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Hon. James M. Cox, Governor of Ohio:

Dear Sir:—I trarsmit herewith Bulletin 18 of the Geologlcal
Survey, entitled Building Stones of Ohio. The building stone industry
of our State has been prominent from the time of settlement, and yet
hitherto there has been no adequate presentation of this resource.
Numerous c2lls for information from architects and builders have been
received from neighboring states as well as Ohio, and it is hoped that
this bulletin will supply the desired information.

Respectfully submitted,
J. A. BOWNOCKER,

State Geologist.
November 1, 1914.
(iii)






THE SURVEY IN ITS RELATIONS TO THE PUBLIC

The usefulness of the Survey is not limited to the preparation of
formal reports on important topics. There is a constant and insistent
desire on the part of the people to use it as a technical bureau for free
advice in all matters affecting the geology or mineral industries of the
State. A very considerable correspondence comes in, increasing rather
than decreasing /in amount, and asking specific and particular questions
on points in local geology.

The volume of this correspondence has made it necessary to adopt
a uniform method of dealing with thése requests. Not all of them can
be granted, but some can and should be answered. There is a certain
element of justice in the people demanding such information, from the
fact that the geological reports issued in former years were not so dis-
tributed as to make them accessible to the average man or community
today. The cases commonly covered by correspondence may be clas-
sified as follows:

Ist. Requests for information covered by previous publications.—
This is furnished where the time required for copying the answer is not
too large. Where the portion desired cannot be copied, the inquirer is
told in what volume and page it occurs and advised how to proceed to
get access to a copy of the report.

2nd. Requests for identification of minerals and fossils.—This is
done, where possible. As a rule, the minerals and fossils are simple and
familiar forms, which can be named at once. In occasional cases, a
critical knowledge is required and time for investigation is necessary.
Each assistant is expected to co-operate with the State Geologist in
answering inquiries concerning his field.

3rd. Requests from private individuals for analyses of minerals and
ores, and tests to establish their commercial value.—Such requests are
frequent. They cannot be granted, however, except in rare instances.
Such work should be sent to a commercial chemical laboratory. The
position has been taken that the Geological Survey is in no sense a chem-
ical laboratory and testing station to which the people may turn for
free analytical work. Whatever work of this sort is done, is done on the
initiative of the Survey and not at the solicitation of an interested party.

" The greatest misapprehension in the public mind regarding the Sur-
vey is on this point. Requests for State aid in determining the value of
private mineral resources, ranging from an assay worth a dollar up to

)



vi BUILDING STONES

drilling a test well costing several thousand dollars, represent extreme
cases. At present there is no warrant for the Survey making private
tests, even where the applicant is entirely willing to pay for the service.
In many cases individuals would prefer the report of a State chemist or
State geologist to that of any private expert, at equal cost, because of
the prestige which such a report would carry. But it is a matter of
doubt whether it will ever be the function of the Survey to enter into
commercial work of this character; it certainly will not be unless ex-
plicit legal provisions for it are made.

4th. Requests from a number of persons representing a diversity of
interests, who jointly ask the Survey to examine info and publicly report
upon some matter of local public concern.—Such cases are not common.
It is not always easy to determine whether such propositions are really
actuated by public interest or not. Each case must be judged on its
merits. The Survey will often be prevented from taking up such in-
vestigations by the lack of available funds, while otherwise the work
would be attempted.

The reputed discovery of gold is one of the most prolific sources of
such calls for State examination. It usually seems wise and proper to
spend a small sum in preventing an unrfounded rumor from gaining ac-
ceptance in the public mind, before it leads to large losses and unneces-
sary excitement. The duty of dispelling illusions of this sort cannot be
considered an agreeable part of the work of the Survey, but it is never-
theless of very direct benefit to the people of the State.
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CHAPTER I

THE GENERAL CHARACTER AND PROPERTIES
OF OHIO BUILDING STONES

The building stones of Ohio all belong to the great group of rocks
known as sedimentary, which are well represented by limestones and
sandstories. Speaking in a somewhat general way the limestones under-
lie the western half of the State and the sandstones the eastern half.

The limestones vary much in their properties, some are highly
fossiliferous while others are practically without fossils; some are very
even bedded, others are without well-marked bedding planes, or the
planes are far from parallel; some are fine grained and compact while
others are open textured; some are crystalline, others non-crystalline;
some are easy to work while others break with a conchoidal fracture;
some have a light gray color, others a buff, and others still a dark blue.
These stones, all in all, are of good quality, and well adapted to architec-
tural purposes, but they must be selected with reference to the structure
whose walls they are to form. In other words, a stone may be suited
for one style of building but not for another.

The sandstones also vary much. Some are coarse grained, others
fine; some compact, others porous; some in thin even beds, others
massive, or the beds irregular; some are free from impurities while
others contain concretionary iron or other objectionable material;
some carve well, others do not. The color of the sandstones varies
from dark blue, through blue-gray, gray, buff, yellow, brown to red,
but the latter shade is not abundant. The sandstones of Ohio take
high rank as building stone, and at least one of them is not surpassed
anywhere. Since they possess such variable qualities the architect
can select a variety which meets his fancy.

There are several properties of stone that have an important bear-
ing on its value for building purposes. Chief of these are durability,
strength, color, carving, ease of quarrying, density and architectural effects.
These will now in turn be considered.

Durability.—This is probably the most important quality in
building stone, for if it possesses all other desired characters but lacks
durability, the stone cannot be regarded as of high grade. Physical
and chemical forces work more or less persistently on stone, and sooner
or later reduce it to fragments. Temperature changes are very im-
portant. Under the hot summer’s sun, the surfaceé of a stone may

() :



8 BUILDING STONES

have a temperature of 100° F. or even more, while in winter the tem-
perature may drop to zero or lower. Changes less marked may occur
within 24 hours, for while the temperature of the air at noon may be
80° F. or possibly more, it may drop near or to the frost line the following
night. As is well known heat expands rocks and cold contracts them.
Repeated changes of this sort, sooner or later, scale the surface of the
rock and may split off large blocks. The latter in turn may be further
broken by the same force and possibly reduced to fragments.

Still more effective is the freezing of water in rock. As all know,
rocks contain cavities of various sizes and shapes, such as pores, and
larger openings which we may call holes, also cracks, joints and bedding
planes. When water freezes it expands about one-tenth in volume
and with a force that is almost irresistible, being equal to the weight
of a column of ice a mile high, or about 150 tons per square foot, accord-
ing to Sir Archibald Geike. It is this power repeatedly applied that
plays the most active part in cracking and eventually crumbling our
building stone.

It is an old idea that the durability of building stone bears a close
relation to its porosity. In short, the greater the porosity the less
reliable the stone. According to Buckley, however, the matter is
not quite so simple.? He claims the size of the pores or openings is
very important, since it determines the freedom with which water
escapes. Manifestly, if the pores are small and the rock is saturated
with water, it will be retained longer in the rock than if the pores are
larger, other conditions being equal. In other words, if two rocks
absorb the same quantity of water, and in one the pores are much
larger than in the other, the rock with the smaller pores will suffer
most from freezing. This principle appears to be well illustrated in
the rocks at Sugar Grove, Fairfield County, which are coarse grained and
absorb a large quantity of water,-and yet suffer but little from freezing.

Water freezing along bedding planes, or in more or less vertical
fissures known as cracks and joints, may fracture the rock, but the
evil results are much less than when the water is disseminated through
the rock. TIf the rock is in distinet layers, as is often the case with
sandstones and limestones, and the rock is laid on edge, water may
enter it, and freezing, scale or shell off the surface. This method of
placing rocks should never be employed. Finally it is to be kept in
mind that the durability of building stone is very largely dependent
on climate. This is very well shown by the obelisk which stood for
many centuries in the valley of the Nile, but when placed in Central
Park in New York very promptly showed signs of going to pieces,
and has to be protected to keep out the water.

1Wisconsin Geol. and Nat. Hist. Surv. On the Building and Ornamental Stones
of Wisconsin, pp. 20-26. ;
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The chemical forces at work on building stones also tend to reduce
them to fragments. Pure water is a solvent for nearly all minerals .
and rocks, but the rate of action is so slow that for most purposes it
can be neglected. When, however, it contains carbon dioxide and
forms carbonic acid the action is important. Limestones yield most
readily to this acid, but all rocks give way under its action. The cement,
whether it be silica, iron or calcium carbonate, is leached out, and the
sandstone returns to sand from which it came. A fine illustration
of this may be seen in the basement of the library building at Dayton
which is constructed of the popular Lake Superior red sandstone.
Quartzite, when attacked by this solvent, may return to sandstone and
finally to sand. Naturally those rocks having a ecalcium carbonate
cement respond most readily, while those having silica hold out longer
against attack. Carbonic acid attacks granite also, changing its feldspar
to kaolin, its hornblende and micas to more simple bodies, and of course,
reduces the rock to fragments. The action on limestone is still more
pronounced, as may be seen in any old cemetery where the lettering
on monuments is blurred by the solvent action of the acid. The walls
of the State House at Columbus, which have stood for about 60 years,
show plainly this effect. The surface of the rock has responded un-
evenly to the attack leaving it marked with small elevations and de-
pressions, a result probably of slight variations in the physical and
chemical composition of the rock. '

The action just considered has been credited to carbonic acid,
but in all probability much of it belongs to acids of which sulphur is a
constituent, that is,- sulphurous and sulphuric acids. Especially is
this true in most cities where coal with its sulphur is the chief fuel.
There is another source of this objectionable element and that is in
the stone itself. Limestone often contains pyrite or iron disulphide.
On exposure, this speedily breaks down, forming an oxide of iron and
one or more of the sulphur acids. No matter what the source of the
sulphur may be, it is very effective in its attack on rocks, and par-
ticularly so on limestone.

At or near the surface of the earth, humus acids, formed from
decaying organic matter, attack the rock, and their work is generally
regarded as effective, though possibly much that has been credited
to them really belongs to- carbonic acid. Not only do they dissolve
calcium carbonate and iron but they attack silica itself, and hence
no rock is safe in their presence.

Other forces that aid in rock destruction are sand blasts, in which
wind is the force. Naturally this is effective only in arid regions and
along shore lines, and even there its work may be neglected except
when geological time is involved. Walls of buildings are aften covered
in part with vines whose rootlets project into the walls, and thus aid
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in their destruction. Other plants such as lichens often establish them-
selves on walls, unsolicited by man, and further aid in rock decay.

Strength.—The strength of stone, viewed from the standpoint
of building material, is of two kinds, crushing and transverse.

Crushing strength has always been regarded as one of the most
important properties of building stone. It refers simply to the weight
that is necessary to crush the rock, the tests made being usually on
inch or two-inch cubes. The results for the same stone vary somewhat
according to the conditions under which the tests were made. In
preparing samples, care must be taken not to use the hammer or chisel,
for they may produce incipient fractures. Sawing or grinding blocks
to the desired shape is better. Moisture is another factor, and it has
been demonstrated that dry stone has greater crushing strength than
when wet. Care must be taken to have the blocks in the same relative
positions; thus a cube with the pressure applied on bed may, and usually
does, give different results from when the pressure is applied on edge.
Experiments in support of this may be found on succeeding pages.
Of course, in rocks without bedding planes, such as granite, this might -
not hold, but the writer is discussing building stones of Ohio and not
building stones in general. It has been generally assumed that crush-
ing strength varies directly as size of cube, in other words, that a two-
inch cube has four times the strength of a one-inch, but some experi-
ments indicate that strength increases faster than size. This makes
it important that comparisons be made on samples of equal size.!

While crushing strength of building stone is important, it has been |
quite generally overestimated. In fact, some have gone so far as to
state that durability is directly proportional to crushing strength,
but this is now known to be incorrect, for some stone with high crush-
ing strength may be much shorter lived than others whose crushing
strength is lower. 4

Crushing strength, however, is important in lofty monuments
and high baildings. Nevertheless, it is much larger in a first-class stone,
even in such cases, than the structures require. Thus the base of the
Washington Monument sustains a weight of only 314.6 pounds per
square inch. - At the present time the Woolworth building in New York
is the highest structure in the United States. It has 55 stories and
rises 750 feet above the pavement. If its walls were constructed en-
tirely of stone, having a density of 2.5, the weight at the pavement,
neglecting entirely the effect of the steel frame, would be 813 pounds
per square inch. In such buildings, however, much of the weight is
supported by the steel skeleton, and this greatly reduces the necessary
crushing strength. However, architects demand a margin of safety

- 1For an interesting discussion of this subject see Merrill’s Stone for Building a.nd_
Decoration, p. 474,
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of from 10 to 20 times the weight of the structure, and this necessitates
in some cases high crushing strength. The following figures give re-
sults of tests on some well known building stones:?

Crushing strength
- Pourids per square inch.
Medina (New York) sandstone___.___________________ 16,262
Berea (Ohio) sandstionel S ol SEE I RUSS - S Das 0o it 9,236
Dayton (Ohio) limestone_ - ____________-_ .. _ - ..._ 20,000
Bedford (Inda)limestiones S ol 7,790
Quiney (Mass.) granite_ ... ___________. 17,750
St CloudsMinns)rgranite- . 22 -= 2 =i L C T 16,000

~ There is another type of structure in which crushing strength is
important, viz.: piers and arches for railroads. Not only is the pressure
in such cases large but the suddenness of its application and relief makes
the test severe. That the best building stone of Ohio, however, amply
meets this demand, has been demonstrated over and again.

The transverse strength of stone has received much less considera-
tion than crushing strength, though it appears to be of equal or of
greater importance. By transverse strength is meant the weight
necessary to fracture stone when it is supported at both ends. It is
customary to use a bar one square inch in cross section, but the length
of the bar is less definite. Buckley? used lengths of from 4 to 7 inches,
but Ries3 speaks of one inch between the supports, making the masg
tested an inch cube. Tests for this bulletin were on pieces four inches
long and the distance between the supports was three inches. They
were two inches square in cross section. Inadequate transverse strength
is shown by cracks in window and door sills and caps, in flagging, in
slabs over culverts and in other places.

Color.—While color of stone is important it is largely a matter
of taste. The shades of Ohio building stone range from light gray
through buffs, yellows and blues to red-brown. Although the color
demand has varied from time to time, probably that for brown has been
most persistent. Buffs and yellows also have had a large call. Colors,
as found in unweathered parts of quarries, are to be regarded with
suspicion, since they nearly always change on exposure, and particularly
is this true with blue.

The color of Ohio stone is due primarily to iron, the great coloring
agent of nature. The state of the iron determines the shade of the
stone, and as the latter weathers the color may change. When the iron
is in the ferrous state (FeQ), the carbonate (FeCOs) or sulphide (FeSs)
blue tints are common. On exposure the iron changes to a higher

1 Merrill’s Stone for Building and Decoration.

2Wisconsin Geol. and Nat. Hist. Surv. on the Building and Ornamental Stones
of Wisconsin, p. 62.

3Economic Geology, p. 105.
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oxide, usually 2Fe.0s; 3H.0, and with this the color generally be-
comes buff, yellow or brown. The change may be an improvement,
but often the reverse is the case. The sandstone at McDermott, in
Scioto County, where unweathered has a blue tint, which on exposure
changes to a warm yellow. In this case the-change may or may not be
an improvement, depending on taste. As might be expected layers
near the surface have a yellow shade and those below a blue. Occasion-
ally one finds a block of rock in the quarry with a blue core surrounded
with yellow. The dark blue Delaware limestone on exposure changes
to buff or yellow and the effect is commonly displeasing. Oddly, the
blue limestone that is so extensively quarried at Sandusky, changes
on weathering to light gray that is generally admired. The cause of
this change which takes place in a short time is not clear. It may be
due to oxidation of organic matter, loss of iron, evaporation of inter-
stitial water, or perhaps to all three combined. A change in the color
of this stone is noted in a few weeks, but the maximum is not attained
for more than a year. The change is uniform.

One of the worst features of change in the color of stone is lack of
uniformity. This probably results from variations in the proportion
of coloring matter and in the texture of the stone. As a result the wall
of a building may show shades of buff, yellow and brown in the space
of a few square feet; the effect being very displeasing. Sometimes on
weathering, concretion-like patches of yellow or brown appear on smooth
surfaces. This is most commonly noted on flaggings but it may be
seen on walls of buildings. ]

Texture has much to do with the appearance, including color of
stone. If the stone is open textured it catches dirt readily and its
appearance grows darker. Much the same is true if the surface is
rough.

Carving.—Carving is promoted by toughness and uniformity
in grain. Brittleness and variations in texture or the presence of fossils
are undesirable. The Dayton limestone does not carve well, owing
to its “plucky” nature, while sandstones like the Berea and McDermott
serve admirably for this purpose. Naturally, a body suitable for
carving adds to the value of stone.

