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LETTER OF TRANSMITTAL.

StaTE COLLEGE, PENNSYLVANIA,
January 1, 1897,

DErar Sir—I have the honor to transmit herein my report, along with
that of Mr. Siebenthal, on the odlitic limestone of Indiana, prepared
under your directions during the past year. It is much to be regretted
that time and the means at your command did not permit the investiga-
tion and mapping of the entire oolitic area. The accompanying maps
will be found, I think, valuable and reliable. They are made with
greater accuracy of detail than is commonly given:to maps of this char-
acter. The locations of the quarries and limits of the outcrop of odlitic
stone will be found to be reliable within the limits of the scale of the map.

In accordance with your instructions the work was pursued very largely
on economic lines.

Respectfully submitted,

T. C. HOPKINS.
Pror. W. S. BLATCHLEY,
State Geologist.




THE BEDFORD OOLITIC LIMESTONE.

BY T. C. HOPKINS AND C. E.SIEBENTHAL *

INTRODUCTORY.

The Bedford odlitic limestone is probably the best known building
stone in the United States at the present time. It is probably shipped
to more different points than any other stone. As shown in the report,
it has been used in 23 States, one territory and one foreign country. It
has several rather unique features that have placed it and will probably
keep it in the list among the best building stones. There is no other
building stone as soft and as easily worked thatis, at the same time, as
durable and strong. This is due largely to the happy combination of the
good properties of both sandstone and limestone, being a calcareous free-
stone, and also to its great homogeneity both of texture and composition.
It is more easily cut and carved than any other well known building
stone in this country, and it will retain the carving in good preserva-
tion longer than any other stone of equal softness.

Its general usefulness—in plain building, in ornamentation, in monu-
ments—coupled with its lasting properties and its abundance and the
ease with which it can be quarried, all combine to keep it in prominence
among building stones. Naturally, then, there is a desire among stone
dealers, architects, scientists and others to have access to detailed and
specific information concerning the stone. To supply this demand the
following pages have been prepared.

In view of the brief time and small expense that could be devoted to
this subject, all the work was conducted on economic lines, and the
more strictly scientific phases of the subject were subordinated or ig-
nored entirely. . . .

On the accompanying maps will be found the location of every quarry
that has been opened in the odlitic limestone in Owen, Monroe and Law-
rence Counties, showing its relative position to the railroads, the wagon

®*Mr. Siebenthal wrote Chapter I, obtained nearly all the statistics at the end of Chapter
III, furnished the historical data in Chapter IV, and assisted in Chapter VI. The re-
mainder of the report was written by the senior author. The entire report has had the criti-
cism of both writers. The maps are the work of Mr. Siebenthal alone.
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roads, streams, towns and postoffices. There is also shown the area of
outcrop of the odlitic stone, where other quarries may be opened, and its
relation to the overlying and underlying rocks.

Despite the wonderful development of the stone industry in this re-
gion during the past 20 years, it is but reasonable to suppose from the
present indications that it will continue to increase for some years to come ;
because the stone is now better known than ever before and there is a de-
mand for light colored stone and stone adapted to ornamental carving,
which demand no other stone meets more satisfactorily than the Bedford
odlitic limestone.

Some may criticise the report as partaking too much of the nature of
an advertisement. A little contemplation will, however, convince any
one that a State has not only a right but a duty to advertise her own
natural resources, as the more they are known the more intelligently
they will be used to the improvement of the State. The report is in-
tended primarily for persons interested in the use or production of the
stone, and to such the so-called advertising features may be not the
least valuable.

By advertisement is not meant an extravagant praise of the merits
while totally ignoring the defects, but the plain, candid, unprejudiced
statement of such facts as will be of interest and use to persons inter-
ested in the industry, whether as producers or as consumers. This
we have endeavored to do as far as possible, while at the same time en-
deavoring to say nothing that would compromise or make public the
private affairs of any single company.
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CHAPTER L

GENERAL GEOGRAPHICAL AND STRATIGRAPHICAL FEATURES.

Location. The area mapped and covered by this report includes the
Bedford oélitic limestone as it occurs in Owen, Monroe and Lawrence
Counties. This limestone, in the region under consideration, is exposed
in a labyrinthine outcrop winding in and out the valleys and around the
hills over a distance of more than sixty miles, and varying in breadth
from outlier to inlier from two to fourteen miles, on the average, per-
haps, five miles. It is not to be inferred that this area includes the:
whole of the Bedford oélitic limestone within the State, nor even all of
commercial value. Itis simply the ground covered within the limits of
time and means at the dispbsal of the survey, and is inclusive for all the
area north of the south boundary of Lawrence County. The quarriesat
Salem are not included in this area, nor the many other valuable de-
posits known to occur in Washington, Harrison and Crawford Counties. .

The o6litic belt practically begins on the north at Gosport. The lime-
stone is traceable north of there as far as Quincy, but at no place does it
occur in commercial quantities. Southwest of Gosport it shows in the
bluffs of White River to within about a mile of Spencer. Southeast of
Gosport the o6litic crops out in a belt about three miles wide, embracing
the quarry districts of Big Creek, Stinesville, Ellettsville and Hunter
Valley and extending to Bloomington. Four miles south of Blooming-
ton, in the vicinity of Clear Creek Station, the oélitic belt rapidly
widens to six miles, due to the fact that the lower course of Clear Creek
makes a broad circle to the west, cutting down through the Mitchell and
oolitic limestone, thus adding the oodlitic outcrop on each side of the
creek to the original outcrop of that limestone.

The great width of the outcrop in Lawrence County is due to similar
causes. The lower course of Salt Creek and that part of White River -
from Tunnelton to the mouth of Salt Creek both lie several miles west
of the eastern crop of the odlitic limestone, but have cut their valleys
down through both the Mitchell limestone and the oélitic limestone. 'The
various creeks from the east—Little Salt, Pleasant Run, Leatherwood
and Guthrie creeks—also cut down through the oélitic, and what would
otherwise be a plateau is divided into a number of flat ridges capped
with Mitchell limestone, but fringed with a band of outcropping oélitie
limestone.
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The odlitic belt, after passing out at the southeast corner of Lawrence
County, swings eastward to Salem, Washington County, taking in the
Salem quarries and Spergen Hill. Thence it swings southward, its west-
ward limit following the lower course of Blue River to the Ohio, and its
eastern limit taking in the quarries at Georgetown and Corydon.

Topography.—The dip of the Subcarboniferous rocks over the region
herein described is from 50 to 60 feet to the mile in a direction south of
west. This dip does not seem to have left any impress on the topography
of the region other than the initial direction of the drainage. The topo-
graphic features of the area owe their existence to the inherent qualities
of the different formations. Thus the incoherent, loosely-cemented,
easily-eroded knobstone has been cut up into a confused tangle of crooked
ridges and deep hollows which trend in all directions. The topography
of that part of the Harrodsburg limestone area which borders the knob-
stone partakes more or less of the character of the knobstone topography,
though the ridges are larger as a rule. As for the remainder of the
Harrodsburg limestone area, whether or not it is deeply eroded and
broken depends on its distance from White River, and the height of its
drainage level above the baselevel, which is the level of White River.
This may readily be seen in the vicinity of Bloomington, at a point two
miles east of that city on the divide between Bean Blossom and Salt
. Creeks. The distance north to Bean Blossom Creek is five miles, the
. distance east to Salt Creek four miles, and the distance to Salt Creek by

way of Jackson and Clear Creeks is sixteen miles. The result is mani-
fest in the topography. Northward and eastward from the divide the
hills are rugged, the hollows crooked and deep. Southward, down Jack-
gon Creek, the surface is but gently rolling.

The oclitic limestone, being the thinnest of the Subcarboniferous form-
ation, has no particular type of topography. It usually occurs as a nar-
row outerop from 100 to 400 yards in width fringing the flanks of the
hills. Where it forms the surface rock over any extent of territory, as
it sometimes does, when it makes the cap rock of a wide ridge, the topog-
raphy is gently undulating.

The Mitchell limestone, where it hag superficial drainage and especially
where it has a capping of the Kaskaskia sandstone, forms high, bold
hills with wide, well-rounded valleys between. Where the drainage is
subterranean, the result, of course, is an irregular undulating plateau.

The valley of White River at Gosport is 570 feet above sea level. The
river hills rise 100 to 150 feet above the valley, and the crests gradually
rise southward, until in the vicinity of Bloomington along the divide be-
tween the two branches of White River, the hills reach 900 to 950 feet
in elevation. 'The highest points in Monroe County range themselves

between these elevations. The valley of the east fork of White River,
gouth of Bedford, is 500 feet above sea level. The highlands about Bed-
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ford range from 700 to 750 feet in elevation, and those about Mitchell,
something near the same. The crest of the ridge, which marks the east-
ern escarpment of the Kaskaskia group, approximates 800 feet in height.

Nomenclature.—The term Subcarboniferous, as first used by D. D.
Owen,* was undoubtedly applied to the whole series of sedimentary
rocks which lie beneath the Coal Measures of Indiana. ILater, in 1844,
he restricted its application in a somewhat indefinite way to the lower
calcareous division of the Carboniferous.

In 1852 the name was definitely applied to the lower division of the
Carboniferous rocks and included the Carboniferous limestones of the
Mississippi section. In a paper entitled ‘‘Researches among the Pro-
tozoic and Carboniferous Rocks of Central Kentucky,” published in 1847
by D. D. Owean and J. G. Norwood, the Knobstone is referred to the
Carboniferous. Finally, in the revised reprint of D. D. Owen’s Geo-
logical Reconnoissance of Indiana, the Subecarboniferous is specifically
designated as ‘‘ a series of limestones with subordinate fine-grained sand-
stones and shales” lying between the Coal Measures and the Devonian
black slate ;{ and it is as thus limited that the term Subcarboniferous
has been since used in the reports of the geological surveys of Indiana,
Illinois and Kentucky.

The word has been objected to as having been applied under a miscon-
ception and as being a misnomer. As to the first objection, we have seen
how that misconception was cleared up and how the term was sanctioned
by general use afterward. The second objection arises from a misunder-
standing of the meaning of the term in its restricted application. So
used, it means not ‘‘ under the Carboniferous’” but ¢ the under-Carbonif.
erous,” or, according to J. D. Dana,|| the preposition sub is used in the
same sense as in the word substructure. It was with this meaning that
James Hall applied the term independently to certain beds of limestone
intercalated in the Knobstone whose fauna he recognized as Carbonifer-
ous, yet which he wished to distinguish from the later Carboniferous.§
So it is that in preference to the various synonyms, Lower Carboniferous,
Mississippian and Eocarboniferous, which have been proposed, we have
retained the Subcarboniferous out of justice and respect to the memory
of Indiana’s first and greatest geologist.

*“D. D. Owen: Report of Geological Reconnoissance of Indiana, made in 1837. 1839
p.12,

7D.D.Owen: Report of a Geological Exploration of a part of Iowa, Wiscongin and II-
linois in 1839. Senate Document, 407, 1844.

tD. D.Owen: Report of a Geological Reconnoissance of Indiana, made in 1837; re-
printed, 1859,

|J.D.Dana: Manual of Geology, 4th edition, p. 634.

