTIMETRE. A French messure of
length, equal to .39368 of an inch.

R—Grovoay, ‘
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CEPHALOPODA. A class of the Mollusca,
comprising the cuttle-fishes and their
allies, and characterized by a distinct
head, surrounded by a circle of long
arms or tentacles, which they use for
crawling and for seizing objects.

CEPHALASPIS. A genus of fossil fish.

CERITHIUM. A genus of turriculated
univalve mollusks, both recent and
fossil.

Ceromp. Wax-like.

CeracEs. Name of an order of mam-
mals.

CHALCEDONY. A semi-transparent sili-
cious mineral, apparently formed by
the infiltration of silicious matter in
a state of solution. .

CHALK. FEarthy carbonate of lime.

CHAMBERED SHELLS. Those divided
into cells by septa, or partitions.

CHELONIANs. " Animals of the tortoise
tribe.

CHERT. An impure, massive, flint-like

uartz, or hornstone, of various dull
shades of color. -

CHLORITE. A soft, green, scaly mineral,
slightly unctuous.

CHONETES. A genus of fossil bivalve
shells, of the class Brachiopoda.

CincinNaTI GrOUP. The upper di-
vision of the Lower Silurian system.
Same as Hudson River Group.

CLEAVAGE. That peculiar structure in
rock which admite of its division in-
to scales or layers.

Coar BasiN. Depressions formed in
the older rock formations, in which
coal-bearing strata have bern depos-
ited. » ’

CoaL MEASUREs. Strata of coal, with
the attendant rocks.

C®ELENTERATA. Proposed by Frey and
Lenckhart in place of the old term
Radiata, for animals having “ hollow
bowels,” which this term literally
means.

CoMmMINUTED.  Fractured into small
pieces. '

CoxceEnTrIC. Having @ common cen-
ter.

CONCHIFERA. A species of the Mollusca
having shells with a dorsal hinge, like

_ oysters, clams, mussels, and other or-

_ dinary bivalves. Literal meaning,.
“to bear a shell.” .

CoNcHOIDAL. Shell-like

CoNrORMABLE. Parallel, or nearly so;
. said of strats which lie in contact,
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CoNCRETIONARY. .- Made up of concre-

‘itrons.

CoNGLOMERATE. A rock composed of
- pebbles cemented together by another
“mineral substance, either calcareous,
siliceous or argillaceous. .

CoNIFERA. The order of the firs, pines

~ and their allies, in which the fruit is

" generally a “cone” or “fir-apple;”
literally, *“I carry a cone.”

CoNTORTED. Strata which have been
bent or twisted while in a soft and
yielding condition.

CoproLITES. Fossilized excrements of

~-animals.

CorAL. The solid secretion of zoo-
phytes, produced within the tissues of
the polyps, and corresponding to the
skeleton in higher animals. It con-
sists  almost purely of carbonate of
lime.

CORALLINE ZoNe. That zone of marine
life which extends from about 90 feet

. to 300 feet in depth.

CoraLLum. The coral or solid part of
a zoophyte, whether composed of stone

- ‘or horn.’ '

CORDIFORM.

CORNUTUS.

CORONATA.

CosTATUS.

CRrAG.

Heart-shaped.
Horned.
Crowned.
Ribbed.
A partially compacted deposit

. of the older Tertiary formation, con-

sisting of sand and shells.

CRASSATELLA. A genus of bivalve
shells.
Crasgus.  Thick.

CrATER. . The mouth of a volcano.

CrENATUM. Crenate; hating rounded
teeth.

CreENvLATED. Having the edge cut

* into:small scallops.

Creraceous. Having the qualities of
chalk’; the uppermost or last of the
"Secondary formation.

CRINOIDEA. An order of. lily-shaped
marine animals, belonging to the sub-
.kingdom | Radiata. They generally
grow attached to the bottom of the
sea by a jointed stem, though some
_aré frec.

CROCODTLIAN.

