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CHAPTER !

INTRODUCTION
By Chas. N, Gould

The object of this report is to attemipt to set forth in a brief
manner our present knowledge of the most important structural
materials in Oklahoma. The time has not yet come when anything
resembling a complete report on the subject can be written. The
State is yet too young, and altopether too little systematic work
has been done, to attempt anything, but a preliminary discussion of
the subject. Up to the present time, practically nothing has been
written on building material in the State, not because material is
lacking, but because accurate information on the subject has never
been collected.

Waste of Timher

We Americans are a wasteful people. In no civilized nation,
that the sun shines upon, is there such a prodigious waste of raw
materials as in America. Tn nothing, has the wastefuliess of our
people been so potently shown as in the waste of tinmiber, The
United States originally possessed the most magnificent forests of
hardwood in the world, but with ruthless hand we have destroyed
them, until today our forests are practically exhausted. ‘I'lic United
States Bureau of Forestry is authority {or the statemo that, at
the present rate of consumption, the timber of America will last
but a single generation. "I'hat is, in a little more than thirty years
our timber will be exhausted, Unless the American farimer learns
to plant trees, the people of this country will soon he without
timber, :

Heretofore, in America, the man, who has cut down and de-
~stroyed a beautiful tree, has been considerad a public beneluctor,
Even yet, in many parts of the United States, great hardwoud trees
are every year deadened in order to make room for crops. 1n east-
ern Oklahoma today tens of thousands of great oalk and hickory
trees stand rotting in the fields, bleak monuments to {he lack of
thrift and to the unthoughtfulness of our people. At the present
rate of consumption, and destruction, unless some method is de-
vised to re-forest our land, our grandchildren will have no timber
with which to build a house, and some other material will have to
be substituted.
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~ Conditions such as these, which are tod;y actually coptfroonft;ng_
can but bring vividly to our minds the absolute necessity p-
Dlying speedy remedy. Two remedies suggest themselves:
first, the p];m.tipng, of timber, and second, the matter of SUb'Stlltu’tll‘llﬁ
for timber some other cheap and durable building material. .
O?Jrject of this report is to discuss the second of tlhesel tvsgo re(r)r;etixri
s 'they apply in Oklahoma. The discussion of the plan mg'l -
?)Zr while of the utmost importance, must be deferred until som
’ o .
vfu‘t-m‘fefgﬁxt*eéimbehis practically gone, it is obviousrghat, some other
form of building material must be substituted. ) llhere arte attutl}:j
present time four mineral products used extensively as1 SPrg:tlhnd
material,. namely: stone, clay pr0(|1ucts, _gypsum artu. ortland
cement. -That all of these products are lying dormant in

of Oklahoma is shown in this report.

plying some

Stone

- Since the beginning of historic time, stone has been utlllzetd feosr
building, and will always be used for certain kinds o(f1 struc(:i'tirr .
A stone building is handsome, lasts for ages, and, under }?r ina ry
conditions, is not easily destroyed by‘ fire . Therq artla, dozve\icla 3
certain reasons, principally those of economy, which ead gklui
belief that for ordinary purposes stone’ will not be used md 1a
- homa, at least for some time to come. Eyen in England ;m other
- countries of Europe, where civilization is much older tlar} ours,
many of the smaller buildings are still erected of wpod, orlo scl)m:_
material other than stone. In this report the location of the chie
kinds of stone in the State are discussed and certain suggestions
made regarding their utilization. Fortpnately Oklghoma possesses
inexhaustible deposits of the various kinds of building stone.

Clay Products

' The same objection. urged against stone ‘may also bﬁ used
against brick and other clay produgts’. A brick house is mu’%h mfor:
expensive than a wooden one, but it 1s_also more durable, ‘he a.c]1
remains, however, that if other material can be secured, brick wi

‘never take the place of wood for the construction of a large class

ildi _ i i d orna-
of buildings. Clay tile and terra cotta for decorative an
mental purposes, and for roofing will doubtless be L}s.egl more and
more in Oklahoma as time goes on ,but the probabilities are that

clay products will never become sufficiently cheap to be used for .

ordinary construction purposes. o

It is not the intention in this report to d1scuss' at great length,
either the location of clays in Oklahoma or thell" adaptation to
commercial uses. This subject falls within the province of a report,
shortly to be published by Mr, I.. C. Snider, Assistant Director of
the Survey, who has written a chapter on .clay for this report. Suf-
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fice it to say here, that Oklahoma possesses a very large amount of
valuable clays and shales which are suitable for the manufacture
of a very great variety of clay products, With this clay, there are
very large deposits of coal, oil and gas; fuels that may well be
utilized in the manufacture of the clay. However, these matters
will be discussed at length in Mr, Snider’s report.

Gypsum

Of all building materials, gypsum products may be manufac-
tured most cheaply, and if it were not for the fact that up to the
DPresent time ordinary gypsum plaster or stucco has not been suit-
able for outside finish in a humid climate, this material would
doubtless supercede most other building materials. Gypsumn plaster
and stucco have been used for hundreds of years in arid or semi-
arid climates like Egypt, Mexico and southern California, but at-
tempts to utilize this material in a region like Oklahoma, with a
rainfall of 20 to 40 inches, have proved unsuccessful. I’crhaps the
best example of a building of this kind is the structure now stand-
ing in Jackson Park, Chicago, utilized for the Field Columbian .
Museum. It was the Fine Arts building at the Chicago World’s
fair in 1893, The outer construction is of staff, which is Zypsum
Plaster mixed with excelsior or some otlier fibrous material. The
building is now greatly dilapidated, and only by continna! repair is
it rendered at all habitable.

The American chemist who finally solves the problem of mak-
ing gypsum plaster durable for an outside finish in a humid climate,
without materially increasing its cost, will have solved the build-
ing problem of the future. Various preparations and combinations
of the material, which are claimed to fulfill these conditions, are on
the market, but so far none of them have proved entirely satis-
factory. Either the cost is so high as to be prohibitive or the ma-
terial will not stand the tests.

The subject of the location of the gypsum deposits in Okla-
homa, and the proper utilization of the material, will not be dis-

-cussed at great length in this report, for the reason that the writer

1s now collecting data for separate report on the subject. This

- report should be written within the next few months and when
-finished a complete discussion of our present knowledpe of the

gypsum resources of the State will be available,
Portland Cement

If neither stone, clay, nor gypsum products are suitable for a
large class of structural purposes, and if wood will soun be no
longer available on account of its scarcity, some other building ma-
terial must be sought. There are those who believe that (his ma-

terial has been found in Portland cement, which during the last few

-years has taken the place of practically all other materials in cer-

tain forms of structure. In the chapter in this report devoled (o this
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subject, written by Mr. Nelson, the use of Portland cement and the
lIocation of the cement material in Oklahoma will be discussed.

. Necessity for Development

" 'One of the chief reasons for the puhlication ¢f this repbrt on
structural materials at the present time is to attempt to point out
to the people of Oklahoma the necessity of the development of the

raw products of the State.

With deposits of all sorts of structural material, lying dormant
in our hills, in'quantities which for practical purposes are inexhaus-
tible, Oklahoma is today utilizing very little. In the matter of
building stone, Oklahoma has granite, gabbro, porphyry, basalt,
limestone, marble and sandstone in quantities which can never be
exhausted, Yet Oklahoma imports practically all the granite and
other igneous rocks used for building and monumental purposes
from eastern states or from Europe. In one cemetery we may find
monuments of Scotch granite, Scandinavian granite, Vermont
granite and Georgia granite, but rarely do we find monuments of
Oklahoma granite, For all the stone imported into the State we
pay the market price plus the freight. .

Oklahoma has marble, equal to much of the best of the eastern
marble, yet today very little of it has been utilized. Oklahoma has
limestone for building purposes and for manufacturing into lime,
equal to the best known, yet practically all our building stone is
imported from Misouri and Indiana and our lime from Texas, Mis-
imported from Missouri and Indiana and our lime from Texas, Mis-
burned in Oklahoma. Oklahoma sandstone is equal to the best
of the Ohio and Kentucky sandstone, yet little of it is being utilized
except for local use.

There are, at the present time, twelve gypsum mills in Okla-
homa, yet notwithstanding that fact, a considerable part of our
stucco, wall plaster and other gypsum products come from either
Kansas or Texas, although neither state contains as much gypsum
nor as much fuel as does Oklahoma,

In the matter of Portland cement and concrete rock, conditions.
are somewhat different. There are now three Portland cement
mills in the State, located at Dewey, Ada and Hartshorne, and
others are in contemplation. Notwithstanding this fact, however,
much of the Portland cement used in the construction of Oklahoma.
buildings comes from Kansas, Texas and adjoining states. Fortu-
nately the greater part of the concrete rock used in the construction
of buildings is derived from deposits near at hand. This material
is chiéfly crushed limestone or granite and coarse gravel.

. Nor are our clays and shales being utilized, With deposits of
as good brick and tile clay as may he found in any state, and fuels
which are practically inexhaustible, including coal, cil and gas,
Oklahoma is today manufacturing only a small part of the clay
products used in the State. lach year, approximately a million dol-
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}Eiresrésissznt to Kansas to pay for brick. Tn northeastern Oklahoma
aerels t,g;]as mamfp;?ls_smg from the Oklahoma gas fields into Kan-
not.hing Tﬁeuse ot this gas the people of Oklahoma get practically
hoh ar.e o g:z.is Is used to burn Kansas mud into hrick and the
Dk ar pped into Ok]ghoz_na. For these brick (he people of

ate pay the market price in addition to the freight. Oklahoma

¢l i
ay 1s as good as Kansas clay, and Oklahoma has ten times as

much fuel as Kansas ever wi i
! will have, yet in the matter of | rick we
are cco)??tan_tly Paying tribute to Kansas. e
sewer ;j;tglog;z;}s tl};anufacfturing practically nothing in (he way of
, 11 tile, roofing tile, fire proofing, holl ar
terra cotta, although we have t i Say suitanre o, and
ave vast deposits of clay suitable for t
manufacture of all of these ey is o 1o Kone
_ products. Our money is goi, I<
sas, Missouri and Illinois to ings which et
vay for t I sho
manufactored or moln pay for the things which should be
these()gsdoig]lee cln?f c;l?jects of the Geolopical Survey is 10 locate
these a U valuable materials in the State [ ende:
assist in their development. T i » he Surves s
Sis ' . The Director of the Survey st
willing at all times to assist 1civ: ew n apyinids
atz assist individuals and companies in cxploitin o
any legitimate resource of the State, pamies i exploiting
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CHAPTER 1I

GEOLOGICAL HISTORY OF OKLAHOMA
By Chas, N. Gould

“ Duri eologic time that part of North America now includ-
e'f]‘.fi’n])tillzlllsi%cagtfe ongkIahoma h_as been e}lternately _subrr]\erged.bgloc\:g
the ocean and elevated above it many times. During the perio 1s of
submergence beneath the water, various kinds of deposits w(ifreb a
down on the ocean bottom. When the country was ra1?e %Vﬁve
the water these deposits hardened and became S(?Ild rock. W erfl

the land stood out of the water for any length of time, the ac;uon od
the elements rain, wind, water and frost, wore away the rocks an
“carried them through rivers into the ocean. :

. Geologic Time Scale

Geological ‘time is divided by geologists into the following
eras: . Archean, Algonkian, Paleoquc, Mgsozmc and (_:en-
ozoic. These eras are again subdivided 1nto.per10ds_and the periods
into minor subdivisions. The rocks deposited during a period of
time for called a system, for exampl‘e the rocks deposited in T:he
‘Cambrian period make up the Cambrlan.sys'tem. In the following
table, the systemg and such minor subdivisions as are well repre-
sented in Oklahoma are shown. The oldest rocks are placed below:

Quartenary { Pleistocene
Cenozoic Testiar ¢ Miocene
' ¥ Pliocene

Cretaceous

Upper Dakota
Lower Comanche

Mesozoic Jurassic

Triassic?
. ' ( Permian )
Carboniferous Pennsylvanian
" - Mississippian
Paleozoic Devonian
-1 Silurian
Ordovician
Cambrian

Archean .
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Rocks Exposed in the Arbuckle and Wichita Mountains

The oldest rocks in Oklahoma are the granites, presumably of
Archean age, and are exposed in the Wichita and Arbuckle moun-

tains. Granite is usually considered a part of the original crust of

the earth, and granite or some form of igneous rock, underlies all
the stratified rocks; that s to say, if a hole were drilled deep enough
anywhere on the surface of the earth it would encounter the igne-
ous rock. We may assume that all of Oklahoma is underlain with
some form of igneous rock, probably granite, which, however, is
now exposed in but a few places. About the middle of Cambrian
times the sea surrounded the granite peaks and a deposit of sand
derived from the granite was laid down along the shore line. This
sand now appears as a ledge of coarse-bedded sandstone, known as
the Reagan sandstone. Lying upon the granite, in the Wichita and
Arbuckle Mountains, the sandstone is composed largely of coarse
feldspar and quartz-fragments and is generally too couarse o make
a good building stone. '

The sea in which the Reagan was deposited, deepened, or the
land surface was lowered so that the granite was entirely submerg-
ed. In this sea a great mass of limestone and dolomire was de-
posited, which so far as known is one of the thickest liniestane for-
mations in the world. This is known as the Arbuckle limestone.
Its exact thickness s unknown, but .is estimated by Mr. Tail, form-
erly of the United States Geological Survey, who has studied the
formation, to be somewhere between 6,000 and 8,000 fect. T.ime-
stone of the same age as the Arbuckle, very similar to it i character
and almost equal to it in thickness occurs in the Appalachian Moun-
tains and in other parts of the country. These deposits arc believed
to be continuous although they are so deeply buried under younger
formations as to make it impossible to trace any connections, If
this is true, Oklahoma at the time of the deposition of the Arbuckle
limestone, must have been 2 portion of a great sea which covered
most of the United States. These conditions must have cendured

- for an immense length of time, probably for hundreds of (housands

or even millions of years, to permit the aceu mulation of such a great

-thickness of limestone and dolomite which, necessarily, is deposit-

ed very slowly. The Arbuckle limestone is usually hard and firm,
and would under ordinary circumstances make a good huilding
stone. It has been so extensively folded and crushed, however,
that usually the bedding planes have been destroyed and the
rock fractured in all directions. Tt is extremely difficult (o rind a
locality where regular bloclks may be secured.

+Early in Ordovician time, after the deposition of the Arbuckle
limestone conditions changed from that of a deep sea to a shallow
sea, and a deposit consisting of shale, sandstone, and thin-bedded
limestone was laid down. This formation, which is about 2,000
feet thick is known as the Simpson formation, So far as known
there is very little good building stone in this formation, the linje-
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: i o0 thin and the sandstone either too soft or too brit-
'iltgl1effll)1eél]s§r11(]os()torle of this formation is a very fine quality of glass
sand}\bout the middle of Ordovician time conditions again changed,
“this time from a shallow to a deep sea and another heavy ledge of
limestone was deposited. This formation, .known as_the Viola
limestone, is about 800 feet thick, and consists of heavy bedded
white or hblue limestone. This h_as_ not been quarried for building
.stone, because in most places it is too much. hroken, but doubtlgss
localities can he found where good stone might be secured,

-Duri'ng the early part of the Silur.ian period the Sylvan shale
‘was deposited. It is 100 to 200 feet thick and may be used for the
manufacture of Portland cement or for various other clay pro-
duCtS/'\bove the Sylvan is a formation known as the Hunton
limestone, which consists of three members, a limestone at the
base, then a shale member, then another limestone at the top. 'Ijhe
“upper and middle portions of the Hunton are of Helderbergian
.or lower Devonian age . The entire thickness of this formation is
usually less than 200 feet. The limestone members at the base
and top frequently contain good building stone, but none has
been quarried. E .

After the deposition of the Flunton limestone, the region was
-elevated above the ocean and erosion took place. In many places
much of the upper part of the Hunton was carried away, and oc-
casionally all of it has been removed. Then, in late Devoman time,
the region again sank and there was laid down in still water a'd.e-
‘posit of mud and silt, which, on hardenmg,.became a hard, brittle
shale, containing many concretions and bands of chert. The for-
‘mation is known as the Woodford chert and contains no build-
 Ing stone. Co :

8 Limestone was deposited locally on top of the Woodford chert.
“This limestone is known as the Sycamore limestone, and has
‘been quarried for building stone at Dougherty. Above the Wood-
ford and Sycamore are shales and sandstones of Carboniferous
age, which will be described later.

The formations so far described are well exposed in the Ar

‘buckle Mountains, in Murray, Johnston and Pontotoc counties.
+ The Reagan, Arbuckle and Viola formations are exposgd in the
Wi ichita Mountains also, and the others are almost certainly pres-
ent although deeply buried and not now exposed. The Arbuckle,
Simpson, Viola, Sylvan, and Woodford all doubtless extend‘back
from the mountains in all directions, and as already mentioned

in the case of the Arbuckles, they are probably. continuous with -

formations exposed in other regions.

- After these rocks had been deposited there occurred one of
those periods of emergence, which have occured at intervals
throughout geologic time. The regions occupied by the Arbuckle
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and Wichita Mountains were elevated in the form of two vast:
domes, each about 60 miles long and 20 miles wide. The amount
of upheaval was probably about two miles above their present
level. As soon as this uplift occurred and the rocks stood out of
water, the agents of erosion, wind, rain, frost, and heat began to
wear down the mountains, The upper rocks were first destroyed,
and carried into the ocean. Afterward (he rocks more deeply

- buried were attacked and carried away. In time all the sedimen-
- tary formations were worn away in places exposing the pranite

core of the mountains. This granite now stands out as high,
jagged peaks in the Wichita Mountains, while in the Arbuckles it
is exposed in the country around Tishomingo, and in the ast and
West Timbered Hills south and west of Davis.  Surrounding the.

-granite and flanked upon all sides of it are the various scdimen-

tary formations mentioned above lying in regular order, begin-
ning with the Reagan and ending with the Sycamore. I'n passing
from the Washita River near Davis to the Ifast Timbered Hills,
a distance of four miles, one will walk over the uplilted cut-off

.edges of about two miles of sedimentary rocks.

Rocks Exposed in the Ozark Uplift

The regions heretofore described are in southern Oklahoma.
In the northeastern part of the State, conditions were somewhat
similar, In this region which is the southwestern extension of the
Ozark "Uplift, a number of formations, consisting of limestone,.
sandstone and shale, were laid down under varying conditions,.
either in the ocean or along the shore. The Yellville limestone and
dolomite (not exposed in Oklahoma but near by in Arkansas) was
deposited about the same time as the Arbuckle limestonc.

The Burgen sandstone was laid down about the same time as
the Simpson formation, the St. Clair marhle about the same time
as part of the Hunton limestone, while the Chatanooga shale cor-
responds in age to the Woodford chert,

The St. Clair marble is exposed in some deep hollows near
Marble City, where it has been quarried for marble. The Burgen
sandstone outcrops along the Illinois River few miles north of
Tahlequah and is a good quality of glass sand. Several shale
members in this region might be used for the manufacture of hrick,
tile and pottery.

The most important formation in this part of the State, how-
ever,’is a ledge of limestone and chert, some 300 feet thick, known
as the Boone chert, which was deposited in Mississippian time.
It is of about the same age as the Sycamore limestone in the Ar-
buckle Mountains, This is the formation in which the lead and
zinc of the Joplin and Miami districts occur. The limestone quar-
ried at Carthage, Missouri, comes from this formation also. The
Boone formation is exposed on the surface in Ottawa, Delaware,
Adair, Cherokee and Mayes counties, where it forms the surface of
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the upland plateau lying between Grand River and the Arkansas-
Missouri line, ) .