2James Hall: Notes explanatory of a Section from Cleveland, Ohio, to the Mississippi
river in a gouthwest direction, with Remarks upon the Identity of the Western Formations
with those of New York. Trans. Assoc. Am. Geol. and Nat.; 1840-42, pp. 267-293.
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Stratigraphy.—The Subcarboniferous deposits, as generally recognized
in Indiana, include the Rockford Goniatite limestone, the Knobstone
group, the Harrodsburg limestone, the Bedford Oélitic limestone, the
Mitchell limestone and the Chester and Kaskaskia group.

The Rockford Goniatite Limestone was first noticed by Owen and Nor-
wood in their paper on the Protozoic and Carboniferous rocks of central
Kentucky, and referred by them to the Devonian. It is a thin bed of
limestone and calcareous shale of limited areal extent, coming between
the Devonian black shale and the Knobstone and furnishing the famous
fossils which led, after much controversy, to its recognition as the base
of the Carboniferous.

The Knobstone was originally included by D. D. Owen with the Har-
rodsburg limestone under the name Calcareo-siliceous or Encrinital lime-
stone series.* The use of the word Knobstone to designate the forma-
tion first occurred in 1859 on page 21 of the revised reprint of Owen’s
report then issued. The name was again used in 1862 by Richard
Owen,} and has been retained by the various writers on Indiana geology
gince that time. It is a series of alternating friable arenaceous shales
and sandstones, ranging in the region under consideration from 500 to 600
feet in thickness. The outcrop reaches its maximum development in
Hendricks, Morgan, Brown and Jackson Counties, in which region it
ranges from 30 to 50 miles in width. The outcrop narrows rapidly both
north and south of thisarea. It is in the main unfossiliferous, but at in-
tervals there are intercalated lenticular beds of limestone and calcareous
septaria with rich faunas, and in one place at least the Knobstone itself
is fossiliferous. The name is derived from the peculiar topography which
it superinduces in regions where fully developed, as in the ‘‘knobs™ of
Floyd and Clark Counties. The use of a topographic term as a designa-
tion for a geological formation is rather unfortunate, but in view of its
firm establishment and the fact that it is more or less probable that the
formation may in the future be subdivided leads us to retain it in this
report.

The Harrodsburg Limestone lies above the Knobstone and between that
formation and the Bedford odlitic limestone. At first known as the En-
crinital limestone, it was afterward correlated with the Burlington and
Keokuk limestone of the Mississippi section. These formations have
latterly been grouped together in the original locality as the Augusta
limestone.f Until more detailed palxontologic work has been done in
Indiana it would seem better to consider the formation a unit., We have

* Geologieal Reconnoissance of Indiana, 1837, p. 14,

1 R.Owen; Report of Geological Reconnoissance of Indiana made in 1859 and 1860, pub-
lished in 1862, p. 108. .

1t Keyes: A.J.8., 3d Series, Vol. XXX VITI, 1889, pp. 186,193. Keyes; Missouri Geologi-
cal Survey, Vol. IV, p. 58, Keyes: Towa Geological Survey, Vol. I, p. 59,
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designated it the Harrodsburg limestone, taking the name from the vil-
lage of that name on the L., N. A. & C. Ry., in the southern part of
Monroe County, where this limestone is typically developed. The village
itself is mainly built upon the oélitic limestone, but near its contact with
the Harrodsburg limestone, and descending the hill from the village
either north, east or south, one passes over the whole outcrop of the
latter from its contact with the odlitic to its contact with the Knobstone.

The following section of the north bluff of Judah’s Creek at the crose-
ing of the Bedford-Bloomington road, one mile south of Harrodsburg, is
typical of this limestone. The thickness of the different strata are based
on barometer readings :

Odlitic Limestone. _ Feet.  Inches.
Massive fossiliferous limestone............c.oooviint, 6 0
Gray heavy-bedded limestone...........cocoviuviinn, 16 0
Blue argillaceousshale...................... e e 2 0
Limestone .....oovveviiii i e 0 4
Chert. o e e 0 3
Heavy-bedded blue to gray crystalline limestone. ........ 6 0
Yellow calcareous shale with geodes. ... ................ 1 3
Fine, heavy-bedded blue crystalline limestone........... 11 0
Flaggy limestone........... ... ... ... i 1 0
Gray argillaceous limestone .......... ... ... ... 0 10
Calcareo-argillaceous shale with bands of limestone and

SOME ZOA@S. ..ot e s 18 0
Heavy limestone, weathering shaly .............. e 3 0
Calcareous shale in bed of creek ............. ... .. .. ? ?

67 8

The Harrodsburg limestone varies from 60 to 90 feet in thickness. It
forms a belt four or five miles in width lying along the eastern outerop
of the oolitic, rising gradually toward the east at the rate of 50 or 60
feet to the mile, and bordered by the broken hills of the Knobstone region.

The ““ beds of passage” from the Knobstone to the Harrodsburg lime-
stone contain great numbers of geodes, or, as they are more familiarly
termed, ‘“ mutton heads,” ranging from the size of a pea up to 18 or 24
inches in diameter. These geodes are coufined to the lower members of
the Harrodsburg limestone, though a few are scattered through the
Knobstone.

Above the geode layers there is a bright gray or blue highly crystalline
and quite fossiliferous limestone with small crystals of pyrites, giving it
in places a greenish tint. Many of the bedding planes are marked by
““ crowfeet” (stylolites), and intercalated lenticular masses of chert are
very plentiful. The residual clay is very stiff and of a deep-red color.

Towards the top of the limestone the strata become more massive, and
at the top the upper four to eight feet usually have lost the molluscan
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character of their fauna and consist almost wholly of comminuted bryozoa.
In places these more massive strata are quarried in a small way as mar-
bles. On a polished bedway face the delicate tracery of the bryozoa
comes out with a very pretty lace-work effect, but the porosity of the
stone prevents its taking a high polish, so that it could not justly be
classed as a true marble. The value of some of the more crystalline strata
which would take a good polish is lessened by the digseminations of crys-
tals of pyrite, siliceous fossils and nodules of chert. .

The contact of the Harrodsburg and oélitic limestones is almost always
marked by a bad crowfoot (stylolite), with which are associated masses
of silicified odlitic fossils and black siliceous masses.

The Bedford Odlitic Limestone.—The term ‘ o5litic” was first applied in
Indiana by D. D. Owen to the whole series of limestones from the Knob-
stone to the Coal Measures.* The name had been previously applied by
G. Troost to limestones in Tennessee, to which those of Indiana were
supposed to be analogous. In the revised reprint of Owen’s reportt the
name is retained, but its application is restricted to a subordinate mem-
ber of the Subcarboniferous limestone—in reality, to the present quarry
bed, the Bedford oolitic limestone —and its age is carefully’ distinguished
from the oolitic of Europe, which is a well-marked group in the Mesozoic.

The name *“ Bedford rock ” first occurs in Richard Owen’s report. By
other writers it has been variously called Bedford stone, Bedford oslitic
stone, Indiana oélitic stone, Spergen Hill limestone, White River stone,
St. Louis limestone, Warsaw limestone, etc. "It is probably best known
to the trade as the Bedford stone, but as Bedford itself is situated on an
overlying stone, it seems better to include the word oélitic to specify
more particularly the bed of quarry limestone. Bedford oélitic limestone
is thus a definite geological term and a well-known commercial one,

The economic character of the present report has precluded anything
of a paleontologic nature, but the fauna of the Bedford oélitic limestone
will be found fully treated by James Hall* and R. P. Whitfield|| in their
various papers on the famous Spergen Hill fossils. In favorable locali-
ties the oélitic limestone is found crowded with miniature Brachiopoda,
Gasteropoda, Lamellibranchiata and pentremites, all in a splendid state of
preservation. A

The Mitchell Limestone.—Overlying the oolitic limestone is a series of
impure limestones, calcareous shales and fossiliferous limestones aggre-
gating from 150 to 250 feet in thickness. We have called this formation

“Dn.D.Owen, Geological Reconnoissance of Indiana, 1839, pp. 12, 13.

1+ D. D. Owen, Geological Reconnoissance of Indiana, 1837; reprinted 1859, p. 21.

t R.Owen, Report of Feological Reconnoissance of Indiana made in 1859 and 1860; pub-
lished 1862, p. 1237.

| James Hall, Transactions Albany Institute, Vol. IV,1856, pp.4-34. James Hall, Geology
and Natural History of Indiana, Twelfth Report, 1882, pp. 319-375. R.P.Whitfield, Ameri-
can Museum of Natural History, Bulletin 3, 1882, pp. 42-94.
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the Mitchell limestone, taking the name from the town of that name in
Lawrence County at the crossing ot the L., N. A. & C. and B. & O. 8.

.W. railways. This limestone is well developed about Mitchell, which is
situated upon it, bui especially is its peculiar topography typically shown
in that locality. The topographic tendency of the Mitchell limestone ex-
presses itself in plateaus perforated at short intervals by sink holes. For
this reason it has been called the cavernous limestone by early writers,
and by others the barren limestone, because of tracts which were largely
covered with residual chert fragments which have weathered out of the
limestone. The lower members of this formation constitute the so called
““bastard limestone” stripping of the quarrymen. They are unfossilif-
erous and of a dirty yellow or gray color. Above these come shales with
interbedded, dark blue, heavy flaggy limestone and gray lithographic
beds. Specimens of the lithographic stone have been found which worked
almost, if not equally, as well as the Bavarian stone, but as yet no locality
has been discovered where they can be obtained in commercial quantities.
The stone is usually so intersected at short intervals by calcite seams that
no stones of size can be obtained. What search may discover can not,
of course, be foretold.

At different horizons in the Mitchell limestone the stone is fossiliferous.
In some places it is as traly o6litic as the Bedford stome. Such oélitic
limestone may be distinguished from the Bedford odlitic by the fossils, and
usually by a peculiar weathering under atmospheric agencies, in which
a coating of between one-eighth and one-fourth of an inch scales off or
exfoliates with a peeling effect. The following section in Section 13, 7
north, 2 west, is typical of the Mitchell limestone :

Detarlod Section of the Mitchell Limestone, R. 7 N., T. 2 W., Sec. 13.

Drab lithographic limestone, L. proliferum, in top layer ........ 20 feet.
"Chert breccia, rotten lithographic groundmass. ................ 8 feet.
Bluish-drab, fine-grained, fetid limestone...................... 10 feet.
Lithographic limestone ......... ... ... . .. iiiiiiiiinann. 4 feet.
Drab calcareous elay shale ............... ... ...... ....... 9 feet.
Drab, rotten, magnesian limestone with chert inclusions. ... .... 29 feet.
Bluish, vermicular, shaly limestone .......................... 2 feet.
Drab calcareonsshale ......... ... ... ... .. il 4 feet.
Rotten and shaly lithographic limestone...... ................ 5 feet.
Lithographie limestone. ... ... ... .. ... o i 2 feet.
Rotten lithographic limestone............... .. ... ... .. ..., 5 feet.
Drab calcareousshale . ........... ... ... .. ... .l 7 feet.
Fine-grained, bluish-gray limestone with conchoidal fracture... 5 feet.
Caleareous clay shale . ........ ... ... ... . iiiii 2 feet.
Gray limestone in 8-inch beds. ...........ooo i, 5 feet.
Fossiliferous shaly limestone. ................. ..o, 14 feet.
Concealed ...... ... i 6 feet.
Fossiliferous coarse-grained limestone ........................ 2 feet.