Any animal of the tribe
- of cracodiles

CRUSTACEA. One of the classes of the Ar-
ticulata, comprising lobsters, shrimps,

_-and crabs, characterized by the pos-
session -of . a. hard :shell or.crust, cov-
ering the body, legs, ete,
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CrYPTOGAMIA. Name of a class of

plants.
CRYSTAL. Any inorganic solid of ho-
mogeneous structure, bounded by

natural planes and right lines sym-
metrically arranged.

Cu~krrorM. Wedge-shaped.
Currous.  Belonging to copper.

CyATHIFORM: In the form of a cup or
drinking-glass, a little widened at the
top.

CyATHOPHYLLUM. Cup-shaped, rugose
corals, very abundant in the rock for-
mations of Indiana.

Cycras. A genus of gasteropods.

CYPREA. A genus of gasteropod mol-
lusks.

Cypris. Name of a genus of crustace-
ans.

CyYRENA. A genus of bivalve mollusks.

Dara. Admitted facts.

DEeBris. Broken and detached fragments
of rocks, taken as a mass or collect-
ively.

DecravarioN. A gradual wearing down
or wasting, as of rocks, banks, and the
like, by the action of water, frost, ete.

DenDriTic. Tree-like ; branched like a
tree.

Dentatum. Dentate ; having sharp
teeth.

DexupaTioN. The laying bare of rocks
by the action of running water, or by
removing earth, etc.; also, the excava-
tion of rocks by running waters or by
the action of waves. :

DerosiT. Matter precipitated from sus-
pension in water.

DerRressus.  Pressed ; sunk.

DerriTus. Small portions of matter
worn off’ from rocks by attrition.

DEevoNniaN. Applied to rock strata lying
next above the Silurian.

DExTRrAL.  Rising from right to left.

DIALLAGE. A mineral of foliated
structure easily divisible in one direc-
tion, its natural joints and fractures
exhibiting a very different luster and
appearance.

DiceEras. Generic name of a fossil bi-
valve. ’

Dicroromous. Dividing by pairs from
top to bottom.

DicroTtomy. Dividing regularly by pairs.

DrcoryLepoNs. A division of plants
according to the natural order.

Diratars, Dilated ; swelled out.
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DivLuviox. . . . Favosites. A kind of fossil coral,
DrLuviem } A superficial deposit. having a prismatic structure, closely
DioriTe. A variety of trap rock con- resembling that of a honey-comb.

sisting of albite and hornblende.

Drr. - The downward inclination of
strata. ‘

DiscoipaL.  Resembling a desk.
DisintecrATION. The act of separa-
ting or dividing a whole into parts.
DissepIMENTS. Partitions dividing cells.
Dovroyire. ‘Magnesian marble; mag-

nesian carbonate of lime.

DorsaL. Pertaining to the back.

Drrrr. A collection of loose earth, sand,
rocks, or bowlders, distributed over
a large portion of the ea th’s surface,
especially in latitudes north of 40°
and which have come from the north-
ward, brought thence, mainly, by gla-
cial action.

EpENTATA  An order of animals with-
.out teeth. )

EMARGINATED.
or margin.

ENCRINITE.
‘erinoid.

Exstrory.  Saber-shaped.

EntomMostrRACANS, A division of the
class of crustacea.

EocENE.  The lowest. division of the
"I‘ertiary rocks, in which but few spec-
imens of existing shells are found.

Eozorc. A term used for the oldest
fossil-bearing rocks yet known, such

“as the Laurentian and Huronian of
Canada.

Epocu. The period during which a
formation was produced; thus, geolo-
gists speak of the Millstone Grit
epoch, ete.

EqQuiserum. A genus of plant.

Erope. To wear away; to corrode.

EscArRpMENT. The steep face presented
by the abrupt termination of strata.

Notched upon the edge

The lily-shaped radiate;

EvoMpHALUs. A gasteropod mollusk
of circular form.
ExcoRrIATION. An abrasion ; mark of a

part having been rubbed from the
surface.