Above the Boone is a shale formation, the Fayetteville shale,
and above the Iayetteville a limestone known as the Pitkin lime.
stone. This limestone is hard and durable and would make a
splendid building stone. The Fayetteville and Pitkin are both
thought to be of Mississippian age, .

After the deposition of the formations just described which
occupy much of southern Missouri as well as northeastern Okla-
homa and northern Arkansas, there occurred an upheaval, very
similar to the one which brought up the Arbuckle and Wichita
Mountains. The rocks were elevated in the form of an immense
dome, Lrosion immediately began its work on the uplift and in
many places the Pitkin, Fayetteville and much of the Boone for-
mation have been removed, while in some of the deeper valleys
along the White River in Arkansas the older formations down to
the Yellville limestone are exposed.

Pennsylvanian Rocks

All the depositions and upheavals heretofore described occur-
-red in early geologic time, before the close of the middle Carboni-
ferous or Pennsylvanian time. In the Arbuckle Mountains, the
. Sycamore limestone is probably of Carboniferous age and in the
northeastern part of the State the Boone, Fayetteville and Pitkin
are Mississippian in age. In the Ouachita Mountains the Jack
‘Fork and Caney formations are Mississippian or Pennsylvanian,
About the time that these uplifts occurred, or possibly earlier,
there was a great shallow basin or arm of the ocean occupying
what is now east-central Oklahoma. This basin seems to have
been connected with another arm which extended north through
what is now central Oklahoma, Kansas and Nebraska. The basin
must have extended far to the west, but we have no means of know-
ing just how far. The streams rising in the uplifted mountain

regions just described, emptied their accumulated sediments into

this basin so that in time there were laid down immense deposits
of sand and mud.  Great plants grew in the swamp-like basin and
the vegetation accumulated in immense quantities. As time went
on the mass of vegetation which was laid down in the basin be-
came coal. The sand hardened into sandstone and the mud formed
shale. These formations are more than five thousand feet in
thickness and belong to the Pennsylvanian or Coal Measures age.
The rocks of this age now occupy about one-third of the State and
~consist largely of alternate ledges of shale, sandstone and coal,
although in the northern part of the State, farther from the moun-
tain uplifts, there are a number of ledges of limestone. The shales
.are much more abundant than the other rocks, and occupy per-
haps three-fourths of the thickness of all the formations. The
quality of the shale is usually suitable for making brick, tile, and
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sometimes pottery and Portland cement. Sandstone is the next
most abundant rock and occurs alternately with the shale. The
high hills, bluffs, and cliffs in this part of the State are formed
largely by heavy ledges of sandstone. Some of these Tedges are
twenty to fifty feet thick. The sandstone is usually gray to brown
in color, is regularly bedded and makes an excellent huilding stone.
It is found in inexhaustible quantities in more thaun twenty coun-
ties in the eastern part of the State and has been quarried in hun-
dreds of localities, There is not a town in eastern Oklahoma
which does not contain buildings constructed of this brown sand-
stone. The coal in the region occurs in regular beds contained

“between ledges of sandstone and shale. There are in all more than

twenty beds of coal in this region, of which about ten are known
to be of workable thickness,

Among the Pennsylvanian rocks of northern Oklahoma there
are a number of ledges of limestone which lie interbedded among
the sandstones and shales. Great numbers of shells and other
forms of marine life, preserved as fossils, make up the greater part
of the limestone ledges . These ledges enter Oklahoma from Kan-
sas and pass southward, usually bearing off a little to the west,
about as far as the Arkansas River, where they usually thin out and
finally disappear. Only a very brict description of the various
ledges need bhe given here.

The lowest limestone of Pennsylvanian age enters Olklahoma
a few miles west of Grand River in central Craip County, and
passes southwestward near the towns of Centralia, Chelsea, Clare-
more and Catoosa and crosses the Arkansas River south of Broken
Arrow. This formation was formerly known as the Fort Scott
limestone, but is now called the Claremore, Above this formation

"shales occur and ahove the shales another ledge of limestone

known as the Pawnee, which parallels the Claremore a fey miles
to the west, passing southward toward the Arkansas River. Then
come other shales and a ledge of limestone known as the Altamont,
which unites with the Pawnee at Oolagah and the two are known
as the Oolagah limestone. Above is another thick hed of shales,
which is succeeded by another linmestone—the Lenapah, which
passes from Kansas southwest through Nowata, Lenapah and
Tulsa as far as North Canadian River. Other limestone . ledges
lying west of the Lenapah are known as the Hogshooter, Dewey,
Avant and Piqua. FEastern Osage County is occupied largely by
ledges of shale and sandstone and no other important limestione
is found while passing westward unti] a point four miles west of

- the town of Pawhuska is reached where there s a very heavy lime-
_stone formation known as the Pawhuska formation, conmposed of

three members which cap the hills of that region,
Western Osage County is occupied by the southers part of

“the Flint Hills of Kansas. The rocks consist of alternating layers

of limestone and shales and sandstone all of which dip westward,
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“There are a‘number of ledges of limestone in western Osage and
eastern Kay counties, the most imp_ortant o_f which are the Wre-
“ford, Tort Riley, Winfield, and Herrington limestones. These for-
mations cannot be traced farther south than Noble County.

Permian Rocks

Lying west of, and above the saqutone, shale and limestone
of Pennsylvanian age, is a great series of red shales k_nown as
the Redbeds, . This series of rocks, consist of unknown thicknesses
. of red clay shales, containing occasional ledges of some other
. material, usually gypsum, sandstone, or dolomxt_e. These rocks
“occupy all the country from about the eastern line of old Okla-
homa westward across the State, surrounding the Wichita Moun-
tains, and extending across the Panhandle of Texas, as far as New
Mexico. The Redbeds seem to have been deposited d}erg a time
of withdrawal of the sea and also of extremely arid climate. They
contain very few fossils and their red color is apparent proof that
little organic matter was buried with them, Very few ledges can
be traced for any distance, so that the thickness of the Redbeds is
not known, The extensive gypsum deposits in western Oklahoma
belong to the Permian Redbeds. .

After the rocks of the Pennsylvanian and Permian age had
been deposited, all that part of America now occupied by Okla-
homa was raised above the ocean and for a, long period of time re-
mained out of the water, in fact so far as we know, only the'south-
eastern part and certain regions of western Oklahoma have again
been submerged since Permian time,

Triassic or Jurassic Rocks

' . With the possible exception of a few unimportant form.ations
of doubtful age which outcrop along the Cimarron River in the
extreme northwestern part of Cimarron County, there are no rocks
of either Triassic or Jurassic age in the State, which indicates that
all of Oklahoma was a land area through those periods.

Cretaceous Rocks

During the Cretaceous period, that part of Oklahoma whick
lies south of the Arbuckle and Quachita Mountains, all of eastern
Texas, and southern Arkansas was submerged and a number of
different formations were deposited. ‘

The oldest Cretaceous formation in Oklahoma is known as the
Trinity sandstone, which is composed largely of coarse sand and
clay. The Trinity, which is from 400 to 600 feet thick, was prob-
ably deposited along the margin of a sea which at one time mark-
ed the southern base of the Arbuckle Mountains, This formation,
as exposed on the surface, extends from near Ardmore to the Ax-
kansas line and dips south passing beneath the next younger for-
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mations. After the deposition of the Trinity the water deepened
and a limestone formation was deposited. It is ahout twenty-five
feet thick, usually white in color and is known as the Goodland
limestone. After the deposition of this limestone thiere was a
shallowing of the sea and a series of mud and calcareous shell rock
‘was deposited to a depth of thirty to fifly feet.

The sea again deepened and the Caddo limestone was deposit-
ed. This formation is about 150 feet thick and consists of clay,
calcareous marls and white or yellow limestones. There was another
shallowing of the sea and a series of clays and sand, with thin beds
of limestone were laid down. This formation is known as the
Bokchito and is about 150 feet thick, The sea again decpened and
the Bennington limestone 80 to 100 feet thick was laid down. The
Cretaceous limestone is fairly good for building, althoupgh in some
cases it is rather soft,

Above the upper limestone members there was laid down a
deposit of sand and clay. This sandstone is known as the Silo
sandstone. Tt is usually black or dark hrown in color and has been
used for building stone. ,

At the time that southeastern Oklahoma was covercd by a
Cretaceous sea, there seems to have been an embayment of an-
other sea extending from Kansas and Colorado souil across the
western part of the State. In a number of the westerne counties
there are deposits of shell rock containing fossils of (yeraceous
age lying on the unevenly-eroded surface of the Redbeds. These
were probably laid down at about the same time as the Goodland
or Caddo limestone of southern Oklahoma. There is 1o means of
determining just how far this sea extended hut - deposits huve been
found in Woods, Harper, Woodward, Dewey, Custer, Roger Mills
and Washita counties.

In the extreme northwestern part of Oklahoma alony the val-
ley of the Cimarron River there are rocks of Cretaceous age also.
These consist largely of sandstone and shales, the upper members
being the Dakota sandstone of the same age as the Silo. ‘I'his for-
mation is found very abundantly in Kansas, Nebraska, and other
states in the northern part of the Great Plains,

Tertiary Rocks

During late Cretaceous times Oklahoma stood out of the water
and so far as we are able to learn it has remained a part of the un-
submerged continent ever since, During Tertiary times, liowever,
the Rocky Mountains, which were then much higher than at the -
present time, were being eroded and washed away, and the ma-
terial derived from tliem, consisting of sand, clay and gravel, was
carried by streams and spread out on the western part of what
is now the Great Plains. Much of western Dakota, Nehraska,
Kansas and Oklahoma, northern Texas and eastern New Mexico,
Celorado, Wyoming and Montana contain deposits of Tertiary age
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derived from the waste of the Rocky Mountains. ;In O!clahoma
Tertiary deposits occur in the three western counties, Cimarron,
Texas, and Beaver, and in a number of pther counties in the west-
ern part of the State. There is very little building stone of any

importance on the High Plains.
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CHAPTER 111

QUALIFICATIONS OF STONE
By Chas, N, Gould

In the selection of a stone for building purposes, four general
qualifications should be considered: first, cost; second, inherent
quality of the stone; third, color; and fourth, possibilitics of decay.

Cost
- The cost of the stone depends upon a number of conditions,
of which the most important are the ease or difficulty with which
the stone may be quarried, and the distance whicl 1t must be
transported.

Other things being equal, sandstone and limestone, which are
regularly bedded, and break with an even fracture, are easily
quarried. Granite, which is an extremely hard stone, not hed-
ded, and which breaks with an uneven fracture, is iffjcult to
quarry, and for that reason is expensive. The general ¢haracter-
istics of the various building stones found in Oklahoma will he dis-
cussed at length later in this report.

The matter of transportation is always vital. Stone is both
heavy and bulky, and in case the material has to be carried for
any considerable distance, freight rates are usually prohibitive,
In case there are no quarries near at land containing suitable
Stone, municipal, county and state authorities are often obliged to
transport stone for long distances. As a typical example of this
fact may be cited the case of Oklahoma County, which a few years
ago sent approximately $100,000.00 to Bedford, Indiana, to pay
for stone used in the construction of the court house, ‘I'he price
paid for this stone was approximately 90 cents per cubic foot.
There is scarcely a building of any size in the State that does not
contain stone from the Bedford quarries. or from Carthape, Mis-
souri, Other stone comes from Silverdale, Kansas, or from IToney
Grove, Texas. These instances seem to indicate that the high cost
of transportation is not always effective in preventing the use of
stone.

In additon to the expense of quarrying and the cost of trans-
portation, there must also be taken into consideration, the ques-
tion of dressing the stone, Granite and gabbro, which e very
hard and tenacious rocks, are worked with difficulty, while line-
stone, marble and sandstone are usually more easily dressed. [ior
this reason a granite building will cost much more than one con-
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structed of marble, limestone or sandstone. There are but few
buildings in Oklahoma constructed entirely of granite, the most
conspicuous examples being the old CIlJ;l{&SgW_Cap{tol and the
bank building at Tishomingo. Many public buildings in the Stqte,
such as banks, school houses and court houses, have columns, sills
and capstones of granite, and in a few cases doors, walls and cer-
tain interior decorations have been made of this stone, but in gen-
eral a relatively small amount of granite has heen used. There are
in. the State hundreds of buildings constructed of, either sandstone
or limestone,. This fact of itself, would indicate that the cost of
Seranite ranctrnction js preater than that of other stone.

Inherent Qualities of Stone,

"All stone possesses certain inherent qualities which render it
desirable or undesirable for certain uses, Of these inherent quali-
ties the one most universally in demand in building stone is known
as durability, This may Dbe defined as the capacity which a stone
‘possesses to withstand the forces tending to mar or destroy. it.
The durability of stone depends largely upon four general qualities :
first, mineralogical composition ; second, hardness; third, strength;
and fourth, texture. ]

Mineralogical Composition: All rocks are composed of cer-
tain definite chemical substances known as minerals, These min-
erals are often found in the form of crystals: for instance, quartz
is a very hard mineral having usually a definite crystal shape; cal-
cite is a mineral which resembles quartz superficially, but is very
much softer and has a different crystal form. Quartz is not easily
acted upon by water, but the crystals may be broken by. pressure
to form sand grains, and these sand grains, when cemented to-
gether, form sandstone, Calcite, on the other hand, is readgly act-
ed upon by water containing certain acids, and is thus readily dis-
solved. It may be redeposited under certain conditions to form
limestone, : '

In discussing the mineralogical composition of rocks two chief
classes, igneous and sedimentary rocks, will be considered. Igneous
rocks are those which have beén formed within the earth and are
composed usually of certain definite minerals in their original crys-
tal form. Some typical igneous rocks are granite, basalt, gabbro,
porphyry and diorite. Sedimentary rocks are those which have
been deposited as sediments, usuvally in some prehistoric ocean, and
may be divided into three general classes, limestone, sandstpl}e. and
clay.. Of each of these there are many divisions and sub-divisions.

- Among the chief igneous rocks which may be used for build-
ing stone in Oklahoma are granite, gabbro, diorite and porphyry.
Of these, granite and gabbro are the most readily accessible.

- Granite is a composite rock made up of crystals of three dif-
ferent minerals: quartz, feldspar and either hornblende or mica.
These minerals usually Igive to the rock a speckled or mottled ap-
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pearance, the color of the rock depending upon the color of the
minerals composing it. A great part of the granite in Oklahoma is
reddish or mottled in color. In the Wichita Mountains, which are
composed almost entirely of granite, the prevailing color of the
rocks is dark red, although gray and pink granites are found. In
the Tishomingo region, in the south central part of the State, the
granite is composed principally of rather large crystals of quartz
and feldspar. The prevailing color there is a reddish-pray or pink,

In the disintegration of granite, feldspar is broken more rapid-
ly than quartz. In fact, quartz is acted upon by water so very
slowly, that it may be said never to disintegrate. Weldspar, how-
ever, breaks up by the long-continued action of water containing
certain acids, and the residue goes to form clay. The disintegra-
tion of granite is an extremely slow process, so that [or practical
purposes it may be said that granite is indestructible. A pranite
building will stand for ages and scarcely show the effect of the ac-
tion of the elements.

Gabbro is acted upon by water somewhat more rapidly than

granite, but for all practical purposes it may also be said to he in-

destructible, While, so far as known, there are no accnrate data
on the subject, the statement may be made that gabbro will last
for many centuries without the action of water being apparent.

Generally speaking, the sedimentary rocks are much less dur-
able than the igneous rocks, This is largely due to the [ict that
the igneous rocks still contain their original crystal composition,
while in the sedimentaries the crystals have been broken up and
the constituent parts are held together by some form ol cement,

The sedimentary rocks of Oklahoma consist largely of clay,
sandstone and limestone . Clay is composed of extremely fine par-
ticles of decomposed rock material, chiefly silica, or hroken up
quartz grains, and alumina, which is derived originally from feld-
spar and other igneous rocks. Under certain conditions of strutifi-
cation, clay is known as shale. The chief distinction helywcen the
two kinds of rocks is that shale is composed of layers, or in other
words is distinctly stratified, so that it may be readily split, while
clay is typically a homogeneous, unstratifjed mass of soft roclk, I'he
chemical composition of clay and shale is the same and the two
may be used indiscriminately in the manufacture of 'ortland
cement and of most clay products.

Sandstone is composed typically of grains of quartz which
have been broken up and ground smooth by the action of water,
held together by some form of cement. The important factor of a
sandstone is not the character of the grains, but the character of
the cement. The most important of the cementing materinls are
silica, calcium carbonate or lime, and iron oxide. Of these, silica
is perhaps the most important. That is to 8ay, a sandstone cciment-
ed with silica is harder, more durable, and therefore more vidluable
than a stone cemented with either of the other materials. Caleinm
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carbonate, or lime, may, or may not be a valuable cementing ma-
terial,  Under certain conditions it forms a good cement, holds the
sand grains in close union, and makes a valuable stone. Ur}der
other conditions, however, it is easily acted upon by certain acidu-
lated waters and is less valuable. A sandstone cemented with iron
is usually less valuable than the others, because of the fact that
iron oxide is red in color and likely to stain the building, the red
color being: considered objectionable.

Limestone is composed of calcium carbonate or calcite, The
greater part of the limestone contains fossils, usually shells or
- bones of prehistoric animals that lived at the time the hmes_tone
was deposited. It is believed that the greater part of the lime-
stone of the world was originally made up largely of fossil shells.

In many cases, the fossils have been entirely obliterated since the

rocks have formed, so that no trace of them remains, On the othqr
hand, there are certain limestones which consist entirely of fossil
shells, loosely cemented together,

There are a great many varieties of both sandstone and lime- .

stone. Coarse sandstone composed of quartz grains or grains of
granite, is known as arkose. A rock composed of rounded peb-
‘bles, which may, or may not be quartz, is known as conglomerate
or pudding stone. If the pebbles are angular, that is, if they have
never been ground smooth, the rock is called breccia. A very fine
grained sandstone, used for razor hones, is known as novaculite,

Of the limestones there are also many varieties. Some are
named from the character of the fossil composing them., Crinoidal
limestone is composed of crinoids, coral limestone of corals, and
shell limestone of shells, Oolite is a limestone composed of small
concretions or spherules, usually not larger than a pin head. Traver-
tine is a form of limestone usually deposited by streams that carry
large amounts of calcium carbonate in the water,

There are-all sorts of gradations between the various kinds of
sedimentary rocks, for instance, shaly limestone, or'sandstone,
sandy shale or calcareous sandstone. Practically all of the varieties
of limestone and sandstone mentioned above as well as many
others, are found in various parts of Oklahoma,

Hardness: The hardness of a rock is the resultant of a num-
ber of factors, of which the most important are the hardness of the
minerals composing it, the character of the cementing material,
and the size of the component parts. A rock may consist wholly of
quartz grains, the hardest of common minerals, and yet, on account
of the small amount of cementing material, it may be so soft as
to crumble hetween the fingers. A good example of a rock of this

kind is the glass sand found in the Simpson formation in the Ar-.

buckle Mountains of Oklahoma, This rock is composed of almost
pure silica, but under 3 sharp blow of a hammer a piece of the
stone breaks down into a pile of white sand grains. Such a stone
is known as saccharoidal sandstone. Other parts of the same
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ledge are cemented with silica, and the rock is so hard that it can
scarcely be broken with a hammer. The difference in hardness is
due entirely to the abundance and character of the cementing
material.