O06litic 1imestone, , .ovv e v ver et iieine e e rennnneneeeneenanan,s
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The Chester or Kaskaskia Group, as recognized by Mr. E. M. Kindle,
in Orange and Martin Counties consists of the Upper, Middle and Lower
Kaskaskia limestones, separated from each other by the Upper and
Lower Kaskaskia sandstones.* Overlying the Kaskaskia is the Mans-
field sandstone, the basal member of the Coal Measures.

QUATERNARY. The-Quaternary deposits of the region under cons1der
ation are of three classes: Glacial till and drift, pleistocene lacustral
and terrace deposits, and alluvial floodplains.

Drift Limit. The line of the southernmost limit of glacial drift enters
Monroe County from the southwest near where the Ellettsville and
Spencer road crosses the Monroe-Owen county line. It bends south
around the limits of the Flatwood, then angles northeast, crossing Jack’s
Defeat Creek in the neighborhood of the old Dutch church. Continuing -
in the same direction it crosses Bean Blossom Creek near the mouth of
Cowden Branch. Bending south of the Lost Ridge near the mouth of
Indian Creek, it follows the course of that creek to Canada Gap, and on
it in the same direction passing one half mile south of Godsey P. O., and
crossing into Morgan County three-quarters of a mile east of Godsey.
It swings southeastward and reénters Monroe County where Hacker’s
Creek leaves it, following up that creek to the neighborhood of Hacker
school houge. From here eastward the drift limit becomes harder to trace.
The ice sheet must have been very thin, since the topography shows little,
if any, modification. Scattered erratics are found all over the ridge
dividing the headwaters of Robert’s Creek from the headwaters of Honey
and Hacker’s Creeks. It seems probable that the foot of the ice rested
on this hill, and that the drift found in the headwaters of Honey Creek
was carried there by the waters resulting from the melting of the glacier.
Many large granitic bowlders from one to three feet in diameter are
found along the small stream leading north from Hubbard Gap in section
11 (10 N. 1 E.), and along the other tributaries of Robert’s Creek. In
section 2, same township, heavy deposits of sand, gravel and till Iie
against the hillsides. In the neighborhood of Hacker school house in
section 6 of the same township the smoothing and leveling action of the
glacier is plainly seen in the gravel covered plain which rises gently to
the north. In the neighborhood of Godsey P. O., section 3 (10 N. 1 W.)
the same may be seen. Heavy beds of till and gravel lie against the
hills which border their slopes on its south. In Canada Gap, northeast
corner section 9 (10 N. 1 W.), the evidences of ice occupation are plain
though the quantity of drift material is very limited. The territory
between Indian Creek, Bean Blossom Creek and White River displays
evidences of ice occupation in many places in modified topography and
deposits of till, and sand, and gravel, though on the whole the drift is
very light, showing a thin ice sheet.

*Department of Geology and Natural Resources of Indiana, Twentieth Annual
Report, 1893, p. 331.
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The glacial topography is well illustrated in Section 5 (10 north, 1
west) and in the southeast quarter of Section 21 (10 north, 2 west).
The hills north of Mt. Tabor and between there and Gosport are covered
with a heavy deposit of sand which seems to have been deposited from
high water resulting from a melting ice sheet. The lower hills about
Gosport have a similar deposit. North and west of Gosport the drift
sheet becomes heavier, ranging from 5 to 20 feet in thickness.

Glacial strice were observed in but one locality, and that was where the
limestone had been uncovered by stripping on the west side of Kessler’s
quarry at Romona. The direction was 8. 18° E. A vertical seam or
fissure in the rock at this point, 8 or 10 inches in width, was filled with
tightly packed red clay up the level of the glaciated rock where it was
cut off sharply by the buff sandy till which covered the rockson either side.
The red clay of the seam gave evidence of the great pressure to which it
was subjected by shearing cracks and by being slickensided along the
sides of the seam., This seam is perhaps a fair average in thickness of
the clay seams commonly found in the odlitic. It thus serves to give us
an idea through what stretches of time the solvent and erosive agencies
have been at work in producing the bothersome seams of the quarries.

Glacial Lake Flatwood.-——Occupying the highest land between Ellette-
ville and Spencer is a level tract two and one-half miles in width
by six miles in length, locally known as the Flatwoods. It is drained by
McCormack’s Creek, to which it gently slopes from all points of the mar-
gin except at the extreme west end, a small portion of which drains into
Ellison Branch. The Flatwoods is surrounded by a rim of higher land
with gaps at Ellison Branch and McCormack’s Creek, and at three other
points on the north, east and south, where streams head up against the
Flatwoods and at the same level with them. This higher border shows
evidences of glaciation, especially so on the southern side, where many
erratic bowlders ranging from six to eight inches in diameter have
lodged against the slope. The soil of the Flatwoods is an alternation of
black mucks and white clays. A section of a well in the N. W. N. W.
Section 31 (10 north, 2 west), which is typical of the district, is here
given:

Soiland elay . ..oooviiiiin it 17 to 18 feet.
Imbedded logs.................... e 1 foot.
Clay. oo e 8 feet.
Waterworn gravel ....... ... ... il 1 foot.
Blue, sticky clay .....coooiviii i e 8 feet.
Limestone..........coviii it

Prof. Collett* gives the following section of a well in the southeast
quarter of section 26, 10 north, 3 west:

*@eological Survey of Indiana, Seventh Annual Report, 1875, pp. 333-334.
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Black mucky soil .......ocoi i 8 feet.
Sand and fine gravel ............ .. .. ..l e 6 feet.
Blue sticky quicksand with logs, sticks and leaves ...... +....8 feet.

Over the area of the Flatwoods several ‘‘islands” of the Subcarbonif-
erous raise themselves above the later deposits, demonstrating the undu-
lating character of the preglacial topography.

Prof. Collett suggests that the Flatwoods formed a portion of the pre-
glacial channel of White River, the valleys of McCormack and Raccoon
Creeks furnishing the portions connecting with the present valley of that
river. A close examination of the region in question, however, shows
this to be impossible.

The Pleistocene terraces of Bean Blossom Creek clearly prove the pre-
glacial valley of that creek to have been practically as it is at present.
It is impossible to imagine how it could be cut down to its present depth,
while White River, into which it emptied, was running at a level ap-
proximately 150 feet higher than now, as it is alleged to have done.
Moreover, the gorge of McCormack’s Creek is clearly postglacial. And
further, it empties into White River at least a mile below the upper end
of the ‘“narrows,” whose existence it was brought forward to explain.

A more reasonable explanation of the Flatwoods is that it is the site
of a shallow glacial lake. This area in preglacial times must have been
a region of sink holes, with drainage largely, if not wholly, subterranean,
similar to the country which surrounds it, and to the region of caves and
sink holes west of Bloomington—in short, a region characteristic of the
Mitchell limestone. When the glacier pushed down across these sinks,
the excess of salt and sand choked up the underground outlets, and on
the retreat of the ice sheet, the area was left covered by a thin sheet of
water, probably from 20 to 30 feet in depth near the middle. Subse-
quently the drainage by way of MecCormack’s Creek was begun, resulting
in the cutting of the gorge through which that creek finds its way to the
river. The size of the drainage area and a fall of nearly 150 feet distrib-
uted over about two miles explain the steepness and narrowness of the
gorge.

Pleistocene terraces occur in the valley of Bean Blossom Creek above
the crossing of the drift limit. Drift deposits occur below that, but are
irregular in height, and have not the level top of the terraces. The ter-
races range from 40 to 60 feet in height, those further up the creek being
the higher. In size the terraces range from mere knolls to benches a mile
wide and three or four miles long. The lower portion of these beds con-
sists of sand and erratic gravel with sand and smaller gravel above, and
over all sandy clay and loam. These terraces seem to have been de-
posited by the high waters which must have resulted from the melting of
the glacier which covered the headwaters of the creek in Brown County,
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and the draining of the glacier which crossed its lower course. The vari-
ous tributaries of Bean Blossom Creek have similar deposits in a small
way, the materials of which are, however, of local origin. The fact that
the drift material of foreign origin is confined to the valley of the creek
itself, argued that it was derived from the glacier occupying the upper
course of the creek.

At favorable points are found stratified deposits of banded sandy clays
of variable colors with disseminated spindles and scales of ferruginous
claystone and irregular concretions of calcareous claystone. These beds
correspond stratigraphically to the terraces and are of the same height.
They have been deposited from sluggish water out of the lime of the
direct current which bore the erratic materials, and as a result they are
free from gravel except some of local origin in their basal portions.

The upper portion of the drainage basin of Salt Creek was also occu-
pied by the glacier, and as a consequence we find well marked terraces
along the valley of Salt Creek, though not so extensive or so high as
those along Bean Blossom. The further down the creek the lower the
terraces become until the last one is reached, which is in the neighbor-
hood of Fairfax P. O., Monroe County.

Like the hills about Gosport, those along the East Fork of White
River have deposits of sand, such deposits occurring up to a height of
80 or 100 feet, and always on the side away from the current of the
stream; in other words, the deposits were always made in the still water
of an eddy. Secondary bottoms also occur which are possibly and prob-
ably of Quaternary age, though not of the regularity as regards height
and level top of the Quaternary terraces of Bean Blossom Creek.

Alluvial floodplains.—The alluvial bottoms of the West Fork of White
River above Gosport range from one to three miles in width. Below
Gosport they narrow down to about a mile on the average, and two miles
below Romona the foothills on either side approach within less than a
quarter of a mile of each other. It was to explain these ‘ narrows’’
that Prof. Collett projected the hypothetical glacial river up McCor-
mack’s Creek through the Flatwoods and down Raccoon Creek, to which
reference has been made on a preceding page.

The alluvial plain of Bean Blossom Creek will average a mile in width
through Monroe County. Along Salt Creek through Monroe County
the alluvial plain will average about a half mile; through Lawrence
County it is from three-fourths of a mile to a mile in width.

Leatherwood and Guthrie creeks have bottoms which in their lower
courges are about a half mile wide.

The valley of the East Fork of White River through Lawrence
County is quite narrow as compared to the West Fork, not exceeding a
half mile on the average, perhaps less.
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CHAPTER II.

GENERAL STRUCTURAL AND ECONOMIC FEATURES OF THE BEDFORD
OOLITIC LIMESTONE.