Exoayra. Not circular. A genus of
unimuscular bivalves, allied tq the
oyster.

Favrnr. A sudden interruption of the
continuity of strata or veins in the
same plane, caused by a crack or fis-
“sure.

Fauna. - The animals of any given area
or epoch. e

Ferpspar. Animportant mineral com-
posed ol silica, alumina, potash, with
traces of lime, and often of oxyd of

iron. It enters into the composition
of granite.
FerruciNous. Containing iron; also,

partaking of the quality of iron.

Fire-CLAY. Any clay capable of sus-
taining intense heat withont vitrify-
ing. Abundant in the Coal Meas-
ures, beneath each coal seam.

FissiLe. Capable of being split, cleft,
or divided in the direction of the
grain.

Frora. The system of vegetable species
native in a given locality, region, or
period ; as the Flora of the Coal
Measures, ete.

FruviaTiLe. Belonging to rivers;
formed by rivers, as fluviatile strata.

FLuvio-MARINE. * Formed by the joint
action of a river and the sea, as in
the deposits at the mouths of rivers.

ForiaTEp. Having leaves or leaf-like
projections, as foliated shells; com-
posed of thin lamine or layers, as
mica schist, schistose, and the like.

FORAMINIFERA. A minute genus of the
Protozoa, characterized by having a
calcareous shell perforated by numer-
ous pores ‘or foramina. _

FormarioN. The series of rocks be-
loneing to an Age, period or epoch, as
the Silurian formation and the like.

Fossii. That which may be dug up;
the petrified form of a plant or ani-
mal in the strata composing the sur-
face of the earth.

FossiLirerous. Containing fossils or
organic remains, as fossiliferous
rocks.

Fucorps. Fossils resembling sea-weeds.

FusirorM. Shaped like a spindle;
tapering at each end.

Fusinina. A spindle-shaped Foramin- "
fer.

Fusion. The act of melting ; state of
fusion is being melted.

GALENA. Sulphuret of lead; a com-
pound of sulphur and lead.

GARNET. A mineral consisting of
silicates of alumina, lime, iron and
manganese. !

Gas. The name given to all perma-
nently elastic fluids or airs different
from the atmospheric airs,
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GASTEROPODA. A univalve mollusk,
having a fleshy ventral disk, which
serves to take the place of feet, as the
snail. :

GEMMATION. The formation of a new
individual by the protrusion of any
part of an animal or plant, which
may then become free or remain con-
nected with the parent stock; bud-
ding. Polyps and some other animals
reproduced by buds.

GENERIC. Relating to genus.

GENUS. An assemblage of species pos-
sessing certain characters in common,
by which they are distinguished from
all others.

GeODE. A rounded nodule of stone,
containing a small cavity usually
lined with crystals, sometimes with
other matter; the cavity in such a
nodule.

GEOLOGY. Ascience which treats of the
materials which compose the-earth,
the methods in which those materials
have been arranged, and the causes
and modes of origin of those arrange-
ments.

GLACIER; GrAciaL River. A field or
immense mass of ice, or snow and ice,
formed in the region of perpetual
snow, and moving slowly down mount-
ain slopes or through valleys, usually
bearing along bowlders and fragments
of rock.

GNEIss. A cry=talline rock, consisting
of quartz, feldspar and mica, but, un-
like granite, having these materials
arranged in planes, so that it rather
easily breaks into coarse slabs or
flags. )

GRANULAR. . Consisting of grains.

GRAPHITE. A mineral composed of car-

bon and iron, constituting carburet of -

iron. Itis known as plumbago and
black lead.
GREENSTONE. A tough variety of trap

rock counsisting chiefly of hornblende.
GRYPHEA. A genus of fossil bivalves.
GRANITE. A crystalline rock, of the
same materials with gneiss, but differ-
ing therefrom in these minerals, be-
ing grainy and not stratitied.
GypsuM. Sulphate of lime. Plaster of
Paris is made from this mineral by
calcination.
HasrraT. The natural abode or local-
ity of ‘any animal or plant.
HaMATITE. Sesqui-oxide of iron. So
called because of the red color of the
powder,

.
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Hernix. A gasteropod mollusk; asnail.