Ease of Quarrying.—This influences the expense of preparing
stone for market. Generally speaking, beds of from 4 to 12 inches
in thickness, and with parallel surfaces, are most desirable. Excellent
illustrations of these characters are shown in the Euclid and McDermott
sandstones, and Cincinnati, Monroe (at Greenfield), Columbus and
Delaware limestones. While joints and cracks may be of value in
certain rocks, they cannot be much help in sedimentary forms, because
it is easy enough to break them. Sometimes thick beds are preferable,
as when the stone is to be sawed into thin layers for flagging or for
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other purposes. The Berea and MecDermott sandstones in part are
good illustrations of this. Some stone is practically worthless for
building purposes, concrete excepted, if the bedding planes are not
well developed. - The Cedarville division of the Niagara limestone is
a good case in point. Likewise a stone may have little value if the
layers are thin and with uneven surfaces, for illustration the Clinton
limestone. However, ease of quarrying cannot be said to hold the
importance that it did in former years owing to the introduction of
channeling machines, power drills, saws and other forms of machinery.

Density.—This increases the cost of labor and transportation and
raises the necessary crushing strength. Nevertheless, it cannot be rated
high, and in Ohio stone may be wholly neglected.

Architectural Effects.—Sometimes stone may have a.ll the de-
sirable properties enumerated in the preceding paragraphs and still
not look well in buildings. This failure in architectural effect is hard to
define. The Columbus limestone is a good illustration. Its properties
are all favorable but it does not make an attractive wall except in massive
structures like the State House. At present architects are using it on
a small scale in undressed form for parts of residences, and the effects
are much better. Possibly a good market may yet develop for this
purpose. The Cincinnati limestone is another illustration of lack of
architectural effects, but in this case it is probably due to the numerous
fossils which give an unattractive surface.



CHAPTER II
LIMESTONES

THE ORDOVICIAN OR LOWER SILURIAN LIMESTONES AS
SOURCES OF BUILDING STONE

The Ordovician or Lower Silurian rocks of Ohio occupy the south-
western part of the State, and according to Orton have an area of about
4,000 square miles.? Because of the remarkable display of fossils,
the territory has long been a mececa for geologists, but Orton was the
first to publish an adequate description of the rocks and their fauna.?2

As has long been known the strata form a broad anticline or arch
whose summit is at or near the village, Pt. Pleasant, Clermont County,
20 miles up the Ohio from Cincinnati. Naturally at this place is ex-
hibited the lowest or oldest rocks that anywhere reach the surface
within our State. From the apex of the anticline the rocks dip to the
east, west and north, and the slopes are covered with higher and higher
formations, as is made clear by inspection of a geological map of the
State. :

The Rocks

For a description of the rocks under consideration no better plan
can be pursued than to quote from Orton.s3

“This whole series is composed of alternating beds of limestone and shale. The
shale is more commonly known under the name of blue clay, and this designation is
not inappropriate.

““The limestone of the series may, in general terms, be described as an even-bedded
firm, durable, semi-crystalline limestone, crowded for the most part with fossils through
its whole extent, and often bearing upon its surface the impressions of these fossils.
Its color is not uniform, as the designation by which the whole series is familiarly
known, viz., blue limestone, would seem to imply. The prevailing color, however,.
may be said to be a grayish blue, chiefly due to the presence of protoxide of iron, which,
upon exposure, is converted into a higher oxide. The weathered surfaces generally
show yellowish or light gray shades, that are in marked contrast with the fresh fracture.
Drab colored courses occasionally alternate with the blue.

“The limestone varies in all these respects somewhat, however, in its different
divisions. The Point Pleasant beds, and the lower courses of the Cincinnati division,
deviate most widely from the description already given. They are lighter in color
than the upper courses, and, in some instances, are slaty in structure, while in others
they have a tendency to assume lenticular forms of concretionary origin, sometimes

1Geol. Surv. of Ohio, Vol. VII, p. 9.
27bid., Vol. I, p. 365.
3Ibid., Vol. I,p. 373.

149
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to such an extent as to destroy their value as building rock. The layers are also ex-
ceptionally heavy, attaining a thickness of 16 or 18 inches, and are often so free from
fossils as to afford no indication of the kinds of life from which they were derived.
“A few feet above low water, at Cincinnati, a very firm and compact stone comes
in, that is found in occasional courses for 50 or 75 feet. It is composed, as its weathered

.
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Fig. 1.—Geological Map of Ohio.

surfaces show, almost entirely of crinoidal columns, mostly of small size, and mainly
referable to species of Helerocrinus. The courses vary in thickness from an inch to
a foot. The lighter layers ring like pot metal under the blows of a hammer.
““Ascending in the series, the limestone layers are very generally fossiliferous, and
are rarely homogeneous in structure, being disfigured to a greater or less degree by
chambers of shale or limestone mud, from some of which cavities, certainly, fossils
have been dissolved. The thickness of the courses varies generally between the limits
indicated above, but a large proportion of the stone ranges between 4 inches and 8
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inches. Now and then, however, a layer attains a thickness of 20 inches, or even 2
feet. Near the upper limits of the formation the layers are thinner and less even

than below, affording what quarrymen call a shelly stone.”

Composition.—This has been determined by numerous analyses.
A sample taken at Pt. Pleasant gave Dr. Wormley the following results:?

Carbonate of: calelime So¥hiee 2 55ns i Lo et DL St e T i
Carbonate of magnesium .. ... ___________________________.

Peppel collected samples in the vicinity of the Avondale ‘power
house on Hunt Street, Cincinnati, and his results follow. As will be

observed he covered a long vertical section.?2

Number of sample. 76 72 73 74 75 7w 92 93
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Oxide of jirton - S Taut S8 ST iE S 3.70| 2.10| 2.40{ 2.80| 2.30| 3.30{ 2.80| 2.80
Carbonate of caleium _._______ 43.35| 63.70| 49.60| 46.60| 51.45| 40.90| 38.72| 58.08
Carbonate of magnesium__..._. 2.65| 3.58| 4.46| 4.19| 3.75| 4.15| 3.80| 3.02
95.30| 97.78| 97.04| 97.45 97.30| 96.33] 97.12| 98.32

One more analysis will be given and this is of the highest division
of the Cincinnati strata, the Lebanon beds of Orton, or the Richmond

as they are now known:3

Only the calcium and magnesium carbonates are shown:

1Wormley, T. G., Geol. Surv. of Ohio, Vol. I, p. 374.

2Peppel, S. V., Geol. Surv. of Ohio, Fourth Ser., Bull. 4, p. 72.

3Wormley, T. G., Geol. Surv. of Ohio, Vol. I, p. 374.
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Classification

The surface rocks of the great area under consideration have a
thickness according to Orton of 750 feet,* and to them the name Hudson
River was early given because they were supposed to be of the same
general age as certain strata exposed along that stream.

Later the name Cincinnati was applied to the formations. It has.
the advantage of location and does not commit the geologist to any rela-
tionship to formations elsewhere. The subdivisions of these rocks have
been a mooted question from the time of Orton’s comprehensive de-
scription, to which reference has already been made, to the present
time. Apparently general agreement is still far off. ~In this bulletin
Prosser’s classification, which follows, is adopted.2
Richmond formation.

Lorraine (Maysville) formation.
Eden shale.
Trenton limestone (Pt. Pleasant beds).

SR oy o

PT. PLEASANT BEDS

Orton seemed to think that the area of outerop of these beds was
limited to the vicinity of the village from which they were named;
at any rate that they were not found in the river valley at Cincinnati
but about 50 feet below it,3 but Winchell, Ulrich and Nickles class the
lower 50 feet of rocks, exposed in the Ohio Valley opposite that city,
with the Trenton, and assign the beds at Pt. Pleasant to the same
great formation. From this it appears that the rocks are of the same
age. Orton regarded the Pt. Pleasant beds 50 feet thick while Foerste
assigns just twice that figure.*

The beds of limestone near Pt. Pleasant ‘vary in thickness from
about 1 inch to 2 feet. Perhaps the latter would split into two or
more layers if removed from its place. However, beds more than
6 inches in thickness are not common. As a rule the surfaces of the
stone are quite even, and in fact this may be said to be characteristic
of the limestones of the entire Cincinnati division. Freshly quarried
blocks show colors ranging from dark-gray to blue, with a texture that
may be distinetly crystalline or but slightly so. Two or more layers
contain concretionary-like masses, of elongated but irregular shape,
whose greatest diameter may reach 3 feet. Some of these show no

1Tbid., Vol. VII, p. 8.

2Prosser, C. S., Geol. Surv. of Ohio, Fourth Ser., Bull. 7, p: 4.
3Geol. Surv. of Ohio, Vol. I, p. 370.

4Foerste, A. F., Science, N. 8., Vol. XXII, p. 151.
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resemblance to concretions except in their shape, while in others the
reverse is true. Very little was seen of the strata below the concre-
tionary beds.

The quarries near Pt. Pleasant are very small and have never
been of importance. No work at all was in progress when they were
visited in 1909, and quarrying practically ceased in 1904. However,
the hills in that vicinity would yield inexhaustible supplies of stone
for building and other purposes, if shipping facilities were had and
market conditions were favorable.

About two and one-half miles up the Ohio from Pt. Pleasant is
the village Moscow, and across the river from this place is the Ivor
quarry, the largest in the Ohio Valley in the vicinity of Cincinnati.
When the quarry was visited in 1909 a ledge of more than 80 feet was
being worked. It terminated below with the base of the “boulder”
or concretionary beds, which measure from 3 to 43 feet in thickness,
and lie about 70 feet above the low water mark of the river. The
“boulders,” which attain a maximum length of 4 feet, show nothing of
the concretionary structure; they are fine grained, compact, hard,
have a dark color and are crushed for ballast, etc. While the pro-
portion of limestone is unusually large in this quarry at least one-third
of the material is shale and has to be thrown out.

Two courses deserve special mention. About 20 feet from the top
of the quarry is the “Cliff ledge,” consisting of two layers each 10 inches
in thickness, which is of superior quality, and is used for various build-
ing purposes. Thirty feet lower is the “Tough ledge,” 12 inches thick
and of dark gray color. It is a good cutting stone and is reported to
have been used in the piers of the Cincinnati Southern railroad bridge
at Cincinnati. These courses constitute the best building stone found
in this territory.

Formerly the stone was shipped to Ashland and Newport, Ken-
tucky, as a flux in iron making, but the market for this purpose is some-
thing of the past. Now its market is for concrete, macadam, ballast and
building stone. Quarrying in this vicinity is said to have been done
for the last 50 years. The stone of this quarry is largely dark blue in
color, but occasional layers of brownish-gray are found. Nearly all
are less than 8 inches in thickness.

The courses that were formerly worked near the river at Cincinnati
were named the River Quarry beds by Dr. Orton, and as has already
been mentioned, were regarded by him as lying above those exposed
at Pt. Pleasant. Now it is claimed by special students of the problem
that the two are part of the same formation, the Trenton limestone.
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EDEN SHALE

Lying above the “River quarry beds” at Cincinnati are 250 feet
of blue clay or shale containing a small quantity of thin-bedded lime-
stone, to which Orton gave the name Eden shale from the fine exposures
then had in Eden Park. His description of these follows:

“The shales, as implied in one of the names by which they are known, blue clay,
are generally blue in color, but the shade is lighter than in the limestone. In addition
to the blue shales, however, drab-colored clays appear in the series at various points.
As the blue shales weather into drab by the higher oxidation of the iron they contain,
the conclusion is frequently drawn that the last named variety marks merely a weathered
stage of the former. But aside from the impossibility of explaining the facts as they
occur on this hypothesis, analysis disproves it, and shows that the differences in color
are connected with essential differences in the composition of the belts to which they
belong * * *

“Most of the shales slake promptly on exposure to the air, and furnish the ma-
terials of a fertile soil; but there are other portions included under this general division
which harden as the quarry water escapes, and become an enduring stone if protected
from the action of frost * * *

“The proportions of limestone and shale in the series have been already spoken
of in a general way, but it will be profitable to give additional statements on this point.
In the river quarry beds, the lowermost portion of the Cincinnati beds proper, there
are about four feet of shale to one foot of limestone, but the shales increase in force
as we ascend in the series, until at about one hundred feet above low water the pro-
portion is more than twice as great. For the two hundred feet next succeeding, that
have been styled the Eden Shales or Middle Shales, there is seldom more than one foot
of stone in ten feet of ascent. The amount of waste is so large, therefore, that quarries
cannot be profitably worked in this whole division. The third portion of the series, the
Hill quarries, have for their lower limits the beds in which the solid rock has risen
again to as high a proportion as one foot in five or six feet of ascent. From this point
upward to the completion of the group, there is no such predominance of shale as is
found below, though in the lower parts of the Lebanon beds, shales still constitute
more than one-half of the whole thickness.”

LORRAINE FORMATION

This overlies the Eden shale, and ‘appears to include the rocks
to which Orton applied the name “Hill quarry beds,” having a thick-
ness of 125 feet. The formation differs from the underlying one (aside
from the fossils) in the larger proportion of limestone. This has been
quarried at numerous places near the hill tops at Cincinnati and down
the river well toward North Bend. When the territory was visited in
1909, two or three small quarries were found in operation. Two were
on opposite sides of the Hamilton Road north of Cumminsville, and
showed a vertical section of about 80 feet. Clay exceeded the lime-
stone in approximately the proportion of 4 to 1. The limestone was
thin bedded and was used for crushing, though its demand for build-
ing stone was reported good. In the Miller quarry on the Bracken
Road in Mill Creek Township, a ledge of 30 feet was found, the lime-
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stone and clay being in about equal proportions. The thickest ledge
measured 8 inches and the chief use of the stone was for building pur-
poses. The Lorraine formation contains a great quantity of stone
that may be used for building or for crushing, but the large percentage
of clay or shale makes it expensive to work.

RICHMOND FORMATION

This marks the summit of the Ordovician in Ohio and has an out-
crop of perhaps 2,000 square miles. Like the Lorraine it consists of
shales and limestones in varying proportions, and was assigned a thick- -
ness of 300 feet by Dr. Orton, who gave the formation the name “Lebanon
beds” from the exposures near that city. Later, it having been found
that this name had been previously used in Tennessee for a different
formation, the name Richmond was proposed and is now in general
use among geologists. The Richmond and Lorraine formations are
much alike in their rock content, and for our purposes mlght as well
be considered one.

The most extensive quarry of the Richmond forma.tlon was found
near the west end of the Columbia Street bridge at Hamilton, Butler
County, but no work was being done when it was visited in 1909. A
bluff of about 80 feet was exposed, and the proportion of limestone
in it was unusually large, especially of the thicker courses, though none in
excess of 10 inches was noticed. A few hundred-yards farther down
the river is Myer’s quarry, where a bluff of 75 feet was found, one-
third of which the proprietor estimated to be marketable stone. A
layer of 20 inches was found but this was not persistent. Like the
preceding quarry, all was quiet, the competition of concrete being too
much. Near Myer’s quarry is Pabst’s which was being opened in 1909.

The quality of the stone in the vicinity of Hamilton is characteristic
of the Cincinnati rocks in Southwestern Ohio. It has the dark blue
color, is thin, even bedded, highly fossiliferous and quite hard. As

building stone it is not surpassed by the same formation in south-
western Ohio.

Building Stone

Facts concerning the distribution, character, composition and
classification of the Ordovician rocks in Southwestern Ohio have now
been given. References have been made to them from time to time as
building stone, but for clearness certain facts will be stated though
they may have been given before.

The one great factor that favors these rocks for building stone
is their thin, even beds. While these may attain a thickness of 2 fept
(Pt. Pleasant quarry), such measurements are extremely uncommon,
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and one may examine vertical exposures of 60 feet or even more with-
out finding a single layer as much as 12 inches thick. Another element
favorable to the stone is its crushing strength. When laid on bed it
meets in this respect the severest test that has yet been made by the
architect or engineer. TFurther, it withstands as trying a climate as is
demanded of any stone, and we may add that when thinness of bed,
crushing strength and durability are leading factors, the stone under
consideration may be selected without fear. Chert and pyrite, common
impurities in limestone, are both very rare or wanting.

There are several objections to the stone, and first of these is its
color. Blue is an unsafe color in stone for it results from the iron,
usually in the form of ferrous oxide, which on exposure changes to the
ferrie state, and this is accompanied by a color change, often to buff or
yvellow. If the resulting shade were uniform the result might not be
bad, but sometimes the wall appears mottled and the general effect is not
pleasing. The gray or gray-brown layers should be safer, since they
undergo less color change.

As a rule rocks with numerous well preserved fossils are objectionable
for building stone. When large they may roughen the surface, weather
unequally and vary the color. Nearly always they prevent carving.
In the case of the rocks of the Cincinnati group the fossils are highly
objectionable for they are wonderfully numerous and well preserved
and very often of large size. Frequently they may be seen projecting
from the face of the layers and the effect is bad. They render the rock
unfit for carving, but probably its somewhat brittle nature alone would
do that.

When laid on edge, the layers shell badly, but almost any sedi-
mentary rock will do that, the differences being largely one of degree.
On this account the rocks of the Cincinnati group are not well adapted
for curbings or any other structure where the strata cannot lie on bed.

Viewed from the standpoint of quantity the supply may be said
to be inexhaustible, for the formations outcrop over about 4,000
square miles of our State. It is important, however, to keep in
mind the large proportion of clay that must be handled in getting
the stone. Rarely does the latter comprise 50 per cent of the mass
and often it is less than 25. Naturally this greatly increases the ex-
pense of quarrying.

When the territory was revisited in 1913 not a quarry in operation
was found in Clermont, Brown or Warren counties, and only two or
three small ones in Hamilton County, and one in Butler. These facts
indicate the small part that this great formation now plays as a
source of building stone.