T. C. H.

/Structuml Sfeatures of the Bedford Odlitic limestone.—The Bedford Jime-
stone occurs in a massive bed varying in thickness in different locali-
ties from 25 to nearly 100 feet. The bulk of the stone is free from
lamination and shows very few bedding planes. On weathered surfaces
on the natural outcrops the lines of sedimentation are brought out more
or less conspicuously at many points. Sometimes even a shaly structure
may be developed on the top of the bed. In several places lines of
cross bedding are brought out quite conspicuously on the weathered sur-
face, noticeably so on the bluffs of Big Creek a mile west of Stinesville,
and on the face of the old Terre Haute quarry, half a mile west of
Stinesville. (See plate XX.) The same thing is shown less conspicuously
in places in a great many quarry openings throughout the region, and
known among the quarrymen as cross-grain. There is abundant evi-
dence of this nature both of the false hedding and the true bedding to
show the sedimentary character of the stone. Yet, as before stated, the
great bulk of the stone is massive, and in all the better class of stone
shows little or no evidence of lamination or bedding except at the out-
erop.| '

In all the outcrops and in many of the quarries there is at least one
system of vertical or nearly vertical joint seams, and in most places two
systems, one having a general east and west direction, the other north
and south. The joint seams are rarely abundant, generally 20 to 40 feet
apart. Where there is a solid rock covering over the odlitic stone the
seams are generally inconspicuous features, seldom more than regular
cracks in the rock mass. In a number of places, in fact in nearly all
places where the oélitic stone has no solid rock covering, the weathering
agencies have penetrated along the joint planes, forming irregular, cave-
like openings sometimes two or three feet across. These cavities are
mostly filled with clay and debris from the top (see plates XX1I, XXVII),
causing a great deal of waste and annoyance in quarrying, as the waste
is not limited simply to the cavity, but the irregular walls cause much
waste in squaring the blocks, and where the cavities are close together
the irregular blocks between them can not always be divided to ad-
vantage. There is a further waste where the stone happens to be blue
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stone, from the fact that along the joint planes the stone is oxidized ir-
regularly, forming a band of buff of varying width on each side of the
cavity. It is hard on the channeling machine to cut across one of these
cavities. ~

Stylolites (“‘crow-feet,”’ “‘toe-nails”).—While ordinary bedding or lam-
ination planes are exceedingly rare in the interior of the oélitic limestone
bed at any considerable distance from the outcrop, there are what might
be called extraordinary bedding planes, resembling suture joints, which,
unfortunately, occur in many places, appearing on the face of the quarry
as jagged dark to black lines. On each side of this line, generally more
pronounced on the lower side, are jagged points extending sometimes a
fraction of an inch, sometimes several inches into the limestone. The
longer points, and sometimes the smaller ones, have an apparent columnar
structure, with the sides nearly parallel, and frequently striated. Fre-
quently the shorter points have a more serrated or tooth-like projection.
In all cases observed, with one exception, the planes have a nearly hor-
izontal position, as nearly horizontal and about as regular as any other
bedding planes, and the teeth or ‘‘toe-nails” are generally vertical.
While this is true in the oélitic limestone quarries, it is not true in all
localities, as in the magnesian limestone quarries in the city of Chicago
they follow quite irregular lines, in some places apparently running over
little hillocks or sharp prominences. The stylolite seams are of great in-
terest and annoyance to the quarrymen, as they probably cause more
waste than any other structural feature of the rock. Because of their
economic importance they deserve more than a passing notice.

The stylolites have been variously designated. Among the names
which have been proposed are, suture joints, crystallites, lignillites and
epsomites. The quarrymen designate them as erow-feet or toe-nails quite
frequently with a harsh adjective prefixed. The most commonly accepted
term among scientists is stylolite, from the Greek stylus for pen, referring
to the fancied resemblance to a pen. The term crystallite, lignillites and
epsomites are objectionable, as they imply an origin which is not proven.
Suture joint is a very good term. Crow-feet and toe-nails will continue
to be used among the quarrymen, and ave very expressive and not wholly
inappropriate terms. '

There is a difference of opinion as to the origin or cause of the stylo-
lites. Both Dana* and Geikie} accept Marsh’s explanation that they
are caused by ¢ the slipping, through vertical pressure, of a part capped
by a fossil shell against an adjoining part not so capped.”’

Prof. Swallow says] that the term lignillites was much used at one
time because of its resemblance to wood, and the term crystallites and

*Manual of Geology, 4th Ed., by J. D. Dana, p. 543.
t Text-Book of Geology, 2d Ed., by A. Geikie, p. 290.
I Rep. Geol. Surv. of Missouri, 1872, pt. 2, p. 252.

20—GEOL.
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- epsomites have been used by those thinking that the markings are due to

.. the crystallization of epsom salts or some other material in this form.

The German writers offer different and (in the opinion of the writer)
some more probable explanations. Quenstedt™ states that they are due
to the filling in of hollow spaces made in the rock while yet soft by the
movements of mussel shells.

His later view was that two beds overlying one another, separated by
shells and a layer of clay or marl, the two beds having a different hard-
ness, by the pressure of the overlying mass the clay bed would be torn
and the underlying and overlying beds pressed into one another, thus
causing the stylolites.

Plieningert thought that the cracks or crevices originating at the sur-
face by the drying mud were the cause, and that the pillar-like or col-
umnar forms could be produced by rain.

Von Cotta and Rossmassler] put them in the same class with the ‘“ice
needles’” produced on the surface of the soil in winter.

Fallati and Quenstedt bave likened the stylolites to glacial pyramids,
pyramids of ice left on the surface of the glacier, or little pyramids of
earth which owe their columnar structure to a small stone or shell pro-
tecting the material underneath while that surrounding is washed away
by the rain in the case of the earth and by the sun on the ice.

Weiss,|| corroborating the above, states that in his observations in a
Bundsandstein formation that a foreign body like a mussel-shell or a
piece of clay forms a protective covering to the drying lime particles,
whereby the drizzling water has modeled out the stylolite by carrying
away the material between the protected parts.

Zelger,§ after detailed work on the stylolites, announces that they are
formed by the escape of compressed gases through the soft plastic mass
and the later filling in of the passageways.

Giimbel states that the stylolites, particularly those from Riidersdorf,
carry on top a clay cap which without doubt has come from a clay or
marl layer which marks the lower limits of the bed of stone bearing the
stylolites and which is a part of the under clay layer ascending with the
stylolite mass.

Zirkel** says that the stylolites remind one of the phenomenon called
creeps by the English miners, in the swelling up and pressing in of the
underclay of the coal into the galleries or openings made in the working
until the gallery is filled by the underlying clay.

*N. Jahrb. f. Min., 1837, p. 496, and Wiirttemberg, Naturwiss. Jahreshefte, 1853, Vol. IX
p. 71, and Epochen der Natur, 1860, p. 200. ’

T Wiirttemberg, Naturwiss. Jabresheft, 1858, Vol. XIV, p. 292,

1 Zirkel, Lehrbuch der Petrographie, 2d Ed., Vol. I, p. 535.

| N, Jabrb. f. Min., 1868, p. 729.

¢ N. Jahrb, f, Min., 1870, p. 833,

“* Lehrbuch der Petrog., Vol. I, p. 536.
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It is quite probable that as the stylolites differ in appearance in differ-
ent localities that they may not all be produced in the same manner.
The writer is convinced from his observations in the field that at least in
all places where they occur in the oélitic limestone of Indiana that they
mark bedding or stratification planes in the rock. The reasons for so
thinking are, (1) That they correspond with the grain or bedding of the
rock, occasionally running on the false bedding, but never across the
grain; (2) they are in places traceable, with no break or sharp line of
division into the common bedding planes, having no evidence of stylolites;
(3) there is in nearly every instance a layer of carbonaceous material,
sometimes a mere film, sometimes nearly half an inch thick; (4) they
are always of considerable, though not unlimited, extent; (5) a view
from above shown in a few places on (the Cleveland quarry, near Har-
rodsburg, is one of the best illustrations) quarry floors shows water action
not unlike the common bedding plane ; (6) they frequently occur between
the oélitic stone and the underlying and overlying beds which are not at
all odlitic; (7) the cross bedding always terminates at the stylolite seam :
in no instance was it observed to cross it.

" The explanation of the stylolitic or tooth-like markings along this seam

is not so satisfactory as the evidence of its being a bedding seam. It is
quite probable that all are not due to the same cause. Some look as
though they were formed by cracks in the drying of the limestone mud,
and others look like a rain or spray washed surface. In fact, there is
probably about such variety in the markings as one might expect to find
on a surface ot indurated calcareous mud, some of which dried in the sun,
some of which was rain washed or spray washed in the drying; and pos-
sibly the escape of gases, as advocated by Zelger, may have acted in some
places. The layer of carbonaceous material is probably due to the organ-
isms left to die on the beach, either alge or animal forms, or both.* Itis
in some instances associated with considerable iron pyrites. A microscopic
examination of this material from two localities shows black bituminous
matter, with no organic structure or markings perceptible.

There appears to be little or no evidence in this locality in support of
Marsh’s theory, as in only one locality was any noticeable proportion of
the stylolites capped with fossils, and where such was the case many of
the fossils were delicate gastropod shells that would quickly show any
pressure, had such been brought to bear. Not only were they not
crushed in the least, but 90 per cent. or more of the stylolites have no
fossil on either the top or the bottom, while there are shells in abundance
both above and below the stylolite seam, with no stylolites near them.

*The explanation given above was worked out by the writer in the field independent of
the work of the Geerman writers, with which he was not then familiar, going into the field
with no theory but the one given by Marsh, as taught by Dana and Geikie, which was soon
found to be unsatisfactory, and the one above given is purely inductive incident to the ex-
tended observations in the field.
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Furthermore, sometimes the stylolites show just the opposite of compres-
‘sion by forming or occurring in an open seam.

The amount of waste caused by the stylolite or crow-foot seam is fre-
quently more than the width of the seam plus the length of the stylolite
points, especially so where they occur in the buft stone, as the carbon-

“aceous material in the seam prevents oxidation and there is an irregular

blue band along the seam extending several inches to a foot or more
from the seam into the buff' stone, and the seams are not always the
right distance apart to get either one or more cuts of standard size with-
out considerable waste.

Textural features.—The Bedford limestone is a granular limestone, a

" calcareous sandrock, in which both the grains and the cement are car-
bonate of lime. The greater part of it is properly freestone in char-
acter, although thet term is commonly limited to the siliceous sandstones.

The texture varies in coarseness in different parts of the area, and
generally in different parts of the same bed. The finest-grained varie-
ties appear to be the most in demand in the markets and hence are the
most sought after and the most valuable. In all of the oélitic limestone
throughout the area the grains are made up of fossils, mostly foraminifera
and bryozoa, mingled with which are other forms, some of which were
not identified. The foraminifera are mostly intact, showing little or no
evidence of wear. The other forms appear more or less imperfect in

places, but apparently more from aleaching action than from wear. The
finer-grained forms differ from the coarse in having smaller shells. The
great mass of the stone is made up of these minute, almost microscopic,
shells which are generally pretty uniform in size, but in some localities
the larger forms predominate, in others the smaller forms prevail, hence
coarser and finer-grained stones oceur./ In some places, as at Romona
and Heltonville, bryozoa are very abundant. In other places gasteropods
and brachiopods abound, often of considerable size—half an inch to an
inch in diameter, in a few instances two or three inches. The large
forms are commonly clustered, forming a large part of the rock where
they oecur, and not scattered indiscriminately throughout the rock, and
ag all of the coarsely fossiliferous stone goes into the waste or into a low
grade stone, none of it being sold for first-class dimension stone, the sepa-
ration is readily made, and if the bed proves to be wholly or largely of
coarse stone it is not worked at all. Hence, from a commercial stand-
point, the absence of large fossils is desirable.