Hinge. The point at which bivalve
shells are united.

HeMiproNITES. A fossil bivalve shell,
sometimes known as the genus Strep-
torhunchus.

HEevEROCERCAL. A fish having the ver-
tebral colamn continued into the up-
per lobe of the tail, which lobe, on
this account, is larger than the lower
one. Literal meaning, “A diverse
tail.” This form prevailed in Paleozoic
times,

HoMoceErcAL. A fish in which the ver-
tebral column terminates at the com-
mencement of the tail, the lobes of

which are symmetrically equal. Lit-
eral meaning, ‘ Common tail.” -
HoRNBLENDE. A mineral of dark

green or black color, abounding in
oxide of iron, and entering into the
composition of several of the trap
rocks. )

Hupsox River Grour. An upper di-
vision of the Lower Silurian forma-
tion. Same'as Cincinnati Group.

Humus. A dark brown substance formed
in the soil by the action of air on solid
apimal or vegetable matter. It is a
valuable constituent of soils.

HyprateEp. Containing water

IcaraYOLOGY. The science of the sys-

tematic arrangement or classification
of fishes.

IenEoUs Rocks. Resulting from the
action of fire, such as lavas, basalt,
trap, and the like.

IMBRICATED. Lying over each other in
-regular order, like the scales of a fish
and those on the leaf-buds of plants.

INCRUSTATION. A covering like a
crust.

InrFusoriA. Microscopic animals found
in water and other flnids, multiplying
by gemmation.

INorGANIC. Devoid of an organized
vital structure. Rocks, minerals and
all chemical compounds are inorganic
substances.

Ix srru.  In its original situation. Said
of rocks which remain where they
were formed.

INVERTEBRATA.
spinal column.

JASPER. A silicious mineral of varinus
colors,

KAME. A rounded hill or oblong ridge
terminating abruptly in a high
mound. Composed of gravel and
sand, and having its major axis trans-
verse to the Drift movement.

Animals without a
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Lactrtian. 'The lizard species.

LACUSTRAL. Pertaining to lakes or
swamps. )

L.vis. Smooth, bare, bold.

L.AGoON. A marsh, shallow pond, or
lake, especially one into which the
sea flows.

LaMinatep  Consisting of plates, scales
or layers, one over another.

Lanp-suip. The sliding down of a con-
siderable tract of land.

LaTeErALIs. Lateral.

LiNncura. A little tongue.
genus of bivalves.

LirHograPHIC STONE. Used for the
purposes of lithography.

Name of a

LeNTICULAR. Having the form of a
double-convex lens.
LEPIDODENDRON. A genus of fossil

cone-bearing trees, belonging to the
Carboniferous Age, and so called from
having their stems marked with scars
or scales, produced by the falling off
of the leaves.

LiGNITE. Mineral coal showing the
texture of wood, and found in the
Tertiary formation.

LINE oF BEARING.
the strike, or outcrop.

~ LiNe oF Drp. The line of greatest in-
clination of a stratum to the horizon.

LrraoLoGy. The science which treats
of the characteristics and classifica-
tion of rocks.

LoaM. A soil composed of siliceous
sand, clay and carbonate of iron, with
more or less oxide of iron, magnesia
and various salts, aud also decayed
animal and vegetable matter.

Loess. A division of the Quaternary
System, Lacustral Age. Common
along the Mississippi and many of its
tributaries.

Lower CARBONIFEROUS PERIOD. The
first, or earliest, division of the Car-
boniferous Age.

LycoropiacEx. An order of plants
which includes the lycopodium.

MAGNESIA. A white, tasteless, earthy
substance.

MaMMALIA. Vertebrate animals that
suckle their young.