The hardest rocks in Oklahoma are the granites an gabbros,

~ which, as stated above, are igneous rocks. The softest rocks, found

in many localities, are the clays and shales. Between these two
extremes lie the sandstones and limestones. Some sundstone 18
extremely hard, and some very soft, and so with limestone, Cer-
tain ledges are so hard that the rock is difficult to work, while
other ledges are so soft that the stone is not suitable jor huilding
purposes. '

Strength: Strength is a very important consideration in the
selection of a stone. By strength, we mean the capacity which a
stone has to withstand stress or pressure applied at (he surface,
Many conditions enter into the nature of the strengch of a stone,
the chief of which are the mineralogical composition, the amount
and character of the cementing material, the size of the grains, and
the presence or absence of cleavage or bedding planes. I'lie aver
age strength of igneous rocks js greater than that of sedimentary
rocks. A rock saturated with water is not s strong as one that is
dry. If a rock has been shattered by blasting or by any other
cause, the strength will he impared.

Texture: In selecting a building stone, texture ig an import-
ant factor, not only in the matter of durability, but also with regard
to color and general appearance. Uniformity in size, color and the
matter of the composition of the constituent parts shonld be care-
fully noted. Many rocks, particularly limestone and sandstone,
are not uniform throughout, but contain various-colored impurities,
such as pyrite, marcasite and grains of quartz or calcite, of unusual
size or color. All rocks also contain pore spaces, or openings which
admit the air and water., In many cases lines of lamination or hed-
ding planes are prominent, which will, within a few years, wear
into conspicuous deformities in the stone. The soft constituents
will decompose first, leaving noticeable depressions in the surface
of the rock. TIn certain limestones in Oklahoma there are con-

~ cretions of flint. It so happens that limestone weathers rapidly,
" while flint disintegrates very slowly if at all, so that in » building

constructed of this material the surface of the limestone will wear
away leaving the concretions of flint projecting.

All of these irregularities should be avoided. Only a stone
which is uniform in texture should be used for building purposes.
Both the durability and beauty of the building depends upon the
uniformity of the fexture.

Color

From an artistic standpoint, no prop'erty of stone is nore jm-
portant than color, and one of the great difficulties in constructing
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handsome buildings is to obtain stone which is perfectly uniform
“in color. Stone varies widely in shade and tint, even in the same
quarry, Iron is the great coloring matter of the.rocks, the greater
part of the blacks, browns, reds and yellows and intermediate tints,
being due to the presence of certain compounds of iron. In general,
a stone which contains little or no iron will be white but a very
small percentage of the mineral will color the rock, and in case it
is unevenly distributed throughout the stone the color effect is bad.
In many cases, the color of a rock, when freshly quarried, may be
- almost perfectly white, but after a few months exposure the color
may change to a cream color, buff, or light brown, or the stone may
be mottled or streaked with irregular patches. This is due largely
to oxidation of the iron. '

Color, rather than. strength and durability, is often the most
important factor in determining whether or not a stone shall be
.used for a particular building. Generally speaking, white or brown
stone, either limestone, marble or sandstone of a uniform color is
desirable. Some years ago brown stone was in great demand, At
the present time white or light-colored stone has the preference.
-No one can tell, however, how soon the fashion will change again
and red or brown stone will become the prevailing color.,

Other things being equal, it is perhaps not good policy to con-
struct a building of white limestone or marble-in the business por-
tion of a large city, for the reason that a building of this kind soon
loses its eriginal color and becomes gray and dingy from the smoke
and dirt that fill the air. Suburban residences and those in rural
districts are less readily affected by smoke and dust, Generally
speaking, the chief things to be considered in selecting stone for
a building in a large city, are strength and durability rather than
color,

The various building stones of Oklahoma are variously color- .

ed. Tor instance, the sandstone of the western part of Oklahoma
is a deep brick-red as may be seen in many business blocks in cities
in #he western counties. The sandstone of eastern Oklahoma is
gray or light brown. The northern Oklahoma limestone such as
is used in buildings in Newkirk, is a light gray or cream color. The

stone from the newly-opened quarry at Bromide is nearly pure

white, while the marble from Marble City is white or light gray.
The granite from the Wichita Mountains is mostly red or black,
and that from the Arbuckle Mountains is chiefly pink or light gray,

Possibilities of Decay

It is a matter of very great importance in the selection of stone,
particularly for outside work, that the climatic conditions be kept
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small amount of moistqre. In order for a stone to withstand alter-
nate freezing and thawing in a moist climate, like ours, it muyst be
-of the most durable kind. A classic example of the decay of stone

+ due to the effect of climatic change is that of the grauite obelisk,

‘known as Cleopatra’s needle, now standing in Central Park, New
ork City. This monument had remained in Egypt Irom the time
of the RO{nans until it was removed to New York in 1483, Since
that time it has been disintegrating so rapidly that the greater part
of the hieroglyphics engraved upon it have heen almosfobliterated.
In order‘ to preserve the stone it has been found necessary to cover
the obelisk with a breparation of paraffin and creosote,
_ 'Therc? are a number of factors which must always he considered
In discussing the forces tending to bring about the decay of stone
but only the most important need be considered here, nainely, tem:
perature changes, abrasion, growing organisms and water. These
will be discussed very briefly,

Temperafcure' Changes: A stone may be injured by changing
temperature In either one of two ways.  Ilirst, by the expansion
and_contraction of the rock itself induced by the heating of the
Dbarticles, .and second, by expansion and contraction due (¢ [reezing
and thawing of the Wwater contained in the pores of the rock.

eat expands and cold contracts. 1t is well known that, par-

“ticularly in dry climates, a stone may be heated during the day time

to a temperature of more than 100 degrees Fahrenheit while at
night the temperature may be below freezing, or in the w’inl,cr'time
many degrees below zero. This change of temperature is sufficient
to expand and contract the different particles of which the rock is
composed. While the actual amount that any particular ci‘ystal
will expand or contract is extremely small, the aggregale is con-
sidetable, and, although the amount is so small that jt can scarcely
be measured, it readily becomes effective when distribute through-
out rock masses, Experiments have shown that the acfual ciq)rin-
sion in different kinds of stone is approximately as follows :

Granite .000004825 in. per foot for each de ree |
Marble 000005668 in. per foot for each degree I7,
Sandstone, 000009332 in. per foot for each degree F,

The annual range of temperature in Many localities is as much
as 150 degrees F. and it is readily computed that, according to the
amount of expansion produced in granite, thig range would make a
difference of a little more than one inch jp 4 block of granite 100
feet in length, l ‘

Another point must be taken into consideration, namely, that
most rocks ar¢e composite in their nature. That i, they are made
up of a number of different kinds of minerals. Granite for instance
1s composed of quartz, feldspar, and either mica or hornb]endé’
Now it so happens that the co-efficient of expansion of these three
minerals is different, In other words one will expand more thyp
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another, at the same temperature . So it happens that whgn_ a piece’
of granite is heated all the parts do_not expand alike. This has a
tendency to break up the rock mass into its constituent crystals.
Not only are rocks broken by the alternate heating and cooling
" of the rock masses themselves, but water greatly aids in this work.
Water is almost universally present in the rocks. Even the most
dense of the shales or granites contain very minute pores through
which the water percolates. Many rocks also contain joints and
© crevices varying in thickness from a very small fraction of an inch

to several inches, through which the water enters. Now it is well

known that water expands on freezing so it will be readily under-

- stood that if a rock contains water, either in pores or in crevices,
and this water freezes, it will exert a double influence on the rock,
and if the freezing and thawing be repeated often enough will even-
‘tually fracture it. There is little doubt that this class of expansion
and contraction is in most cases much more effective in rock disin-
tegration, than that produced by heat alone, without the aid of
water.

rock disintegration. It is accomplished mainly by wind and water
taken together with other agents of abrasion. While it is true that
" neither wind or water taken alone have any great abrasive effect
on the rock, it must be remembered that both wind and water when
moving rapidly carry tools, usually sand and small pebbles. A
stream of water flowing down a hill soon picks up small particles
of rock, which are carried along, and these particles aid the stream
in cutting away a bank. So the winds as they cross the land, pick
. up the sand grains and small pebbles, and hurl them with consider-
able force against objects with which they come in contact. In a
-number of places in Oklahoma glass in windows on the south side
of houses along the north bank of streams have been etched by the
sand. Monuments in many of our cemeteries, particularly those
constructed of marble, are already beginning to show the effect of
the wind-blown sand. In many cases the lettering has already be-
.come indistinct, and the polish has been dulled.

Growing Organisms: A factor of considerable importance in:
rock disintegration is found in small organisms which are often -

found attached to rocks. Of these lichens, algae and mosses are

particularly important. These low forms of plant life have the"
ability to exist by clinging to the surface and taking up the mois--

ture. This softens the rock, making it an easy prey to other agents
of erosion. In soft limestone or shales the tiny rootlets often pene-

trate the rock mass itself. The organic acids given off by decaying :

plants aid in the decomposition of the rock.

Water: Perfectly pure water has very' little .chemical effect

on rocks, but water is rarely very pure, It usually contains diluted
solutions of various acids.” Even rain water as it falls from the
clouds absorbs certain gases, chiefly carbon dioxide and sulphurous
acid, in passing through the air,

- dissolves considerable quantities of min

Abrasion: Mechanical abrasion is a’ very important factor in
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As the water carrying acids percolates through the rocks it

¢ s | eral matter, and that aids
in the ]dxsslolutlon of the'rocks. In some cases rocks are acted upon
vegy slow y by percolating water, while other rocks like limestone
and calcareous shales are worn away comparatively rapidly.



CHAPTER 1V

GRANITE OF OKLAHOMA

By Chas, H, Taylor

Introduction

It is not the intention to present in this chapter an exhaustive
discussion of the geologic and petrographic relations of the igne-

ks of Oklahoma. , o
o r(());I{;cz)l small area in the western part of the Wichita Moun-

tains has been studied in detail, therefore the ljelations of the dif-
ferent rocks in this area to those of the remainder of the moun-

‘tains cannot be stated with certainty. The writer is preparing a

more detailed report of the igneous rocks of the Wichita Moun-
ins, whi ill be published soon.
tamsAI}IVhtlglc}'V:rlgcll)esprelating to the igneous rocks of Oklahorﬁa
have been freely drawn upon. Professional paper No. 31d of the
U, S. Geological Survey has been especially useful in the e’scrxp:
tion of the areas not visited by the writer. G. W, Knelsleyj un
published manuscript has also been freely consulted. Credit is
given in the text wherever it is due,

General Discussions of Granite

For convenience in discussion, we will consider under this hebad
several varieties of igneousfrocks 1)opLL11tar1y knoxi»;n as granite, but
ing to scientific classification not true granite. .
accog)d:f]i%ition: In the popular sense a granite is any igneous
rock with granular texture, i. e., one which is made up of ml.nleri.%ls,
the individuals of which can be made out with the eye or with .f_e
aid of a hand lens. According to generally accepted sc1en]t} Ifc
classifications a granite is a granular igneous rock composed chief-
ly of orthoclase feldspar and quartz, with hornblende or mlca.t,_1 or
with both hornblende and mica. There are also often present other
minerals, generally of minor importance in classifying gramltes,
but, as we shall see later, some of these may be of importance when
the granite is considered from an economic standpoint. 4

Mineral Composition: The feldspars are by far the most abulr:l -
ant group of minerals found in the igneous rocks in Oklahoma. For

convenience the group is separated into two divisions known as the-

orthoclase feldspars, and the plagioclase feldspars. The orthoclase
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feldspars are orthoclase and microcline; hoth are potassium  sili-
cates, but differ somewhat in physical properties. The nlagioclase
feldspars are aluminjum silicates with sodium or calcimm or hoth,
Beginning with those containing most sodium and ending with
those containing most calcium they are, albite, oligocluse, andesite,
laboradorite, hytownite and anorthite. The orthoclase feldspars are
found in relatively short thick crystals having two good cleavages
at right angles to each other, The cleavage faces may be recogniz-
ed even in a rather fine-grained rock by the plane, shimy surfaces

- presented.  They are as hard as ordinary steel, have « specific

gravity of ahout 2.60, are usually gray or pink, often white, and -
rarely blue. T'he plagioclase feldspars are often striated, that is,
traversed by fine lines or grooves, and are white to durk Dbluish
gray in color,

Quartz, silicon dioxide, is the second most abundant mineral
in igneous rocks. It appears in irregular or rounded grams, filling
the spaces between the feldspars, and has no cleavage, bt has a dis-
tinct conchoidal fracture, that is, breaks like glass with concave or
convex surfaces. Quartz has a hardness greater than rood steel
or glass, a specific gravity of 2,63, and is usually colorless or gray,
rarely pink or blue. _

* The hornblendes, a group of complex silicates, include several
varieties which usually can not be distinguished from cuch other
without the polarizing microscope, when in igneous rocks, They
occur in prismatic crystals or irregular grains, The crystals are
usually rather thick, hut may be long and slender. e horn-
blendes have two good cleavages making angles of 124 degrees and
56 degrees to each other, they are a little harder than steel, and
brittle, have a specific gravity of about 3.25, and are black, greenish
black, or green. _

Mica, which is perhaps next in abundance in the igncous rocks
of Oklahoma, is a complex aluminum silicate with magnesinm or
potassium, and more or less iron, lithium, fluorine and hydragen. In
igneous rocks we usually recognize only two varieties, All dark
colored micas are called hiotite and all light colored ones are called
muscovite, The dark color is usually due to the presence of iron,
The micas are found in flakes or tabular masses, which have g3 per-
fect cleavage. Thin elastic flakes may he easily split off. Mica can
be scratched with a knife, has a specific gravity of 2.80 to 3.00 and
ranges in color from white in muscovite to black in biotite, with
intermediate shades of hrown and green,

The pyroxenes are another group of complex silicates found in
igneous rocks. They are much like the hornblendes except that the
two good cleavages make angles of nearly 90 degrees to euch other,
Unless this cleavage can be observed they cannot be distinguished
from the hornblendes, except under the polarizing microscope,  {t
is now customary to designate different varieties of granite by the
minerals of the last named groups, whicli are present; for instince,
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a 'gr‘anula'r ro‘ckv,containing orthoclase' feldspa:r, quartz and biotite
would be called a biotite granite. If it contam‘ed' both hqrnblende
and biotite it would be called a hornblende-biotite granite. The
granite at Cold Springs is a hornblende:-blotlte granite. The one
quarried at Tishomingo is a biotite granite. o

Besides the foregoing minerals, which are usually chief in a.H
common igneous rocks, we find a number of rr.m?erals generally
classed as accessory to igneous rocks. Of the original minerals of
igneous rocks which may he classeq as accessory we should notice
pyrite, magnetite and hematite, Pyrite is a brass-yellow, hard, brit-
tle mineral, with high specific gravity. It is usually found in round
or irregular grains in the igneous rocks of Oklahom.a.' Magnetite
is found in rounded and irregular grains, has a specific gravity of
5.18, is nearly as hard a# steel, brittle, and iron black in color.
Hematite, as found in Oklahoma rocks, is always in very fine red
or brown dust included in other minerals, usually the feldspars.

Chemical Composition: Very few analyses of igneous rocks
from Oklahoma have been made. For this reason the chemical
composition of igneous rocks will not be dwelt upon, except to state,
that the chemical composition generally runs much t}le same for
rocks of the same mineral composition and any properties governed
by chemical composition will usually be suggested by the mineral
composition. '

Texture: Texture relates to the size, form and arrangement
of the mineral grains or crystals. It is one of the most important
factors to consider in selecting building or ornamental stone, for the
strength, durability, and beauty of the stone are largely dependent
on the texture. Equi-granular rocks are those in which the'm¥neral
grains are of equal size. If some mineral grains are distinctly
larger than all the rest the rock is said to be porphyritic. The
larger crystals or grains are called the phenocryst§ and thp re-
mainder is called the groundmass. The grain, that is, the size of
the mineral grains, is a very important factor in the texture of
building stope. It.is customary to consider‘.:} rock coarse-grained
if the average diameter of the mineral grains is above 1 centimeter
or 040 inch. In medium-grained rocks the average diameter of
the minerals ranges from 0.50 centimeter to 1 centimeter, or (.20 to
0.40 inch. If the mineral grains are less than 0.50 centimeter or 0.20

inch the rock is called fine-grained. These terms will be used in.

“this sense in this paper. Often long, slender crystals pf fe[dspar
penetrate other minerals, somewhat resembling nails driven into a
board. Such texture is called ophitic. Many of the dark-colored,
fine-grained rocks have an ophitic texture.

Physical Properties: The mineral composition and the tex-
ture of the rock are the largest factors in determining the physical

properties. The importance of some of the physical properties will

be noted, but not enough data. has.been. secured -to discuss all of

these with reference to Oklahoma granite. The physical properties
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which should be noted are: porosity, expansion, elasticity, cohesion,
flexibility, weight, hardness and color,
he porosity is the space between the minerals, (occupied by

_ water or air) computed in percentage of the whole volume of the

rock. The porosity of granites is always small, seldom attaining

0.8 per cent.

Minerals in rocks expand when the temperature is raised and

‘contract when the temperature is lowered. ‘This change in volume
. is not enough in the rock to be a detriment to a building as a whole,

but in regions of sudden changes in temperature the differential

~changes in volume disintegrate the rocks, as explained under

weathering,

Cohesion is the resistance to fracture or crushing, A measure
of the cohesion is usually termed the crushing strength. The crush-
ing strength of granites, the rock being supported beneath its en-
tire base, ranges from about 10,000 to 44,000 pounds per square inch.

" Even the lower figure just given, is far in excess of that re-
quired by any building yet constructed. OFf far more importance is
what may be termed the transverse crushing strength. “This is the
pressure a rock will sustain in the middle wlhen supported at the
ends. No experiments have yet been made in this line on ()kla-
homa granites ,though they might be used as a valuable criterion for
judging the value of g stone,

Flexibility is the resistance to fracture under displacement of

Jform. A quick hard blow will break a piece of quartz more readily
© than a piece of feldspar, that is, the quartz is more brittle than the
“feldspar., Mica is still less brittle. The hrittleness of a stone is
“largely determined by the texture and the kind of minerals com-

posing it. Some rocks with slender, interlocking crystals are much
more flexible than those without this texture. Some of the uray
granites of the western part of the Wichita Mountains hive an
ophitic texture and this aids in making them tongh or flexihloe. The

‘red coarse-grained granite from Granite is one of the most hrittle

rocks found in the State, chiefly because the mineral grains are
equi-dimensional and therefore cannot interlock. The abundance
of quartz would also make this granite brittle,

The hardness of a rock will be determined by the hardness of
the constituent minerals. Any of the granites of Oklahoma are
hard enough for building stone or ordinary road material. I°resh
granite when used as road material, will brealk up into small frap-
ments, because of its brittleness, rather than wear out. .