The fossils, which are composed of finely crystallized calcite, are im-
bedded in a cement of calcite. On the relative amount, purity and
coarseness of this cement depends the hardness and compactness of the
stone. To the happy combination of soft grains in the firm cement in
the right proportions depends the value of the odlitic stone for building
purposes. With any considerable decrease in the amount of the cement
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the stone would be too soft, crumbling and disintegrating too readily, as is
the case in several localities. With an increase in the proportion of the
cement the stone would become more difficult to work, losing its free-
stone character and becoming plucky. There are slight variations in the
relative hardness of the stone in diflerent localities, but only in a few
places is it too soft to be of any value, and in no place is it too hard to
work.

i Colors of the Bedford Oclitic limestone.—All the stone of the region is
classed as ““ blue,” ** buff” or “mixed.” The blue is evidently the origi-
nal color of at least the greater part of the stone, and is thought to be
caused by iron in the protoxide form and organic matter, the buff' being
largely, if not entirely, derived from the blue by oxidation of the iron to
the peroxide, and of the organic matter to some volatile form, or some
stable form, in which it unites with mineral matter in colorless stable
form. The oxidation is a continuons process, not yet complete, carried
on mainly by the oxygen infsolution in the meteoric water, the circula-
tion of which is accelerated or vetarded by a variety of causes, and hence
does not take place along parallel or regular lines, so that there is always
considerable stone along the contact of the two colors that can no! be ob-
tained in suitable dimensions of either color alone, but contains a combi-
nation of the two colors, and is classed as mixed stoneJ In most of the
quarries it goes into the dump pile as waste. Occasionally some of it is
sold for bridges or foundations at a greatly reduced price, often less than
the cost of quarrying it. The price of the good stone is so low, and the
freight rates so high that none but first-class stone is shipped to any con-
siderable distance.

Some analyses, made with a view of determining the cause ol this
coloration, gave the following result:

Partial Analyses of Blue and Buff Oblitie Limestone.*

o a Irioi;elvaniet%n- Orgonic ‘Ferrom oxide.\J Ferrie %xide,
OLOR. UARRY. solublematter. o > 0. - fe,04.
Per éI(lmt.e Per Cent. PereCenL ‘ Pkfceut.
Blue ....| Thornton’s..... 2.16 0.24 0.067 0.196
Buff..... Thornton’s .. .. .86 12 .050 126
Blue..... Hunter’s ...... 1.25 .22 .063 044
Buff. .... Hunter’s ...... 1.10 11 .055 \ 150
Blue. ...| Perry’s........ 1.14 .21 055 ) .089
Buff. .... Perry’s........ | 1.24 13 050 i 119
I

The results are not as satisfactory as might be desired. The samples
were taken from three different quarries, in each case from each side of
the line of contact at the same place in the quarry, hoping thus to get

“*Made for the Survey by W. A, Noyes, Rose Polytechnic, Terre Haute, Ind.
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specimens as nearly identical as possible in everything but color. Each
sample was then tested for ferrous and ferric iron and organic matter.
The organic matter was determined by drying the residae insoluble in
boiling dilute hydrochloric acid at 135° to 140° C. and determining the
loss of weight on ignition. While the results are only approximate, they
ought to be relatively correct. The percentages are so small that it is
doubtful whether the differences are due to more than the possible errors
incident to manipulation. -Yet it is probably more than a coincidence
that the organic material in each case is only half as much in the buff as
in the blue. It indicates a loss of organic material, as might be ex-
- pected. It is more marked than the difference in the iron which is indi-
cated only in the second or third decimal place. There is in each instance
a slight decrease in the percentage of the ferrous iron in the buff from -
that in the blue, and in two examples out of the three an increase in the
proportion of the peroxide, which is what was expected. Yet the differ-
ences are so slight that, considering the possible errors in manipulation,
we do not feel like emphasizing the import of them without further evi-
dence. .

It should be borne in mind that the difference in color is not great,
sometimes scarcely perceptible in a hand specimen, but quite distinct on
a large block or quarry face, and is brought out more distinctly by ex-
posure than on a perfectly fresh surface. Thus on the channeled face
that has been exposed for a few years the contrast between the buff and
the blue is much stronger than it is on a fresh fracture beneath the sur-
face. .

The percentage of bituminous matter is sufficient, in some instances, to
discolor the stone to some extent on exposure by the heat of the sun
drawing this material to the surface, where it collects the dust and dis-
figures the stone for a time. Objection has been raised to the stone in
some places on this account, but it must be remembered that this occurs
with but a small part of the stone, and with that part the disfiguring is
only temporary, and in nowise affects the durability of the stone, acting
rather as a preservative. :

With the exception of the bituminous varieties, the general tendency
of the stone is to become lighter colored on exposure. Much of the buff
stone has a dull yellow color when first quarried, that becomes much
lighter on exposure. '

A few years ago the blue stone was the highest priced and most sought
after. Now, while there is good demand for both colors, the buff is most
sought after and most quarried. The prices are about the same for
each.
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1. Showing depth of oxidation and line of parting (A) between the buff and the blue stone in old .quarry
looking north of east.

2. In new quarry, looking south of east, showing method of quarrying, thickness of covering and regularity
of the upper surface.

VIEWS IN THE QUARRIES OF THE OOLITIC STONE CO. Of INDIANA, SANDERS, IND.




THE BEDFORD OOLITIC LIMESTONE.

PHYBICAL TESTS.

Physical tests of various kinds have been tried on the odlitic stone, the
results of which are given below. Not only those made directly for the
present report, but those made- elsewhere, so far as could be obtained,
are brought together and classified.

Specific gravity. The specific gravity tests on the accompanying tables
were made for the present survey at Rose Polytechnic Institute, except
those marked (1), which were made in duplicate at State College, Penn-
sylvania, to show the different results by differept methods. At Rose
Polytechnic Institute the stone was weighed in air, and as quickly as
possible in water, the specific gravity being the weight in air divided by
the difference in weight of the two. At State College it was determined
by a speciflc gravity bottle, weighing first the bottle, second, the bottle
filled with water, third, the bottle with the powdered rock, and fourth,
the bottle with the powdered rock filled with water. The weight of 3
subtracted from 4, and that result from 2, gives the weight of the water
displaced by the stone, and that divided into the weight of the stone,
obtained by subtracting 1 from 3, equals the specific gravity. The latter
method attempts to give the specific gravity of the particles of the stone in-
dependent of the interstitial air, and the former process to give the rela-
tive weight of the stone as it is, including the air. As it is impossible to
weigh so quickly that some of the water is not absorbed, the actual weight
of the stone is less than that shown by the first process. As it is impossi-
ble to exhaust all the inclosed air, the absolute weight of the material of
the stone, excluding the pores, is a little more than that shown by the
second process.

The figures given are for seasoned stone, the green stone being heavier.

The weight per cubic foot, as given in the table, is obtained by multi-
plying the specific gravity by 624, the weight ia pounds of a cubic foot of
water. The quarrymen generally count the weight of the stone in the
rough for shipping purposes at from 175 to 180 pounds per cubic foot.
C. 8. Norton counts his blue stone at 185 pounds. A large block of
stone quarried by the Bedford, Ind., Stone Company, said to be the
largest block of Indiana limestone ever quarried,* gives the dimensions
11 feet nine inches by 10 feet four inches by eight feet eight inches, and
is marked 190,000 pounds (see plate XXXIV), which is equivalent to
180 pounds per foot.

Ratio of absorption.—In the absorption tests made at the Rose Poly-
technic Institute the specimens were approximately one-inch cubes,
weighed and placed in water, where they were left for 24 hours, and
then removed and the faces dried with blotting paper and reweighed.
The ratio of absoption is the weight wet minus the weight dry divided

“There are s great many larger blocks than this quarried now, but possibly no larger
ones shipped.
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by the weight dry. This 1-31 means that 31 pounds of the stone would
absorb one pound of water, about five pounds to the cubic foot.

In the recorded tests made by General Gilmore the experiments were
made in about the same way.

The stone showing the highest absorption is the most porous, the
lightest the softest, and generally, other things being equal, the least
able to withstand the weather.

Compression tests.—The compression tests made for the survey at Rose
Polytechnic Institute were upon specimens of about two-inch cubes.
Each specimen was measured to the nearest 1-100 of a square inch and
tested upon a Riehlé testing machine having a capacity of 100,000
pounds.

The specimens were tested between two pieces of tarboard 2} x 2}
inches. The rate of application of the load was slow and the same for
all.

It will be noticed that most all of the specimens range between 4,000
and 10,000. :

The first two tables show the details of the tests made by Profess r
Howe at Rose Polytechnic Institute.

Table III gives a summary of these, along with tests made by General
Gilmore for comparison. It is worthy of note that in four sets of sam-
ples the strength on edge is greater than that on the bed, in one instance
the first being twice as great. The reason for this is not apparent. Oue
might think that it was due to an imperfect specimen, but the tests on
the bed were made on three specimens which averaged nearly the same,
and two of them broke with two perfect pyramids. A possible explana-
tion is that the stonecutter marked them wrong.

The samples from Ellettsville are from G. K. Perry’s quarry, a half
mile north of the Ellettsville Station.

The Twin Creek specimens from a newly opened quarry on the bluff
of Twin Creek, about six miles north of west from Salem in Washington
County, Nos. 7 to 9, were specimens quarried in November, 1895, about
six feet below the surface, in township 8 north, range 1 west, section 20,
on land of John B. Crafton.

Nos. 10 to 12, from second and third floors seven to 20 feet deep in
the quarry of Hunter Valley Stone Co., Hunter Valley.

Nos. 25 to 27, quarried Nov. 7, 1896, near the top of ledge, town-
ship 7 north, range 2 west, section 24, lot 8. No quarry opened.

Nos. 31 to 33, from quarries on Big Creek, North Bedford station, on
Gosport branch of I. & V. R. R., part 20 feet and part 30 feet below
the surface ; quarried Nov. 26, 1896, hence not properly seasoned.

Nos. 34 to 36, broken off near the top of the ledge, Nov. 7, 1896, on
lot 15, township 7 north, range 2 west, section 12. Buff and Blue
O¢litic Stone Co. Quarries not developed.