MaMMOTH. An extinct elephant, fossil
remains of which have been found on
both American continents.

MARL. A mixture of carbonate of lime,
clay and sand in varying proportions,
A valuable fertilizer.

The direction of |

341

MasToDON.  An extinet gigantic mam-
mal, resembling the elephant, so
called from the conical rnipple-
shaped) protuberances on its molar
teeth (grinders).

Matrix. Theearthy orstony substance
in which metallic ores or crystalline
minerals are found. 1

MaxiMuM. Greatest.

Mgsozorc. The Secondary period. Lit-
earl meaning, ““ Middle life.”

MEeramMorpHIC.  Rocks or minerals
which have undergone changes in
form or shape since their original
deposition; usually applied to changes
made by heat.

METEORITE. Same as Aerolite; which
see.

METRE. A French measure of dength,
‘equal to 39.368 inches. (See, also,
Centimetre and Millimetre.)

Mica. A mineral generally found in
thin elastic lawine, soft, smooth, and
of various colors and degrees of trans-
parency. It is one of the constituents
of granite.

MicA SLATE. A schistose rock, consist-
ing of mica and quartz, with, usually,
some feldspar. The lowest stratified
rock except gneiss. It bears no fossils.

MiLLIMETRE. A French measure of
length, equal to .039368 of an inch.
MiLLSTONE GRIT A hard, gritty, sand-
stone, a kind of conglomerate, found
under the Coal Measures, sometimes

containg quartz pebbles.

MINERAL. Any inorganic natural. ob-
ject, Whether solid, liquid or gaseous.

MioceNE. The middle division of the
Tertiary rocks, in which the minority
of the organic fossils are of recent
species.

MorLuscA. Invertebrate animals, hav-
ing a soft, fleshy body (whence the
name) which is inarticulate and does
not radjate internally. Includes the
shell-fish proper.

MoNOCOTYLEDONS. A class of plants hav-
ing but one seed Jobes in the embryo.

MoraAINEs, Longtitudinal deposits of
stony detritus found at the bases and
along the edges of glaciers.

MugaL. Belonging or relating to a
wall. :

Navriivs. A fossilized and -living
genus of the Molluscan Cephalopods.

NtacARA Grour, A division of the
Upper Silurian system,

Nupostis, Knotty,
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NopuLe. A rounded mass of irregular
shape,
NucLEus. A kernel; a central mass or

point about which other matter is
gathered.

OBsiDIAN. A glassy lava. Volcanic
glass. It consists of silica and alum-

ind, with a little potash and oxide of

iron.

OoLITE. An epoch in the Jurassic Age.
A variety of limestone consisting of
round grains like the roe of a fish.
Name is derived from two Greek
words, which mean “Egg-stone.”

Oovritic. Resembling Oolite.

OpercuLUM. The lid which protects
the gills of fishes and closes the open-
ing of certain univalve shells.

Ores. Mineral bodies from which
metals are extracted.

OrGaNICc REMAINs,  Fossilized remains
of animals or plants.

OrtHIS. A genusof Brachiopoda, named
in allusion to the straight hinge-line,

ORTHOCERAS. A family of the Noutil-
idee, in which the shell is straight, or
nearly so.

Ourcror. That part of an inclined
stratum which shows at the surface of
the ground.

OVERLYING. When one stratum lies
over or overlaps another it is said to
be overlying.

Oxipt. The combination of oxygen
with any metallic base.

OxvyGEN: . Vital air.

PALEONTOLOGIST. One skilled in pal-
eontology.
PareontoLoGY: The science of the an-

cient life of the earth, or of the fossils
which are the remains of such life.

Pavreozoic. Applied to the older di-
vision of geological time and to the
fossil-bearing rocks of the Silurian,
Devonian and Carboniferous Ages.