The weight of a stone s usually compared with the weight of
an equal volume of water and the ratio is termed the specific
gravity. Granites range from 2.60 1o 2.77 in specific gravity, which
means that granite is 2.60 to 2.77 times as heavy as pure water. It
is an easy matter to determine, approximately, the specific gravity
of a stone. Weigh any small piece, then suspend it in water qi
weigh it again. The difference will be the loss. Divide the oripginal
or weight in air by this loss, the quotient is the specific gravity, If
the weight per cubic foot is desired, multiply the specific gravity
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-t ight of a cubic foot of the stone. The weight of a stone is
| itl;?)g‘;g%ltlttg know in estima_ting shipping weight and st7rengt11_f(_)f

- structures,. Oklahoma granites range from 2.6_)3 to 2._7 specific
. gravity, A few varieties of rock, not true granites, have a higher
...specific gravity.. 1 y ;

i ~colors in granite are light to dark gray, pinks and
Vlarioizrgl]?aodne's of red. éo far no gr_anites in the llgh_ter. shades of
<. gray have been found in quantity, in Oklahoma. Medu'lm grays,
. dark grays, pinks and several varieties of red are plentiful. The
“color is important-and often significant of the lasting properties of
>a granite, The color of the feldspar often determines the color of
~‘the granite. ~ Biotite, hornblende and magnetite uSL_1al,1’y.are re-
-sponsible for the dark shades. The “Black Granite at Cold
. Springs is. dark colored because of the presence of the last named.
“‘minerals. ~The granite of Granite City is red because of the pres--
“ence of finely divided red hematite in the feldspar. The'brllllant.
. red granite from Mountain Park gets its color from'the rec_i hema-.
tite.in spaces between the crystals and in the cracks in the ¢rystals. |
.Since some of these minerals, which determine th_e color of_a stone:
“alter readily under the influence of the weathering agencies, one:
‘can often predict the change that will take place when the rock is.
-exposed to the atmosphere,

Varieties of Granite: Since the texture and mineral composi-

‘tion are the chief factors in determining the qualities of a rock
these two characteristics form a convenient basis of classification of’
rocks. Since according to common usage all the granite:s contain’
‘quartz and feldspar a descriptive classification of granites need
contain the names of only the non-essential minerals, If g granite-
contains mica, hornblende, or pyroxene it may be called a mica,
.hornblende or pyroxene granite, or any combinatio_n of the above:
terms.  If we care to specify farther the kind of mlca,'ho'rnblen.de
Or pyroxene we may introduce the varietal name e. g., biotite-augite:
granite. If we wish also to state the texture in the name, we may
say it is an even-grfained, biotite-hornblende granite. The size of
grain as explained above should also be stated. Thus the Cold’
Springs granite is a fine-grained, biotite.-h.ornblende granite, .T_he'
Tishomingo granite is a slightly porphyritic, coarse-grained, bxptlte:
granite, _

As all of the igneous rocks found in Oklahoma are not true
granite it is thought best to introduce at this point a brief defmltxpn
of those of this class, which we need to note in studying the granite
of: the state. Of these the chief varieties are diorite, gabbro and
rhyolite, ,

A diorite is a granular igneous rock, composed of plagioclase

feldspar, hornblende and often some mica. If some quartz is pres-

ent it is then known as a quartz diorite. If the feldspar is aboqt
half plagioclase and half orthoclase it is'a monzonite, A gabbro is
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laboradorite) and pyroxene or mica. If the rock is almost entirely
of feldspar it is known as anorthosite. A rhyolite is a rock having
the same minerals present as granite, but it is very fine prained or
some of it may be glass. Rhyolites are often porphyritic,

Structure; Structure relates to the large features of 1he rock,
such as joints, rift, and grain. Joints are the fractures or cracks in
the rock, which divide it into blocks, The joints are usnally open
-near the surface, but are closed when a depth of a few Teet is

reached. Joints may be vertical, horizontal, orinclined. There may
be two sets at right angles to each other, or a greater number at
various angles. . If joints are properly spaced so that (he rock
‘comes out into snitable-sized blocks they serve a useinl purpose,

but they may be so spaced as to destroy the rock for huilding pur-

 poses. If no joints are present quarrying is much morc difficult.

Horizontal or slightly inclined joints are often called sheet joints,
Sheet joints often run approximately parallel to the slopes of the
hill. Such is the case at Mountain Park and at some of the hills at
Granite.

Rift and grain are terms often used by quarrymen (o denote
a tendency of the rocks to split in a rather constant direction, They
are generally supposed to he due to a system of nmicroscopic,
parallel] fractures causing foliation, The cracks pass through some
minerals and around others, or pass through ali imliscriminately.
The rift is "sometimes parallel to sheet joints, but often Crosses
them. The grain is at right angles to the rift and is duc¢ to the
same cause, but is not so noticeable.

Quarrymen take advantage of the rift and grain, where it is
developed and are able to operate more ecanomically hecause of
its presence. In some of the quarries in Oklahoma they have been
followed, but in others quarrymen have not observed any difference
in the ease of splitting. Microscopic examinations of & number of
the granites show that there are in many cases, systems of parallel
fractures, but their relations to the direction of jointing has not
been observed. ,

Rock Varieties: It is not an uncommon thing to find tabular
masses of some other variety of rock cutting an area of igneous
rock, These are called dikes, and in Oklahoma are of several
varieties, ranging in thickness from less than an inch to more than
20 feet. The varieties of dike rocks, which have been observed,
are, aplite, pegmatite, norma] granite, diorite and diabase,

The aplite dikes differ from the normal granite in that they are
fine grained and are almost pure Quartz and feldspar, "The pegma-
tite dikes are coarse-grained and often contain large crystals of
quartz or feldspar and also Mmay contain rare minerals, The aplite
and pegmatite dikes are numerous in the vicinity of Colq Springs.
The aplite is usually light gray in color, and medium to fine-prain-
ed. Pegmatite dikes are known at Cold Springs and Lugert, At
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' re is a dike four feet wide of a coarse-grained
lt)l;;;c;rtrg:rcgrlii?ntigg large tourmaline crystals and zircon in abund-
v anceNormal granite dikes are also common espec1'a11ycpea1éthe C(I)lr;_i
tact of the gray granite and the gabbro. At Gramtle ( 1t})1' g p'tllr?oot
dikes of gray granite varying in thickness fron_1 inc . o L oot
"can be seen in the space of a few rods. In this case pl)g 0t
':-'vcarries an abundance of a blue hornblend.e knqwn as liie \(;\(;i hi-.
" ‘The diorite and diabase dikes are the latest intrusions in t }(13 y frcOm
“1a and Arbuckle mountains, and can §carce1'y he dxstmgrtfils e rom
each other except under the polarizing microscope. ese
“are all fine- to medium-grained and dark in color._ 4 dark color
Segregations are knots O masses of a fme—grames, har olor-
ed rock often found inclosed in the normal gx_-amte% : uc blsegd gor
“tions are darker because (_)f the concentration o o;n ex&. e;in
‘magnetite or other dark minerals. There'is no way o prg 1tc disg-‘
“where these will occur. They do not weaken the stone, bu
igure it for building purposes. )
flgurIenl‘ctni(;ions consgis{') ofpfragments of cher roclgs, which mf};( hi}ze
fallen into the molten rock and on cooling were.mcludgd. thl e r:
'segregations, their occurrence cannot be predlc_te:di utt 'deﬁtiial
generally localized. Unless the included rock is almos lbe'ld'
to the inclosing rock, the inclusion would dl'sflgure a }111'1 hmg
stone. In some cases large boulders may be_mcluded, which in
themselves are large enough to pay fgr quarrying. 'Inclus_lons are
known in the western part of the Wmh;ta Mountams. °
Weathering of Rocks: The disintegration of a rock fc?_use
of changes of temperature, freezing and thawing of watfi:'., ;o u 101;(,
oxidation, etc., is known as wea‘thermg. The.r.ate at w llc a I';OC
disintegrates depends on the mm_eral_cc_)mposmon and the texture
of the rock and the climate in wl_nch it is exI_)osed. A m01st1warm
climate favors change by oxidation:or solution. ‘If the yocc}lcon:
tains minerals bearing much iron, such as magnetite, pyrite, 1.elznla
tite, biotite and some of the hornblende, and pyroxenes, it is li (13 y
to change from a gray or greenish:black to a yellow or brown co }?r
on exposure to the weather. This change of cplor is due to the
alteration of the above minerals and the formatlpn of a brown or
yellow iron oxide, which is dissolved out and carried to the surfa};:g.
Pyrite, magnetite and biotite are especially likely to undqrgot};c is
change. It is therefore important to know if a stone contalms ese
minerals in large quantities. The feldspars also often a terlto g
white mica or to kaolin. This will give a gray or lighter co org
shade to the rock. It is therefore impossible to predict what' the
color of the unaltered rock will be unless the mineral composition
is known,
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‘DISTRIBUTION OF GRANITE AND RELATED IGNEOUS
ROCKS IN OKLAHOMA !

Since the igneous rocks of Oklahoma outside of the Arbuck|e

and Wichita mountains have not yet proven of any commercial

-value our attention will he directed to these two areas. The loca-

tion of the granites of tle State is indicated in the map shown
in Fig., 1.

The Granite and Related Rocks of the Wichita Mountains

The Wichita Mountains, which are located in southwestern

'Ol;lahoma, consist of a group of isolated hills,  The rocks are ac-

cording to Taff, older than the earliest sedimentary rocks found in

.the State, and are probably Archean. They consist of pranites of

various types, rhyolite, quartz monzonites, quartz diorites, diorites,

- diabase, gabbro ‘and anorthosite . For a general distribution of

the main types of rocks in the Wichitas, see the geologic map,
Fig. 2,

The several varieties of rocks according to Taff may he sep-
arated into four groups, “distinguished by their large mass or
abundant occurrence and also by their age relations.” “I'hese in
the order of apparent age are gabbro and related anorthosite, gran-
ite and related aplite, granite porphyry and associated rhyolite, and
diabase dike rock.” The Quartz monzonite, quartz diorites and
some of the diorites have heen found, by niore detailed study in the
region around Cold Springs, to grade into granite. The large area
of porphyritic granite (granite~poryphyry) in the eastern part of
the mountains has not been studied in detail, but there are isolat-
ed masses of a porphyritic granite about Headquarters Mountain,
which are older than the main mass of granite. The last group
noted by Taff also includes some diorite.

Gabbro and Related Anorthosite: 2 “Lor the most part the
gabbro is exposed in valleys or in the plain which surrounds the
mountains. Such is its occurrence along Medicine Creck south-
east of Saddle Mountain, in the broad elevated valley between the
Wichita and Quana mountains, and in the plain between the Wichi-
ta and Raggedy mountain groups.  On the southern side of Medi-
cine Creek the gabbro rises in the lower northern slopes of the
Wichita Mountains beneath the granite. ‘I'he position of the gab-
bro with regard to the granite is similar on the southern and west-
ern sides of the Wichita group. On the north and south the gabbro
of the Raggedy Mountains is separated from the granite masses by
the “Red Beds” deposits, but in the plain castward it iy connected
with the gabbro of the Wichita group.

1, For a more general description of the Wichita Mount
is referred to Professional Paper No, 31, U. s, G. S.
2. Op. Cit, Pages 60-61.

ains the readey
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“The gabbro of the Raggedy group makes mountains of con-
siderable size, but their general aspect is different from that of the
mountains formed of the granite. The gabbro disintegrates more
readily, and even the large-size boulders are less angular than
those of granite. The general effect is a roundness of contour and
profile of the hills, and in the valleys or plain the rock is generally
disintegrated. )

“The prevailing physical aspect of the gabbro is thar of a
dark-gray to black, rather coarsely crystalline rock. The pabbro
proper consists of labradorite, augite, and magnetite with a1 lictle
biotite and accessory titanite. [t is a typical gabbro, fairly fresh
or with the augite altered to uralitic hornblende,

“The rocks which on close study have proved to be anorthosite
were collected as phases of the gabbro, and occurred near the con-
tact with the granite or near dikes of granite or aplite. Berween
the anorthosite and the gabbro a continuous gradation can be made
out, even in hand specimens. I'he specimens of anorthosite col-
lected show a reddish, greenish, or bluish-gray rock, with lath-shap-
ed crystals of labradorite.

“Petrographically the relation between the gabbro and anor-
thosite rocks is close, and in the field it is doubtful if lines can he
drawn separating them. In the severa] specimens of anorthosite
examined, labradorite is the only constituent, with the exception
of a mere trace of magnetite. Beginning with a faint trace, the:
augite increases 'in quantity until it is almost cqual in amount (o
the labradorite. With the increase of augite or its alteration pro-
duct, uralitic hornblende, there is a corresponding increase in the
magnetite. The various stages can be readily seen,

Granite and Associated Aplite : ! Granite is the principal moun-
tain-making rock in the Wichita region. Its arca is greater than

~ that of all the other igneous rocks combined, and is about equal 10

that of the others and the older Paleozoic sediments. It malkes all
of the high land of the Wichita, Quana, Devils Canyon, and 1cad-
quarters mountains, and a large part of the Ragpedy group.

“The relations of the granite to the gabbro indicate that the
granite is younger and that it intrudes the gabbro. Both occur in
large masses, as shown, and the gabbro is cut by a great number of
granite or aplite dikes, which in many cases’ can be traced f{rom
the granite mass.

“Inphysical aspect this granite varies from dark red (o light
pink and from moderately coarse to finely granular. A representa-
tive of a large part of the granite mass is found in Mount Scoltt,,
which consists of a rather deep-pink, even-textured, and moderate-
ly fine-grained rock.

“The granite in its various phases is rich in orthoclase and
quartz, with relatively subordinate amounts of the dark silicales,
hornblendes, augite, or biotite. The majority of the specimens

] Loc. Cit, Page 60.
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studied are from dikes cutting the gabbro or very near the contact
of the granite with the gabbro. A specimen from the top of Mount
Scott may be taken as tynical of the granite as a whole, It ig a
medium coarse-textured rock, to which the feldspar gives a domin-
ant red color, which is varied by small spots of a dark greenish
mineral and grains of quartz. The microscope shows that ortho-

“clase and quartz occur in nearly equal amounts and together make

up by far the greater part of the rock. A little hornblende also oc-
curs, and accessory magnetite, apatite, and zircon. Although not
evident in hand specimens, the rock is seen to have a crude porphy-
ritic structure when examined under the microscope. The feldspar
occurs in large phenocrysts, surrounded by quartz and feldspar in
micropegmatitic intergrowths. The dark, turbid character of the
feldspar is to e attributed to finely divided hematite which fills the
crystals as a dust.

“Parts of the large granite masses also show variations in
texture. In the northwestern foothills of Saddle Mountain the
granite has a finer texture and is porphyritic, but is slightly differ-
ent from that occurring commonly in the Carlton Mountains, A
similar phase of the granite occurs in the northwestern hills of the
Headquarters group, at the extreme northwestern end of the Wichi-
ta range.

“Variations of the granite from the average type are found
chiefly near its contact with the gabbro. A particular instance was
noted in the SE. 1-4 sec. 21, T.4 N, R. 14 W., where the vranite
mass rests against the gabbro. Hand specimens show the rock (o
be strongly porphyritic, and it may be called spherulitic granite-
porphyry. A similar contact phase of the granite with gabbro oc-
curs near the center of the south side of sec. 16, T.4 N, R. 1} W.

“In the description of the structure of the Wichita range it was
observed that there are zones of fracturing and jointing in the
granite. In such localities the rock on weathering breaks up into
relatively small, angular bowlders. The prevailing surface fea-
tures of the granite, however, are coarse and rugged, the roclks hav--
ing broken deeply into large angular bowlders between widely set
joints, and then became rounded on long weathering. The slopes
of Mount Scott are typical of the granite surface of large masses.
The lower slopes of the knobs and mountains are strewn with im-
mense bowlders, many of which descend to the borders of the
plain. The large bowlders become well rounded on long surface
exposures, and seme of these in old age are reduced by exfoliation,

“The granites in I, 4 N, R. 17 W, are more basic and hence
darker colored and finer grained than those farther soutl and
west. In the vicinity of Cold Springs and Roosevelt, where they
have been quarried, the dark Rray granite forms the larpe hills,
while intermedidte lowlands are mostly of anorthosite,

“The granite is cut by diorite and aplite dikes, and in the zone
of contact with the anorthosite it includes bowlders of dioriie and
diabase. Under the microscope the gray granite is seen (o e 4
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medium to fine grained, biotite-hornblende granite \{vxth cg&sxgireur;
able magnetite and occasionally some pyrl}e. In pgce;srel rue
granite grades insersil)l,y into quartz-monzonite and rarely

' ical quartz-diorite,’ ‘

* tyI')I‘he zc;]ranites at the west end of the mountains are mutch freexf-
from dikes of all kinds than farther east. There are two yfeess oa1
granite which make up the greater part of thc;1 ex%)dosu an’d 2
medium grained red granite, whlcl} appears to be Ct1 e oTler, and a
coarse grained red granite of a little lighter shade. 1te goarse
grained red granite consists of feldspar 53 per cent, quzrlrrlz Coagse
«cent, magnetite 2 per cent, and hprnblende 1 per cent. he
grained rock weathers more readily than the fme.' »

Granite Porphyry and Associated Aporphyolite: A clta_.ss“of
rocks apparently closely related to the granite compose]s prac 1cathy
all of the Carlton Mountains, the igneous mass lymgN}etweeSn tte
limestone hills in the vicinity of Blue Canyon north of Mount cg) ;
and some hills near the northwest end of the hn}estone areals e(?s of
Rainy Mountain Mission. They vary from brick red toSs hades o
light pink. The porphyritic character is variable. : pec1rzlen?
'may be selected which have a near resemblange to certain .{E)ar so
the granite, but on the whole the masses designated granite- por-
phyry are different from those described as granite. -

“Megascopically the rock appears to be rather C()larse-gral{lne
and largely porphyry. With the exception of the fe c_lsparthpe e;z:
ocrysts, there usually seem to be no r§a1 crystal _gramsA _
mainder of the rock consisting of small’ quartz grains. mxc;-'c;-
scopic examination shows that, with the exception of a ;{erly 1;
tle aftered hornblende, the rock is composed almost fen irely o_
spherulitic aggregates of feldspar and mlf:ropegmatlte,1 often grouli)
ed about small crystals of feldspar, A little quartz also occurs, in
‘grains, '

y “In some instances the feldspars have a faint zonal stru;:tg;e,
but these and a small proportion of the othe;rs, presuma'b!y P a%llo-
clase, are undeterminable on account of their clecomposg.lon._ ; he
greater part of the feldspar is orthoclase. The a.bpvecesclzxpnmr;
applies to the rock of Carlton Mountain, on Medicine Creek, nea
.the western side of sec. 28, T. 3 N, R. 12 W bed. is found
“Another porphyry, distinct from that just described, is lglu?f
in the east end of Carlton Hills, at the east end of Medicine . uff.
It is a dull-pink rock, with phenocrysts of feldspar andlquar z, 1tn
:a dense or finely granular ground mass. T}w feldspar pie]nogrlys s
:are all orthoclase, frequently twined according to the Carls ):f. a\l;v,
and from 3 to 4 millimeters in length. The ground mass, argely
feldspathic, and in part possiblx micropegmatitic, is now fvery mfum
decomposed, and looks not unlike the devitrified ba?e 01 a sgllr a(cle
glassy flow. With the exception of a little doubtful hornblende

1. Op. Cit, Pages 63-64.
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there are no dark silicates to be made out.” The feldspars are all
charged with a fine reddish dust, probably hematite,

“In Blue Creek Canyon, sec. 11, T. 4 N, R. 13 W, a rock is ex-
posed, which was believed to be a phase of the granite-porphyry,
but which on microscopic examination proved to be aporhyolite.
Rocks having similar physical aspects occur in the Carlton Moun-
tain area, about 1 mile north of Signa! Mountain, Specimens of
the same rock also were collected from Fast Wooded !1ills of Ar-
buckle Mountains, Indian Territory.  As in the Arbuckle Moun-
tains, the aporhyolite occurs in close association'with tLe granite-
porphyry, but the contact relations were not made out.