Cincinnati has always been the one great market for the rock
where it has been used for buildings, foundations, retaining walls and
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curbings. It has been extensively used for walls of churches, and to
a lesser extent for residences. At first entire walls were constructed
of this stone but the effect was rather monotonous. ILater sandstone
was used for trimming and this has added to the attractiveness.  Still
under the most favorable conditions the stone has not been able to
meet the competition of sandstones like those from the MeDermott
quarries in Scioto County, Ohio, and the Bedford limestone of Indiana.
Apparently its day as a building stone is over, though no one can tell
what the market will be a generation or two hence. The principal
quarries were along the low water line of the river and near the hill
tops in the vicinity of Cincinnati. Later much stone was gotten on
the river bank opposite Moscow, Ohio. :

In arriving at a fair estimate of its qualities as building stone,
no better plan can be taken than to examine some of the walls con-
structed of it. The Church of the Assumption on Walnut Hills was
built in 1885 of Cincinnati limestone, with steps of sandstone. The
tower contains a square of irregular pieces of granite. The dark colored
mortar and gray walls give a rather pleasing effect. Not one layer,
having a blue color, was observed in these walls, which were undamaged
by their many years exposure. The blocks of limestone vary in thick-
ness from 12 inches to 2 or even less. Those highly fossiliferous weather
to an uneven color, but that is apparent only at close range. The
rather shaly, non-fossiliferous layers weather more uniformly and a
little darker. Sometimes these develop a banded structure, but this
is not noticed when the observer is a few feet away. Occasionally a
block stands on edge, which weathers to a lighter shade than the sur-
rounding pieces and shells off.

The First Presbyterian Church of Walnut Hills was erected in
1879 of Cincinnati limestone, and trimmed with sandstone. The
limestone gives evidence of having been selected with care. Those
beds with many fossils are rather faintly spotted owing to the darker
shade of the fossils. The color of the walls is a moderate gray, with-
out one block having the tint that is usually found when the rock is
quarried. Oceasionally the mortar has fallen, and dust collecting
in the cracks gives a ragged and disagreeable effect. Good mortar
is unusually important where this limestone is used because the thin
layers of stone make the proportion of mortar in the walls decidedly
large. :

St. Francis de Sales, an_imposing church at the intersection of
Woodburn Avenue and Madison Road, was constructed about 1880 of
Cincinnati limestone, with extensive, trimmings of sandstone that
resembles the Buena Vista The limestone has weathered to gray,
and the only damage done thus far by the elements has been to shell
an occasional piece. The trimmings have colors which range from
gray to brown and give a spotted appearance.
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The front or principal part of the Art Museum, constructed nearly
30 years ago, is of Cincinnati limestone trimmed with dull pink granite.
The stone was carefully selected and the basement is of courses that
vary from 9 to 15 inches in thickness. TFrequently they contain pebbles
of the non-fossiliferous variety of the stone and these may lie parallel
to the bedding planes or at an angle to them. Usually the pebbles
are darker than the enclosing rock.

Most of the stone is fossiliferous but layers of the non-fossiliferous
are common. The latter are usually darker than the body of the wall
but sometimes the reverse is true. Occasionally they develop a banded
effect on weathering, and what is much worse, show a marked tendency
to split into thin shale-like layers. Sometimes the two varieties—
fossiliferous and non-fossiliferous—appear in the same block, the line
of junction being prominent but the two parts are firmly united.

Crystals of pyrite were occasionally noted, and brown spots
common. The general result is to give the walls a decidedly mottled
effect, much more so than has been observed in any other structure.
All in all the stone has not proven satisfactory for a rear wing of the
building that was constructed later is of Bedford limestone. Standing
near the Art Museum is the Art School, built of Cincinnati limestone,
and trimmed with dark brown sandstone with a red tile roof, the whole
giving a pleasing effect.

On Riverside Drive is an old residence that was built in 1847,
but no longer inhabited. The limestone walls are still in good condi-
tion though the mortar is much the worse for wear.

The seventeen-span viaduct leading to the Cincinnati, Hamilton
& Dayton railroad bridge at Hamilton is of Cincinnati limestone, re-
ported to have been gotten from the surrounding hills, and trimmed
with Dayton stone. It is still well preserved and looks good for another
half century.

The illustrations cited might be almost indefinitely extended,
but the facts would be repetitions of those already given.

THE SILURIAN ROCKS AS SOURCES OF BUILDING STONE

Reference to a geological map of the State (Fig. 1) will show that
these rocks constitute the surface formations of the western half of Ohio,
with the exceptions of the Ordovician in the southwestern part, and
about 1,800 square miles in the northwestern corner. The rocks con-
sist of limestone with a subordinate quantity of shale and sandstone.
They have been subdivided as follows:

Monroe formation. Clinton limestone.
Niagaran series. Medina shale.



24 BUILDING STONES

THE MEDINA SHALE

Lying along the outerop of the Ordovician rocks in Southwestern
Ohio is a bed of shales having a thickness, according to Orton, of from
10 to 40 feet.r Their color is usually “red or yellow” and they were
for a long time looked upon as of Medina age. Recent studies by
Foerste and others have thrown this determination in doubt and their
" placement may be considered a somewhat open subject.

It may be worth while to state in this connection that in North-
western Ohio the drill has shown the presence of a bed of shales from
50 to 150 feet in thickness and usually of red color. These directly
overlie the Ordovician rocks, and hence have the position of the Medina.
Deep wells in Central Ohio have given similar results, but the shales
contain a bed of sandstone from a mere film to 50 feet or more in thick-
ness which yields gas in wonderful quantity, and to a much smaller,
yet important extent petroleum. This valuable bed has long been
called the Clinton sand but its proper assignment seems to be with the
Medina.2 Tacts such as those just given lead the writer to believe
that the Medina formation is present wherever due in Ohio, but that
it changes its character and thickness to the southwest, the oil and
gas sandstone disappearing in the longitude of Columbus, and the shales
becoming thin and unimportant along their line of outerop in South-
western Ohio.

Certain it is that the formation in question nowhere yields build-
ing stone within Ohio, and for that reason it will receive no further
notice in this bulletin.

THE CLINTON LIMESTONE

This outerops along the line of junction of the Ordovician and
Silurian .in Southwestern Ohio. It lies above the Medina shales
and below the great Niagara group. Under cover it has been dis-
closed by the seeker for oil or gas in hundreds, yes thousands of wells
in Northwestern and Central Ohio.3

Along its line of outerop it has, according to Orton, a thickness
of from 10 to 50 feet. Usually it is distinctly crystalline, so much so
in places that it has been mistaken for marble. Its colors are of light
shades, gray, white, pink, red and blue, and are often very attractive.
The following analyses, by the late Professor N. W. Lord, show its
composition:*

1Geol. Surv. of Ohio, Vol. VI, p. 9.

2Bownocker, J. A., Economic Geol., Vol. VI, p. 37.

30rton, Edward, Geol. Surv. of Ohio, Vol. VI, and Bownocker, J. A., Geol. Surv.
of Ohio, Fourth Ser., Bull. 12.

4Geol. Surv. of Ohio, Vol. VI, pp. 728-729.
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Sample from New Carlisle, Clark County
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Sample from near/Piqua, Miami County

@Al ORI D OBARC et L S N e g e T L iels 95.03

Megnesnimyearbonate o - cor—coftiet Lo fs sl Rl Ll oL 4.35

Ox1de. of iron } _____________________________________________ 0.26

Alumina

S R e Bl T pirt s T i S N e o S AT ol e e e 0.45
100.09

Analyses might be given from various places but with little dif-
ference in results. The rock is a calcareous limestone of unusual purity,
the most so in fact of any formation in the State. It is soft and easily
worked, but has one objectionable quality as a building stone—it no-
where lies in even beds. They are lenticular shaped and hence require
much dressing, and this has kept the stone from being used in the large
way for buildings that its crystalline nature and colors warrant.

The largest quarries appear to have been on the grounds of the
Soldiers Home near Dayton, one where the grotto now stands and the
other in the deer park. Much stone was secured from these places
in constructing the extensive buildings of the Home. The National
Asylum Church is built of the Clinton limestone. It has weathered to a
gray color and the general effect is not very attractive. In other words
the stone has deteriorated in appearance on aging. The stone has had
a larger use for foundations, but at present the calls are for crushing,
flux and marble dust. The stone is too soft for first-class road material
and it is no longer burnt for lime.

At Piqua a ledge of 21 feet of the Clinton limestone is now quarried.
Formerly it was used on a rather large scale for foundations and trim-
mings, but this has been discontinued. It is reported to have been
used in the canal lock about two and one-half miles south of Piqua,
and though this was done 75 years ago the stone is still in good condition.
The stone is now used for flux, macadam, marble dust, etc.

THE NIAGARA LIMESTONE

The Niagara group of rocks, consisting of limestones, and to a
much smaller extent of shales and sandstones, forms two separate
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areas in Western Ohio. The larger one borders the Ordovician or
Lower Silurian group in the southwestern part of the State, and alone
yields building stone of high grade. The second area is in Northern
Ohio and is surrounded by the Monroe formation which will be con-
sidered later.

The Niagara rocks of Ohio have been subdivided by various geo-
logists whose results in the main are in agreement. The following
classification by Professor Prosser is adopted for this bulletin:?

Hillsboro sandstone.
Cedarville limestone.
Springfield limestone.
West Union limestone.
Osgood beds.

THE OSGOOD BEDS

These beds outcrop along the line of junction of the Ordovician
and Silurian in Southwestern Ohio. Dr. Orton who called them
the Niagara shale described them as “a mass of light colored clays
with many thin calcareous bands.” He assigned them ‘‘a thickness
of one hundred feet in Adams County,” but stated that they contract
rapidly northward, measuring only 10 or 15 feet in Clark ‘and Mont-
gomery counties. ‘Still firther to the northward, as appears from
the records of recent drillings, the shale sometimes disappears entirely;
but in the great majority of the wells, especially in Hancock and Wood
counties, it is a constant element, ranging from five to thirty feet.”
In Central Ohio the shales, as shown in hundreds of deep wells, are
almost if not always absent, the Niagara limestone resting directly
on the Clinton from which it can be readily separated by its composi-
tion, crystalline nature and color.z “In Montgomery, Miami and
Greene counties,” writes Dr. Orton, ‘“the shale contains, in places,
a very valuable building stone, which is widely known as the Dayton
stone. It is a highly crystalline, compact and strong stone, lying in
even beds of various thickness, and is in every way adapted to the
highest architectural uses.” 3

When newly quarried the Dayton stone is a light gray with just
a trace of blue which disappears on weathering. It is unusually com-
pact and strong, and quite even bedded. Only one objection can be
raised against it—the presence of iron pyrite. Crystals of this metal
may be present in large numbers and a half inch or more in diameter,

1Geol. Surv. of Ohio, Fourth Ser., Bull. 7, p. 4.
2Bownocker, J. A., Geol. Surv. of Ohio, Fourth Ser., Bull. 12, p. 27.
3Ibid., Vol. VII, pp. 11, 12.
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but in places they may be small or rare and even wanting. When
stone containing these crystals is exposed to the elements, they de-
compose leaving a dark cavity in the rock and sometimes a brown or
black spot below. Aside from these erystals, the Dayton is probably
the most durable limestone in Ohio. In addition its crushing strength
is remarkable, being ample for the loftiest ‘“‘skyscrapers’” that present
day architecture demands.

The compostition of the Dayton limestone is intermediate between
the underlying Clinton and the higher parts of the Niagara, but it
resembles much more the former than it does the latter. A sample
taken from the old McDonal quarries in Greene County gave the follow-
ing results:?

Caleium carbonatief T2 = v -t et T S ALNSne g~ T 10T il e 84.50
Magnesiamicarbeongfetor [ 501Te gt e i v oy ionts Sl ot N s 11.16
Almina:and, iront: Sor GaS s it u =St E SR Sl Bl o Tl 2.00
Silica 2 25000 T b L A e i o S I & o L 2.20

99.86

The area underlain with the Dayton limestone is large, amounting
at least to hundreds of square miles, and hence the supply is practically
inexhaustible. However, it is available only where the overlying
members of the Niagara group are wanting and where the drift is thin.
This practically limits quarrying to the line of junction of the Ordovician
and Upper Silurian.

While stone has been worked at numerous places in former years,
the quarries have nearly all been small. These will now be reviewed.

Centerville.—The quarry near this village shows the Osgood beds
with the Dayton limestone in excellent development as follows:

Ft. In,
Glacialldrift s 195 siFe s s o 8 SO e M LAl 3-12. _.
Niagara limestone.
Shales, 4 ft.
Osgood beds{Dayton limestone, 5 ft. 10 6
Clay, 1% ft.
Clinton limestonemais sr sy an s o2 1o il Sl o e 100 18 o,
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Si'nce the Dayton limestone alone concerns us in this discussion
no further reference will be made to the other members of the above
section. A detailed section of the Dayton stone is given below:

1Wormley, T. G., Geol. Surv. of Ohio, Vol. II, p. 669.
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Ft. In.
“Buff and gray’’ stone, usually in two beds, the lower about
twice as thick as the upper, but sometimes in 3 or 4 layers
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The “buff and gray’’ courses have surfaces of yellow or buff color
which may extend into the rock 3 inches, and when the layers are thin
reach through them. FElsewhere the usual color of the Dayton stone
prevails. This stone cannot be quarried in winter, but when gotten
out in summer and seasoned it is durable. However, its use is now
limited to foundation purposes.

All the courses below the “buff and gray’’ are stronger, and may
be quarried in winter as well as during other seasons. The massive
18-inch course is sawed into layers for trimmings, such as sills, caps
and steps. For the latter purpose the stone is the most satisfactory
in Ohio, yielding very slowly to wear and being of attractive appearance.
It is the only limestone in Ohio that is sawed. Formerly the course
was split into layers of desired thickness. The surfaces of the several
beds are rough, and when joints of walls are to measure three-quarters
of an inch, the projecting points only have to be knocked off, but if
they are to be narrower more work is required.

The Centerville quarry was opened in the early days of the county,
but was not worked regularly until about the year 1860. Three or
four years later the place is reported to have been abandoned until
perhaps 1880, when work was again resumed and has been in progress
ever since with the exception of two or three years. .

Two quarries formerly existed at Centerville. One was abandoned
about the beginning of the Civil War, while the other one, which accord-
ing to réports, was opened in 1870 was closed in 1907. - In these two
quarries. the amount of stripping varied from 2 to 10 feet. The stone
is of similar quality to that in the quarry near Centerville but the quan-
tity is less, the beds thinning to the southward.

Dayton.—The Dayton limestone is well developed in the vicinity
of Dayton where it long had a ready market. In 1870 five firms were
quarrying the stone in that vicinity, the combined output being large.
One firm alone handled more than 9,000 perches in 1869.@ Land
underlaid with this rock sold for $2,800 per acre, the title to the land
not being lost by the seller. The area underlaid in the vicinity of
Dayton is large, but the drift covering is rarely less than 5 feet and
this greatly increases the expense of quarrying.

10rton, Edward, Geol. Surv. of Ohio, Rept. of Progress for 1869, p. 153.
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Old (left) and new Court Houses at Dayton, built of Dayton limestone.
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The largest quarries seem to have been near the village Beaver-
town. When work first began there is not known, but Thomas Tirney
informed the writer that when he moved to that locality in 1853 the stone
was being quarried for the Court House at Cincinnati, this being the
structure that was burnt during the riot of 1884. Probably the industry
began in this vicinity in the early days of the county’s history. A
good section of the stone was not exposed but J. Sullivan, who states
that he worked in the quarry from 1875 to 1903, gave the following:

Dayton limestone.

Yellow stone of poor quality. Used for walls and founda- Ft. In.
-tions. Splitsinto3or4layers.___ . ____________. 1-1 4
¥ cllowwhaek? course. =2t T2l E L Ll LTl -~ 9-13
Six-inch course. _. ..o _.__ S ST A e 2 6
Twenty-inch course. Could usually be split into two
TAVATS 2 e LA I O Sl ¢ Sl e S N T e 1 8
Pour=inchf courserismis fiss tm o7 W et oy T laXi s s b 25 4
Twelve-inch courser suis i oL enE ol s Sin ol 1 R

Clay, unmeasured.

Quarrying on a large scale is reported to have closed in 1897 and
the works were abandoned about 1903. The quantity of Dayton lime-
stone that remains in the vicinity of Beavertown is very large but the
covering makes it inaccessible.

A quarry formerly existed near the State Hospital, Where, accord-
ing to L. W. Green, Superintendent Dayton Limestone Company,
the layers are as follows:

v
=

Dayton limestone. Ft.
Hight-inch;courses: & X Al et Fonl D i Sa s - =¥
Sixzincliicoursetio i imdraaer TSN BN N 2T A .
Twenty-inchieoursesciiac et uioa s Sarsl ool e . 1
Sixteen-inch course. This splits into 2 or 3 layers which

seem to represent both the Four and Twelve inch
COUTHES 8t B eAVerHOT I & b St S r P POl Ferel 1 4

o o

While the market for this stone extended from Toledo to Columbus
and Cincinnati and to Indiana, naturally the chief demand was from
the city Dayton, where it was used in some of the finest structures,
and for curbings and flaggings. Among these buildings may be men-
tioned the old Court House built in 1850, new Court House erected
in 1884, Third Presbyterian Church, Grace Methodist Episcopal Church,
Sacred Heart Church (trimmed with dark brown sandstone), First
Presbyterian Church and the Library Building (trimmed with light
brown sandstone) in Cooper Park.