PARAFFINE. A white translucent, crys-
talline substance, obtained from the
distillation of mineral and vegetable
tar.,

Prar. Accumulation of vegetable mat-
ter on and near the surface of the
earth, in moist places. It is interme-
diate between pure vrgetable matter
and lignite, 80 parts in 100 being
combustible, and is, therefore, often
dried and then used for fuel.

Prcoptiris. A genus of fossil fern.
PECTEN, A genus of bivalve mollusks.

PexTaGoNAL.  Having five angles.

PErMIAN. The epoch following the
Coal-Measure epoch, and regarded as
closing the Carboniferous Age and the
Paleozoic era.

PrrroLEUM.  Mineral oil.

PHENOMENON.  Appearanee,
quality, event.

Pooxorire  Clinkstone, a species of
compact basalt, which is sonorous
when struck.

PiNNaATED. Winged.

PLEISTOCENE. Quaternary. Pertaining
to the epoch or to the deposits follow-
ing the Tertiary and immediately pre-
ceding man. Compounded from two
Greek words, meading *‘most new.”

PrLiocENE. The upper division of the
Tertiary period, meaning “more new.”

Prumose. Having a feathery appear-
ance.

Pruroxic Rocks.  Those derivigg form
from igneous action.

Porypr. Radiates, having many feet
(whence the name) or feelers.

Poryzoa. The lowest order of Mollusca,
in which many animals are united in
one structure. A compound group
among the Bryozoa.

Porous Containing pores.

PorPHYRY. Originally applied to a
red rock found in Egypt. A compact
feldspathic rock containing dissemi-
nated crystals of feldspar, the latter,
when polished, forming small, angular
spots, of light color, thickly sprinkled .
over the surface. .

PreciprrarioN. The act by which a
body abandons a liquid, in which it
is dissolved or suspended, and be-
comes deposited at the bottom.

PrIMITIVE (OR PRIMARY) Rocks. Rocks
supposed to be first formed, being ir-
regularly crystallized,aggregated with-
out a cement, and containing no or-
ganic remains, such as granite, gneiss
and the like.

PrErRMO-CARBONIFEROUS. Upper Coal-
Measures (?). See ‘‘Coal-Measures,”
ante. .

PropucTUs. An extinct genus of Brachi-
opoda in which the shell is “‘eared,” or
has its lateral angles drawn out.

Prorozoa. The lowest division of the
animal kingdom.

PrERODACTYL. A winged saurian; a
fossil reptile which had the little fin-
ger of the hand greatly elongated, for
the purpose of bearing a membrane-
ous wing, Meaning “ wing finger.”

visible
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Prerorvova. A class of Mollusca which
swim by means of fins attached near
the head. Meaning “wing-foot.”

PUDDING-STONE. A coarse conglomer-
ate, composéd of siliceous or other
pebbles united by a cement.

Pumice. Vesicular obsidian.

Pyrirory. Pear-shaped.

PyriTeEs. A combination of sulphur
with iron, copper, cobalt or nickel.
QUAQUA-VERSAL. Dipping toward all
points of the compass from a central
point, as beds of lava around a crater.

QuARrTZ  Pure silex, occurring in pel-
lucid, glassy crystals, having the form
of a six-sided prism, terminated at
each end by a pyramid. The crystals
are usually clear, but sometimes are
variously colored, more or less trans-
parent, aud even opaque.

QUARTZITE. (Granalar quartz; sand-
stone that has been changed by meta-

- morphic action to a hard quartz rock.

QUATERNARY. Later than the Tertiary.

- Equivalent to the English Pleistocene.

RADIATA. One of the great sub-king-
doms of animals, in which all the
parts are arranged uniformly around
the longitudinal axis of the body,
such as star-fishes, corals, crinoids,
ete.

Rasu CoaLn. An impure coak

RECENT. Of a date subsequent to the
creation of man.

RevirorM. Kidney-shaped; applied to

~ certain minerals.