“In hand specimens the Wichita aporhyolite appears to be a
partially decomposed porphyry of a darker hue than the average
Carlton Mountain porphyry. "In thin scctions it is scen to hbe a
fluidal, vesicular, much-altered rock, containing phenocrysts of feld-
spar, a little quartz, possibly secondary, and rarely a very little
plagioclase. The base, which was once glassy, is now completely
devitrified, but still shows in certain bands a perfect perlitic struc-
ture. The vesicles, of which there are many, are now filled with
secondary silica.

“On weathering the porphyry breaks into small bhowlders and
fragments, and the hills composing it have distinetly rounded
forms. At Medicine Bluff, 1 1-2 miles northwest of Iyt Sill, the
granite-porphyry is exposed in a vertical cliff 100 to 400 feet high,
showing rude columnar structure, doubtless due to close parallel and
cross jointing, The distinct, closely placed parallel joints may be
seen at a considerable distance to exten(| nearly vertically from the
top of the bluff to the hed of Medicine Creek. Whether this
structure is common in other parts of the granite-porpliyry of the
Wichita Mountains cannot he determined on account of (he mantle
of weathered surface rock, It is presumed that similar structural
conditions occur, since the characteristic weathering of the por-
phyry into small angular blocks is universal.”

Dikes: The various types of granite and gabbro are cut by
many dikes of diorite, aplite, pegmatite and diabase, The diorite
dikes were intruded first and are younger than the granite of the
western end of the mountains. Intrusion of aplites and pegmatites
followed and last of all there was an intrusion of diabase-diorite
dikes.

The diabase and diorite dikes have been prospected a great
deal for minerals. The dikes range from a few inches 1o 20 feet in
width and are usually nearly vertical or else steeply inclined. The
aplite dikes are more resistant to weathering than the other rocks
and often stand out as ridges. The diorite and diabase dikes are
least resistant and generally are found in valleys or depressions and
€xpose no firm rock. The aplite dike rocks are fine grained light
gray, and are composed of Quartz, orthoclase and oceasionally a
small amount of biotite or hornblende. The diorites and diabuses
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are fine to medium grained, dark to greenish black rocks, com-
posed of plagioclase feldspar, hornblende and biotite with often as
much as 5 per cent of quartz. Opbhitic texture is often well de-
veloped.

The Granite and Related Rocks of the Arbuckle Mountains

The Arbuckle Mountains are located in south-central Okla-
homa. Unlike the Wichitas, the greater part of the rocks in the
Arbuckles are not granites, but consist of sedimentary rocks, chief-
ly limestone, sandstone and shale. Granite occurs in three general
areas in the Arbuckles, where more than 100 square miles of gran-
ite is exposed. This rock is, in gencral, a coarse-grained, pink
granite which has been quarried and used for building purposes.
Two smaller areas located in western Murray County are known
respectively as the East and West Timbered Hills,

The location of the granites of the Arbuckles is shown on the
map, Figure 3.

Igneous rocks are exposed in three areas in the Arbuckle Up-
lift. The largest of these in the eastern portion is composed for
the most part of granite, of a small amount of rocks related to gran-
ite, and of intrusive dike rocks, chiefly diabase. The other two
areas, which are situated near each other in the western part of the
mountains are composed of granite porphyry and aporphyolite,
containing also basic dikes. '

Granite and Associated Igneous Rocks: ! “The granite is a
reddish or pinkish rock, moderately coarse in texture * * * dikes
of basic rock penetrate the granite in many directions * * * the
surface of the granite is nearly flat and is in large measure con-
cealed by materials resulting from its own disintegration.

“The typical granite is in general, a biotite granite, rich in
microcline and poor in ferro-magnesian silicates * * * The feldspars
are principally orthoclase or microcline with plagioclase, albite and
oligoclase almost always associated * * *

“Porphyry and associated basic dikes: The porphyry of the
Arbuckle Mountdins occurs in two areas * * * which rise slightly
above the general level of the Arbuckle table land * * *, These
igneous rocks, of Pre-Cambrian age consist of granite porphyr
and aporhyolite of various shades of pink, red and brown * * ¥
In places the aporhyolite like the granite porphyry is strongly
porphyritic.”

The Igneous Rocks on Spavinaw Creek ?

“There is a small area in the eastern part of Mayes County,
one of the northeastern counties in the State, where granite is ex-
posed. Tt occurs in the form of a dike, on the north side of Spavi-

I~ The following excerpts are taken from Mr. Taff's article in Profes.
sional Paper No. 31, U, S. G. S, Pages 17.20.

“ 2. Dr. C.N. Gould, state Geologist, Oklahoma; unpublished manuscript,
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naw Creek, about six miles above its mouth and a mile below
Spavinaw postoffice. The granite is exposed along thq axis of a
fold for a distance of about a quarter of a mile. The width of the
dike is usually less than 75 feet,

The rock is a porphyritic granite, light-red  in color, compos-
ed of feldspar, quartz, hornblende and magnetite. Chemical analy-
sis shows more than 70 per cent of silica, with more than 20 per
cent of iron and alumina oxides.

' This rock would make a durable and handsome huilding stone.
It is found in sufficient quantity to justify quarrying, if transpor-
tation were available. If a railroad is ever bujlt along Spavinaw
Creek, this rock will probably be developed.”

Detailed Description of Granite at Quarries

Granite City Area: At Granite City in the northwestern part
of the Wichita Mountains, two types of granite have been quarried,
on, a medium-grained and the other a fine-grained red granite. The
medium-grained granite makes up by far the larger part of the
granite hills north and west of Granite City. It has been quarried
at five different points on the south side of Headquarters Mountain
within a mile of the city limits. There are several other places
within a mile o fthe city limits. There are several other places
where good quarries could be opened, _

The following companies are now operating quarries at
Granite: ‘

Ten specimens of the coarse-grained granite studied under the
microscope show that this rock contains on an average 55 per cent
orthoclase, 42 per cent. quartz and 1 per cent. each of hornblende,
biotite and magnetite. The orthoclase consists of short tabular
crystals, .5 to 1 centimeter in average diameter. It is often inter-
grown with quartz. It contains brilliant red hematite in splotches,
broad streaks and in cracks and also evenly disseminated through-
out the crystal. The quartz is in irregularly rounded, clear, glassy
grains from 1 to 5 millimeters in average diameter, Fractures in
the quartz are sometimes filled with red hematite. The hornblende
and biotite are in irregular brown and green masses and are alter-
ing to green chlorite and red hematite. The magnetite occurs in
rounded grains from .05 to 1 millimeter in average diameter. It is
often associated with the biotite and hornblende, but in some cases
it is scattered through the orthoclase. Though special precaution
was used to get fresh specimens, all showed that the orthoclase had
altered considerably to kaolin,

The fresh unaltered granite is pale red color. on fractured sur-
face, but weathers to a lighter shade to a depth of 10 to 15 feet,
Much of this altered rock has been put on the market. It is hard
and brittle, and takes a good polish. Samples tested in the Uni-
versity laboratoy, at Norman, showed a crushing strength of 11,200
to 16,800 pounds per square inch. The specific gravity is about
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<09 I'he hammered face does not present a marked contrast in
color to the polished or fracture face,

At all_of the quarries the granite is cut by vertical and nearly
horizontal joint planes, The strongest system of verticy! joints has
a nearly north-south direction and is strikingly persisten).

) Thfeir influence on topography and drainuge is plainty evident,
These joints are not regularly spaced, but g majortiy ranpe from
4 to 8 feet apart. There is also a system of approxinately east-
west joints, which are persistent, but are spaced somewhat Tarther
apart than the north-south system. In all this area there iy a sys-
tem of inclined or nearly horizontal joint planes, which give rise
to what has been called sheet structure, “Thege planes arc approxi-
mately parallel to the surfaces of the hills. They are spuced from
6 to 10 feet apart, but are not parallel. They converge and diverge,
thus cutting the granite into hroad, flat-lying lenses which vverlap.
Since these join Planes generally dip away from the hills -they aid
greatly the quarrying. In some of the (quarries one or more dikes
of a fine-grained, dark hornblende granite cut the red granite,
These dikes range from one inch to fourteen inches in thickness and
dip northeast at an angle of 25 degrees.
. In practically all of tne quarries segregations of a da rk, green-
ish-gray hasic granite are found. These range from mere specks
up to 2 feet in diameter, Under the microscope they are seen to
be made up of a fine-grained mass of quartz, orthoclase, green horn-
blende and magnetite. It will be noted that they are of (lie same
composition as the normal granite with hornblende greatly increas-
ed. They spoil tle appearance of the granite when present, but do
not cause much waste.

Thg fine-grained granite has heen quarried at only one place,
though it appears in several places in the southwest part of [Tead-
quarters .Mountain. It is much the same composition as the other
red granite, hut consists chiefly of an intergrowth of quartz and
feld.spar, contains about § ber cent. of albite and is muel finer
grained. Because of the finer grain it weathers less readily, takes
4 smoother surface in polishing, is a dark brownish-red on polished
surface and is not so brittle as the other.

_This granite occurs as angular masses included in the medium-
grained red granite. These masses range from a foot to a feyw rods
m diameter, hut they are so fractured it would not be profitable
to attempt to quarry from them,

Mountain Park Area: Granite has been quarried at two places
on the hill about one mile northwest of Mountain Park. Al the
point of the granite area nearest the railroad 2 grayish-pink, fine-
grained granite has been quarried. This rock has not been studied
microscopically, hut with the aid of a hand lens it shows feldspar
quartz, and hornblende. Tt weathers into subangular gray to pink-,
3sh-_gray bowlders. Tt is jointed favorably for quarrying, hut (he
inclined sheet jointing shown farther west does not ye{?'nmnil'csl‘
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 itself. Though the color is not entirely pleasing, this ought to be
a good structural stone.

About one-half mile to the northwest of this point, a quarry
has recently been opened on the Parsons Bros.’ property. The
granite here is a rose-red, medium-grained. rock, containing about
75 per cent, feldspar and 25 per cent. quartz, the quartz grains being
decidedly smaller than the feldspar. The quarry has not yet been
sufficiently workeéd to show how the rock will change with depth.
The weathered surface zone has a gray mixed with rose, which
make a decidedly pleasing polished surface. The rock takes a fine

- polish and shows up well. It is a tougher rock than that at Granite
City. Basic segregations are present.

Slightly inclined joint planes are sufficiently persistent to make
quarrying easy. Vertical joints are not regular in spacing or direc-
tion, but are fairly favorable to quarrying. The rocks showed a
crushing strength of 20,600 pounds per square inch and have a
specific' gravity of 2.65.

Cold Springs Area. There are two varieties of rock that have
been quarried at Cold Springs. Gray granite is quarried at three
'points, one near the railroad station,-another one-half mile north of
the northeast corner of the townsite, and the third aong the rail-
road about midway between Cold Springs and Roosevelt. Anortho-
site has been quarried at two places in South Cold Springs. The
gray granite is found in areas of 100 acres or more 1n the vicinity
of Cold Springs, but these areas are usually cut by aplite and dio-
rite dikes. However, areas of 10 acres or more may be found free
from intrustions,

The rock appears in the field as a gray to pink, fine-grained,
even textured rock, which weathers into subangular bowlders, It

is cut by north-south and east-west, almost vertical joints irregular-

ly spaced. No system of horizontal joints cutting it into sheets has
been developed. :

The microscope shows the rock to vary in composition to cor-
respond to a noticeable variation in color. An average for the quar-
ry at the station shows the following: Orthoclase, 40 per cent,;
quartz, 30 per cent.; hornblende, 10 per cent.; albite, 7 per cent.:
biotite, 5 per cent.; oligoclase, 2 per cent.: magnetite, 3 per cent.;
augite, 1 per cent. The feldspars are altering to muscovite and
kaolin and the biotite and hornblende are altering to chlorite. The
feldspars are tabular in shape and range from .1l to 1 millimeter in
maximum diameter. The quartz is in irregular rounded grains of
about the same size. Though it is rather basic, it is plainly a horn-
blende-biotite granite. It is a medium tough rock, has a specific
gravity of about 2.77 and takes a good polish. The polished surface
is much darker than the fractured or hammered surface. It letters
exceptionaly well. Segregations are usually absent. Small vein-
lets of a lighter rock some time traverse the rock. On exposure to
the moist atmosphere it has been seen to become slightly discolored
because of the alteration of magnetite to.a brown iron oxide.
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. At the quarry northeast of Cold Springs, the rock is little
lighter shade of gray, and is composed of the following : Orthoclase
0 per cent,, quartz 35 per cent., hornblende & per cent., biotite 6
per cent., albite 3 per cent. In texture and physical properties it is
much like the. rock described above. A rather well-defined system
of horizontal jointing is developed here, which aids in quarrying.
The granite at the quarry hetween Cold Springs and Roosevelt

is much like that at Cold Springs and need not-be described,

The anorthosite is a dark bluish-gray, medium to coarse-grained
rock, made up almost entirely of lahradorite feldspar, tht.ﬁnjgh in
some places it contains as much as 5 to 10 per cent. augite. In such
cases it becqmes a gabbro. The rock is rather tough, has a high
specific gravity, and takes a beautiful bluish-hlack polish.  Joints
are irregular. In most cases g well defined schistosity is (lc:vc.]()])cd
making the stone split readily in one direction. Where this is lest
developed the crystals are on an average one-fourth as (hick as

broad, and have remarkably perfect parallel dimensional arrange-
ments,
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CHAPTER V

SANDSTONE
By Chas. N, Gould
Composition

Sandstone is composed of grains of sand, cemented together.
The individual grains are usually composed of a mineral knownlas
silicon dioxide, or quartz. Other 1n111eral§, however, such as feé d:
spar, hornblende, and limestone, to mention only a few,hz_tre trhe
quently found as ingredients of sandstone. As a usuallt mgb e
individual grains, which go to make up the sandstone, have been
worn smooth and round. In some cases, l}owever,‘the grains are
more or less angular. The size of the individual grains varies from
those so small as to be scarcely seen !)y the naked eye, up to those
several inches in diameter. If the grains are large and rounded, the
rock is called a conglomerate; but if the grains are angular, the rock
i a breccia,

* ca’lll’ii }nclivi(lual sandstone grains are usually held together by
one of three cements, either lime, iron or silica. Lime is the most
unstable of all the cements, and so a sandstpne cemented with a
lime is usually rather soft and fragile. Iron is copsxdered a _much
better cementing material than is lime. The iron is ust.lally in the
form of an oxide, which is either brown, black, or red in color, so
that sandstone cemented with iron is ‘fre_queptly a black, red or
brown rock. Sandstone cemented by silica is m_uch harder and
more durable than that cemented by either lime or iron. Sandstone
of this character is frequently spoken of as quartzite, although
technically quartzite is a sandstone, that hag been metamorphosed
tion of heat and presure.
by t}gef;fogists helieve thpat practically all the sapdstones now
found on or near the earth’s surface were formed'm one of two
ways. In most cases they were shore line deposits aloxlg"some
ancient sea. The rocks of the coast grognd up by tl_ue action of
waves, were deposited as beach sand. This sand has since hardgn-
ed forming sandstone. The second method of'_sandstone formation
was sand dunes. In many cases dunes are bpmg formed today b_y
the action of winds, and it is believed_that this process has been in
operation throughout all geological time. The loose sand of the
sand dunes is afterwards cemented and forms sand rock. _
Sandstone, when cemented, is usually a hard and resistent
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stone. If, however, the cementing material is lime, or if the rock
contains no great amount of cementing material, the stone may he
soft and easily crushed. In certain cases there is little cementing
material of any kind in the stone, in which case it will fall 1o pieces
when struck a sharp blow. This sort of sandstone is known as
saccharoidal.

The color of sandstone depends largely upon the presence of
the cementing material. Much of the sandstone in western Okla-
homa contains a large per cent of iron, and is red in color. !n the
southeastern part of the State the color of niuch of the siandstone
is black or dark brown. The sandstone in the castern countjes is.
usually light colored, being either light brown or gray. I'his stone
contains relatively small amounts of iron,

Distribution in Oklahoma

Sandstone is the most widely distributed building stone in
Oklahoma. There is scarcely a county in which it does not occur
in quantity, and in most counties it is by far the most abundant
building stone. In general, eastern Oklahoma contains a gray or
light-brown sandstone; western Oklahoma, red sandstone; while
the southern part of the State contains a black or dark-hrown
stone.  Fig. 4 shows the location of the various kinds of sandstone
in Oklahoma.

Sandstone in the Mountain Areas

Arbuckle Mountains: Sandstone occurs in each of the three
mountain ranges of southern Oklahoma, which have been discussed
in the chapter under Geology. The Arbuckle Mountains contain
two members made up largely of sandstone, namely, the Reapgan
and the Simpson formations, The Reagan sandstone of Cambrian
age, which lies just above the granite, is composed largely of rather
coarse-grained porphyry and granite fragments. As a usual thing
this rock is inaccessible to market, and it rarely occurs under con-
ditions which make it suitable for quarrying.

The Simpson formation, which lies just above the heavy hed-
ded Arbuckle limestone, containg three or sometimes four heavy
beds of sandstone. This rock is often fine-grained and in most
cases it is saccharoidal, that is, it crumbles easily on being struck
a sharp blow, so that it would not make a good building stone. In
a number of cases, however, the Simpson is fairly coarse-grained
and has been used locally for outbuildings and fences. The Simp-
son outcrops around the edge of the Arbuckle Mountains and is ox-
posed in Murray, Johnston and Pontotoc counties.

Wichita Mountains: In the Wichita Mountains the only sand-
stone of any prominence is the Reagan. This formation occurs
along Blue Creek canyon in northern Comanche County and near
some high porphyry blaffs in southern Caddo County. So far as
known it has never been used for building purposes.
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Ouachita Mountains: The higher peaks of the Quachita Moun-
tains, in the southeastern part of the State, are composed largely
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which, however, need not be discussed here. The general state-
ment may be made, that throughout this region, sandstones, which
are harder than the intervening shales and which withstand erosion,
form the tops of the cliffs and scarps. The valleys and lower parts
of the cliffs are usually composed of shales. In the country lying
hetween the Ouachita Mountains in the southern part of Oklahoma
and the Ozark Mountains in the northeast corner of the State, in-
cluding most of Sequoyah, Haskell, McIntosh and part of Pitts-
burg, Latimer, LeFlore and Muskogee counties, the rocks have all
been folded so that the various ledges now stand on edge. Within
this region there are several prominent hills and mountains, for in-
stance, Cavinal, Sugar Loaf, Poteau, Beaver, Tucker, Sanbois,
Panther, Kiowa, and Belle Star. These hills are all formed of heavy
ledges of sandstone.

Farther north and west, the greater part of the rocks lie level
or dip to the west. In this region the sandstone ledges form tlie
tops of the hills and cliffs. The following counties contain many
prominent' ledges of sandstone: Craig, Nowata, Washington,
Osage, Mayes, Rogers, Tulsa, Wagoner, Creek, Okmulgee, Mus-
kogee, Okfuskee, Hughes, and Seminole.

Although throughout this entire region, occupying nearly
one-third the area of Oklahoma, there is scarcely a community in
which sandstone has not been quarried locally, no extensive quar-
ry, from which sandstone has been shipped for considerable dis-
tance, has been opened so far.

In the early settlement of the Indian Territory many of the
first buildings were constructed of sandstone; the barracks and
officer’s quarters at Fort Gibson, the Creek Council House at Ok-
mulgee, the Seminole Council House at Wewoka, the Osage build-
ings at Pawhuska, and many of the agency buildings and practical-
ly all the school buildings were erected of sandstone.