The structure and properties of the Dayton stone in the v1cm1ty
of Dayton is similar to that already given for Centerville. That it
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withstands the severe test of climate is shown by the walls of the old
Court House which are still in excellent condition after 65 years ex-

posure. The objectionable pyrite is common, and in the walls just

referred to bright crystals and brown or black spots may be found a
few inches apart in the same block of stone. Sometimes the spots
look like rusty nail heads.

The library building in Cooper Park, which, as already stated,
is built of Dayton stone and trimmed with Lake Superior sandstone,
shows the former variety undamaged while the sandstone in places is
crumbling badly.

Jasper.—Four or five miles east of Xenia is a quarry where the
Dayton limestone has been worked for a half century or more. A few
years ago 75 men are said to have found employment, but more re-
cently the number has dropped to a dozen or less and even these have
not had steady work. The quarry shows over 20 feet of Clinton lime-
stone in characteristic color, texture and structure, that is used for
crushing. This is overlaid directly by the Dayton stone of which the
following is a section:

Ft. In,

Dyl AR D (IR i o O ey A L 6 e R 5 o
Dayton Uimestone.

Shale, clay and thin bedded, yellow brown limestone______ 2 6

Light blue-gray limestone in 4 in,
thin layers. Used for build- 2
ing stone and formerly for 2 1 8%
flagging. Changes rapidly 4
in total thickness aswell as 41
in that of the several layers 4

Used for building purposes. Sometimes splits into 2
lagrers) be oo ool e e T e ST S e A B e s

Used for building and flagging ... ... _________ >

Sometimes splits into “two-eights.” TUsed chiefly for
range Work < L X TSR -r e S Cue i ST o S 1

Used for building and flagging__.__ ..o ... __.-

Used primarily for range Work ... oo oo oo L%

Clinton limestonelt S s s IS S H e Salici=t N Wi S S8 20

B O

Wl

1
1
SO

These beds are separated by layers of clay from a film to an inch
in thickness. The massive 16-inch course contains some pyrite,
especially in its lower half. All of the layers from the nine-inch down
have the properties of the Dayton stone as previously described, and
seem to be first class for buildings. Layers above this course weather
to a buff or light yellow. Much of the stone has been used for curbing
and Xenia and Dayton have becn the principal markets for the out-
put.

Formerly a quarry of importance was located on the McDonald
farm, three and one-half miles south of Xenia, where from four to

N
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eight feet of good stone in layers of from four to 20 inches was found.
The output in the main was hauled in wagons to Xenia and from there
shipped by rail, but this handicap proved too much and the quarry was
abandoned many years ago. The Dayton stone has been quarried
at other places in Greene County, especially near Harbine's Station.

THE SPRINGFIELD AND WEST UNION LIMESTONES

The West Union limestone rests directly on the Osgood beds and
in turn is overlaid by the Springfield limestone. In places these two
divisions cannot be readily separated, and for that reason they are
considered together in this bulletin.

The Springfield limestone usually is even bedded, with layers
that vary in thickness from a few inches to several feet. The rock
appears earthy rather than crystalline, is quite porous and often contains
perceptible cavities. Chert is occasionally found, but it is confined
to certain beds and not distributed promiscuously through the rock.
While pyrite is present it is rarely so common as to mar the value
of the stone. In color the variation is from light-blue to buff and even
yellow. Generally the latter shades are found near the top, while
the light-blue is present in the lower courses, and even there commonly
exists as spots mixed with buff, rather than as continuous beds. This
suggests that the buff or yellow color has resulted from the oxidation
or weathering of the light-blue.

The West Union limestone is more massive than the Springfield
and of practically no value as building stone. In a few places it is
crushed for ballast, concrete and road making, but it plays very little
part in the stone industry of Ohio.

In composition the rock forms a marked contrast to underlying

formations. This is well shown by the following analyses When com-
pared with those given on preceding pages.

Lower or West Union CUff, near Hillsboro

@AICIUIMSCATh ONA Hes wo a Ay gk sty dod b el s 62.60

N ICSIIINY CARDO AL E S e =Sy = s, eda s AT S0t 7 = g vl el 31.32
ATum IIES A ST onase Sy oS e S AR S I Ry L 3.20
Siliceous matter. _ ____ B ol v et TN (T BN e e l'2.60

99.72

In the same locality the Springfield stone or “Blue Cliff” gave the
following :?

1Wormley, T. G., Geol. Surv. of Ohio, Rept. of Progress for 1870, pp. 274-5.
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Calcim carbonatess. ol S iwesf S LS B S LE L WiSas CUCN T 35.57
Magnesium carbonatie s 2s=" T a e T e DT e 49.00
Aluming' andsinon:z=e L Terae=s T8 T TS SRS e Sl sl R 2.00
Siliceonsrmatter B e o e e e e S e e N 13.30

99.87

At Yellow Springs, Greene County, the Springfield stone has the
following composition:2

Caleium carbonaieseobzs .ol o w1 o o3 S eIt e 51.10
NMagnesimicarbonatemeammdsey & o o0 1) 220 T oo T S e 41.12
Alumana with traeeof Wentz o 0.~ o il oinilCal 1.40
DHACAES AP e Byl B e e M A oS e L ke ST 5.40

99.02

These analyses, which might be duplicated in large numbers,
indicate a magnesium limestone, and in fact the composition some-
times approaches a dolomite.

The Springfield and West Union beds, and particularly the former,
have been quarried from the time of the pioneers at numerous places in
Southwestern Ohio. The principal localities where work is in progress
will now be discussed.

Springfield.—This has long been the place where the Upper Silurian
limestones have been most extensively worked in Ohio. The quarries,
however, are not at Springfield, but a few miles to the southwest in
the valley of the Mad River. For several decades the only output
was lime and building stone, but. in recent years the latter has become
very small while the production of crushed stone has assumed large
proportions. Flux also is shipped freely, and occasionally a carload
of material for agricultural purposes. Numerous kilns still produce
lime in great quantity and of excellent quality. In fact it is one of the
important centers for this industry in the United States.

In the quarry of the Mills Brothers, on the east side of Mad River,
the following section was measured:

Ft. In
Drift - uata s = 208 P2 o w50 o s S L s N ey 4 o
Niagara limestone. 3
Cedarville limestone. Used for lime and crushing-___: ______ 18 13
6 in
7
7
Springfield limestone. Used for building and J 12
curbing. Color buff or yellow. Beds even and ] 12 5 8
sometimes have stringers of chert. No pyrite | 8
SeEN_ L i aelion o o a o aU L e Sl R e 12
L4

2bid,, Vol. II, p. 672.
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Ft.  In.
16 in.
6
Springfield limestone. Used in bridge work.§ 14 6 =1,
Contains somechert. . _ . . ________________ 18
18
West Union limestone. Used for erushing - - .- __________.. 10 e

Farther south on the same side of the river is the quarry of the
Strunk-Meyer Lime Company, where the rocks are as follows:

Ft. In.
@b T ] 1 e L e R R St A e e R S 2-8 35
Niagara limestone.
Cedarville limestone or “cap rock.” TUsed in making lime
DO T et AR SR s T W 23 s
Springfield limestone; suitable for building purposes.
Nowrused for erushing == g 8- 18 o e 5nEl 2 e s 14 8

West Union limestone, the “bed rock” or ‘“‘second cap”

of the quarrymen. Upper four and one-third feet

massive, with thin uneven layers below. Not suitable

for building stone. Never worked_____________________ 9 5
Osgood shale, top only seen.

The above section is interesting because of the divisions of the
Niagara shown. The quarry is reported to have been opened about
1846 for burning lime. Building stone was gotten out from time to
time, but about 1907 the demand became so small that quarrying for
this purpose ceased. y

On the west side of Mad River the land is higher, and hence more
of the Cedarville division is shown, in one case as much as 65 feet,
but the quarries do not extend deep enough to uncover the lowest
rocks of the Silurian.

As long as there was demand for building stone, the Mad River
quarries produced it in large quantity. During the past 20 years
the market has declined, so that at present the output is very small,
the courses formerly used for this purpose now finding their way to the
crusher. In fact a quarry of the Mills Brothers is the only one in which
these beds are saved for their time honored use.

While the stone has enjoyed a large market, especially in South-
western Ohio, the principal demand has been from Springfield. Among
the more important structures erected from it in that eity may be
mentioned the P. P. Mast residence (trimmed with sandstone), Masonic
Home, Christ Episcopal Church, and Snyder Memorial Arch. Christ
Church, mentioned above, was erected in 1872, and though not from
selected stone shows very little shelling or crumbling. Solution work
has been more active, producing in places a slightly honey-combed
effect. These depressions are of lighter shades than the surrounding

3—G. B. 18.
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rock. The color of the walls is not uniform, ranging from buff, through
grays to near black. The steps and water table show much chert.
In places this has been knocked out from the steps, leaving holes, while
in other places it projects beyond the general surface, doubtless a result
of differential weathering. Generally the line of junction of the chert
and limestone is marked by a sharp depression, owing'to the larger sur-
face exposed to the atmosphere with its solvents. Practically speaking
these walls are as good as when constructed, 40 years or more. ago.

Fig. 2.—Snyder Memorial Arch at Springfield, built of Springfield limestone.

Among the qualities claimed for the Springfield stone is its ability
to withstand high temperatures. Some years ago the P. P. Mast
residence was swept by fire, and while the limestone walls were un-
damaged, the sandstone, used for trimming, cracked, and had to be
replaced. Similar evidence is furnished by the walls of lime kilns
in the Mad River Valley, which after 40 years use are still in good
condition. ' ;

The Springfield stone must be given high rank for building, as its
qualities are all favorable. Its color, which is somewhat unusual for
a limestone, is attractive, especially to those who admire warmth, and
it changes but little with age. The crushing strength is ample, and
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it is very durable. The layers occur in varying thicknesses, meeting
in this respect almost any demand. Finally it can be secured without
objectionable ingredients such as chert and pyrite.

When placed on edge it remains intact to an unusual degree for
this position, and hence is well suited for curbings. It can readily
be gotten out in large pieces, say five by 10 feet, and makes an excellent
walk. For bridge work, the heavier courses are satisfactory.

Covington and Vicinity.—The valley of Stillwater River, from
Covington south, shows numerous exposures of Niagara rocks, which
have been quarried in a large or small way for many years. The
Ruhl quarry at Covington was opened in 1869 and has been a large
source of lime and bridge stone, the latter for the Pennsylvania Railroad.
Formerly 40 men were employed, but when the place was visited in
1909 the number had diminished to nine. Lime burning was discon-
tinued in the preceding April, and the proprietor -expected in the near
futuré to close the quarry. The following section was measured:

Ft. In,
Diifo a8 S B e St S AT AR S Rl P N i e 1T e 2 s
Niagara limestone.
Cedarville limestone. Generally split into thin uneven
layers. Suitable for lime. Buffeolor._.______________ 27 A
8 in.
Springfield limestone.  Thin beds suitable for|24
building stone, the heavier ones for bridge]30
8 6
WorEL GBlue pranteolOruiEss L 8T UTTME - YL . 20
24
6

On the west side of Stillwater River at Covington is the Face
quarry, which shows a different bedding from the one just reviewed.
At the top lies seven feet of thin uneven beds that probably belong
in the Cedarville division. Below this are eight feet of stone in regular
layers from five to 14 inches thick. These beds are free from chert
and have little or no pyrite. The lower three vary in color, from
blue-gray to buff, while those above have the usual buff tint of this
stone. It is used for various building purposes, and has found a market
at Urbana, Greenville, and other nearby places. -

Two miles south of Covington, on the east side of Stillwater River,
is the Jackson quarry, where the following section was measured:
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Ft. In,
Glacialidrift, =5 T bavie g i S-Syl B doe A T = 6
Niagara limestone.
Cedarville limestone.  Buff or yellow, usually massive. Too
soft for crushing. Worthless_________________________ 6 1Y
Springfield limestone. Layers not more than 10 inches
thick. Uneven surfaces with numerous vertical breaks.
Color-buff or yellow =2z oo s Lot ais Sl Sl S e 7 6
9 in.
Even beds of buff color, except the lower ones |13
which are partly blue. Some of the thicker ones | 9
may split into two. Good building stone____. ._ 14 6 if
7
15
12
West Union limestone. Color blue with spots of 3 ft.
gray. Usually massive, but in three parts, 1 3

where measurement was made. Hard. Used | 4

for crushingonly . ________________________
. [ 4in
10
Osgood beds. 9

Limestone. In layers of from three to 13 | 13
inches.  Color blue-gray.  Used for building, | 5
flagging and curbing. Some pyrite. The 12| 6 7 3
and 13-inch courses are not good for cutting. ¢ 3
The six-inch course, underlying the 12, does | 12
not stand freezing__ . _ __________________.___ 6

Dark:-blue’shafe. & 22 Ez: 20 e O R s N

Layers from six to 12 inches of blue color. Used to a

small extent for bridge stone and foundations. Does

not withstand action of frost well. Top only seen_...__._ 10 A
Clinton limestone.

Reported but not seen.

The Springfield beds, with the exception of the lower two, have
the usual buff color, and are quite free from pyrite or other objection-
able impurities. It is softer than the underlying Dayton limestone,
but is reported to withstand frost better. For flagging, blocks. from
10 to 15 feet in length have been quarried.

The Dayton stone has a fair market owing to its color, but this
changes on exposure to various shades of gray.

Ludlow Falls.—In the quarry of the Maxwell Stone Company
one-half mile west of this village, is a good exposure of the lower part
of the Niagara:



PLATE 1II.

Niagara limestone in the Robinson quarry, two miles south of Covington, Miami
County. The lower man stands on top of the Osgood beds and to his back is
the massive West Union limestone. The upper man stands on top of the West
Union and to his back are the Springfield beds, the layers of which ar: not well
shown. The broken rock under the tree forms the base of the Cedarville division
of the Niagara.
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: Ft. In,
Drift o S R N I Ol s (S e e A s =t e 3 e
Niagara limestone.
Springfield limestone. Thin beds of buff-colored stone.
Mutchbroken =tz Gl sfamrad A ot e e i e R 2 ¥
West Union limestone. Massive. Buff color. Too soft
for crushing. Used for rip-rap- - o oo oo _.____ 7 6
Osgood beds. :
f Limestone. In layers from three to eight inches.
Blue-gray color with considerable pyrite. Used for
Tl i A2 e e, St S i T R e R S 6 3
T2 el sl M o e i i 3 6

Dayton limestorie. 'The lower nine feet of the
Dayton stone are in layers of from three to
eight inches. The color is light blue, and but | 1

little iron was observed. It is used for build- > 1 11 ok
ing and as bridge stone. The two 12-inch| 9

courses lying above are practically worthless,

except for erushing . _______ . _____________

The principal market for the building stone from this quarry
is Dayton, and several places in Indiana. Formerly three additional
quarries operated at Ludlow Falls. :

Piqua.—This has long been an important quarrying locality
but the lower part of the Niagara alone is present. The following
section is from the old Clarke quarry, now operated by the Casparis
Stone Co.:

Ft. In,
B g e o s e B e e A s S i g 5 as
Niagara limestone.
Dayton limestone. Layers from two and one-half to four
inches in thickness, rather uneven bedded and of buff
@olorE_Z il Vet Filel TRn] (NS 10 SRRty o Sl T S TS 1 73
Beds of buff or light-blue stone, from two to seven inches
in‘thiekness=y0 Te musarad ety AH LA T o N Pl s T 5 43
“Miami Valley blue stone.” The 17-inch [ 9 in. 9 9
course sometimes splits into a 10 and seven__.___ 17
Clntlowlimesione. ., 3o ot re S a o e R R ey ol St E R 2l 20 =

The Niagara in this quarry is of good quality. It is free from chert
and no pyrite was seen, but its presence was reported from the blue
layers. The lower courses, the “Miami Valley blue stone,” are most
prized, and find a good market for sills, curbing, etc. The new High
Street Methodist Episcopal Church at Springfield was built from this
quarry, a very good illustration of earrying coals to Newcastle.

The stone has never been extensively used at Piqua, except for
foundations, curbings, and trimmings, but this demand is now being
replaced with the Bedford and Berea stone. It has had a large market
for bridges, and has been shipped extensively by canal to Toledo.

New Paris.—Two quarries in the Niagara limestone along the
edge of this village supply rock for lime and crushing. While stone
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suitable for building purposes is present, no market for it exists, and
hence none is gotten out. The following section was taken in the quarry
of Richard Damily:

Ft.
D) oMM A e Sk SR SR T e I e S W e L LTS e i Y e 9
Niagara limestone.

Thin, uneven bedded limestone. - Buff color. Used for lime____. 14
Uneven bedded layers. Does not make good lime. Used for

CRUShINgE S Selistiny - aite 577 28 L an B B S A SRt s Sy et 2
Layers from three to eight inches thick. Gray or blue-gray color

U sed Eorlmelag ae mhOe s e S U e T T e A e 3
Building stone. Layers from four to eight inches and fairly even

hedded: S Nospyrite seans iamye & 150 T e URET S0 e et S 4
Bridge stone. Layers thicker, from 10 to 14 inches. Hard.