L. Compression tests on Bedford Oilitic limestone. Specimens on natural bed.
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1 G.K.Perry.. . . « v v o v Ellettsville.. . . . . . . 4.35 | 6,700 | Faces crowned; top pyramid long.
2| G.K.Perry. . o v o v oo - 4. . .| Ellettsville.. . . . . .. 4.92 | 5,900 | Failed on two sides; signs of pyramids,
3| G.K.Perry.. . .. .. ... .| BEllettsville.. ... ... 4.33 | 6,900 | Two perfect pyramids. =
4| Twin Creek Oclitic Stone & Land Co | Salem . . . . . . .. .. 408 | 11,700 | Two perfect pyramids. o
5| Twin Creek Oolitic Stone & Land Co | Salem . . . . .. . . .. 3.92 | 6,900 | One side split off. =
6| Twin Creek Oolitic Stone & Land Co | Salem . . . . . .. ... 4.24 | 11,100 | Two pyramids. -
*7| John B,Crafton. . . . . . ... .. Bioomington . . . ... 3.82 | 11,400 | Two good pyramids. . =
*8| John B, Crafton. . . . .. .. ... Bloomington . . . . .. 372 | 9,100 | Two poor pyramids. =]
*3| John B.Crafton. . . .. .. ... Bloomington . . .. .. 4.03 | 8,400 | Split off on side; probably tested on edge. ]
10| Hunter Valley Stone Co. . . . . . .| Bloomington . . . ... 4.00 | 3,400 | Two fairly good pyramids. =]
11| Hanter Valley Stone Co. . . . . .. Bloomington . . .. .. 420 | 4,200 | Split off on omne side. %
12| Hunter Valley Stone Co. . . . Bloomington . . .. .. 408 | 4,600 | Failed on three sides. o
13| Romona Odilitic StoneCo . . . . . . Romona. . . ... ... 4.20 | 6,800 | Two good pyramids. o
14| Romona O¢litic StoneCo . . . . . . Romona. . .. .. ... 424 6,400 | Two good pyramids. . S
15| Romon1 Qdlitic StoneCo . . . . . Romona., . . ... ... 4.20 | 7.800 | Top pyramid good; bottom one-sided. =
16| Bedford, Indiana, Stone Co. . . Bedford . . ...... 428 | 6,800 | Two fair pyramids. ) =
17| Bedford, Indiana, Stone Co. . . . . Bedford . . . . ... .. 4.00 3,400 | Fuces not parallel; failed on one side only. =
18| Bedford, Indiana, 8toneCo. . . . .| Bedford . .. ... .. 4,04 6,700 | Two fair pyramids. o]
19| Hunter Bros.” StoneCo . . . . . . . Bloomington . . . . .. 414 | 5,900 | Two good pyramids. =
20| Hunter Bros.’ StoneCo . . . . . . . Bloomington . . . ... 4.00 | 6,900 | Two good pyramids. =
21| Hunter Bros.’ StoneCo . . . . . .. Bloomington . . . . . . 4 08 4,400 | Une side split off. =2
22| Chieago Bedford Stone Co.. . . . . Bedford . . . . . L. 4.04 9,600 | Two fine pyramids. A =
23| Chicago Bedford Stone Co.. . . . . Bedford . . . . .. L. 412 | 6,400 | Failed on one side; indications that specimen was tested on edge. S
24| Chicago Bedford Stone Co. . . . . . Bedford . . . . ... .. 4.12 | 9,700 | Two fair pyramids. =)
25| John B. Crafton. . . . . ., .. .. Bloomington . . .. .. 449 | 6.400 | Two poor pyramids. A A X 2
26| John B.Crafton. . . . . .. .. .. Bloomington . . . ... 441 4,700 | Split top to bottom around vertical axis of specimen. =
27| John B.Crafton. . . . . ... ... Bloomington . . . . .. 454 | 8.200 | Two good pyranyids. :
28| Crescent StoneCo. . . . . . . . .. Bloomington . . . .. . 4.10 | 4,500 | One poor pyramid and wedges.
29| Crescent8toneCo. . . . . .. ., . Bloomington . . . . .. 4.16 7,500 | Two fine pyramids.
30| Crescent StoneCo. . . . . .. ... Bloomington . . . . .. 420 | 5,000 | Two fair pyramids.
®31| Indiana Steam Stone Works . . . .| Stinesville. . . . . . .. 4.08 | 6,600 | Two fair pyramids. A .
*32| Indiana Steam Stone Works . . . .| Stinesville. .. .. .. 4.16 4,100 | Faces not parallel; failed verticallyaround axis of specimen.
*33| Indiana Steam Stone Works . . . .| Stinesville. . . . . . .. 408 | 6,200 | Faces not parallel; failed vertically around axis of specimen.
34| Bluff and Blue Stone Co.. . . . . . Bloomington . . . . . . 3.79 6,100 | Two very poor pyramids; faces not parallel.
35| Bluff and Blue StoneCo.. . . . . . Bloomington . . . . .. 433 | 5,800 | Top pyramid good; faces net parallel; bottom pyramid wedge-shaped.
36| Bluff and Blue Stone Co. .| Bloomington . . .. .. 4.28 | 6,200 | Two good pyramids.
37| Bedford Quarries Co. . . | Bedford L. 4.00 3,300 | Top pyramid fair; bottom one very poor.
38| Bedford Quarries Co. . . . . .| Bedford . . . . .. ... 4.00 | 4,300 | Two fair pyramids. N w
39 Bedford QuarriesCo. . . . . . . .. Bedford . . . . .. .. 412 | 4,800 | Failed on two sides; signs of pyramids. a

*The natural “bed’’ of these specimens was not marked.



II.  Compression tests on Bedford Odlitic limestone specimens on edge.
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1@ K. Perry .. . . . - | Ellettsville . . . . . . 4.08 | 13,500 | Failed in two pyramids.
2 | Twin Creek Oélitic Stone & Land Co| Salem . . .. .. . 402 8900 | Failed in two pyramids. g
3| Jno.B.Crafton . . . ... . .. Bloomington . . .. .. 391 | 8,000 | Faces crowning badly cut; failed like specimen tested on natural bed. 5
4 | Hunter Valiey StoneCo . . . . . Bloomington . . . 3.98 | 4,200 | Split off on sides; for most part parallel to the natural bed. I3
5 | Romona O¢!iticStoneCo. . . . . .| Romona ... ..... 4.20 | 11,200 | Failed in two pyramids; fine specimen. =]
6 | Bedford Ind.StoneCo . .. ... .| Bedford. . .. .. .. 4.18 | 4,800 | Faces not parallel; one side split off. Signs of pyramids. [X]
7 | Hunter Bros. Stone Co . . .. .. Bloomington ., . . . . 412 | 4,200 | Failed in two pyramids like specimens tested on natural bed.
8 | Chicago Bedford StoneCo . . . . . Bedtord . . .. . R 4.02 | 6,600 | Faces badly out of parallel; split off on high sides. g
9| Jno.B.Crafton . ......... Bloomington . . . . . . 445 | 3900 | Faces not parallel; split off on one side and corner.
10 | Crescent Stone Co . -« . .| Bloomington . . . 4.0t | 5700 | Faces not quite parallel; split off on one side. . i ]
11 | Indiana Steam Stone Works . . . .| Stinesville . . .. .. 4.12 | 2,800 | Faces not paralle]; one face showed tool marks; split off on one side. H
12 | Buff and Blue Stone Co . . . . . Bloomington . . . . . 410 | 4,100 | Split off on one side. B
13 | Bedford QuarriesCo . . . . . . .. Bedford . . .. .. . . 412 4,800 | Two fair pyramids. g
[o]
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III.  Table showing erushing strength, specific gravity and ratio of absorption of Indiana Oolitic limestone.

Number.
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G.K.Perry . o o o oo o .. Ellettsville, Ind. . . . . . 1?,;83
G.EK.Perry . . . - v v oo ... Eilettsville, Ind. . . . . . 12,625
Matthews Bros . . . .. .. .. Ellettsville, Ind. . . . . . 13,500
Indiana Steam Stone Works Stinesville, Ind . . . . . . { 2'2‘33
k)
Simpson & Archer. . . . . . . . 4 miles east of Spencer, Ind 7,500
Simpson & Archer. . . . .. .. 4 miles east of Spencer, Ind 8,750
Hunter Valley Stone Co. . . . .| Bloomington, Ind. . . . . { i'égg
*y

Hunter Bros. StoneCo . . . . . Bioomington, Ind. . . . . { 2’%88
CrescentStoneCo . . . .. . ., . Bloomington, Ind. . . . . { g';gg
Buff and Blue Stone Co. . . . . Bloomington, Ind. . . . . { 46"1)88
Crafton . . . ... ...... Bloomington,Ind. . . . . { g’é?g
Crafton . . .. ........|Bloomington,Ind. .. .. { g’ggg
Donn &Co . . ... ... ... Bloomington, Ind. . . . . 13.750
Romona O6litic Stone Co . . . . | Romona,Ind . . ... .. 1'17"2)88
Bedford, Indiana, Stone Co. . .| Bedford,Ind. . .. . . . . 4'288
The Chicago & Bedford Stone Co| Bedford, Ind . . . . . . . S.6n0
Bedford QuarriesCo . . . . . . Bedford, Ind . . . .. .. { 3'1888
Bedford Quarries Co . . . . . . Bedford, Ind . . . . ... 14,000
Chicago and Bedford Co . . . .| Bedford,Ind ... .. .. 11,750
Dark Hollow StoneCo . . . . . Bedford, Ind 6,525
Dunn&Co ... ... Bedford, Ind . . ... .. 6,500
Twin Creek Stone Co Salem, Ind . .. ... .. 3’3008
E.Zink&Son. . . .. ... .. Salem,Tad . ....... 8,623
8. M, Stockslager . . . . . ... Corydon, Ind P 10,250
................. Bowling Green, Ky . 3,000

No. of speci-
mens tested.
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gravity.

Specific

248
2.47

2.51

Weight per
eubic foot.

152.4

142.2

1122

156.9

1537

146.6
155 0
154.4

Ratio of ab-
sorption

WHRERE TESTED OR AUTHORITY.

1-31
1-41
1-28
1-17
1-30
1-95

1-14
1-19
1-15
1-22
1-16
1-3300
1-43
1-39
1-23
1-31
1-15

1-28
19
1-24
1-31
1-22
1-27

Rose Polytechnic 1nstitute, Terre Haute, 1896,
Gen. Gilmore, Rep. No. 6, Board State House

Commissioners, 1879.
Gen Gilmore, Rep. No. 6, Board State House

Commissioners, 1879,
Rose Polytechnic Institute.

Gen. Gilmore, Rep. No. 6,
Commizsioners.

Gen. Gilmore, Rep. No. 6,
Commissioners.

Rose Poly.echnic Institute, 1896,
Rose Polyt2chnic Institute, 1896.
Rose Polytechnic Institute, 1896,
Rose Polytechnic Institute, 1896.
Rose Polytechnic Institute, 1896.

Rose Polytechnic Institute, 1886.
Gen. Gillmore.
Rose Polytechnic Inetitute.

Board State House
Board State House

Rose Polytechnic Institute.
Rose Polytechnic Institute.

Rose Polytechnic Institute,

Bedford Quarries Co. Circular.

Gen. Gilmore, Indiana Geological Report, 1878,
Gen. Gilmore, Rep. No 6, State House Com.
Gen. Giimore, Rep. No. 6, State House Com.

Rose Polytechnic Institute.

Gen. Qilmore, Rep. No.6, State House Com.
Gen, Gilmore, Rep. No. 6, State House Com.
Min. Res. U, S. 1889-90, p. 396.
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One is liable to error in making comparison of the crushing strength
of building stones made by different persons, or even by the same per-
son, as the maximum strength of the stone depends upon a number of
conditions: 1. On the size of the specimen; a large specimen will
give a higher result per square inch than a small one. 2. The shape of
the specimen, as shown below. 3. The rate of speed of the machine.
4. The accuracy with which the specimen has been dressed; the more
nearly absolutely parallel the higher the results. 5. The method of
dressing the specimen. The tests showing difference in transverse strength
of tool-dressed and sawed samples made by Mr. Johnson apply as well to
crushing tests, as shown experimentally by Gilmore. 6. The seasoning
of the specimen. 7. The method of bedding the specimen. 8. The
care of the operator in watching all the details of the test; and 9. The
accuracy of the machinery. The machines are not all calibrated alike.
The above points are not all theoretical, but largely based on experience.
Hence comparisons on the basis of crushing strength alone should be
made with caution.