Such towns as Vinita, Broken Arrow, Wagoner, Pryor Creek,
Muskogee, Okmulgee, Weleetka, Okemah, Dustin, Wetumka,
Checotah, Eufaula, Holdenville, Canadian, Coalgate, Lehigh, Ato-
ka, Wilburton, McAlester, Hartshorne, Alderson, Poteau, Wister,
Sallisaw, Stigler, Porum and Quinton contain business blocks and
residences in which handsome and durable sandstone has been
largely used. Many of the early farm houses in this part of the
State were also built of sandstone. :

The fact that this stone is so abundant and easily quarried is
of extreme advantage to the communities in which it is found. Al-
though, at the present time, gas-burned brick are being used, be-
cause brick buildings can be constructed more cheaply than those
of sandstone, the fact remains, that the presence of this sandstone
is a very considerable material asset to the State.

Permian Sandstone of Western Oklahoma

"The greater part of the sandstone in western Qklahoma is red
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in color. Neither in quality nor amount is it equal to the sandstone
in the eastern part of the State. Nevertheless, in many regions it
is of sufficient importance to justify quarrying,

Western Oklahoma is the region of the Redbeds. 1he greater
part of the rock consists of red clay shales. In certain places these
shales contain ledges of sandstone or .gypsum. The sandstone,
however, is frequently soft and not suitable for building purposes.
There is scarcely a town in western Oklahoma, however, which
does not contain buildings constructed of the soft red sandstone,
Quarries have heen opened near most of the towns and in many
cases are still in operation. Brick, however, has taken (e place of
stone for the majority of building, and at the present time, com-
paratively little of the red sandstone is being used.

Some of the earliest structures in the old territory of Oklahoma
were constructed of this stone. The first building of the Central
State Normal at Edmond, some of the older buildings ol the Agri-
cultural and Mechanical College at Stillwater, as well as huildings
at Norman, El Reno, Guthrie, Kingfisher and Oklahoma City, were
constructed of this sandstone,

At the present time, there is little incentive towards the de-
velopment of sandstone industries in western Oklahoma, Brick
shale is abundant in all counties and is being made into hrick at
several towns in the region. Gas-burned brick from Kansas and
northeastern Oklahoma can be imported more cheaply than sand-
stone can be quarried. TFor these and other reasons the sandstone
industry is not now active.,

Cretaceous Sandstone

Southern Oklahoma: There is a region in southeastern Qkla-
homa, containing considerable quantities of dark red or hlack sand-
stone. This area includes Bryan, Marshall, Choctaw and McCur-
tain counties. Sandstone outcrops in many localities and has been
used for building purposes at Madill, Durant, Woodville, Rokehito,
Bennington, and Tugo. Tn some ways this stone rescmibles the
red sandstone of western Oklahoma, but is usually darker in color
and much harder.,

Northwestern Oklahoma: There is a small area in the Cimar-
ron valley near Kenton, where sandstone is found. TI{ js light
brown to black in color and has been utilized locally for buildings.
It is a durable and handsome stone and if transportation were avail-
able might become an important source of revenue,
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CHAPTER VL

LIMESTONE
By Chas. N. Gould
" Distinction Between Limestone and Marble

The distinction between limestone and marble is not always
easy to draw. Technically, marble is a limestone that has heen
subjected to the action of heat and pressure to such an extent that
it has been changed or metamorphosed. Limestone is an elemen-
tary rock formed, usually, from the deposition of shells or other
marine elements in the bottom of an ocean. Oyster shells and
coral reefs in the ocean today will in time form ledges of limestone,
During former geological ages seas covered the area now occupied
by continents. In these seas vast deposits of shells and other low
forms of life were laid down. Afterward these deposits were cov-
ered by mud, sand, silt and other debris, until in most cases many
thousands of feet of other material has been deposited on top of the
limestone. The weight of these accumulated sediments was very
great and the pressure alone was often effective in changing or
metamorphosing the limestone. Heat was sometimes generated
also and this added to the pressure ‘was often effective in still more
rapid change; so that in many cases both heat and pressure acted
together in transforming the limestone into marble. .

The best quality of marble in the world, for instance, the fam-
ous marble of Greece, Italy and Vermont, is found in regions
where the rocks were at one time very deeply buried, during which
time they were subjected to the action of heat and pressure. After-
ward the rocks above were removed by erosion leaving the marble
exposed on the surface, '

Perhaps no better popular definition for marble can be found
than the one used by builders and contractors, namely, “any lime-
stone that takes a good polish is a marhle,” If this definition is
accepted as the true one, it is evident that our ideas must be re-
constructed. For many limestones, which have not been subject-
ed to heat and pressure will take a good polish, and on the other
hand many limestones that have been deeply buried for long per-
iods of time will only take a poor polish or none at all.

In general, however, the distinction is true, and ledges of lime-
stone which have been deeply buried and have since been uncov-
ered by erosion are the ones which take the best polish. Other
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things' being equal, then the oldest limestones are more hard and
susceptible to polish, while the younger limestones are solt and
take a less beautiful polish. This distinction may be [fairly well
made in regard to the limestones of Oklahom.

There are six general areas in the State in which limestunc oc-
curs in quantity. Some of these rocks are very old, while uthers
were deposited more recently, The limestones in the Arbuckle
Mountains, for instance, are among the oldest rocks on the North
American continent. In the Arbuckle Mountains there are three
heavy ledges of limestone, namely, the Arbuckle limestone, the
Viola limestone and the Hunton limestone. All of these rocks were
deposited in a former ocean, afterward buried very deeply bLiclow
superimposed sediments. Then after a long period of time the
region was upheaved into a great dome. During this period of up-
heaval, immense heat must have been generated. The heat and
pressure together were effective in metamorphosing the limestone.
Since the time of the upheaval erosion has heen going on constant-
ly so that these various ledges are now exposcd on the surface.
Critical examination will reveal the fact that according to the popu-
lar definition, limestone from these formations may well be con-
sidered a marble, hecause the greater part of them will take a good
polish.

In the eastern part of the State also, there are certain ledges
of limestone which were once very deeply buried and have heen
brought to the surface by faulting or fracturing of the earth’s crust,
Some ofsghe best deposits of this character are exposed in the val-
leys of smg]l creeks entering Sallisaw Creek in Sequoyah County.
An exposure near Marble City, which will be referred to later, is
the only marble in this region that has Been worked.

The limestones of later age, particularly the Carboniferous
limestone in the northern part of the State, and the Cretaceous
limestone between the Arbuckles and Red River, have apparently
never been subjected to sufficient heat and pressure to be metamor-
phosed. While both the Carboniferous and Cretaceous limestones
make a good building stone, and a number of quarries have heen
opened in different localities, the character of the material is by no
means equal to the stone at Marble City or in the Arbuckle Moun-
tains.

Uses of Limestone

There is no ordinary stone which may be used for so great a
variety of purposes as limestone. On account of its chemical com-
position, its texture and its varied color, it may be utilized in wany
ways. These facts, taken into account with the wide distribution
of the stone, renders limestone the most valuable of the conimon
sedimentary rocks. The state or the country that contains deposits
of good limestone has a great advantage over the state or conniry
not so fortunate.
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The chief uses to which limestone has heen put are the fol-
lowing:

Building stone
Lime

Cement

Road material
Ballast

Concrete
Manufacture of glass
Minor uses.

PN AL

These various subjects will be considered in brief detail, par-
ticularly with relation to the limestone deposits of Oklahoma.

Building Stone: Since the time of earliest civilization, lime-
stone has always been popular for building purposes. Many of the
temples, palaces, castles, and other buildings of the ancients were
constructed of this material, as also are many of the most heautiful
_cathedrals_ and palaces of the present time. St. Peters at Rome, for
instance, is built of travertine, which is one variety of limestone,

_In the United States, limestone has been used for a great
variety of building purposes; not only for buildings of all kinds, but
also for bridge construction, arches, breakwaters and in fact all
sorts of structures in which native stone has been employed.

The desirability of limestone depends largely upon its color
and te>‘<turf§. Oolitic limestone, which is composed of small round-
ed grains, is especially popular, particularly for ornam?fél work
such as trimmings on fine buildings and for monuments.#The best-
known deposit of oolitic limestone in America is that from the vici-
nity of.Bedford, in southern Indiana. Stone from quarries in this
region is shipped to all parts of the United States. Other deposits
of oolite are found in Kentucky and Arkansas. Some of the oolitic
stone from Oklahoma is not inferior to the best of that now heing
quarried in the country. -
~ One variety of limestone is marble, the distinction between the
two being simply an arbitrary one. Marble is particularly desirable
for monuments, pillars, cap stones and interior decorations, where
an expensive stone may be employed.

~ Lime: One of the chief uses of limestone is for burning into
lime, ‘This process is accomplished by the action of heat. Lime-
stone is a compound known as calcium carbonate. When the stone
is heate‘d to a certain temperature, this compound breaks down and
part Of.lt goes off as a gas, carbon dioxide. The remainder, calcium
oxide, is kn.own as quick lime. Water is added and the resulting
compound is known as calcium hydrate, or slacked lime, Tt is
used for preparation of mortars, cements and for other purposes.
In order to make a first class quality of lime, the limestone
should be very pure, that is, should contain only a small per cent
of any foreign matter. Stone of this character will make “fat
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lime” and “"white lime.” Inferior limestone will produce a poorer
grade of lime,

Lime is used for a great variety of purposes, the niost im-
portant of which is for the manufacture of mortar. Mortar is
usnally made by mixing lime with two to four parts of sand and
water. During the past few years, lime mortar has been replac-
ed to some extent by gypsum plaster for interior work and by
Portland cement for exterior work, but there need be no fear that
either of these products will drive lime mortar from the trade.
Other uses to which lime is put are for paper manufacture, for
bleaching powders, caustic soda, acetic acid, calcium carbonate,
for glass purification, for sugar manufacture, leather manufacture,
for the manufacture of soap and candles, [or use in lead smelting
and for sand-lime brick. It is not necessary to discuss in this conw
nection the technology of the various subjects, hut it nay he re-
marked that the lime which might be manulactured in Oklahoma
could be utilized for any or all of these purposes.

At various times small lime kilns have been openced in various
parts of Oklahoma and lime for local use has been made at a num-
ber of places, for instance, at Sasakwa, Wewoka, Hartshorne, Gar-
vin, and at various points in the Arhuckle Mountains. ‘

There are three localities in Oklahoma, where lime is now
being burned, namely at Grove, Wapanucka and Bromide. Tt is
reported that plans are being made to enlarge the plants at the
two latter points. The quality of the lime is excellent,

The greater part of the lime used in Oklahoma comes from
Austin and New Braufels, Texas, Rogers, Arkansas, and Ash
Grove, Missouri. All the formations from which the Texas, Ar-
kansas and Missouri limes are burned outcrop in Oklahuma and
are much nearer fuel in this State than at the points at which the
lime is burned. There is no reason why the lime industry in Qk-
lahoma should not be profitable,

Cement: It is not the purpose in this connection to discuss
the utilization of limestone in the manufactume of Portland cenlent,
as one chapter in this report is devoted .exclusively to this topic.
Suffice it here to say that Oklahoma contains inexhaustible de-
posits of high grade Portland cement material, lying near fucls, that
at the present time there are but three mills at work in the State,
and that much of the Portland cement now being utilized in Okla-
homa is shipped in from adjoining states.

Road Material: Limestone has for centuries been onc of the
most popular of all stones for road material. Tts value lies in the
fact that it is hard, and durable, has sufficient cementing material
to bind well, does not easily wear down into dust in dry weather
and mud in wet weather; and that roads built of it are easily re-
paired and not difficult to keep in good condition.

In most of the countries in Rurope, particularly in Ingland,
France and Germany, macadamized or, telford roads have heen
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largely built of limestone. In the greater number of the eastern
states such as Massachusetts, New York and New Jersey and
many states of the middle west, for instance, Qhio and Indiana,
limestone has long been used for road construction. In Oklahoma,
the wide distribution of limestone in the eastern and southern parts
of the State, where the road problem is a vital one, is of great ad-
vantage to the people in the matter of securing an abundant supply
of good road building material at a reasonably low cost. Lime-
stone occurs in more than 30 of the counties of the State, and not
far distant from 20 others, so that two-thirds of the counties of
Olklahoma lie within easy distance of good limestone for road
building.

It remains to be seen just how much of this material will be
used. Fortunately there is an abundance of gravel, granite, and
other material in many places where there is no limestone. The
matter of oiled roads is now attracting much attention, but it has
not yet passed out of the experimental state. It will be many
years before the use of limestone as a road building material will
be discontinued.

Ballast: There is no more popular material for railroad bal-
last than limestone. It crushes easily, is not difficult to handle,
packs well and is in every way satisfactory and desirable material
for that class of work. A number of the railroads in Oklahoma
are employing limestone for hallast, for instance, the main lines of
the Atchison, Topeka & Santa Fe, the St. Louis and San Francisco
and the Missouri, Kansas and Texas railways. A considerable part
of the material from the limestone crushers which have been, or
are now being operated at or near Uncas, Crusher, Ponca, Apache,
Cement, Limestone Gap, Fort Gibson, Lenapah, Ripley, Avant and
Tulsa, is utilized for ballast and other railroad work,

‘Limestone is also often utilized for rip-rap and fills for railroad
embankments and for break-waters along streams.. A good ex-
ample of this use of limestone in Oklahoma is the long fill made by
the Atchison, Topeka and Santa Fe Railroad near Purcell, where
this railroad has been endeavoring to keep the South Canadian
River within its banks. The stone for the embankment, which is
nearly a mile long and 20 feet high, came from Crusher, in the
Arbuckle Mountains. Many single pieces of the stone used on this
work are so large that only two of them may be loaded on a car.

Concrete: During the last few years, since Portland cement has
been so largely utilized for construction purposes, there is a great
and ever-increasing demand for concrete rock. For this purpose
nothing is better suited than crushed limestone, Ordinary cement
. specifications for concrete pillars and foundations require five
parts of crushed rock, either limestone or gravel, to two or three
parts of sand, and one part of Portland cement. It so happens that
in Oklahoma, good clean gravel is not always available, and for
that reason, limestone makes up by far the greater part of the con-
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crete rock used in the State. A great part of it comes from the
plants at Crusher, in Murray County.

There is, at the present time, no reason for helieving that the
demand for concrete rock will decrease, or that extensive gravel
deposits will be found throughout a considerable part of Oklahoma.
For these reasons it seems very likely that in the future, crushed
limestone for concrete purposes will be used more and more.

Manufacture of Glass: Glass is made of a mixture ar high
temperatures of silica, usually sand, lime and soda ash. Some of
the cheaper kinds of glass, such as window and bottle glass are
made of sodium sulphate, (salt cake) instead of soda ash. In some
cases barium sulphate or oxide of lead is used, instead of lime, but
in the manufacture of by far the greater amount of glass i the
United States, lime is used.

Oklahoma possesses inexhaustible deposits of glass sand and
plenty of cheap fuel, and the salt on the salt plains in the western
part of the State, will, when developed, furnish the salt cake. [.ime-
stone is present near the glass sand and fuel, so that all the natural
products for the manufacture of glass are present in Oklahoma.

As a usual thing, the lime for making plass is in the form of
finely ground lime dust or “carbonate.” Fither the oxide (burned
lime) or hydrate (slacked lime) may be used, however. It is nceces-
sary for the lime to be very pure, for any iron in the lime colors
the glass and if magnesia is present the mixture is not easy to.work.

Dolomite is often used instead of the limestone for the manu-
facture of high grade lime-flint glass from which fine pressed
table ware, and the best quality of hottles are made. This rock is
also found in Oklahoma.

Minor Uses: Limestone is used as a flux in iron furnaces, for
the manufacture of sodium carbonate or caustic soda and of ¢hlor-
ide of lime, also in the Solvay process for the manufacture of
sodium carbonate. It is also employed in the manufacture of a
compound which is used as a binder in the manufacture of artifi-
cial building stones. In the form of marble it is used for the manu-
facture of carbon dioxide in charging mineral waters. Lime dust
or “carbonate,” which is powdered limestone, has a variety of uses,
chiefly as a filler for asphalt pavement. Magnesia is extracted f{rom
dolomite or magnesian limestone,

At the present time there is little demand for limestone to be
used in any of the ways above mentioned in Qklahoma, except in
asphalt paving, but it is a source of satisfaction to know that the
limestone is present in large quantities and that the industries nced
not be kept out of the State on account of lack of material.

Limestone Areas in Oklahoma

In the discussion of the limestone deposits of Oklahoma, it
will perhaps be best to consider the different arcas, without v licu-
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lar reference to geologic age. Passing by certain thin and relative-
ly unimportant ledges, the limestone of Oklahoma may be discuss-
ed under six separate areas, namely: first, Northern Oklahoma
area; second, Ozark Mountain uplift; third, the Wapanucka lime-
-stone; fourth, the Cretaceous limestone; tifth, the Arbuckle Moun-
tain uplift, and sixth, the Wichita Mountain uplift. The map, Fig.
5, shows the location of these areas. These separate areas will be
treated in something of detail.

Northern Oklahoma Area: The general shape of the limestone
area in Northern Oklahoma is that of a triangle, with the angles at
Newkirk ,Tulsa and Welch. The southwestern line corresponds
roughly to the Arkansas River; the southeastern side parallels the
St. Louis & San Francisco Railroad, from Vinita to Tulsa, while
the northern side is the Oklahoma-Kansas line. Within this area
the rocks are all of Pennsylvanian or Coal Measures age, and con-
sist of alternating layers of limestone, sandstone and shale, with
a few Dbeds of coal. All of the rocks dip slightly to the west or
northwest, the average dip being 10 to 50 feet to the mile. That is
to say, a ledge which outcrops on the surface in a certain region
will dip below the surface on passing westward, and at a point
10 miles from the outcrop may be reached by a well several hundred
feet"deep. Other ledges come in above and these in turn disap-
pear to the west; so that a well drilled in the western part of the
area would penetrate successively the various ledges which outcrop
on the surface to the east. The Northern Oklahoma area is shown
on the map given in Fig. 6,

The limestone ledges which outcrop in this region are south-
ward continuations of formations which have already been studied
and described in southern Kansas. Usually they are much thicker
and more important in that State than in Oklahoma. On passing
southward toward the region of the Arkansas River - the various
limestone ledges become thinner and many of them disappear,
Some of them have ceased to exist before the river is reached, while
others continue southward for 20 or even 50 miles. Between the
limestone ledges there are'various formations consisting of shale
and sandstone. The shale is usually thicker than the combined
thickness'of both the sandstone and limestone,

The easternmost ledge and the lowest in the geologic section
is generally known. as the Fort Scott limestone, In the reports of
the Kansas geologist it was at one time called the Oswego lime-
stone and is still known by that name to the oil drillers in Okla-
homa. For approximately the same formation Ohern uses the
name Claremore, !

1. The Stratigraphy of the Older Pennsylvanian rocks of northeastern
gklahlog!%l' D. W. Ohern, State Univ. of Oklahoma,, Research Bull, No. 4,
ec., X
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- This formation consists of two beds of limestone separated by
6 to 10 feet of shale. .
This formation forms a rather conspicuous outcrop. It crosses Q
. 2t 2
the Oklahoma line a few miles northwest of Welch and bears off l&‘u’ N

Hogshoofer

to the southwest, passing near Kennison and Centralia, entering
- northern Rogers County a few miles north of Chelsea. The ledges
outcrop along the top of a bluff which runs parallel with the St,
Louis & San Francisco road from. Chelsea through Foyil, Clare-
more and Verdigris, as far as Catoosa. The prominent hill to the
northwest of the road is capped with the Fort Scott limestone.