Colorbluegraye.: - 23 VaBaitoint i S A Slset= ok SoFE 375 S s 6

In the Reinheimer quarry nearby, 45 feet of limestone were worked,
and the company was planning to go 14 feet deeper. TFive feet of
building stone was found but it was used for crushing. Two 18-inch
courses of bridge stone are present. The lower 16 feet contain much
chert, one layer perhaps 75 per cent. Much of the stone from this
quarry is quite hard, and with the chert should yield a good product
for ballast and road making.

Eaton and Vicinity.—Numerous quarries, large and small, have
existed near the town, Eaton, but when the region was visited in 1909
only one was being worked, and that on a very small scale. Building
stone has been gotten out for surrounding cities, and towns in both. Ohio
and Indiana, but the demand grew smaller and smaller until it finally
ceased.

The Chrlstman quarry, about three miles northeast of Eaton, had
building stone for its one industry, and when that ceased the quarry
was closed. Following is a section in this quarry:

Ft. In
Drift. 5 sy ca v - DU aeEr S ) S K, S R o 5-15 X
Niagara limestone.
Hard, blue stone, used for curbings and bridges_ ... ________ Iy 10
Same‘as/Above s et il NS e St Ll s S e S BT E 2% 7
“Soft seven.” Used for cut stone, such as sills and caps.
Very- diirable 1o ONcl SoTEEw et detjs Tois REURa Y 7 by 35 7
“Two fives.”” Soft, used for steps, caps,ete.._ ... __.___ o 10
Nine-inch course, sometimes unites with five-inch course
above. Used for bridges and heavy work, also for water
and.milketroughs st atal e SR Ans cnehea) SN 52T S50 ey 9
Six-inch course. Soft and of poor quality. Used for
underground work _._______ el TR T oS DAL SR o 6
Blue clay and limestone, worthless___-____________~____. 3 =2
Soft when quarried, but hardens on exposure. Used for
finework. Two courseseach_________________________ RS0

“Two sixes” like the above, each_ .- - ______.__ T 6
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When the Court House at Eaton was built, about 1848, the “hard
blue,. 10-inch course” was tried, but reported too hard for cutting
and in consequence stone from Dayton was used: That from the
Christman quarry varies considerably in color. Part is blue-gray
and part is buff, the latter being found along large cracks where weather-
ing has been pronounced. Where the buff stone is found in walls it
leaves a film of clay on the surface after weathering. Mr. Christman
reports that on a knoll, thicker courses are found above those given in
the section, one measuring 28 inches, and that from these, stone was
used in the Court House at Richmond, Indiana.

The Kautz quarry, on Rocky Run, was the only one in operation
in 1909 in the viecinity of Eaton. This is two miles southeast of that
town and is of minor importance. ~The following section was measured:

Ft. In,
PCif tF a0 Sfe ver it W S AR S U SR A SRR T TR A S 3 (54
Niagara limestone.
Shalyilimestoneas. ¥ & s Galmrinzpi- BELG wice ooty 1v 1344 ASE=CVG!
Light colored, mottled shale_________:._______________.__ 5 iz
Layers from two to eight inches. Used for foundations____ 7 6
8 in.

Cutting stone. Light gray color, mottled with | 9 9 1

blue-gray spots __.____ Aof Tl A o S R 8

; : 10

A few hundred feet farther dowr stream is an old quarry in the
Clinton. The rock has the usual bedding, color and crystalline nature.
It was formerly used in fireplaces, ovens and chimneys, and hence
is called firestone. Manifestly the section given above is of the Osgood
beds, and the limestone is at the horizon of the Dayton stone.

Lewisburg.—Near this village, in the northeastern part of Preble
County, is a large quarry, which gives an excellent view of the Niagara.
A section follows:

Ft. In
D rifife M oA b S A NS | L E i, N CHN o T RS o e 0 2 10
Nzagara limestone.
Cedarville limestone. Rotten stone. Waste____.____.____ 2 2
Crushed. Not suitable for building____.____._____.__. 3 Ao
Springfield limestone. Buff color. Layers from three to
15 inches thick. Durable. Many cracks and joints,
hence pieces are small. No pyrite seen. May be
quarried AnEWINTeri T ESSWER S S a ) N S ] gl 8 o2

West Union limestone. Used for crushing, may consist of
one bed, or splitintoseveral . .. _______________________ 4 6
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Ft. In.
(6 in. :
4
5
Osgood beds. 8
Limestone. TUsed for building and bridge | 3
work. May be gotten in almost any | 7
size blocks. Blue-gray color, sometimes | 7 9 11
mottled with spots of darker blue. The |13
10-inch course is suitable for underground | 8
work only. Cannot be quarried in winter. | 5
Pyrite fotndME-Neoiies Pl = v =0 ST o 15
10
20
L8
Blue‘elays Sz —mer Rirexirte ez & W) SEn TGS 3 o
Blue-gray limestone. Top four feet onlyseen__.__.. 10 = __
Clinton limestone. Reported but not seen__________ b 14 37

This quarry is very old and probably dates from near the time of
the country’s settlement. From about 1887 railroad connections have
been had, and of course this greatly extended the market. Twelve hun-
dred cars of building stone were reported shippedin 1901. A year latera
notable decline set in, and in 1908 the output was only 200 cars. Now
the one industry is crushed stone, and this finds a market along the Cin-
cinnati & Northern Railroad from Cincinnati to Bryan, or in other words
across the State. Manifestly this quarry contains a large quantity of
good building stone in both the Springfield and Dayton horizons.

Hillsboro.—This has long been an important center in the stone
industry, though in recent years but little work has been done. Follow-
ing is a section in the Beecher quarry which was opened about 65 years
ago in an endeavor to tunnel the hill for railroad purposes:
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The stone has not been used in a large way for buildings except
for foundations. The Episcopal Church at Hillsboro, erected about
1850, is of stone from the local quarries, but the one fine structure
of it is the Beecher residence, built in 1883. The body of the walls
is of limestone, and trimmed with Buena Vista sandstone and red
bricks, the latter around the windows and in the chimneys.

The Niagara Limestone tn Northern Ohio =

As has already been stated, the Niagara forms the surface rocks
over hundreds of square miles in Northern Ohio, including parts of Ma-
rion, Hardin, Wyandot, Hancock, Seneca, Sandusky, Wood and Ottawa
counties. The divisions in Southern Ohio have not been recognized
here and the stone resembles that of the Cedarville division. It is
often massive, but sometimes shells near the top, has a gray, or blue-
gray color, is highly fossiliferous and often full of holes. Nowhere
in this area has it been worked regularly as a building stone, though
occasionally enough has been quarried for a foundation to a build-
ing or abutments for a bridge. Nearly always it lacks the regularity
of bed necessary for architectural purposes, and besides the general
appearance is unfavorable.

THE MONROE LIMESTONE

The Monroe limestone, or as it was formerly known, the Lower
Helderberg or Waterlime, forms the rock floor of much of Western
Ohio. Its area is at least equal to that of the Niagara and it measures
nearly 300 feet in thickness, where the entire formation is present.
Orton deseribes it “‘as, in the main, a strong, compact, magnesium lime-
stone, poor, as a rule, in fossils, and often altogether destitute of them
for considerable areas, microscopic forms having been excepted. It
is for the most part, drab or brown in color; but oceasionally it becomes
very light colored, and again it is found dark blue in color. Through-
out much of its extent it is brecciated, and the beds seem to have
been broken into either small or large angular fragments after
their hardening, and then to have been recemented without further
disturbance. In addition to this, it contains an immense amount of
true conglomerate, the pebbles, many of which are boulders rather
than pebbles, being all derived from the rocks of the same general
age, but frequently differing in color from the matrix. The most
striking exhibitions of this phase are found in Lucas County * * *,
A rude concretionary structure is also quite distinctive of the beds
of this age. The Waterlime of Ohio everywhere contains petroleum
in small quantity, which is shown by the odor of freshly broken sur-
faces * * * At some points it carries considerable asphalt, dis-
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tributed through the rocks in shot-like grains, or else in sheets and films.
Thin streaks of carbonaceous matter traversing the rock parallel to its
bed planes are one of the constant marks of the stratum in Ohio. It
is generally thin and even in its bedding, but in some localities it con-
tains massive beds. In Southern Ohio it has a maximum thickness
of one hundred feet, and here it reaches its highest quality in all re-
spects.”’t y

In Lucas and Wood counties it contains an imbedded layer of °
sandstone that has been extensively worked for glass making. A
similar stratum, which has been found in deep wells in Ashtabula County,
yields petroleum and natural gas, the latter in large quantity. This
bed of sandstone has been reported in other deep wells in Northern
Ohio.

The composition of the Monroe limestone is well known. It is
dolomitie, as is demonstrated by the following analyses:

Rucker’s Quarry, Greenfield, Highland County?

Caleiumcarhonate s = L N - S, S PUT SR AT 53.67
Magnesitm carbonatest - 810 &= As T w HF e VEN R R i e de T L 42.42
Alumind-and irons:=Tiu: SRS SRS NS IISIITC IS SR 1.30
Silicates of lime and magnesia._ ... __ .. _____________________ 1.44
Silieas o T A Lo NS S TR 2l SNt s 5 v AN = e 1.00

99.83

Limestone, Ottawa County?

Calcium carbonaterl sophet o tar iut & il n e R M S oty s LU e 54.12
Magnesium carbonate_ . _ . ____ .- ___.______._ AL T S AN 44.79
Alumina:andoxide of Tron &= X505 ST < SN St s Ss ae 0.25
S o e e L el L 80y T T Mo bl g R 0.29

99.45

As a building stone, the Monroe limestone is of little importance,
and is worked for that purpose in one locality only, Greenfield, Highland
County. There the stone is at its best; in fact it is the only place in
Ohio where the formation has ever been extensively quarried for build-
ing stone. Before describing it, a section from the Rucker quarry will
be given: ’

10rton, Edward, Geol. Surv. of Ohio, Vol. VII, pp. 14-18.
2Wormley, T. G., Geol. Surv. of Ohio, Rept. of Progress for 1870, p. 287.
3Peppel, S. V., Geol. Surv. of Ohio, Fourth Ser., Bull. 4, p. 108,



PLATE IV.

A.—Presbyterian Church at Greenfield, built of Monroe (Greenfield) limestone and
trimmed with Bedford. Photograph by B. G. Watson.

B.—View of the Monroe limestone in the Rucker quarry at Greenfield. Note the
even layers. Photograph by C. W. Napper.

E
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The striking feature of the stone as shown in.this quarry is its
evenness of bed, and so marked is this that it sometimes looks as if
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it had been planed. On this account it has had a large market for
sidewalks, the stone requiring no surface dressing at all.

The massive limestone at the base of the quarry and the overlying
22 feet have a dark-gray color with a profusion of the black lines already
referred to by Dr. Orton. Usually these are parallel and slightly wavy,
and probably represent surfaces of weakness. -

Overlying these dark-gray courses are beds of buff, usually quite
free from dark lines, fine in grain and even in texture. The numerous
cracks cut this stone in small blocks, while the underlying gray courses
may be gotten out in almost any size. The stone of this formation is
very much less crystalline than most of those previously discussed in
this bulletin. In fact it frequently appears non-crystalline to the
naked eye, resembling in this respect the buff stone of the Springfield
horizon. . ‘

The five-foot massive course near the top of the quarry often
contains a profusion of well rounded limestone pebbles, usually about
an inch in diameter. These resulted from wave action when the locality
was at or near a shore line. Large ‘“hard heads” are common. These
are more or less oval or spherical in shape and may reach 30 or even
40 feet in cross section. They are massive, that is, do not separate
into horizontal layers, but sometimes they split along their surfaces
in concretionary fashion. Again they form compact masses, and then
are hard to prepare for the crusher or kilns. The building stone courses
often contain concretionary-like bodies that are in places pear shaped.
They may have the constitution of the enclosing rock, or may be erumbly
in their interior. Naturally they are objectionable.

The principal market for the stone has been Cincinnati, but it
has been shipped as far as Parkersburg, Marietta and Toledo. The
market has been for building stone, flagging and bridge work. Later
it was tried for street paving, but the results were not satisfactory.
Neither is it well adapted for curbing, the rock shelling under the action
of frost.

When the Rucker quarry at Greenfield was opened is not known,
but it was purchased by the present owner from the Devoss Brothers
in 1866. Before that time the rock was transported by wagons, but
the new proprietor at once began shipping by rail, and in 1878 had a
switeh built to the quarry. For many years lime was burnt on a large
scale in six kilns, but in later years only one has been operated, and that
irregularly. With the decline in the market for building stone, a crusher
was started, and now the principal product of the quarry is crushed
stone.

About one and one-half miles south of Greenfield, on the west bank
of Paint Creek, is the small quarry of C. B. Fleming. A ledge of per-
haps 20 feet is worked, and all except the lower three feet is of the buff
variety. The stone is much broken by cracks, some of which are four
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inches wide and filled with clay. The lower courses, and occasionally
the upper ones, have numerous geode-like pieces of quartz. The prod-
uct is building stone and that for the local market only. The stone
has been worked to a small extent in one or two other places near Green-
field. -

Near the village Highland, about 12 miles west of Greenfield,
are several small quarries in an island of the Monroe limestone. In
the quarry of Daniel Sharp approximately 30 feet of rock are shown.
The top 12 fect are much broken, but farther down the beds are more
continuous. The beds are usually less than five inches in thickness,
except in the lower 10 feet where they reach a maximum of 24. Even
there, however, most of the layers are less than one foot. The two-foot
course often shows about one-half inch of black flint a few inches above
its base. The stone has the general characters shown in the Green-
field quarry. The Hixon quarry adjoins the Sharp, and when visited
the stone was being crushed in a portable crusher. Lime was formerly
burnt on a small seale.

The Monroe limestone, as has already been stated, outcrops over
thousands of square miles in Northwestern Ohio. It is extensively
quarried at several places, and a description of the stone in a few of
these will suffice to show its characteristics.

Dunkirk.—This town, in the northern part of Hardin County,
is the site of one of the largest quarries in Ohio. Probably 40 acres
have been worked over (1910) to a depth of 35 feet. The stone, which
is used for crushing only, consists of thin layers that are usually under
six inches in thickness. Occasionally, however, the stone forms irregular
shaped pieces that are tough, and show no.tendency to split into layers.
Considerable shale is interbedded with the limestone. The surfaces
of the layers are not parallel, and so the pieces vary much in shape.
Innumerable cracks break the rock, so that after having been shot
it is loaded with a steam shovel. The stone which has a buff color
darkens below, and is notably lighter than the shale. The dark lines,
due to organic matter, are commonly present. No flint or chert was
noted but pyrite was occasionally found. Not a fossil was seen. The
one use for this stone is crushing, the Pennsylvania Railroad using it
for ballast.

Middle Point.—This village is the site of another great quarry
in the Monroe, between 40 and 50 acres having been worked over to’
a depth of 25 feet. The stone is buff near the surface but a little darker
below. It is slightly more evenly bedded than is usual in this forma-
tion, but not well adapted to masonry. One layer of 18 inches was
noted near the base of the quarry, but the cracks break the rock into
small pieces, so that after shooting, it is loaded with a steam shovel.
The rock is usually not only porous but full of holes, suggesting in that
respect_the Cedarville limestone.
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To a small extent stone from this quarry is used for flux, and the
company hopes to increase this market. Occasionally farmers pick
out pieces for foundations for buildings and the stone does fairly well
for that purpose, especially for underground work.

North Baltimore. — Many acres of the Monroe have been worked
at this village to a depth of about 12 feet. At the surface the rock
has a buff color, but below it changes to blue, and this to buff after a
few yeors exposure. The rock may be deseribed as a shaly limestone,
few courses measuring as much as four inches. In other respects the
stone resembles that at Middle Point and Dunkirk. It is crushed and
used for ballast on railroads.

Tiffin.—In the quarry of the Tiffin Lime & Stone Company both
the Monroe and Niagara limestones are quarried. The former occurs
in thin beds, rarely measuring 10 inches, and the surfaces are sometimes
nearly parallel. As usual cracks are very common near the outecrop.
It has a drab color, is free from chert and no pyrite was seen.

The thicker courses are occasionally used for building- stone, but
only where cheap construction is permitted. Other uses are for lime
and crushed stone.

These brief descriptions might be duplicated over and over again
from the Monroe of Northwestern Ohio, but sufficient has been said
to show that the formation has very little value as building stone. TIts
thinness and unevenness of bed alone prevent its use for that purpose.
Besides it is unattractive, the color and texture giving an unpleasant
effect.

THE DEVONIAN LIMESTONES AS SOURCES OF BUILDING
STONE

The Devonian limestones of Ohio occur in three distinet districts,
remnants of an extended area that seems to have covered much of
the northwestern quarter of the State. In order of their size these are,
(1) the Central district, (2) the Northwestern district, and (3) the
Bellefontaine district.