"REcEPTACULITES. An extinct genus of
Protozoa, Meaning, ““ A stone recepta-
cle.” ’

Reprinia.  The class of Vertebrata com-
posing snakes, lizards, tortoises, tur-
tles, etc. From Latin verb repto, “1

~crawl”

RericunaTED. Having sets of parallel
“fibres or lines crossed by others, like-
wise parallel, so as to form meshes
resembling those of a net.
"RHYNCHONELLA. A small bivalved
" Brachiopod, having a rynchos (nose or
beak).

"RIYNCHONELLA OSAGENSIS. Same as
R. Pecosi.

RuyNcHONELLA PEcosi. (Same as R.
Osagensis.

Rock. Any natural deposit of stony
material.

‘Rvueose. Wrinkled; full of wrinkles.

SALT. Any combination of an acid
with a salifiable substance.

SIPHUNCLE.
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SANDSTONE. Any rock consisting of
aggregated grain.

SAURIAN. Any lizard-like reptile.

ScHrst.  Slaty rock.

SELENITE. A variety of gypsum.

Seam. A layer of substance, more or
less wide, parallel with the stratifica-
tion of surrounding material.

SEDIMENTARY Rocks. Those formed
from materials precipitated from sus-
pension in water. .

SeismoroGY. The science of earth-
quakes and their characteristics.

SERRATED, Notched on the edge like a
8aw.

SHALE. A fine-grained rock, having a
slaty structure; an indurated cldy,
deposited in thin layers.

¥SeErLL MARL. A deposit of shells,
which have been disintegrated into a
gray or white pulverulent mass.

SHINGLE. Loose, water-worn gravel and
pebbles. - )

SrGILLARIA. Fossil trees, the bark of
which is covered .with impressions as
if made by a seal. Found in the
Coal Measures.

SiLex. Silicic acid, generally impure,
as it is found in nature, constituting
flint, quartz and most sands and sand-
stones. Literal meaning, ¢ Flint.”

Srurceous. Composed df silex,

Sir.  Mud or fine earth deposited from
running or standing water.

SiLURIAN. The earliest of the Paleozoic
formations; so called from the coun-
try of the Silures, who anciently in-
habited a part of England and Wales,
because the strata was most plainly
developed in that country.

Sinus. A hollow or excavation.

A tube of membraneous
or calcareous nature, transversing the

_ septa of a chambered shell. o

SLATE. An . argillaceous stone which
easily splits into plates.

SoAPSTONE. A soft magnesian mineral,
usually gray, white, or yellow; so
called from its soapy or greasy feel ;
steatite; pot-stone.

SPIRIFER ; SPIRIFERINA. Extinet spe-
cies of Brachiopoda, with large spiral
supports for their “arms.”

Spectes. The division of a genus into
- those derived from one, common par-
entage.

SPINOSA. }

Spinous;. covered with
SeixosUM,

spines,
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Spire.  All the whorls of univalve
shells, except the one in which the
aperture occurs, which is called the
body.

STALACTITE.
and deposits of lime, which hang from
the roofs and sides of caverns hollowed
out of limestone.

StavaeMITES. Encrustations of lime
formed on floors of caverns hollowed
out of limestone.

STIGMARIA. Stem-like, fossilized veg-
etation, often traversing the under
clay of the coal, and supposed to be
the roots of Sigillaria; which see.

STRATUM (pl. STRATA).

ral causes, and nsually consisting of a
series of layers.

STRATIFIED. Formed in regular beds
or layers.

STREPTORHYNCHUS, Often called Hem-
ipronates.

$TrIE. Diminutive channels or creases.

STRIKE. The horizontal direction of
the out-cropping edges of tilted rocks,
which is always at right angles to the
dip.

SuB-CARBONIFEROUS PERIOD.
Lower Carboniferous Period.

SuepLICATA. Somewhat plicated.

SULPHURET. A compound of sulphur
with another solid.

SuPERIMPOSED. Placed above.

Surure. The line of junction of two
parts which are immovably connected
together, like the line where the
whorls of a univalve shell join, or the
lines made on the exterior of a cham-
bered shell by the margins of the
septa.