In Kansas the lower ledge of the Claremore has been used in
a number of cases for the manufacture of hydraulic cement. In
Oklahoma small quarries have been opened at various places to N :
supply local needs; but so far as known, it has never been used ex- ' %//
tensively for building purposes. This is partly due to the fact that i
throughout the line of its outcrop into the State it is never far dis-
tant from ledges of sandstone which are in better repute for build-
ing purposes. For instance, the buildings in Chelsea, Claremore,
and Catoosa, are erected of sandstone, although the Claremore
limestone is not far distant.

An analysis of the stone shows that in general it would maxke
good Portland cement. Shales both above and below the Clare-
more are also suitable for the manufacture of cement. The coal
near the base of the formation might be used for fuel, or better
still, the natural gas which is found in considerable quantities near
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The next limestone above the Claremore is the Pawnee lime- f%,—'—”[— — T Toony 2 = S— T —
stone, which is 25 to 50 feet thick and outcrops along a line lying Y € ]
west of, and parallel to, the outcrop of the Claremore. The Pawnee . !

FIG.6

limestone is perhaps best exposed at a prominent escarpment along
the west bank of Big Creek and Verdigris River, from the Kan.
sas line nearly to Catoosa. In places it is massive and forms a [ e gmmemnes
perpendicular cliff, from which large rectangular blocks, varying
in size up to 25 feet, are broken off.

The next limestone of importance is the Altamont formation.
It is described as bluish, fine-grained crystalline limestone con-
taining a considerable amount of chert, and having a thickness of
15 to 30 feet. The Pawnee and Altamont cémbine to the south and
form the Oolagah limestone. _ .

Above the Qolagah formation, there is a series of shales known
as the Nowata shales, which are succeeded by a ledge of limestone
known as the Lenapah. Near the Kansas line this formation is
20 feet or more thick. It extends southeast near the towns of Lena-
pah, Nowata and Tulsa and through the Glenn Pool oil field. This
rock has been utilized for crushed stone and would be useful for the
manufacture of Portland cement and in burning into lime.

Shales succeed the Lenapah, and interstratified with these
shales, in Washington, Tulsa and eastern Osage counties are sev-

|

5%
&S/ water

=

Claremara

==y

=

==

-

in NORTH!

KIe
NI

L STC



76

eral ledges of limestone, known as the Hogshooter, Dewey anc
Avant limestones. These are from 10 to 30 feet in thickness and
might be utilized for a large variety of purposes. The Dewey lime-
stone is now being utilized for the manufacture of Portland cement
at Dewey. A crusher is located in the Avant limestone near the
town of Avant,

Shales and sandstones succeed the formation just described,
occupying eastern Osage County. A few miles west of the town
of Pawhuska is a series of heavy ledges of limestone, which to-
gether form the Pawhuska formation. This formation extends
from the Kansas line south across the Arkansas River as far ag
Ripley and Cushing south of the Cimarron River.,

Above the Pawhuska there is a series of limestone forma-
tions which farther north in Kansas make up the Flint Hills. These
rocks consist of limestones and shales, with a number of ledges of
heavy flint and chert. To these ledges various names have been
given, as the Wreford, Ft. Riley, Winfield and Herrington lime-
stone. These formations outcrop in western Osage and eastern
Kay counties, particularly along Beaver Creek and on the bluffs
west of the Arkansas River. These limestones have been utilized
at various times for building stone, for concrete rock and for bal-
last, and might be used for burning into lime and for the manufac-
ture of Portland cement, ‘

The Ozark Uplift: The second largest limestone area in Okla-
homa occupies the region lying east of Grand River and north of
the Arkansas. This is the area occupied by the southwestern ex-
tension of the Ozark uplift. The rocks in this region are chiefly of
Mississippian age. Three prominent limestone ledges are found
here. :

The St. Clair marble, the only typical marble so far utilized in
Oklahoma, occurs in some deep canyons west of Sallisaw Creek in
northern Sequoyah and southern Cherokee county. This limestone
is of Silurian age and has been brought to the surface by faulting.
It is fine-grained, crystalline, white or gray marble, which takes a
fine polish and makes a very handsome building stone. The
Pioneer building at Oklahoma City was constructed of this marbhle
The ledge is said to he 200 feet thick and it outcrops over several
square miles.

By far the most prominent ledge of limestone in this section
1s known as the Boone chert, This formation outcrops on the sur-
face in the greater part of Miami, Delaware, Adair, Cherokee and
southeastern Mayes counties, It'is the rock which forms the ex-
tensive upland plateau in this part of the State. Streams which rise
on this plateau and flow south and west into the Arkansas and
Grand rivers, have cut rather deep valleys making the surface in
Places quite uneven,

The Boone chert is exposed throughout the region along the
sides of these valleys. This limestone varies in thickness from 150
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to 300 feet. It is composed of white to gray, hard, brittle limestone,
In the upper part of the formation the ledges contain numerous
«concretions of chert or flint, which weather out on the surfuce and
being less soluble than the limestone, remain behind after the lat-
ter has been eroded and carried away. The lower part of (he Hoone
consists of very pure limestone which would make a good building
stone. It is the same ledge that has been quarried at Carthage,
Missouri, and other points, and utilized in this way.

The Boone is succeeded by shales, and the shales in turi by an-
other ledge of limestone known as the Pitkin limestone. This
formation outcrops around the edge of the Ozark uplift, being ex-
posed in southern Adair, Cherokee and Mayes, northern Sequoyah
and extreme northeastern Muskogee counties, Tt usually lies on
the hills in regions where the Boone is exposed in the valleys,

The Pitkin limestone is a dense, fossiliferous, fine-grained, gray
to dark colored stone, averaging from 50 to 75 feet thick. It can be
quarried in large blocks and would make a very handsome, dnrable
building stone.

Succeeding the Pitkin are sandstones and shales and o few
ledges of limestone in a formation which is known as the Morrow,
This rock is exposed in Sequoyah, Cherokee, Muskogee and Muyes
counties,

All of the limestone ledges referred to above contain stone that
would be useful for the manufacture of Portland cement, for hurn-
ing into lime and for building stone. There are, throuphout the
region described, many localities where Portland cement mills,
lime kilns and stone crushers might he erected. So far as known,
the only attempt to utilize any of this rock on an extensive scale,
is the marble quarry at Marble City. Therc is a stone crusher at
Keough near Tt Gibson, and a quarry near Stillwell, where [allast
has been obtained for the Kansas City Southern railroad.

The Wapanucka Limestone : One of the most valuable ledges
of stone in Oklahoma is a formation known as the Wapanucka
limestone, which is exposed in the southeast central part ol the
State. This formation is supposed to he of lower Pennsylvanian
age. It lies just beneath the productive Coal Measures rocks. ‘I'he
western extension of the Wapanucka is in western Coal County,
some miles west of the town of Coalgate. It is exposed throughont
the region east of the Arbuckle Mountains, outcrops near ’l‘hpclo,
Clarita, Bromide and Wapanucka. Tt extends as far southcast as
old Boggy depot, in western Atoka County, where the formation is
covered with Cretaceous deposits, In northern Atoka Couniy (he

Wapanucka again appears on the surface near Stringtown par-
allels the Missouri, Kansas and Texas Railroad from that point to
Reynolds. From Reynolds to Hartshorne it extends sout), of and
parallel to the Rock Island Railroad. From Hartshorne it rujg

east, south of Wilburton, about to the town of LeF]ore,
The Wapanucka is about 300 to 500 feet thick and throughout
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the greater part of its outcrop is tilted at high angles so that the
rocks usually stand on edge. In the western part of the exposure,
that is, in Coal, Johnston and western Atoka counties, it is largely
a high grade limestone. Near the town of Bromide, it is oolitic and
would make a very fine building stone, equal if not superior to the
Bedford stone of Tndiana. In eastern Atoka, Pittsburg and Lati-
mer counties, the rock is more sandy. Several ledges of hard,
black, sandy shales are found interstratified with the limestone.
The sandstone becomes more prominent farther east and in eastern
Latimer and western LaFlore counties, the limestone practically
disappears and gives way to sandstone,

-For purposes of general utility, there is no more valuable stone
in Oklahoma than the Wapanucka. Throughout the greater part
of its course, it may be used for building stone. As exposed along
Delaware Creek, near Bromide, there is a solid ledge 50 to 70 feet
thick, of a very white, medium grained oolite, a very desirable build-
ing stone. At the town of Wapanucka, the stone has been utilized
for burning into lime. At Limestone Gap the Missouri, Kansas and
Texas Railroad has had a crusher for 20 years and large amounts
of stone have been taken out, chiefly for ballast and concreté work,
At Hartshorne and near Wilburton lime has been burned at various
times. The Choctaw Portland Cement Co. has a plant in operation
at Hartshorne.

There is enough rock in this ledge to supply Oklahoma with
lime, Portland cement, building stone, concrete rock, ballast and
other similar products for many generations.

Cretaceous Area: Limestones are found in southern Oklahoma
in the region between the Arbuckle and Ouachita mountains on
the north and Red River on the south, The rocks in this country
are of Cretaceous age, consisting of sandstones, limestones and
shales. There are three rather prominent limestone formations
in this area, known as the Goodland, Caddo and Bennington lime-
stones.

The Goodland limestone, the lower of the three ledges, is usual-
Iy a pure white semi-crystalline rock containing large numbers of
fossils. The formation is about 25 feet in thickness. It has been

quarried at various places for building stone and has been burned.

mto lime,

The Caddo limestone is composed of white, bluish and yellow-
ish limestone, shell beds and several beds of marl and clay. The
total thickness of the formation is about 150 feet. The lime con-
tains many fossil shells. :

The upper limestone of the Cretaceous area is known as the
Bennington limestone, It is a massive dull-blue limestone, rare-
ly exceeding 10 feet in thickness., It is composed largely of fossil
shells. ‘

These three limestones all lie nearly level or dip at low angles
to the south. They outcrop as a broad band extending from Love
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and Carter counties on the west, across Marshall, southern John-
ston and Atoka, northern Bryan and Choctaw and southern M-
Curtain counties to the Arkansas line. Throughout this repion
all of these ledges have been quarried at various times, and muny
buildings have been erected of this limestone. l.ime has been
burned from the various members,

The Arbuckle Mountains

The most extensive limestone deposits in Oklahoma are in the
Arbuckle Mountains. The Arbuckle Mountain uplift includes an
area of 800 square miles in Oklahoma, located in southern Ponto-
toc, western Coal, northern Johnston, northeastern Carter and east-
ern Murray counties. The rocks in the Arbuckle Mountains are
granite, limestone, sandstone and shale,  There are four heavy
limestone ledges known as the Arbuckle, Viola, ITunton and Sycu-
more. The map in Fig. 7 shows the location of the various ledges
of limestone in the Arbuckles. These have been described at vari-
ous times by different geologists. No bhetter description will be
found than that of Joseph A. Taff, which will be given herewith. '

“The Arbuckle limestone, which lies above the Reagan, is one

. of the thickest ledges of limestone in the world. ‘The exact thick-

ness is not known but it is certainly more than a mile.

“The Arbuckle formation is composed chiefly of hard bluish-
white and cream-colored limestone and dolomite, with a thickness
ranging from thin layers of a few inches to beds of 2 to 3 feet, in-
terstratified with slightly argillaceous layers. Occasional siliceons
limestone and shale beds were noted. Chert and cherty oolites ant
limestone breccia are less common and intraformational conglomer-
ate in thin layers occurs rarely at the base.

“Beginning at the base, there are thin-bedded siliceous lime-
stones 50 feet thick. There is a gradual change upward from these
thin beds into the succeeding member, 300 to 400 feet thick, which
consists chiefly of heavy-bedded, dull-bluish and cream-colored
dolomites. Many of these massive beds are indistinctly bedded and

. weather into very irregular brown and sometimes nearly black

boulders. Others are more crystalline, marble-like and of pinkish,
or gray colors. Succeeding these come about 250 feer of thin-hed
ded granular limestones and compact blue limestones which pass
gradually into the main body of the formation, consisting of 2500
to 4000 feet of massive, compact magnesian limestone, the lower
half of which contains chert in places. These limestones on weath-
ering usually present smooth, white surfaces of practically the
same color as the fresh rock. As the top of this thick member is
approached, the limestone beds become less magnesian and thinne,
and are succeeded by the highest member, which iy composed of
limestones interstratified with occasional sandy beds and Strata of
red, yellow, and green clays.”
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The Arbuckle limestone is exposed in the Arbuckle Moun-
tains as a broad, rocky plateau, covered with limestone in southern
Murray, northern, Johnston and southern Pontetoc counties. In
the Wichita Mountains, a range of high rocky hills, exténding from
near Apache northwest nearly to Rainy Mountain Mission is made
up of the Arbuckle. Several small rounded knobs lying southwest
of the main granite peaks, several miles northwest of Lawten are
also composed of this limestone.

The next limestone in the geologic column, as exposed in the
Arbuckle and Wichita Mountains, is the Viola. Mr. Tafl describes
it thus:

“This formation is approximately 700 fect thick and repre-
sents & continuous but slightly variable deposition of limestone.
The upper and lower parts, each approximately one-third of the
formation in thickness, are composed of thicker and less evenly
stratified beds than is the middle part. In fresh exposurces, the
limestone is massive in appearance. On weathered surfaces the
bedding is more pronounced. The layers range in thickness from
thin strata to beds rarely more than a foot, and with them are oc-
casional irregular bands and nodular masses of chert, This chert
is usually most abundant in the lower and middle parts of the for-
mation. The texture of the middle part of this limestone is gen-
erally dense and fine. Some of the beds, especially of the upper
part of the formation, are uneven, earthy and coarsely crystalling,

' _while others are composed- largely of fossil shell fragments and

shells,

“There is a gradual transition from a thin-bedded, platy lime-
stone belonging to the Simpson formation upward into the thicker
beds of the Viola limestone, while at the top there is an abrupt
change from the limestone to the dark-bluish or greenish clay
shales of the succeeding Sylvan formation.”

In the Arbuckles, the Viola is easily characterized by the
fact that it usually weathers out into high rounded knobs, which
are so conspicuous that they are casily recognized. In the \Wichitas
three rounded hills near Rainy Mountain Mission are composed of
Viola rocks. The Viola is of upper Ordovician age, as shown by
the fossils. I

The Hunton limestone, which lies just above the Sylvan shale,
is one of the most interesting formations in QOklahoma. [t consists
typically of three parts, a lower limestone member, a middle shale
member and an upper limestone member. Mr. Taff’s description
follows:

“This formation is composed of thick- and thin-bedded lght-
blue to cream-colored limestone, shaly limestone and mar!. It is
stratigraphically divisible into three fairly well defined members,
These members are distinct as a result of the changes in lithalogic
characters and of the difference of hardness of heds.

“The basal member consists of whitish, massive, crystalline
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limestone which in places includes a bed of oolite at or near the
base. A thin-bedded, compact limestone usually may be found at
the top. In the Tishomingo quadrangle this member ranges in
thickness from thin beds to strata about 25 feet thick.

““The middle member is composed of white or ‘cream-colored
.and occasionally pinkish, rather soft limestone beds interstratified
with more friable marly lime and rarely calcareous clay, aggregat-
ing an average thickness of about 100 feet. This member on ac-
count of the softness of the beds, usually outcrops in swales or de-
pressions between the harder members on each side. The variabil-
ity in hardness of different beds, however, causes them to be ex-
posed in miniature terraces and slopes. '

“The middle member grades upward through a few feet of
marly white limestone into the top member, which consists of
crystalline and in part cherty, bluish to white limestone with ac-
casional thin marly strata. In places this 'crystalline limestone is
overlain by several feet of very cherty limestone. Much of the
chert in this limestone is flinty and massive and weathers in angu-
lar boulders after the heds that contained it have decomposed,

“The Hunton limestone varies in thickness from 0 to 200 feet;
an average is approximately 150 feet. In the vicinity of Sylvan it
is absent along the outcrop of contiguous formations for about 10
miles. While certain beds both at the top and bottom of the Hun-
ton limestone seem to be absent in places, the variation in thickness
is to be ascribed chiefly to changes in volume of intervening beds,”

The Hunton outcrops along the rim of the Arbuckle moun-
tains as a Jong narrow prairie ridge, sometimes two ridges, lying
between the Sylvan shale valley and the rounded, jack oak-covered
hills of the Woodford. This narrow grass covered ridge may often
be traced for miles along the base of the mountain and is always
easily recognized. Fossils show that the Hunton ranges in age
from the Silurian to the Devonian.

The Sycamore limestone lies above the Woodford chert.- Mr,
Taff describes it as follows: ’

“The Sycamore limestone is separated into rather thin beds,
a foot, more or less, in ‘thickness., It is a dense, even textured,
bluish limestone, which weathers to yellowish hues and is hard and
tough. The beds break down usually into small rudely rhomboidal
blocks as a result of jointing running obliquely to the bedding,
Wherever present the limestone is always exposed in prominent,
narrow and generally level-crested ridges. No fossil remains that
could be determined have been found in this limestone.”

In many places the Sycamore is not exposed. It is never a
conspicuous formation. The age is supposed to be Mississippian,
The limestone in the Arbuckle Mountains is destined to be-
come one of Oklahoma’s most valuable resources. At the present
time, however, very little of this material has been utilized. The
most extensive operations are at Crusher, in Murray County, in
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the Washita gorge. Two extensive limestone crushers are in
operation at this place and much of the concrete rhaterial for build-
ing in Oklahoma City, Shawnee and other towns in the State, come
from these crushers. A crusher has been in operation intermittent-
ly for many years near Fitzhugh. Material for concrete work, rail-
road ballast and other purposes has been obtained here. A crusher
‘has been operating near Wapanucka also, the material being used
for ballast. The Oklahoma Portland Cement plant at Ada sccures
its limestone from a quarry in the Viola limestone at Lawrence, 6
miles south of Ada. Building stone has been quarried ncar Sul-
phur, Dougherty, and Millcreek. There is enough limestone in
these mountains to supply the world.

Wichita Mountain Uplift

. In the Wichita Mountains, the Arbuckle and Viola limestones
‘occur. Mr. Taff described these formations as follows :

. “The Arbuckle limestone is composed of a practically continu-
ous succession of limestone beds, usually less than 5 feet in thick-
ness and aggregating 4,000 to 6,000 feet. The individual beds vary
from dense, fine-grained, white limestone to cream-colored dolo-
mitic limestones interstratified with slightly argillaceous and silice-
ous lime beds, which are usually not so hard. Occasional cherty
limestones, and more rarely thin beds of chert, occur. As a result
of the variable hardness of the beds, the fmore resistant ones have
a relief which rarely exceeds 5 to 6 feet. A complete section of the
formation is not exposed in the region.” !

The principal exposure of these limestones in the Wichita
Mountain region, is in a range of hills about 30 miles long, lying
north of the east end of the main range of granite peaks. "The
hills extend from near Lawton, northwest to Rainy Mountain Mis-
sion. Small exposures also occur a mile southeast of Fort Sill and
in several rounded hills lying south of Signal Mountain, 5 to 8 miles
northwest of Lawton.