The Central district forms a belt from Pickaway County on the
south to Kelleys Island on the north, a distance of about 140 miles.
It is narrowest near Delaware, measuring approximately five miles,
and widest a short distance north of Bueyrus where it is about 17 miles.
The average of the entire helt is about the same as that of the two
members just given. i

The Northwestern district is considerably smaller than the Central.
It extends as a broad belt, curving from Lucas County southwest through
Wood, Henry, Defiance and Paulding counties. Westward it continues
into Indiana, and northward into Michigan. Its width ranges from
three to 13 miles.
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The third district is an irregular oval patch in Logan County,
with a much smaller ove to the south in Champaign, and possibly:
one to the north in Hardin. These are to be looked upon as outliers
which formerly extended east and north, uniting with the Central and
Northwestera districts. They are simply remnants that have escaped
erosion during the long interval that has elapsed since the rocks under
consideration were formed.

The Devonian limestones of Ohio are divisible into two formations,
a lower one knewn as the Columbus, and a higher one called the Dela-
ware. Both are found in the Central and Northwestern districts,
though in the-latter the Delaware formation cannot he separated from
the Olentangy. Stauffer applies the name Traverse to these two in
that section of our State.?

The Columbus and Delaware limestones in Central Ohio can
usually be distinguished without recourse to the contained fauna.
The Columbus generally has a gray or buff color, and in the lower
part is thick bedded; while the Delawsre is dark blue, quite even bedded,
and the layers commonly less than one foet thick. Near Columbus,
in fact, the Delaware is represented by shales, making the distinetior
very easy. Farther north the two formations are more alike, and at
Sandusky can be separated only by the contained tossils.

In thickness these formations vary considerably from place to
place. At Columbus the maximum thickness of the Columbus lime-
stone, according to Stauffer, is 105 feet; at Sandusky 61 feet; near Silica
(Lucas County) about 50 feet; near East Liberty (Logan County) per-
haps 100 feet with a chance for larger error since the rocks included in
this measurement may in part belong to the Delaware.

For the Delaware limestone, Stauffer gives the following measure-
ments—at Sandusky 70 feet; at Delaware 30% feet, without reaching
the base of the formation; near Silica about 56 fect, but Stauffer thinks
this includes the Delaware limestone and Olentangy shales, the two
forming there a single formation.

THE COLUMBUS LIMESTONE

It is in order at this stage to describe in more detail the two di-
visions of the Devonian limestone, and then to review the principal
quarries in these rocks. Naturally, the lower or Columbus beds will
be cousidered first. ,

As has already been stated these beds are found in each of the
three districts where the Devonian limestones occur. In the Central
they extend continuously from Pickaway County north to Kelleys
Island, and are extensively worked at numerous places, as will be pointed

1Geol. Surv. of Ohio, Fourth Ser., Bull. 10, p. 178.
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out later. From their thickness and area of outcrop it appears that
the quantity of this formation is greatly in excess of the overlying
Delaware, and is in fact practically inexhaustible.

The Columbus limestone may be classed as 1airly even bedded,
the layers of which vary from a few inches to six feet or more in thick-
ness. Usually the thinner layers are near the top and the massive
ones below. In fact the heaviest courses are always near the base.
These points will be emphasized in sections of quarries on later pages.
The rocks are broken by numerous, more or less, vertical cracks, and
in places these occur in two sets nearly at right angles to each other.
Naturally these bedding planes and cracks aid the guarryman.

The rock is generally crystalline, and sometimes so much so that,
in the rough, it resembles marble. It does not, however, take a polish
comparable to that stone. Its erushing strength is adequate for the
largest: structure, as will be shown later. The stone is moderately
hard, and fairly tough, but does not carve well. Fossils are plentiful.

In composition the rock may be described as a calcareous lime-
stone, though magnesium is always present, and sometimes in such quan-
tity as to suggest a dolomite. - The higher layers, as a rule, are richest
in CaCOs, and lowest in MgCOs. Below, the CaCO; decreases and
the MgCQ; becomes more abundant. These points are well shown
by the following analyses of samples taken at Marble Cliff near Colum-
bus. The first is of the layer known as the ‘“Gray-rock,” near the
top of the formation, and the second of the “Six-foot-six,” near the
base.

Composition of ‘“Gray-rock.”

Per cent.
Calcium.carbonater -8 s _ SAEiiniier (LI - SEa Sls et s 96.51
Magnesivin: carbonabe 2tos e S TR Tos o SR ST B S S E DR 1.43
Stlicasston =0 - D02 wwa ot Lo e Sl S S Vel Tl g S g R 2 1.10
Troniandialumina. St o o =St Dp AT Sgears Gt g DN Gt o S .70
PhosphOruszis i - =i 22 e S i e e e ek B S e W s S ol .04
Composttion of ‘‘Sizx-foot-siz.”
Calcitm-carbonatie Syitras Sohty E s at pe Lot e ST S e O L 80.900
Magnesinmicarbonate samec sl e st S IR0 S5 Ty o T waos s 16.070
Silite, e eV T T AN I N S T R T e ek T 2.000
Tronandsaluminas= = I it ity rold seasr W TEE 4 ST e e 1.100

Phosphorus . - - - o e .016

That the formation varies in composition, areally as well as ver-
tically, is shown by comparing the above with Marion. !

1Lord, N. W., quoted in Geol. Surv., Ohio, Fourth Ser., Bull. 4, p. 93.
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Middie and lower

Top of Columbus Columbus

limestone limestone
Calcium earbonafie=s 155 r= 4s = ARy T =r 79.01 66.02
Magnesium carbonate _____________________ 16.85 - 33.10
SH (T Ve e g PR Bl e F, 3 BT P 3.50 1.60
Alumina and iron oxide____________________ : 0.50 0.24

On Kelleys Island in Lake Erie the stone has the following com-
position.!

1 2 ) 3 4
Calcium carbonate_____._._____ 97.28 87.10 89.16 77.22
Magnesium carbonate _________ 2.00 10.96 9.48 20.19
Alumina and iron oxide________ 0.27 0.15 0.20 0.14 °
Siliceous matter. . ____________ 0.85 1.49 1.05 1.65

100.40 99.70 99.89 99.20

These -four analyses are of different vertical parts of the same
quarry. The third is of beds that have been used most commonly
for building stone. The analyses demonstrate nicely the varying
proportions of earbonate of calcium and magnesium from the top to
the bottom of the quarry.

Chert is the one great impurity in the rock. It is not evenly dis-
tributed but is commonly restricted to certain layers, and these, of
course, should be rejected in quarrying building stone. Alumina and
iron oxide are always present, but the quantity is so small that it can
hardly be rated objectionable. Occasionally pyrite is found, but
it is so uncommon that it may be neglected. In only one place were
these yellow crystals found numerous, and that was at Sandusky,
and in the part of the ledge that is never used for building stone.

The color of the Columbus limestone ranges from gray through
buff to blue, the latter being common at Sandusky. Probably shades
of gray are the most frequent. On weathering the color usually darkens,
and the stone from the vicinity of Columbus at least becomes slightly
mottled with darker and lighter shades of gray. Viewed from the
standpoint of durability the Columbus limestone must be given an
excellent rating. It shows little disposition to seale or crumble, and
‘withstands the trying Ohio climate as well as any stove, with the excep-
tion of the best granite. Like all limestones it is soluble, but the de-
gree of this varies from layer to layer, and even in adjacent parts of
the same bed. As a result of this the surface roughens on weathering,
becoming marked by irregular projections and depressions. Good
examples may be seen on the walls of the State House.

And yet, notwithstanding these good qualities, the stone has not
proven popular for building, except for foundations, sills and caps.

1Lord, N. W., Geol. Surv. of Ohio, Vol. VI, p. 753.

A
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For some reason, not easy to state, it is not pleasing to the eye. To
this statement massive structures like the State House should be ex-
cepted, and perhaps smaller ones, such as residences, where the face
of the stone is left in the rough. There scems to be a growing demand
for the latter style and it may lead to a good market for this stone.

THE DELAWARE LIMESTONE

The area of this formation is smaller than that of the Columbus
and it is less extensively worked. Near Columbus, as has already
been stated, it is represented by shales, or shaly limestone, but farther
north at Delaware and vicinity it forms an even-bedded dark-blue
limestone. The latter two characters—color and evenness of bed—
are almost characteristic. Commonly the layers are less than eight
inches in thickness, and those 12 inches or more are not numerous,
and are usually restricted to the lower part of the formation. At present
the principal quarries are at Delaware, Marion, Bloomville and San-
dusky and vicinity.

Like the Columbus limestone, the Delaware has well-marked
bedding planes, and numerous, nearly vertical, eracks and joints. These
characters, with the thinness of bed, makes the stone easy to quarry.
The stone is fine-grained and compact. It is harder than the Columbus
limestone, and like that has a high crushing strength. Tt does not
carve well. .

At Delaware the stone has the following composition:?

Top 5} ft
Shel

elly,  Lower 24 ft.
Cal it eATDONATLEE Se it st e et R R et el P 91.31 69.80
M ApnESTUTINCATDOMATE & it o i e lo A SN o IS 5.12 17.21
Stlicat SRE TN e ieiitie (Nawls Aokl WFRET ey AT o8 3.02 . 10.36
AluminaSLsA g8 L = el Ce NNt TS S PIIES Sty 0.95 oyt
Oxide, offifont s T s vemy 507 RS yle S f SRS SN 0.25 0.05

As in the Columbus limestone the leading impurity is chert, but
here again this material is usually restricted to certain layers and not
seattered promiscuously through the rock. Ironand alumina are always
present but never in large proportions. Pyrite, while occasionally
seen, is never so abundant as to mar the stone.

As has already been stated the color of the stone is dark blue,
but near the surface this weathers to gray or yellow. The Sandusky
stone changes on exposure to a light gray that sometimes resembles
marble when viewed from a distance. While the color of the Delaware
stone in the unweathered variety is attractive, it is not always so after

10rton, Edward, Jr., and Peppel, S. V., Geol. Surv., Ohio, Fourth Ser., Bull. 4, p. 61.
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Jong exposure, the resulting gray, buff and yellow tints often being
displeasing. Especially is this true of the stone from the type locality,
Delaware.

From the standpoint of durability the Delaware limestone ranks
well, and especially is this true of that from Sandusky. The stone
from Delaware, however, scales and appears to be less durable. All
in all, the Delaware limestone ranks as an excellent building stone.
It is easy to quarry, oceurs in unusually even beds, is free from objection-
able impurities, is strong and durable, and generally pleasing to the eye.

Haviag now reviewed the characteristics of the Devonian limestones
from the standpoint of building stone, it will be in order to describe
the product of the leading quarries. In this we will begin with the
Central district, starting at the south.

The Central District

Columbus.—As has been stated, the Delaware formation here
consists entirely of shales, or shaly limestone, and so this discussion
will be restricted to the Columbus limestone. : :

Quarrying this rock dates perhaps from the time of settlement
of the city. As the population grew, and more substantial structures
were erected, the market for stone increased. About 20 years ago
demand for the stone became large for purposes other than building,
and especially so for ballast and flux. This led to a great extension
in quarrying and the industry has become one of the largest in Central
Ohio. :

In early days the principal quarries were located just north of the
Central Hospital grounds, but during the past 30 years the industry
has moved up the Scioto River, and now extends from the vicinity of
Marble CIiff to near the storage dam. Restricting our attention to
building stone, attention is ealled to figure 3, which gives a section
from top to bottom of the quarry near Marble Cliff. . As will be noted
each bed has a name, some being simply that of the thickness, while
others are from some quality of the stone, such as “rough rock,” “blue
rock,” “top hackle,” ete. The thickness of the beds varies from place
to place, hence the section given cannot be duplicated in detail in other
places.

Practically all of the formation at this locality can be employed
for building stone, but the thinner courses are most used, except for
massive structures, such as the State House, where heavier beds are
desirable. More specifically the best stone for our purpose lies between
the “Top courses” and the “Two-foot Course.”

The quality of the Columbus limestone in this locality meets
the best standard for the formation, except perhaps that at Sandusky.
Its crystalline nature early caught the eye of quarrymen who seem to
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have thought that certain courses in it resembled marble, hence the name

Marble Cliff. As a foundation

Dicui Boree - bed
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our trying climate. The Judi-
ciary Building was erected about L
20 years ago from stone obtained
in the old Taylor & Bell quarry
near Marble Cliff. Where a
rough exterior is sought the
stone is excellent, as is shown 1
by the church at the corner of
Neil and West Sixth Avenues,
and in residences at Arlington
and nearby villages.

For steps the stone is first
class. It can readily be gotten
in suitable size, looks well and
is durable. For this purpose it

2%0" Two Foot Covrse

26" Two Foot Six: Course

3%0" Three Foot Course

3~ 6" Three oot Six Course

2°-6" FourFoot Six Course

6'- 6" Six Foot Stx Course

Botton of Quarry

Fig.—3.—Section of Columbus limestone at
Marble Cliff.

10rton, Edward, Geol. Surv. of Ohio, Vol. III, pp. 609, 612,



PLATE V.

A.—State House, built of Columbus limestone. Photograph by J. E. Hyde.

B.—Devonian limestone in Wagner quarry No. 1, near Sandusky. Layers usually
less than 10 inches thick.






GEOLOGICAL SURVEY OF OHIO. 53
is superior to the more popular Bedford limestone of Indiana. It does
very well also for sidewalks where heavy usage is demanded, and for
curbings.

Delaware.—This is the location of the first important quarry north
of those at Columbus, and the name of the city has been given to the
formation. While the stone is reported to have been worked in a small
way as far south as the Powell Road, nine miles from Delaware, the
only quarry of importance is at the latter place. As early perhaps
as 1850 the limestone was worked for building stone and lime in the
little valley just north of the Hocking Valley station. Soon the burn-
ing of lime was discontinued, but the building stone industry grew.
At first the market was local, but with a railroad for transportation
the field widened, extending from Columbus to Toledo and Springfield.
In more recent years, with the growth of the cement industry, the
market for building stone has fallen off, so that at present the main
use of the stone is crushing for ballast, highwavs and concrete.

Following is a section in the old Campbell quarry just east of the
Hocking Valley tracks:

Delaware limestone. Ft. In.
Shaly layers, not suitable for building stone. ______________ 6-8 ge

At least 18 layers, none more than 15 inches thick, even-
bedded D-=Fu e AFERCEWE I A XY SIS i 9 ~

Ft. In

for bulldmg BHODELLIFE Sl 3 AL aET haldiens, ~oa s

WOWTODWOD |
et
o
[~

1
il
1
0
Thick or thin, even-bedded courses, We]l suited J1
0
1
2
1

This gives a thickness of about 20 feet, excluding the shaly beds
at the summit. The stone is very even-bedded, fine-grained, and
usually has a dull-blue color, but occasionally a fresh surface appears
buff. The surfaces sometimes are shaly, but this material readily
vields to the stone mason’s tools. Occasionally lighter colored spots
are found, apparently of a cherty nature, and sometimes chert itself
is common. Where found, however, it is usually restricted to certain
beds, and these could be rejected without difficulty. It is notably less
crystalline than the Columbus limestone, and more compact. Every
fresh surface gives a marked odor of petroleum. The quarry is no
longer worked, having been practically abandoned in 1909 when the
White Sulphur Stone Company got possession of it. Previous to that
time building stone had been the chief product of the quarry.
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Directly opposite this quarry, and on the west side of the rail-
road, is another one, owned by Frank L. Campbell, but at present
leased to the White Sulphur Stone Company, by whom it is operated.
When the place was visited in 1912 a ledge of 24 feet was being worked,
but the company was considering going 15 feet deeper. The general
character of the stone here is similar to that in the preceding quarry.
It is notably more blue in color, doubtless because of its fresher surface.
One ledge in particular is deserving of special mention. It lies about
two and one-half feet above the base of the quarry and is 22 inches
thick. Tt shows no sign’ of splitting into thinner layers, is fine-grained
and compact, free from chert or pyrite and should make an excellent
stone for foundations, or for any purpose where a heavy ledge is required.

The available supply of Delaware limestone in this vicinity is not
great. To the east and south, quarrying is prevented by the city,
while northward the drift is too deep. Though the market formerly
extended to other cities, Delaware has been the leading place, and
naturally that city affords a good opportunity to study the building
stone after years of exposure. Among the earliest structures erected
from it are the Campbell residence (now the University Art Hall),
St. Peters Episcopal Church, Asbury Methodist Episcopal Church,
and a residence at 126 Winter Street. Examination of these walls
shows colors ranging from gray, through buff to yellow, and giving
on the whole an unpleasant effect. Further, the stone often develops
a shaly structure, and sometimes scales off in directions other than
those of the bedding planes. Perhaps these conditions result in part
from poor stone having been used. Similar results may be found in
the basement of the Chemical laboratory on the University campus.
Merrick Hall, on the same grounds, has a basement of fairly thick and
even courses, giving a pleasing effect, but the rest of the building, except
the trimmings, are of thin uneven layers, The basement of the new
gymnasium shows the stone at its best, though perhaps the dark mortar
is not an improvement. That the stone is not considered first-class

locally, except for foundations, is shown in Gray Chapel, which is of
Berea, and in the Slocum Library which is of Bedford.