The following results by Mr. Hatt will illustrate several of the above
points :

The relative crushing strength of Bedford limestone in prisms and cubes.*—
From an examination of the results of J. Bauschinger’s investiga-
tion of the effect which the shape of a specimen of stone has on its
crushing strength, a writer in the ‘ Digest of Physical Tests’’ for July,
1896, has stated that the strength of a stone prism, whose height is one
and one-half times its least lateral dimension, is only 929 that of a cube
of the same material. If the normal shearing angle for stone is 60°,
this conclusion seems reasonable.

There are here communicated tests on a number of specimens of Bed-
ford oélitic limestone, sawn to cubes (4" x 4" x 4”) and the prisms (4" x
4"x6"). They were tested partly directly after being taken from the
paper wrappers and rubbed down by hand with emery to a smooth bed,
and partly after having been exposed to the air of the laboratory for one
month. Part of the series was tested when bedded in a thin layer of
plaster of Paris, and part tested directly in contact with the beds of the
machine, which was a Riehlé machine of 300,000 pounds’ capacity, run
at a speed of one-tenth inch per minute. It is to be noted that the
specimens were not well seasoned, and so the results are not given as
evidencing the full strength of the stone.

* Presented to the Indiana Academy of Science, December, 1896, by W, K. Hatt.
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The average crushing strength of the 17 cubic specimens was............. 4326.7
The average crushing strength of the 14%prisms was.................. L...4436.4
Omitting 3 cubical specimens, the strength of the remaining 14is..... .... 4191
Omitting 3 of the prisms, the strength of the remaining 11is.............. 4305
For those tested with plaster bed the averageis.......................... 4239
For those tested without plaster bed the averageis.......................4359
For those tested December 17th the average is........................... 4385
For those tested before November 18th the averageis .................... 4274
The average of all specimensis ............ ... ... ... i 4381.5
The average with six omissionsis......... ...t 4248

In these tests of 31 specimens the six-inch prisms had, under all con-
ditions, a greater strength than the cubes of the same sectional area, and
the difference does not amount to three per cent.

The average angle of pyramid of fracture is 64.5 degrees. The re-
sults do not sustain the conclusion mentioned above as having been
stated in ‘“ Digest of Physical Tests.”’

Fire tests.—There seemed to be some doubt in regard to the heat-en-
during properties of the oélitic limestone, and a series of tests were made
for the survey at Rose Polytechnic Institute, with the following results:
A sufficient number of specimens from different localities were taken, we
think, to fairly represent the whole district. The results appear to be
about the same in each test, so that it is not necessary to enumerate the
different localities under each test.

It will be seen that the results are all that could possibly be desired or
expected, since the samples retained their form uninjured up to and be-
yond the point of calcination.

The specimens were approximately one-inch cubes, all supported in the
same manner on wires placed £ inch apart, and all heated under similar
conditions in a furnace composed of an iron box surrounded by an iron
jacket, leaving a two-inch space on all sides but the front and bottom.

Specimens were taken from the following quarries: G. K. Perry’s,
Ellettsville; Hunter Valley Stone Co. and Crescent Co., Hunter Valley,
Bloomington ; Romona Odlitic Stone Co.’s Quarry, Romona; The Chi-
cago and Bedford Stone Co., Reed’s Station; The Bedford Indiana Stone
Co., Peerless; The Bedford Quarries Co., in the vicinity of Bedford ;
The Twin Creek Co., Twin Creek, northwest of Salem; The Buff and
Blue Odlitic Stone Co , and two localities on the property of the Crafton
Stone Co., south of Bloomington, and the quarry of the Indiana Steam
Stone Works, on Big Creek, West of Stinesville.

The specimens were first heated until lead melted on their top surface,
about 619° F., and cooled slowly in air—all specimens uninjured. Other
specimens heated to the same temperature were sprinkled with water and
then quenched in cold water—all uninjured.

The same experiment was tried with melting zinc, temperature about
777° F., with the same result—specimens all uninjured.




318 REPORT OF STATE GEOLOGIST.

The specimens were heated until cupric chloride (CuCL. ,) melted, tem-
perature about 928° F., and some were cooled in air and some sprinkled
and quenched in water. The specimens retained their form and were
uninjured except a discoloration very slight in some and pronounced in
others, due to the oxidation of the iron. Three specimens showed indi-
cations of lamination.

They were then heated until aluminum melted on the upper surface,
temperature about 1157° F. They were sprinkled and quenched in
water. The lower edges crumbled when sprinkled. The upper edges and
faces were uninjured.

Some were heated to ‘‘ cherry red,”” about 1500° F., and cooled in air,
calcination was pronounced, but the specimens retained their cubical form
and sharp edges.

Other specimens were heated to the temperature of melting potassium
chloride, K Cl, sprinkled and quenched in water. The lower edges went
into fine powder (quicklime). The upper edges were uninjured.

These results show pretty conclusively that the oélitic stone is fire-proof
up to the point of calcination or turning to quicklime, in which respect
it is superior to the average building stone, so far as shown by the pub-
lished tests. While a few building stones will withstand a temperature
above the calcination point of lime uninjured, the greater number will be
destroyed at a temperature below that point.

Transverse strength and elasticity.—Mr. Johnson made a series of tests
on the transverse strength and elasticity of the oélitic limestone, a few of
the results of which are given helow * as the original source is not acces-
sible to all.

He tested specimens having approximately one inch cross-section and
14 inches long, by resting them on supports at the ends and applying the
load to them on a knife edge in the center. They were all measured
accurately in cross-section, most of them varying from a square inch by
a small fraction. '

AVERAGE RESULTS FROM EXPERIMENTS ON SAWED AND TOOL-
DRESSED SAMPLES OF OOLITIC LIMESTONE.

Load causing MopuLys oF
. rupture, 1 . .
in pounds. | Rupture. i Compression. } Elastieity.
Sawed .................. 130 2,338 12,675 ’ 4,889,480
Tool-dressed ............ 81 1,477 7,857 2,679,475
Ratio of tool-dressed to
sawed........... . ... 62 per cent. || 63 per cent. | 62 per cent. | 55 per cent.

“ Experiments upon the Strength and Elasticity of Building Stones, by Thos. H. John-
son, in the 11th Ann. Rep. Dept. Geol. and Nat. Hist. of Ind., 1881, pp. 34~42.
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For the tool dressed specimens the breaking loads varied between 40
and 110 pounds; for the sawed specimens, from 120 to 150. The modu-
lus of rupture for the tool-dressed specimens varied between 950 and
1,928 ; for the sawed specimens between 2,187 and 2,593. These results
show quite conclusively not only the great elasticity of the stone, but the
injurious effects of hammering it in tool-dressing. Mr. Johnson also
noted that the strongest stones were the most resonant. All the tool-
dressed specimens had a dull sound, while the sawed specimens had a -
clear, ringing sound. It should be noted that the sawed specimens were
taken from different quarries from the tool-dressed ones and part of the
difference in the results may be due to inherent qualities in the stone.

/ Chemical composition.—The accompanying table gives a recerd of all
the ‘analyses obtainable of the oélitic limestone from different localities.

/ The similarity is remarkable/ Thus the percentage of carbonate of lime
varies between 95 per cent. and 98.27 per cent., a variation of but little
more than three per cent. in 16 different samples from widely separated
localities, varying from Romona on the north to near the Ohio river on
the south.

fThe percentage of magnesium carbonate is less than one per cent.) in
all the specimens except two from Big Creek, and there is a possibility in
that case that the greater quantity may be due to error in analysis.

The insoluble residue which includes the silica, insoluble silicates, and
organic matter, averages less than one per cent., never as high as two
per cent., and only four running over one per cent.

The iron and alumina combined average less than one per cent. The
alkalies form a mere trifle/

The last column, headed water, in the two analyses, where it shows
more than half of one per cent., includes water and loss on ignition.
Probably the greater part in each is due to the unavoidable errors of
analysis.

!The analyses show the stone to be a lime carbonate of remark-
able uniformity and purity. Possibly no other stone in the country would
show such a remarkable uniformity of composition over such a wide area.
. Thus, from the standpoint of purity, the stone is all that could be de-
gired, only the purest marbles giving a higher percentage of lime car-
bonate. :

i
i




Chemical Analyses of Bedford

Odlitic Laimestone.
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1 | Bedford N Bedford, Indiana Stone Co .| 1896 | 98.27 | 84 | .64 A5 W. A. Noyes, Rose Polytechnic Inst.
2 | Bunter Valley. Hunter Bro.’s quarry. 1896 | 98.11( .92 .86 16 W. A.Noyes, Rose Polytechnic Inst.
3 | Romona . Romona Odlitic Stone Co 1896 | 97.90 | .65 | 1.26 18 W. A.Noyes, Rose Polytechnic Inst.
4 | Twin Creek Twin Creek Stone & Land Co | 1896 | 98.16 | .97 76| .15 W. A. Noyes, Rose Polytechnie Inst.
5 | Big Creek Indiana Steam Stone Works | . . . |93.80 | 401 | .15 | .64 109 L. H. Streaker, State University.
6 | Big Creek . Indiana Steam Stone Works ! . . 9307 | 4.22 50 71 1.19 L. H. Streaker, State Univerzity.
7 | Bedford Chicago and Bed. Stone Co . | 1878 | 96.60 | .27 50 98 40 61 Indiana Geological Rep., 1878, p. 95.
8 | Bedford . . ier Quarry, buff. . . . . . 9820 | .39 63 .39 PR R Bedford Quarries’ Co. Circular.
9 | Bedf. rd . .| Hoosier Quarry, blue . . . . 97.26 .37 | 1.69 49 Bedford Quarries’ Co. Circular.
10 | Four miles E.of Spencer | Simpson & Archer. . | 1878|9679 | 23| 70| 91 |.. 32| 4l Indiana Geological Rep., 1878, p. 94.
11 | Bloomingten . . . .. Dunn Qua’y, white | 1881 | 9562 | .89 | 1.74 | .23 | .(6 R 11 Indiana Geological Rep., 1881, p. 32,
12 | Bleomington . . . . .. Dunn & Dunn Quarry, blue | 1881 (9555 .93 | 1.60 .09 .09 42
13 | Bloomington . . . . .. Dunn & Co. . . . L 1878 54| 40 65 | 1.00 | . . 58 .25 Indiana Geological Rep., 1878, p. 95.
14 | Stinesville, . ... .. Monroe Marble Co, . . . . . 1862 | 95.00 | .22 90 | 3.0 83 .05 Ind. Geol. Rep., 1862, Owens, p 137.
15 [Salem .. ... .. Lo L 1886 [ 96.04( .72 1.13 | 1.06 B .10 Indiana Geological Rep., 1886, p. 144.
16 | Harrison Co. . . . Stockslager’s quarry . 1878 | 98.09 . - .| .31 8| .14 40 12 Indiana Geological Rep., 1878, p. 96.
Average . . . .. .l Lo oo 96.50 | 1.00 88 | .15 a7 29
17 | Hardin County, I11. Rosielare Oslitic limestone | 1882 [90.16| 318 | 2.72 | 1.06 15| . . .| Econ. Geol. of Ill., Vol. I, p. 318,
18 | Bowling Green, Ky L. 1889 | 95.31 | 112 | 1.42 | .39 1.76 | 100.00 | Min. Resources U. S., 1889-90, p. 395.
19 | Portland, Eng. . 9.16| 1.20 | 1.20 | 50 1.94 | 100.00 | Min. Resources U. 8., 1889-90, p. 395.
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Report of State Geologist, 1896, ' Prate XX,

SHOWING STRUCTURAL FEATURES OF THE OOLITIC LIMESTONE.