SYENITE. A granite rock from Syene
or Siena, in Egypt. It consists of

. quartz feldspar and hornblende.

SYNCHRONISM. Concurrence in time of
two ‘or more events; contemporary;
simultaneousness.

Sy~NcLINAL. Formed by strata dipping
toward a common line or plane, as a
synclinal trough or valley. The op-
posite of Antichinal; which see.

Tarc. A foliated maguesian mineral
of an unctuous feel, often used for
tracing lines on wood, cloth, etc.,
which are not so easily effaced as
those of chalk.

Tazvs, A sloping heap of rook fn.g-
wents lying " zgo' foot of & precipics.

Tanmivst. Balonging to the end,

Same as

Icicle-like encrustations |

A bed of earth |
or rock of any kind, formed by natu- |
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TERRACE. A sheli or bank of earth
having an uniformly level surface.
Terriary. Third in order. Applied
to the first period of the Age of Mam-
mals, or Cenozoic time; also. to the
rock formations of that period.

Trst. A shell, us of a mollusk.

Testacea. Mollusks are sometimes so
called.

Trstacrous. Consisting of carbonate
of lime and animal matter.

THERMAL. Hot, warm. Applied to
springs which discharge water heated
by natural agencies.

THIN our. Applied to beds or strata
which grow gradually and continually
thinner in one direction, until they
entirely disappear.

TraNsITION Rocks. The lowest un-
crystalline stratified rocks. supposed
to contain no fossils, and so called be-
cause- thought to have been formed
when the earth was passing from an
uninhabitable to a habitable state.

TRANSVERSE. Placed cross-wise. When
the breadth of a shell is greater than
its length it is called transverse.

Trap. A heavy, igneous rock, of a
greenish-black or grayish color, gener-
ally composed of feldspar, augite and
hornblende; so called because the
rocks af this class often occur in large
tabular masses, rising above one an-
other like treppe, steps.

TRILOBITE. Three lobed. An extinct
family of Crustacea, and derives its
name from its body being so divided.

TrunNcaTE. Terminating very ab-
ruptly, as if a portion had been cut
oft.

TuFA. A soft or porous stone, formed
by depositions from water, usuall
lime-bearing, in which case the result
is called calcareous tufa. Also a vol-
canic sandrock, rather friable, formed
of agglutinated volcanic earth or
scoria,

TurBINATE. Shaped like a top or pear.

TURRITELLA. A little tower or turret.
A genus of gasteropods.

UmBo. The beak (the point immedi-
ately above the hinge) of a bivalve
shell is so called, from its fancied re-
semblance to the “boss of a shield.”

UNCONFORMABLE., Not lying in a par
allel position; applied to rock strata,

UNDULATION. A wave; arranged in a
wave-like manner,

Uxto. A pesrls A gents of mumels
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UnivaLve. Shells consisting of but
one valve or piece.
UpPER CoAL MEASURES.

Upper strata
of the coal system.

Vascurnar. Containing numerous ves-
sels.
VEIN. A seam or parting of any sub-

stance, more or less wide, intersecting
a rock or stratum, and not corres-
ponding with the stratification.

VENTRAL. Belonging to the belly, or
the surface opposite the back, or dor-
sal side. Sometimes used to designate
the interior surface of the body.

. VERTEBRATA. The division of the An-
imal Kingdom which is furnished
with a spinal column.
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VENTRICOSA.  Ventricose ; .
swelled in the middle.
Vitreous. Resembling glass.
VoratiLe. Capable of assuming the
state of vapor, and flying off.
WHORL. One of the wreaths or turn-
ings of the spire of univalves.
ZAPHRENTIS. A genus of rugose (wrin-
kled) fossil corals. )
7Z16zAG. Having contrary turnings and
windings.
ZooPHYTE. A plant-animal, which
seemingly partakes of the properties
of both plants and animals.

inflated,
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