White Sulphur.—On or near the banks of the Scioto River, close
to the hamlet of White Sulphur, about five miles a little south of west
of Delaware, are two quarries. That on the east side of the river
shows a ledge of 34 feet, probably all of which is the Columbus limestone.
It has a gray color, is somewhat uneven bedded and quite crystalline.
The layers vary from a few inches to two feet in thickness, those from
10 to 12 inches being common. No building stone is quarried but
it might yield a good grade. At present the stone is burned for lime,
both the hydrated and ordinary grades .being made on a large scale.
The market includes parts of Ohio, Pennsylvania, Indiana and Illinois.
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The quarry on the west bank of the Scioto produces crushed stone
only, which finds a local market, and is shipped by the Big Four Rail-
road. The higher layers are thin and much broken, but those below
are thicker, one measuring about four feet. The beds are somewhat
uneven, and this, with the dark color, renders it unsatisfactory as a
building stone, except for foundations and underground work.

Owen Station.—This place, in the southern part of Marion County,
has long been the scene of extensive quarrying. As early perhaps
as 1850 lime was burned, and since 1910 the hydrated variety has been

produced. The following section of the rocks is from Dr. C. R. Stauffer’s
bulletin:1

Ft. In.
Delaware limestone.
Rather thin layers of blue limestone, with much bluish
v el CHE RS == WG Lo Wl ie) (ot SRS S0 T ) i 5 &
Massive and thin layers of blue limestone, with some chert,
andiusuallyfshale partings oo DS WL EST et o8 2y s 7 5 4
Soft, shaly, blue limestone_ __________________ %y NG 1 o
Thick, even-bedded, blue limestone, with shale and cherty
DRI S = (P SV N a e el TSV S eE e ) 9
Massive, blue limestoneinevenbeds_______________._____. 3 6
Columbus limestone.
Massive, bluish-gray limestone. . . ______________________ 10 NE
Massive, bluish-gray limestoneinevenbeds_______________ 18 -4
Massive, bluish-gray limestone_ ________________________ 2 6
Fine-grained, gray limestone, at places showing a bluish
(e S T R SRR =l 3 B O g i 14 6

As the section shows this quarry is in both divisions of the De-
vonian limestone. The upper or Delaware beds are not as regular
as in the type locality, but they are still used to a small extent for build-
ing purposes. The lower or Columbus beds are somewhat uneven-
bedded, and are not used except for lime and crushed stone.

Marion.—This is one of the most important quarrying centers
in the State. Just north of the city limits and along the Hocking and
Pennsylvania railroads is a low knoll about 25 feet in height, the site
of two quarries. On the western side of this elevation, in the quarry
of the John Evans Lime & Stone Co., the following section was measured:

1Geol. Surv. of Ohio, Fourth Ser., Bull. 10, p. 93.
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Tt. In.
Delaware limestone.
Buff stone, with much chert, thin and uneven-bedded.

Used for flux, the cherty pieces for crushing_ _ __________ 14 R
Building stone, splitting into four or five layers_ .. ______. __ 2 L
Range or dimension stone_ .. ... _______________ Ry 11
Chertyrlayer-ity ey s AR Bas e e i g Ceste T cret S Gl £ 5
Building stone:sr==G T S0t Bt s TR S i et i i~
Building stone of poor quality. Used for foundations_____ 1 =l
Building stone, used for range work_____________________ 1 6
Cherty bed, formerly used for bridge work. Now used for

ciUshirg SN Pl MRS LU o o 2 e 2 e
Chert and shale. Crushed_____________________________ L 6
Bridge'stoneS s dtn sttt MR=ue M, crs el o0 1 o
Bridge/stone! Soehesr dtiy ARE ST oSt M TASIIbe CEm s T I 7
Bridge stonerioine roTaiin tO ok ot - LS S 1 7
Bridge stone.__.__. JONTAAICEN, e N R sl 1 =i
Building stone, used for rangework_.____.________________ A2 6

. Bridgeistonersi=7 S5t et n el e TR R 1 11
Columbus limestone.
Layers from two to 10 inches. May be used for building,

flax-orjexushing 2= (o e e e e Tl S A 4 e
Used for flux or lime. Too uneven-bedded for building

Btofie v Ao et el e E kT as et i el G LT 10 )+
Much chert, used only for crushing_ . __________________ 4 =
Divisible into two or more beds. Might be used for bridge

stone.. :Newsused for fluxz s st=at e ias O e Slms S 5 2%,
Might be used for building, but now for lime and flux._._._ . 5 6
Excellent for lime. Employed also for flux, and might be a X

source of building stone ____________________ I N 5 ]

The Columbus limestone in general resembles that at the type
locality. The lower ten feet of the section are gray, and the remaining
ones usually buff. Often the gray courses are much broken, and this
in a way diminishes their value as building stone. The buff courses
are better adapted to this purpose, but they are over-shadowed by the
more regular layers of the Delaware division. The latter resembles
the stone at Delaware in its bedding, texture and dark-blue color.
As the section shows, the top 14 feet are buff, doubtless a result of
centuries of weathering. The stone has been quarried for several
decades and still enjoys a good market. When the Evans quarry was
visited in June, 1912, three carloads of building stone were being shipped
daily to Columbus. Naturally Marion has afforded a good market.
Probably the best advertisement is furnished by the Marion County
Bank Building, of blue stone with red mortar, and trimmed with red
sandstone. It was erected about 1890, and is very little or none the
worse for wear.

The second quarry on the knoll is that of the Ohio & Western
Lime Company, and the section given on a preceding page may be
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readily duplicated in this. The best parts of the Delaware formation
are worked for building stone, and the quantity produced is considerable.
Common and hydrated lime are made on a large scale, and much stone
is shipped as flux and ecrushed for ballast, road building and concrete.

About a mile north of these works are two or three small quarries,
in one of which lime is burned, and in the others stone crushed. Gen-
erally the bedding planes are not parallel, and the prospect for good
building stone, other than foundation, is not favorable.

Spore.—About six miles northwest of Bucyrus, near the station
Spore, is the quarry of the Brokensword Stone Company. Dr. C. R.
Stauffer, who has made a careful study of the rocks, gives the following
section:?

Ft. In.
Delaware limestone.
Haxdfblue)limeston s st 1 S1arl ey Falieei By S0 v o ees il 8
Soitzbluefshaly limestonet-ur = it s AL w00 1 5 2 = v Ead 3
Thin bedded, and rather massive layers of very hard, blue
lisnestome S e R e Sueh o ity —r e PRl A L L T N 2 6
Softr=bluejishalvApamniim g S mhs ¥ I s e o St e a ) 45 1
Hard, blue limestone, .in layers from three to six inches
blaiele s T ANl A e s B e AN by g A D 3 8
More or less bluish-gray limestone_ ... ..________ AL s 22 10
Columbus limestone. 2
Thin bedded, blue limestone__ . ____________________ i Sl 20 8
Gray limestone, rather massive, but splitting into thin
s Cr St v A SIS ) e T T L 10 8
Rather massive, gray limestone_____ ____________________ 4 g
Compact, very hard, bluish limestone; with some chert____ - 4 -
Crystalline, gray limestone, with much petroleum..._. ... 3 il

Building stone was formerly quarried in a small way at this place,
but the practice has been discontinued. The quality of the stone
is not equal to the best for this purpose, being somewhat uneven-bedded,
and the layers often too thin. Crushed stone is the one product =zt
the present time, though a little is occasionally marketed for flux and
agricultural purposes.

Bloomville.—This village is in the southeast quarter of Seneca
County, and has long been the site of extensive quarrying. Formerly
lime was burned on a small scale but this has been discontinued. Crushed:
stone has always been the chief product, though some building stone
has been quarried. The following section was measured in the France
quarry, ore and one-half miles east of the village:

1Geol. Surv. of Ohio, Fourth Ser., Bull. 10, p. 109.
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Ft. In.
Delaware limestone. .
Thin, uneven layers of buff limestone, with much light- ;
colored chert. Used for erushing._ . __________________ 26 3
Good quality, but too massive for building stone_________ I 6
Same as above. .. ______ PR S L St 4 e e T, T B 1 6 Y
s 5
<2 6
Biilding'stonetleourseges & oy (T vE (555 SRR AT e AR N I 8
.. 34
.. 5-6
Thin, uneven-bedded courses, not suitable for building
SLONE T AEREVEL SIS QR e 8 SRS Ly S ey U 3 2
Columbus limestone.
Doo massiveforbuilding TS it s SR e sty St 1 10
- 1 A5
Building'stone = Z=4 0N SRS S SR S el e A S s {_ ! 9
et 6

As the section shows a large part cannot be used as building stone,
though some of excellent quality occurs in two thick layers. This
would serve admirably for bridge work. The upper 26 feet of the
Delaware formation have a buff color, doubtless due to the long weather-
ing of the blue. The bedding planes are not parallel, and this, with
the thin layers and abundant chert, render the stone fit only for crush-
ing. The best building stone in the quarry is supplied by the five
thin beds that lie beneath the two 18-inch courses. Of these the five,
six and eight inch courses dress a little easier, and hence are sought for
dressed stone. As a rule the rock at this place does not possess the
dark-blue color of the Delaware stone, and may well be described as
blue-gray. The top three inches of the eight-inch course has a lighter
color than the lower part. The lighter tint is doubtless a result of
oxidation, and suggests that the bed has been a surface for underground
water. These layers are free from chert and pyrite, and seem to yield
a building stone of excellent quality. The lighter tint will probably
result in less change in color on exposure, and this should prove an
advantage.

* A good market for the stone is had at Toledo, Tiffin, Mansfield,
Bueyrus, Alliance, Columbus and other places. At present it is being
used in the construction of the new buildings for Heidelberg University
at Tiffin.

Bellevue.—This city has been the location of extensive quarrying
for many years. Probably work began when the locality was first
settled, for the stone lies near the surface, and the pioneers would be
quick to appreciate its advantages for lime and building purposes.
In the quarry of the Bellevue Stone Company, near the western edge
of the city, the following section was measured:
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Columbus limestone. Ft.
Gray to buff color, rather thin bedded, with uneven surfaces,
broken and often containing muchchert. . . ________________ 20
Gray stone, thin or thick bedded . . _ __________ . ______._____ 5
Monroe limestone.
Massive layers of two feet or more in thickness, banded, gray - .- . 17

From the above section it is apparent that this quarry does not
yield good building stone. Much dressing would be required and this
adds to the expense. Moreover, the general appearance of the stone
in unattractive. Nevertheless, the top of the Monroe is occasionally
worked in a very small way for this purpose. Several stone residences
may be seen in Bellevue that were built from the local quarries, and
the walls are in good condition after 50 years.

The quarry of the Higgins Stone Company is about one and one-
half mile south of Bellevue, on the Nickel Plate Railroad. The stone,
which is worked to a depth of about 25 feet, is usually in thin uneven
layers, but near the base of the quarry the beds thicken, and one of
two feet 10 inches was noted. Much crystalline matter, but little
chert was found. Crushed stone is the product of the quarry.

About one mile farther south is the small quarry known as Flat
Rock, whose chief output has been building stone for many years.
At present about 8 feet of stone are worked, but formerly a few feet
more were quarried, the lower courses having been abandoned because
of their thickness, reported at 22 inches.

At present the thickest layer worked measures seven inches. Each
bed has a blue strip in the middle with a buff one above and below.
Where a crack or joint cuts the rock it also is bounded with buff, the
result being that some pieces have a blue center withs a lighter colored
border. Such cases furnish excellent illustrations of color changes
resulting from weathering. The stoue is fairly even-bedded, quite
crystalline, and free from chert. There are no railroad connections,
and Bellevue is the principal market.

Two miles a little south of west of Bellevue, on the Nickel Plate
Railroad, is the quarry of Spence Brothers, where the one product
is crushed stone. A section measured here follows:

Ft. In.
Columbus limestone.
Thin, and usually uneven-bedded, buff colored stone. Not
well suited for building_ . ___ T TSmO L
1 6
1 2
Finely crystalline, soft stone, with buff color. Suitable forq 1 8
massive structures or bridgework_____________________ 1 -
2 10
May split into two or more beds. Has chert layer near base 6 2

Sandusky and Vicinity.—This is one of the most important quarry-
ing centers in Ohio. It yields great quantities of crushed stone, and is
the largest producer of limestone for building purposes in the State.
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Lime is burned at one place but the stone is transported from Marble-
head. The largest quarries are near the Soldiers Home, but two others
are found in the vicinity of Hancock street and Sycamore Lane within
the city limits, while a fifth is about two miles south of Sandusky, along
the Pennsylvania Railroad. In the first four of these building stone is
an important product. For some miles from the city the drift is so shal-
low that the rock is occasionally struck in tilling the soil, and at numer-
ous places the stone has been worked in a very small way. From this it
is safe to forecast that quarrying will continue an important industry for
generations, and in fact should increase rather than diminish in magnitude.

Both divisions of the limestones are present, but the Columbus only
is extensively quarried. Oddly enough this division here has, in the
main, the qualities of the Delaware stone, being often thin-bedded, fine-
grained, compact, and having a dark-blue color. To separate the two
formations, recourse must usually be had to the fossils found in them.

Section in Wagner Quarry No. 1, Near the Soldiers Home

Ft. In. Ft. In.
Thin, uneven-bedded layers, gray in color.  Suita-
ble for foundations._ ... __.__.__________.._.__. 4 =l

Building stone. Compact, even-textured, blue [ __ 1
or brown-gray color in ledge, free from chert, plict
and with strong odor of petroleum. No pyrite | __ 31
seen, but reported occasionally. . _____________ 5 63y

N

Might be used as building stohe, but now crushed. § __
Has-blue-gray fintiz e oo i Jo % v e sindy=a tey

Not well suited for building stone. Has much | 1
pyrite. Sometimes several courses unite form- | __
ing massive ledges. Fresh surfaces show a dis- [ 1
tinet blue color, but this lightens on exposure. q __
Fossils common along bedding planes. Used for | 2
CIUShINg oo, el ST 4 W E el e Sl i

1

10 10

Nea
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One more section will be given. This is from Wagner quarry
No. 2, between the Soldiers Home and Sandusky:

Ft T ot Y In.
Delaware limestone. 1 8
Blue layers containing many fossils. ... __.____ s 9 2 8
2 3 3
o 6
S 6
2% 4
2 5
ae 4
Columbus lLimestone. =% 3
Building stone.  Fairly even-bedded, and j-- 7
quite free from chert or pyrite. Compact. | - 4
Fossils abundant.  Strong odor of petro- | _- 7
leum. Layers unite and divide frequently. § -- 5 9 5
Many surfaces iron stained, requiring echip- | _- 5%
ping.  Blue-gray color when quarried, but | -_ 63
this changes to gray on exposure____._____._ = 5
1 B
e 10
£ 10
2 5
£, 6
= 6
Suitable, but not used for building stone. ] 6
Surfaces uneven and expensive to work. | =~ 10 ;
Difficult to break in desirable sizes. Fresh [
surfaces have a brown-gray color and a g ! o s 4
2 A
strong odor of petroleum. Too soft for 1

good crushing stone_______._____._______ 3

The sections of the two quarries just given represent very well
the structure of the stone in this vicinity. It is known in the market
as the “Sandusky blue stone,” but the term is a misnomer, unless it
is applied to the rock when freshly quarried. It rapidly weathers to
a light-gray, or this color with a touch of blue. Oddly, the buff and
yellow colors, resulting from the weathering of limestone at Sandusky,
and other places, are not found here. No matter whether the original
tint is blue-gray or brown-gray, it speedily oxidizes to a light-gray that
is pleasing to the eye. In Wagner quarry No. 2, the surfaces of -certain
layers have some iron, most of which is chipped off by workmen.' Some,
however, remains, appearing as spots on the surfaces, but this, aceord-
ing to Mr. A. M. Wagner, disappears within a year. As proof of this
he cites the main building of the Children’s Home, near Sandusky,

~which was built of such stone.

Abundant opportunities have been had to test its durability.
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The West House, erected about 1870, has walls of Sandusky stone,
and these are still in first-class condition. The same is true of the
High School, which bears the date 1867. The Court House, whose
corner stone is dated 1872, is built of the local rock, and trimmed with
sandstone, presumably the Berea. The basement courses are heavier,
and look as if they came from the Columbus division. At any rate,
the walls are intact, and if given the opportunity will stand for genera-
tions. Other illustrations might be cited, and all would tell the same
story. The rock shows little or no disposition to scale or crumble,
or in other respects give way.

It has been used extensively for churches, and is well adapted
to such structures. The Carnegie Library, erected in 1901, and trimmed
with sandstone, and covered with a red tile roof, appears to excellent
advantage. Numerous illustrations of its usage may be found at the
Soldiers Home. For residences it is satisfactory, and has led to a
good market. In late years it has been used in constructing mausoleums.
Perhaps it is unnecessary to add that the stone is first-class for founda-
tions, caps and sills, and for flagging.

The stone has an extensive market in Ohio, and to a smaller extent
in New York, Pennsylvania, Michigan and Indiana. In the summer
of 1912, an order was being filled for a large church in Oklahoma.

Castalia.—About one and one-half miles south of this village is a
quarry,-operated by the Wagner Company. The upper 25 feet are of
Columbus limestone, whose basal member measures about five feet.
Above this the layers are rather thin, usually less than one foot, and
commonly have uneven surfaces. The color is buff or gray. While
this might be used for building purposes it cannot compete with the
more attractive stone quarried at Sandusky and vicinity.