1. Bluff on Big Creek showing lamination and cross bedding brought out by weath-
ering.

2 Buff and Blue Oolitic Stone Co., Lot No.20, N. W. N, W.3 Sec.13, T.7N.,,R.2W,,
showing manner of weathering in oolitic stone along stream courses.

3 Terre Haute quarry. Part of joint face surface, showing gross regularity and minute
irregularity and cross bedding brought out by weathering.
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Durability of the oslitic limestone.—The Bedford oélitic limestone
ranks among the most durable building stones in the market, the proof of
its durability being found in (1) the appearance of the stone in the out-
crops; (2) in old buildings and monuments; and (3) the chemical and
physical tests.

The outerops of the oélitic limestone are in some places rounded prom-
inences projecting through the soil, in other places bold cliffs along the
watercourses. These cliffs sometimes show a large face of stone, remark-
ably regular and even, denoting a stone of great uniformity, Plates XXX
and XXXVIshow two of the largest and finest exposures to be found in
the entire area. As the weathering agencies attack the rock always at
the weakest spots, if there are any, the outcrop is frequently irregular
from the deeper weathering along seams, joints or lines of weakness. See
the upper weathered surface of the stone in Nos. 1 and 2 on plate XX,
and the views in plate XXI. Where the watercourse has its channel in
the oélitic limestone, it frequently cuts a deep, narrow gorge in which it
runs, and sometimes undercuts the rock on one side, or the other, forming
overhanging bluffs. (See plate XX.) The number and the prominence
of the bluffs, the most conspicuous topographic features of the region,
indicate its greater durability in comparison with the overlying and under-
lying rocks.

As the odlitic stone field is a comparatively new one in its larger de-
velopment, there are not many old structures in which the stone has
been exposed for a long period, as is the case with stone in the
Eastern States. However, such as have been erected are, without ex-
ception, so far as known, in a good state of preservation. The Winthrop
Foote vault on the east side of Bedford, constructed in 1840, and the stone
chimney on the old homestead of Dr. Foote, built before that date, are
the oldest pieces of work in the Bedford stone known to the writer. They
are apparently as sound as when first erected, more than fifty years ago.
Of the many buildings constructed wholly, or in part, since that time,
and of the numerous monuments in the cemeteries, none that are injured
in any way, except sometimes by discoloration, have been observed.
The same can be said in part of the rock in the old quarry open-
ings south and east of Bedford that were made 40 or 50 years ago. The
stone in the dump and on the old quarry face is, as a rule, as sound and
firm, and harder than when just quarried. Where the stone lies under
" the trees, or in well shaded places, it is covered by a vegetable growth,
like all other building stones in similar positions; and in a few of the more
recent quarry openings the stone is shelly and exfoliating for a few feet
above the water that stands in the quarry, caused, presumably, by the
freezing of the wet stone, but in nearly every instance of this kind it is a
band of very coarse texture, of coarsely fossiliferous stone, that is shelly,
while the fine-grained stone, both above and below it, remains firm, It

21—GEOL.
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is said that some of the ground courses in bridge abutments have heen
known to scale and exfoliate. None such have been seen by the writer,
but his opportunity for observation in this line has not been extensive.

The chemical analyses show no marked percentage of elements of
weakness in the stone any less stable than lime carbonate, the percentage
of alumina and alkali being too minute to affect the strength in any way.
The stone is practically.a carbonate of lime, one of the most durable sub-
stances under ordinary conditions. In contact with acids, however, it is
one of the least atable, as it is readily dissolved by any of the acids. For
this reason it is liable to tarnish in a city atmosphere where there is much
sulphurous coal smoke. However, unless it is in the immediate vicinity
of a large furnace or factory the injury from this cause is little to be
dreaded beyond the roughening and sometimes discoloration of the sur-
face. '

The numerous fissures, caves, open seams and corrugated surfaces found
in-the quarries and outcrops are caused by its solubility in acids, as the
rainwater absorbs some acid from the air and more from the soil through
which it passes, and, acting continuously for ages, it leaches away great
quantities of the stone. This action, which is so marked in the stone in
its natural position,.ceases almost entirely when the stone is placed in
the wall, as the circulation of the sap or interstitial water ceases, its load
is deposited and many of the pores are closed.” The little water that falls
on the surface during a rain storm contains but little acid and that under
such slight pressure as not to be very active, and of the little that is dis-
solved by carbonic and sulphuric acids part is redeposited in the pores,
tending to make the surface more impervious. It might readily be in-
ferred, then, that it should not be used where it will be exposed t) the
action of acids. For that reason it is not suitable for the base of bridge-
piers in regions where the water is very acidic, as in coal- mining regions.

The physical tests show the stone to be more porous than the average
limestone, but in croshing and transverse strength up to or beyond the
average ; much more flexible and elastic than the average building stone,
by means of which it is able to withstand sudden changes of heat and
cold without injury, that would cause less elastic stones to crack or
crumble. This is shown by the heat tests described above, in which the
stone remains intact, uninjured, under heat up to the point of calcination,
even standing sudden cooling in cold water from a nearly red heat, that
is, a sudden change of nearly a thousand degrees, which is probably as
severe a test as any to which a stone could be subjected. ‘

This happy combination of properties, by means of which this odlitic
stone, while 8o soft as to be so easily cut and carved into desired shape, is
at the same time so firm and elastic as to withstand the strains put upon
it either by its position in the structure or the strain of rapid changes in
temperature, makes the stone so valuable for building purposes. This is
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STRUCTURAL FEATURES OFiTHE OOLITIC LIMESTONE.

Hunter Valley quarry, showing corrugations and érregularity of the weathered
upper surface after removal of the soil.

A Big Creek quarry, showing excessive weathering along the joints,

Johnson quarry, showing regularity of the upper surface after the removal of the
soil.

A peculiar porous form of weathering.
In Perry’s quarry, showing cross bedding.

In Perry’s quarry, showing line of contact of the oolitic limestone with the over-
lying Mitchell limestone.
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due probably to its unique texture as already stated, in)which it differs
from other sandstones in having the grains cellular and porous in a fine
cement. It differs from other limestones in its granular character, con-
sisting of the yielding grains in the finer cement. And furthermore,
calcite itself is highly elastic, as shown in the action of many of our
marbles.

The Bedford oélitic limestone can unhesitatingly be recommended as
one of the most durable building stones in the market, where not exposed
to the action of acids. It is fire-proof up to the point of caleination, in
which property it can be surpassed by no other limestone and but few
other building stones, as very few are absolutely fire-proof.

We cannot refrain at this point from calling attention to the extrava-
gant, boastful and misleading statements made by some previous writers
on this subject, statements that are injurious because false. Such state-
ments as the following, by their very extravagance, defeat their object:
““Thig purity insures absolute integrity on exposure to the fumes of coal,
while the perfect elasticity and flexibility of the mass render it invulner-
able to the forces of cold and heat, air and moisture. Cliffs of this lime-
stone, exposed to our variable climate for unknown centuries, show no sign
of disintegration, the finest angles standing out as sharp now as when first
the mass was fractured.” And from another writer: ‘“At the numerous
exposures along the various watercourses, where it has been subjected to
the action of the elements for hundreds and thousands of years, it does
not display in a single instance a tendency to disintegrate or break down under
prolonged exposure.’”’

To say nothing about the above statements, one only need to look
at the accompanying photegraphs, or visit any of the outcrops, to
see the absurdity of such statements. Again the following awe-inspir-
ing statement has been quoted and requoted with an apparent confidence
that seemed to settle all doubts: ** When we consider to what awful and
prolonged frigidity of temperature this rock was exposed during the
Glacial age, without in the least affecting its integrity, we may safely
trust it in our buildings. Other limestones were cracked, shivered,
crushed under the compressions and expansions of the arctic period,
while this massive deposit was scarcely changed in any part of its great
body.” The ‘“awful and prolonged frigidity” of the Glacial age pre-
sumably never reached the main body of the odlitic limestone, at least
the glacier itself did not. It stopped near the north end of the oglitic re-
gion, probably because of the very opposite condition to frigidity, as the
best barrier against ice is heat, and likely the warm climate of this part
of Indiana stopped the glacier in the extreme northern part of Monroe
County or beyond by melting its southern end. Furthermore, the part
of the oolitic belt that the glacier passed over is not the part that contains
the best stone, and again the *‘ other limestones” in the glacial areas are




324 REPORT OF STATE GEOLOGIST.

no more “ cracked, shivered and crushed under the compressions and ex-
pansions of the arctic period” than similar stones are many miles south
of the glacial area. The truth in regard to the durability of the oélitic
stone is sufficient, and needs no embellishing.

Workability.—The Bedford oélitic limestone probably works as easily
and freely as any other building stone in the market, almost rivaling the
French Cen limestone in this respect. While the French stone is a little
gofter and more easily cut, it is said to be much less durable in a north-
ern climate. Like all freestones, the Bedford stone is much softer when
first quarried, hardening on exposure; hence it is more easily sawed or
cut to the desired form when fresh than it is after seasoning. Yet while
it becomes firm and compact, resonant almost as a metallic substance,
calcite in itself being a soft mineral, it never becomes as hard or as diffi-
cult to cut as siliceous rocks of equal strength; nor does it become as
hard as marble. The lack of grit or siliceous material thus renders the
channeling of the stone from the quarry, the sawing of the stone and the
cutting and carving of it not only possible, but enables it to be so
worked much more economically than almost any other building stone, a
gaving of both time and wear on the tools when compared with sand-
stones of equal strength, or granite, or even marble or more compact
limestone. Beides being easy to channel, cut or saw, it also splits as
readily as almost any other rock, where not locally cross-grained, split-
ting or breaking readily in any direction, excelling the average building
stone in this respect, thus adding to its value for ornamental work.
These properties enable it to be removed profitably from a massive bed
containing few seams, where a harder stone or one more difficult to work
could not be quarried with any profit.

Accessibility.—The Bedford oélitic limestone area is near the center of
population of the United States, in the very midst of the Mississippi Valley,
which is not only the largest, but destined to be the most productive and
populous valley of the world. The area is traversed by one north and
south railroad, and three running east and west, besides several branch
roads. The topographic features are such that almost every point of the
area can be reached by railways at a moderate expense for grading. In
evidence of the easy grades, the Monon railway, running north and
south on the entire length of the productive area, was built before the
great value of the stone was known. The structural position of the
stone, lying, as it does, with a gentle dip to the southwest, makes a larger
area of the stone accessible than if it were inclined at a high angle or even
perfectly horizontal.

A stone may be inaccessible because of its remoteness from markets,
such as large cities or populous districts, or its distance from railroads or
otuer means of tramsportation, or because of its structural and strati-
graphical position. Thus an intrinsically good building stone in many
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of the Western States would not be accessible to Eastern markets, even
though it were on a railway, because of the excessive freight rates.
Throughout North Arkansas are valuable beds of marble, but they are
inaccessible, because they are many miles from a railroad, A bed of
stone, inclined at an angle of 40 to 60 degrees to the horizon, has but a
small part accessible, likewise a bed in a horizontal position, overlain
by a very durable rock, is liable to be accessible in very limited areas.
The Bedford otlitic limestone as noted, is not subject to any of these dif-
ficulties.
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