The lower 15 feet of the quarry were taken as a part of the Monroe
limestone, which forms the summit of the Upper Silurian. It here
consists of layers from one to three and one-half feet in thickness, that
range in color from greenish-gray to chocolate. Where the latter
color is found the rock shows numerous strips or bands, while the green-
ish-gray beds have dark spots. The general appearance of the rock
is unfavorable for building stone.

Marblehead and Vicinity.—This is another locality where the
Columbus limestone has been quarried on a very large scale. Its
market is for flux, lime, breakwater, fertilizer, and to a very small
extent building stone. In the quarry of the Kelleys Island Lime
and Transport Company, the top 20 feet consist of thin, uneven-bedded,
buff layers, not well adapted to building stone. Below this is about
eight feet that may be thin or thick bedded, the variations being rapid.
The lower part is brown-gray, and quité fossiliferous. When this rock
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is massive it yields stone for breakwaters, and when it occurs in thin
beds it yields a good building stone. Its buff color makes it warm
looking, but on exposure it darkens, and becomes less attractive. What
has been said about this quarry applies also to others in the neighbor-
hood. -

Johnson’s Island.—This island lies in Sandusky Bay, and is about
three miles north of Sandusky. The one use of the stone is for break-
waters, and when the quarry was visited in July, 1912, no blocks weigh-
ing less than three tons were removed, smaller pieces being left in the
quarry. As the section below shows the stone consists of the Colum-
bus limestone and the underlying Monroe:

Columbus and Monroe limestones. Ft.
Gray rock, usually thin-bedded, but sometimes the reverse_ . _.___. 12

One or more beds of brown-gray color, but changes to buff on ex-
posure.. . NUghEChENGaSs-ge= stey Mosd Sefaa S S ) L7 Dac ¥ 5 9
Massive bed that splits into thin layers on long weathering . _ ... __ 4

Massive ledge, the upper seven feet probably beloaging to the
Columbus limestone, and the lower five feet to the Monroe_ ____ 12

Brown-gray colored ledge that in places splits into several layers.
Rather hard, fine-grained and COTDUCIERER SRR R 10

Measurcments teken in different pleces in the quarry give very
different results, from the tcrderey of the rock to form heevy ledges
in placcs, and to subdivide in others. While it may be mede to yield
building stone, the outrut cannot compcete with the superior grade
obteired at Sendusky. The junction of the two limestones (Columbus
and Monroe), is rot conspicuous, except from the evidence of the fossils.

Kelleys Island.—This contains the northernmost quarries of the
Columbus limestone. Work began probzbly more then a half cen-
tury ago, and in a large or small way hes been continued ever since.
The stone was marketed for flux, lime and building purposes. One
of the first large orders was stone for the locks of Sault St. Marie Canal,
and it supplied the locks also of the present esnal. For many years
lime was made on a large scale, but the industry was abandoned in
1909, it having been found that the material could be produced cheaper
elsewhere, as at Marblehead. At present the stone is worked extensively
for two purposes, flux and lime, and to a smaller extent for breakwaters.
The former has its principal market at Cleveland, Buffalo and Chicago,
while the lime is burned at Superior and Duluth. The following section
is from Stauffer’s Bulletin:?

IStauffer, C. R., Geol. Surv. of Ohio, Fourth Ser., Bull. 10, p. 136.
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Columbus limestone. Ft.  In.
Thin-bedded, bluish-gray limestone_.____________________ 10 =
Rather thin-bedded, gray limestone_____________________ 5 e
Gray limestone, in three to five-inch layers_______________ G 10
“Bottom rock,” a massive layer of grayish-brown lime- ;

stone, that splits on weathering into thinner beds _______ Y e
Gray-brown limestone, with much white to gray chert . ____ 3 6
Compact, brown limestone, with nochert________________ 1 3=
Shale parting = Saslr B 57 ) e T e 3
Massive, brown limestone________ __ .. _____________.._.__ 4 o
Massive, gray to grayish-brown limestone, with few or no

distinct\beddinpiplaness= ="t anes =0 o7 LT3R 12 8
Crystalline, gray limestone..... . __.___.__._.___________ 4 20

Monroe limestone.
Massive, compact, dark-brown, banded limestone

The Monroe limestone, and the three bottom ledges of the Colum-
bus, are used for government breakwaters and piers, while the higher
beds, except those with much chert, are used for flux and lime. Good
building stone ean be secured from the Columbus beds. They are soft
and ecasy to work, but often require considerable dressing. Detroit
was a good market in former years, but no building stone at all is now
gotten out.

-

The Northwestern District

The one quarry in this district is at Whitehouse, in’ Lucas County,
about 16 miles southwest of Toledo. The following section is from
Stauffer’s Bulletin:1

Traverse formation.
Rather compact, crystalline, gray limestone. Containing Ft. In.

a-greatananyicoralsa s St hali-e S e | T Relr S el A i 6
Compact, finely crystalline, gray limestone________________ S 10
Gray to bluish-gray limestone, compact and crystalline. .- __ 2 2
Compact, blue to brown limestone, markedly less fossil;

iferous than the other layers . . ____ __________________ 1 6
Very fossiliferous, bluish to gray limestone_ . __._________ 1 4.5

Columbus limestone.
Thin, uneven-bedded, bluish-gray limestone_.____________ 9 3
Bluish-gray limestone, in three to six-inch layers__________ 1 10
Light bluish-gray limestone, in six to 14-inch layers ______._ 3 8
Massive, bluish-gray limestone, containing pockets of
fossiliferous white chert________ Fa i e 2 U ok S T AR 3 L3
Massive, bluish-brown, ecrystalline llmestone, weathering
o (O R W St g el 8 S VI B e s e T 2 o

- The Columbus limestone alone concerns us in this discussion.
Its top seven feet are too thin and uneven-bedded for building stone,

1Stauffer, C. R., Geol. Surv. of Ohio, Fourth Ser., Bull. 10, p. 149.
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and are crushed for road building, ballast and concrete work. The
next four feet are used in sugar beet factories and for crushing. The
bottom layers, which vary in thickness, from a few inches to three and
one-half feet, contain some good building stone, and were formerly
worked for this purpose, the principal market being in Northern Indiana.
It was used for foundations and range work, for curbings, bridges and
cross-walks. With the advent of concrete the market declined, and no
stone for these purposes is now quarried. It is reported that this
stone began to be worked in 1872, and that 55 acres have been quarried.
Lime was formerly burned.

The Bellefontaine District

The stone is nowhere quarried at the present time on a large scale
in this district, and the only center of any importance in former years
was at Bellefontaine. There a ledge of 29 feet of Columbus limestone
is exposed, the top 20 feet being shelly, and of little use tor building
stone. Below this are two massive beds, aggregating about four feet,
of dark-gray to brown color, that contain some chert. The lowest
beds shown measure four feet, and.consist of thin layers that rarely
exceed eight inches in thickness. Their color is gray or drab, and some
chert is found.

The only courses that could be used for building above the frost
line were the two “massive beds.” For underground work the ‘shelly”
layers had a small market. From what has been said it is clear that
this stone has never been of any considerable value for building purposes,
and that it will not become so in the future. Lime was formerly burned,
but this was discontinued about 1896. The stone’s only use at present
is for crushing, and it is too soft for a first-class road stone.

THE MISSISSIPPIAN LIMESTONE AS A SOURCE OF BUILD-
ING STONE

The Maxville limestone, which forms the top of the Mississippian,
and is the only limestone in Ohio in that great group of rocks, has been
a small source of building stone in the valley of Jonathan Creek, at
White Cottage and Fultonham. Orton speaks of it as “beautiful
material, very fine-grained, quite even in color, and of great strength.
It is very compact, * * * of light-gray color, and has thus far shown
no ill effects from exposure to the weather.”t The beds vary in thick-
ness, from a few inches to 18, the thickness increasing with the depth.
The bedding is usually uneven, and the stone breaks with a conchoidal

1Geol. Surv. of Ohio, Vol. V, p. 63S.
4—G. B. 18.
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fracture. It is hard to work. The stone forms the walls of the Court
House at Zanesville, erected in 1874, and though the beds are placed
on edge they are practically as good as when laid. The structure is
trimmed with Zanesville sandstone. This limestone has had a good
local market for sills, caps, curbing and similar purposes, and the re-
ports of it are altogether favorable. Quarrying for building purposes
ceased years ago. Good outcrops of the formation are found to the
southwest, and especially at Maxville, Perry County, from which
place its name was derived.1

PENNSYLVANIAN LIMESTONE AS A SOURCE OF BUILDING
: STONE

Along the Mahoning Valley from the vieinity of Lowellville, to and
beyond the Pennsylvania state line, the Vanport limestone is extensive-
ly quarried for furnace flux, ballast, and road making. On the hilltop
due south from Lowellville, 17 feet of this rock is worked on a very
large scale. The stone lies in fairly even layers, which vary from a
few inches to five feet in thickness. The rock is fine-grained, compact,
and contains few fossils. In places it is hard and chert-like, though
no real chert was seen. The stone has a dark color, and appears life-
less, and this is its worst quality, viewed as building stone. Lime-
stone from this horizon has been used in a large way in a number of
the finest churches and residences in Youngstown.

The coal measures contain other limestones that are suitable
for structural purposes, though no other high-grade building stone is
known in them.

1For a detailed account of the Maxville Limestone consult Morse, W. C., Geol.
Surv. of Ohio, Fourth Ser., Bull. 13.



CHAPTER III
SANDSTONES

THE MISSISSIPPIAN OR LOWER CARBONIFEROUS ROCKS
AS SOURCES OF BUILDING STQNE

The Mississippian or Lower Carboniferous rocks of Ohio outcrop
as a broad belt, usually many miles in width, which extends from Adams
and Scioto counties, on the Ohio River, nearly due north across the
State to Norwalk, and thence east to Elyria and Cleveland. From the
Cuyahoga Valley the outcrop extends east in a very irregular belt to
the Pennsylvania line. The maximum width of outerop of these forma-
tions is in the latitude of Ashland County, where it measures about 60
miles. The minimum figure is found along the lake shore, east of
Cleveland, and in places is less than a half dozen miles in width (Fig.1).

The rocks consist essentially of sandstones and shales, which
are capped in places, in Central and Southern Ohio, by the Max-
ville limestone. Professor C. S. Prosser has recently published an
elaborate monograph, which treats in large part of the stratigraphy
of the Mississippian rocks of Northeastern Ohio, and persons who desire
information on this topic are referred to that volume.l1 Likewise,
Professor W. C. Morse has published a good description of the Maxville
limestone, which students of Ohio geology may well consult.?2

The rocks of the Mississippian or Lower Carboniferous of Ohio
have been divided by Prosser as follows:3

Maxville limestone.
Logan formation.
Black Hand formation.
Cuyahoga formation.
Sunbury shales.

Berea sandstone.
Bedford formation.

THE BEDFORD FORMATION

The Bedford formation has long been regarded as the basal mem-
ber of the Mississippian or Lower Carboniferous, but recently certain
geologists have expressed the opinion that it forms part of the Devonian.
The evidence, obtained from the meager fauna found in it, is not con-
clusive, while structurally, the formation in most places is much more
like the Devonian shales below than the Berea sandstone above. How-

1Geol. Surv. of Ohio, Fourth Ser., Bull. 15.
2Geol. Surv. of Ohio, Fourth Ser., Bull. 13.
3Geol. Surv. of Ohio, Fourth Ser., Bull. 7, p. 4.
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ever, the question is of scientific interest only, and will not be further
noticed in this bulletin.

The Bedford formation outcrops as an irregular band in North-
eastern Ohio, from the Pennsylvania line west to Norwalk, where it
turns due south, and continues in that direction to the Ohio River,
which it reaches in Scioto and Adams counties. The formation usually
varies from 50 to 100 feet in thickness, and consists in large part of
shales, which are ‘light-blue or gray, for the most part, but some-
times reddened in the lower portion with peroxide of iron. These
shales are thin-bedded, occasionally interrupted with fine-grained
sandstone courses, and sometimes carrying ungainly masses of the same
material, nodular or rudely concretionary in shape.””* The formation
undergoes no great change until the vicinity of Cleveland is reached,
where it occasionally contains from 15 to 25 feet of fine-grained blue
sandstone, that has long enjoyed a ready market for flagging, sills,
caps, other forms of building stone, and occasionally grindstones and
whetstones. This deposit, at any rate, in its best form, is not persistent,
even in this locality, but consists rather of lenticular patches, none
of which have a large area. At the present time the stone is quarried
at two places between Euclid and South Euclid, and at Newburg.

Section in Cleveland Stone Company Quarry No. 25, between Euclid and
South Euclid

Ft. In.
Glacialldrift? = Sl ol FARY oG riinr SRSt e os S Nre sy 3 =3
Bedford formation. >
Shales, or thin uneven-bedded sandstone. Rejected____ - G L
Thin uneven beds of sandstone. Good quality in places,
but elsewhere suitable for crushing only_________________ 2 2%
Thin course of sandstone. In places largely replaced with
ghales "5 0% & o st g bmei ol s vl S S C R A T L A TR 10
Shalegi=: #2515 LSS WEWEES A5 R ot SR e 4 4
Excellent course of sandstone. Surface ripple marked.
Sawed for flagging, and occasionally for sills, eaps, and
Steps i c o Ty Al N T e S e S SN R S i 4
Two-foot course of sandstone. Excellent quality. Used
for same purposes as overlying bed_____________.__._____ 2 it
Poor quality of sandstone. Upper surface even, lower un-
even. Generally rejeeted. .- -l oo 1 3
Poor quality of sandstone. Generally rejected. ... .__._- 1 4
Heavy course of sandstone. In places of excellent quality,
but elsewhere badly broken. Used for flagging, rarely
for sills, caps and steps_ - - - - oo 4 9
Two-foot course of sandstone. Suitable for all purposes__ .. 2 e,
Fourteen-inch course of sandstone. Good quality_ . ____-_ 1 2
Twenty-six-inch course of sandstone. Good stone in places,
but elsewhere hasshalebands_ _______________________. 2 2
Dark shale, and thin-bedded sandstone_________._____.__. il 3
Sandstone not seen. Reported by quarryman ____ .- 2 6

Shales unmeasured.

10rton, Edward, Geol. Surv. of Ohio, Vol. VII, p. 27.
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These layers or beds vary somewhat in thickness from place to
place, and yet comparative regularity is one of their striking features.
Twenty-three feet of good stone are counted on in the best part of the
quarry. Usually the beds are separated by ot least a few films of shales,
but occasionally one layer of sandstone rests directly on another. Even
in such cases, however, the bedding planes are well marked. Cracks
or other vertical breaks are fairly common, but they are not the wide
or gaping variety, and the stone shows but little change in color along
them. The grain is fine and even, and the rock compact. The color
of the stone is blue, and it is often known as the Euclid blue stone.
Following is an analysis made by Professor: D. J. Demorest, of the
Ohio State University.

g5 oaRaRH UERR o e Ty 2 NS i b e LoS i e T 76.90
Alumina, AN Sk e e S R W AR e Eaat LN A i iy 8.15
Ironfoxide e D saa¥ T ia ' St e m i Ut g ol T L 4.40
Titaninm oxide; EFiE)soresiieaisin o = w fE i - S 29at_ 1Y Lo 0.55
Caleinmtoxid eRC a@RIES Sufons (98, NorfLl el o ra iy 1 00 S8 2.10
Magnesium oxide, MgO _ . _______ ... Bt 0.20
Teossfenfignitiones=iin o MR Fopaieg o = o F o T T 4.80

Hard spots, or “hard heads,” of about the hardness ot steel,
are occasionally found. When freshly quarried these spots have about
the same appearance as the body of the stone, but on exposure their
color changes to yellow or brown. Following is an analysis, made by
Professor Demorest, of this variety of the stone:

Silicas SR eas SLmpsEn ¢ SR ATTIIN ot IO e TUl SR R Ty L 44.35
Alumina., Alea _____________________________________________ 4.75
Ixon: oxideNiFe:() Sy -t 7o e S liesimus Sihg L L T 9.00
Titaniumroxide T @aerct B 1A% S do el or st el S STa s 1 0.55
Caleiiim oxide  Catl s =32 e s RS S e = L T 13.70
Magriesium’ oxidesMgORERCLE A0 FATMETENIE i cotmr b R I 4.40

Loss on ignition

The stope has notable crushing strength, especially when the
pressure is applied on bed. Following are results of tests made by
Professor Horace Judd, of the Ohio State University:

v o) Transw;se
rushing strength,
Position. strength, (Modulus of
Bed or edge. Pounds. rupture.)
Euclid sandstone . __ . ________ iBedigi oamE N -8 63,460 2,596

Euclid sandstone . ____________ Bdrelimadie 3is 24,150 2,500

These tests were made on two-inch cubes for crushing strength,
and pieces four inches long, two inches wide and two inches thick for
transverse strength, and all were air dried. The modulus of rupture
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is the weight necessary to break an inch cube when the weight is applied
at the middle. The formula for determining the modulus may be
found on page 76.

Professor Demorest has determined the specifie gravity and porosity
of the Euclid sandstone as outlined on page 77, with the following results:

Apparent-specifidegrayityres Sos S Sa Al IR S AT