_ There has Deen no extensive development of the limestone

“rocks in the Wichita Mountains. A quarry near Fort Sill, located

. in an exposure of the Viola limestone, furnishes stone for the build-
ings at that place. A crusher now in operation at Richards Spur,
north of Fort Sill supplies hallast and concrete rock. A small
amount of limestone has been quarried near Rainy Mountain and
Lawton for building purposes. All of this rock is suitable for husn-
ing into lime, for Portland cement and for many other uses,

I. The quotations are from Mr Taff’s report cutitled Geology of the
Arbuckle and Wichita Mountains, ete, Professional Paper No. 31, U, 8. (5. S,
Pages 25.-31,



CHAPTER VII.

CLAYS OF OKLAHOMA
By L. C, Snider

Nature and Origin of Clays

Clay is a complex mixture of various minerals, which are de-
rived from the decay of other rocks. It is usually defined as a rock
which possesses a sufficient amount of the mineral kaolinite to
impart its characteristics to the mass to a noticeable degree, and

which does not contain a sufficient quantity of any other substance

to serve as a commercial source for that substance.

Clays are originally derived from igneous or crystalline rocks,
which constitute the core of mountain ranges and underlie all the
other rocks at different distances below the surface. These igne-
ous rocks contain large quantities of minerals known as feldspars,
which are silicates of alumina, with soda, potash, and lime in vary-
ing quantities. When these feldspars are acted upon by the
weathering agencies, they are broken down and the potash, soda,
and lime are carried away by the circulating waters, and the
silica and alumina is left behind in a compound known as kaolinite,
which is a hydrated silicate of alumina.

Many other minerals besides the feldspars are present in the
igneous rocks, some of which, on weathering form kaolinite, while

others give rise to iron compounds and quartz (sand). Other com- "

pounds may be present in the clay in less quantity.

Clay, then, is a mixture of kaolinite and several other minerals,
-among ,which are quartz (sand), undecomposed feldspars, nica,
iron oxide and carbonate, calcium carbonate and sulphate, magnes-
tum carbonate and sulphate, and organic matter,

Kinds of Clay

If the clay remains where it is formed it is called residual or
indigenous clay. Indigenous clays are usually pure, except for
sand which is easily removed by washing, white in color and easily
worked . They are called kaolins or china clays, and are used in the
manufacture of pottery and high grade ware. Small deposits of
kaolin are known in the Arbuckle and Wichita mountains, but no
deposits of commercial importance have yet been discovered in
this State.
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If the deposit is in a position to be acted on by running water,
the clay will be carried away by the water. It may be carried to
the foot of the hill or slope and deposited as a colluvial clay, or may
be carried farther down by stream action and deposited in the val-
ley as alluvial clay. In former geological ages immense uantities.
of clay were carried down by the streams to the ocean, and deposit-
ed as beds of soft mud. Other beds of mud, sand, or lime were de-
posited on top of them -and, later, the whole was elevated above
sea level and became land. The beds of mud were consolidated by
the pressure of the beds above them. This consolidated mud is
known as shale. The glaciers, which covered the northern part of
the United States, ground up encrmous quantities of rock und, so
formed vast deposits of glacial clay. None of this material is fuund
in Oklahoma. Colluvial, alluvial and glacial clays, and shale are
called transported clays, because they have heen removed from the
place where they were formed from the parent rock. All t(rans-
ported clays are more or less impure, owing to their mixture with
various foreign substances in transportation. Another type of clay
is that found underneath veins of coal. This clay is the oll muck
bottom of the swamps in which the coal forming plants grew. “I'he
roots of the plants and the stagnant water of the swamps leached
the lime and iron compounds out of the clay leaving it very pure.
The best fire clays occur under coal veins, although all clays ocecur-
ing in this way are not fire clays.

Mineralogical Composition

The mineralogical composition of clays has already been notic-
ed very briefly. The essential constituent is kaolinite, the hydrous
silicate of alumina, which is the cause of the plastic property of the
clay and is also largely responsible for the refractory or heat-re-
sisting properties. It is a white soft mincral with a greasy feel,
Iron occurs as ferric oxide, ferric sulphide and ferrous carbonate.

- The ferric oxide produces the red color in so many of the clays in

Oklahoma. [Ferrous carbonate occurs in many shales. It mclts,
very easily and may give rise to much trouble in burning, il i is
present in considerable amounts. All clays containing over 3 or
4 per cent. of iron burn to a red color, unless sufficient lime is pres-
ent to unite with the iron, upon which a buff color may lLe pro-
duced.

" Iron is also present in mica, producing a very dark red color
in the burned ware. Lime may be present as calcium carbonate
(limestone) and calcium sulphate (gypsum.) In burning, the
carbonate is changed to the oxide which, if finely divided and dis-
seminated throughout the clay, acts as a flux, causing the cluy (o
melt rapidly at a low temperature. The lime, if in large picces,
slakes and swells on becoming wet and.may cause the hrick to
crumble. If lime is in excess of iron in the clay, the two'subsiances
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combine, forming a yellow compound, thus producing buff colored
brick. The calcium sulphate acts as a flux and is liable to produce
swelling of the ware, by the action of the sulphur dioxide gas,
which it liberates.

It also causes scumming or whitewash on the bricks. Mag-
nesium compounds behave similarly to those of calcium but are
less active, Quartz, in the form of sand, is present in practically all
clays. When added to a very pure clay it decreases the melting
point, but has the opposite effect on impure clays. It is often add-
ed to clays to decrease the shrinkage and to prevent cracking in
drying. Very sandy clays, however, show a marked tendency to
crack in burning. '

Physical Properties of Raw and Burned Clays

The principal physical properties of clays, which may effect its
working or burning qualities, are plasticity, bending power, fine-
ness of grain, shrinkage, slaking, feel, and color.

Plasticity is that property of a clay which allows it to be mold-
ed into any shape while wet, and enables it to hold that shape when
dry, with sufficient strength to allow handling. It is this property
which distinguishes clays from practically all other mineral sub-
stances, and makes it suitable for the various uses to which it is
put. Many theories have been advanced to account for the plas-
ticity of clays. At present it is usually considered, that plasticity is
due to the presence of jelly-like substances, or colloids. The latter

absorb water and retain any salts which may be present therein.

These salts greatly increase the viscosity of the water film sur-
rounding the clay particles, and so produce plasticity, Fineness of
grain and shape of grain are conditioning factors of plasticity. Plas-
ticity is determined, practically, by the feel of a wet lump of clay.

By bonding power is meant the power of a clay to be mixed
with non-plastic material, thus rendering the whole mass plastic.
It is an important property in clays used for the manufacture of
fire brick, and also in clays which are mixed with sand or other
non-plastic materials in order to render them less plastic. As a
rule the more plastic the clay, the greater is the bonding power;
but there are many exceptions to this general rule,

Fineness of grain is important in several ways, Other things
being equal the finer grained clays will be the more plastic; will
have greater shrinkage; are more liable to crack in drying; will
vitrify and melt more rapidly; and will produce denser ware, than
the coarser grained clays.

Drying shrinkage: When a clay is in the wet, plastic condi-
tion the grains are separated from each other by a film of water.,
In drying, this water is removed allowing the grains to move to-
gether. This produces a shrinkage, sometimes as great as 30 per
cent of the wet length in plastic, fine grained clays; but which may
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be almost zero in sandy clays. IExcessive shrinkage may cause the
pieces of ware to crack in drying. Sand is often added to clays to
decrease the shrinkage. . )

Slaking: When a lump of dry, surface clay is put in water it
rapidly crumbles to a shapeless mass. This is called slaking. Shales
slake very slowly and some clays, flint fire clays, for instance, do
not'slake at all. The rate of slaking often gives some idea as to
the amount of grinding and preparation a clay will require for
molding. | : .

Feel: The feel of a wet and dry clay will often give approxi-
mate ideas of its plasticity and working properties.

Color: The color of the raw clay cannot be depended upon to
indicate the color of the burned ware. As a rule clays which are
red in the raw state will burn red, but there are a few exceptions to
this rule, thus it is impossible to predict with certainty, the burned
color from the raw colors except in case of the red known to be due
to iron,

The important properties of burned clay, are color, specific
gravity, porosity, hardness, toughness, crushing strength, and ten-
sile 'strength. For some wares an attractive, clean color is neces-
sary, while for others the color is of little importance. "he crush-
ing and the tensile strength is important in structural clay pro-
ducts such as brick, fire proofing, etc., although there is conpara-
tively little trouble with clay products from lack of strength, The
porosity is an important factor in face brick, paving brick and sewer
pipe. When a clay is burned, the change in porosity with increas-
ing heat is a valuable indication of the properties of the clay.

Processes of Winning and Manufacture

Clays may be won in a variety of ways. Surface clays are often
worked with hand shovels and wheel barrows, with scrapers, and
in some instances with wagons. Soft shales are often worked by
means of steam shovels. They may be hauled to the plant in dump
cars, drawn usually by a wire rope attached to a winding drum at
the plant. At some plants the cars are hauled by an electric motor
car, the power being furnished by a trolley or third rail. Rire
clays are mined in the same manner as coal.

Clays are molded by three different processes; the sofy mud,
stiff mud and dry press. In the soft mud process, as the name in-
dicates, the clay is made a soft mud, and is thrown by hand intc the
molds of the desired shape. Machines using soft mud, force the
wet clay into molds by means of a plunger. Brick is the only pro-
duct that is made by the soft mud process. In the stiff muil pro-
cess, the clay after grinding, is mixed with enough water to form
so stiff a mud that it will not he deformed by handling. 1t iy then
pushed through a die, of the desired shape, by a plunger or an atger
machine. The clay issues from the die in the form of a biar, and s
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cut into sections of the desired size by cutters, usually of wire. The
great mass of clay ware is made by this process. In the dry' press
.+ process, the clay is only sufficiently. moist to retain its shape after
being pressed. Thewclay is fed into molds and-subjected to great
pressure. Brick and electrical porcelain are formed in this way

. After being formed, the ware must be dried and burned. A'ny
discussion of the methods of drying and burning would be too lon
an(lt'.not of sufficient general interest, to have a place in this cog-,
nection.

Clay Products and Their Uses

. The number of uses, to which clay in the raw and burned state
18 put, 1s so great that only a few of the more important can be men-
tioned here. Thes_e are, common and front brick, paving brick
drain tile, sewer pipe, fire proofing and hollow block, terra cotta’
roofing tll.e, stone ware, and fire brick. ’ ’

Practically any clay can be used to make common brick but
these are usually selected, which make the cost of manufactu,re as
]9w as possible. They should be easily accessible to transporta-
tion, should work easily and burn hard at a low temperature. Clays
sujtable for common brick are found in abundance in praétical}ll
_every county in Oklahoma. Front brick and face brick must hav{
a4 pleasing color and be of uniform size, with smooth surfaces. As
a rule the porosity of face brick is less than that of common I;riék
Both ¢common and face brick may be made by any of the three pro-.
cesses, soft‘gnud, stiff mud or dry press. Face brick, made b
~either the soft or stiff mud processes, are usually represéed to ivg
smooth faces and straight edges. g

Pottery and stoneware are made of high grade clays that usuas.
ly bur.n to a dense body, with a white or light buff color The
g]aze_xs forqu by dipping the pieces of dried or of soft t')urnéd
ware into a thin “slip” of easily melted clay or mixture of different
mme_ral subst?mces. After drying the pieces are again burned
causing the thin layer of the glazing material, which adheres to thé
ware, to melt and form the glaze. Pottery and stone ware are
usually molded by machines, although hand molding is often resort-
ed tq. Ther'e are many variations of the process.

Fire brick are made of clays, that are very difficult to melt
Large amounts of “grog,” i. e., broken pottery, old fire brick, etc..
are often used to make fire brick, with only sufficient plastic’ clay
to produtlzle all)01ll(1Lca1)lill!)le ofrlllolding the mass together. Fire brici
are usually hand molded. he i i
for linint ypmand. molded. y are used for setting boilers and

The Clays of Oklahoma

For the consideration of the cla '
o ) i : Yy resources, the Stat
divided into the following section which are shown in Fifq.n;y(ti);
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Arbuckle and Wichita Mountains; (2) Ouachita Mountains; (3}
Ozark Uplift; (4) Pennsylvanian Region; (5) Redbeds or western
region. These will be discussed in turn,

The Arbuckle Mountains in south-central Oklahoma consist
of a central core of granite surrounded by formations of limestone,
sandstone and shale. These are usually steeply tilted. "The only
formations.in the mountains important from a clay-working stand-
point, afe the Simpson and the Sylvan.

The Simpson formation consists of three heavy ledges of sand-
stone, separated by limestones and shales. The shales are usuvally

_thin, but in some cases are thick enough to be utilized, although

none of them are worked at present. They are well exposed along
the Santa Fe Railroad just south of Crusher in Murray County.
Here they are light brown to gray shales and from appearance
would be suitable for either brick or tile. No tests have as yet
been made. Near Ravia, along the Frisco Railroad in Jolinston
County, a ledge of the Simpson shale is exposed. It is about 40
feet thick and stands practically on edge. It is light-brown color-
ed clay shale, of excellent working, drying and burning qualities.
1t burns to a peculiar dark buff color and is well adapted for com-
mon or front brick, fire proofing or drain tile.

The Sylvan shale is 100 to 300 feet thick, the mass of which is
a blue clay shale. It is accessible from both the Santa Fe and
Frisco railroads. At Lawrence, near Ada, the Oklahoma Portland
Cement Company secures its shale from the Sylvan formation. Tt
is similar in appearance to the shale at Ravia. Chemical analysis
shows it to be a very pure clay shale, low in iron. It would burn
to a buff color, but to the writer’s knowledge no burning tests have
as yet been made. So far no clay products have been manufactured
from the Sylvan. '

Extensive deposits of shale are not known to occur in the
Wichita Mountains. Some deposits of kaolin have been reported
from the region near Roosevelt and Cooperton, but none, of suf-
ficient size to be commercially important, have so far been found.

The Ouachita Mountain Region: The Ouachita Mountains in
the southeastern part of the State consist of five formations, the
Stringtown shale, Talihina chert, Standley shale, Jackiork sand-
stone and Caney shale. The Stringtown shale is only exposed
in small areas and is not at present known to be available for manu-
facture . The Talihina chert contains considerable shale ncar the
middle of the formation; but not enough field work has heen done
to determine whether or not this could be utilized. The Standley
shale is reported to be 6,100 feet in thickness. "The formation con-
tains considerable sandstone, but there is in it an immensc¢ amount
of shale suitable for clay products. The lower portion of the for-
mation is well exposed about one mile north of Antlers, at which
place the Frisco Railroad crosses a ledge of lissile, black shale over
100 feet in thickness. The shale dips steeply to the southeast, but
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an unlimited supply is in sight without excessive stripping. The
shale works and burns nicely, vitrifies at a low temperature, and
has a bright, light red color with a pronounced self glaze. This is
the only exposure of the Standley shale ohserved by the writer, but
more extensive field work will doubtless reveal other favorable
localities, as the formation is very thick and is exposed over wide
areas.
The Jackfork sandstone, 3800 feet thick, contains some thin
shale heds, but not sufficient to be considered in this connection.

'The Caney shale is a blue to black, fissile clay shale occurring
in the level plains south and west of Wapanucka and also a few
miles north of the same town. There arc also several cxposures
along the north side of the Ouachita Mountains, farther cast. The
shale is described by Taff ! as follows:

“The Caney shale in its lower part consists of black, bitumin-
ous, fissile shale with spherical calcareous segregations and irregu-

s v

oy

!
14108 SIN|

A.

[]

<

==
=l

e —

v3

B wolaateTear ot

i
"
1 s ‘;‘P
X %
33
?
—
7
o
P W o 19 )
2
<

NE

s D

2T

The coal fields lie just north of the Ouachita Mountains, also
much of The area is heavily wooded, so that the question of fuel is
not a serious one in this region. The Frisco Railroad crosses the
mountains from north to south, following the valley of the Kiami-
chi River. Development of clay industries in this section will ne-
cessarily be along this railroad.
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FIG.8 :
LOCATION or CLAYS in OKLAHOMA .

0
§ T The Ozark Uplift: The portion of Oklahoma occipied by
S (x‘ ! rocks of the Ozark Uplift is the extreme northeast parl of the
5 State, comprising all of Ottawa and Delaware counties and parts
M 2 R of'Cx.‘aig, Mayes, Cherokee and Adair. The surface rocks are .of
l- -~ = < > S Mls.sms?lppxan age. Locally the streams have cut through the MIS-
! &0 2 |, of o3 sissippian rocks into the underlying rocks of Devonian, hilurian
l 38 z L and Ordovician age, but the exposures of these older rocks are
e 1E 2 oF So Y small in area and, with possibly one exception, are not near
W = $E7 e TS enough to transportation to render them available for develop-
< S\ T &Y 1= ment. ‘
A 2 2 Snv _ The Chattanooga shale, of Devonian age, is exposed for several
bt Lo A d o (s miles along Barren Fork of Illinois River in T. 17 N., R. 24 L.
T 5 . c% The Muskogee branch of the Frisco Railroad follows the outcrop
§ . _ 3 SR of this shal_e. It is probqb]e that a thorough examinqtion would
§ § § 5 % 3 § 3o ¢ show locat}ons along t]ll$ r.oad, where this shale might he de-
s & f § ¥ ] ¢ B veloped. The shale is a fissile, black shale and should be available
3 .¢ 3§ O+ 8 S ! for the manufacture of the ordinary clay products.
3 § S 8 N —,g % E S The principal formation of Mississippian age in this region is
: S O «£ & » G S & the Boone formation. The latter is composed of chert and lime-
B .
iz M D ° 1. Geol. Atlas of the U. S, Atoka Folio.
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Stone, 100 to 375 feet in thickness. This is exposed over large
areas comprising the mass of the country rock. It contains no
shale,

Many of the higher hills are capped by the Fayetteville shale
which contains.a sandstone. member of considerable thickness.
The Fayetteville;}shale is_exposed.in several favorable localities.

A sample taken near' Mixini; presumably “ftom this formation,-

shows properties resembling a No. 3 fire clay. It would make
paving brick, sewer pipe, or fire proofing. Its color is unsatis-
factory for face brick or roofing tile. There are many other locali-
ties where similar shale is exposed, near transportation, that could
be developed. The same shale is exposed along the Missouri
Pacific Railroad near Fort Gibson.

The greater portion of this area is wooded, while gas, oil and
coal, although not occurring in the immediate region, are near
at hand. The Kansas City Southern and two lines of the Frisco
Railroad provide transportation.

The Pennsylvanian Area: The portion of Oklahoma occupied
by rocks of Pennsylvanian age include that part of the State lying
north of the Arbuckle and Quachita mountains, west of Grand
River, and east of the Redbeds. The area is separated into two
parts by the Arkansas River.

Along the Kansas line, the rocks consist of alternating lime-
stones and shales with occasional sandstones. The sandstones
and shales thicken to the south, and new ledges appear while the
limestones thin out and disappear, so that south of the Arkansas
River there is an immense thickness of sandstone and shale with
only an occasional limestone lens.  Shales make up three-
fourths of the Pennsylvanian rocks, the majority of them being
suitable for manufacture. The outcrops of these shales enter the
State from Kansas and extend slightly west of south, and gradual-
ly broaden, due to the thickening toward the south mentioned
above. Some of the principal shale formations are the Vinita for-
mation (Cherokee shales of the Kansas geologists), Labette
shales, the Nowata shales, the Curl formation and the Copan
member of the Wann formation, These formations extend west-
ward to approximately the line between Washington and Osage
counties, In eastern Osage county there is a' succession of shales
and sandstones, typical exposures being at Avant, Big Heart,
Nelagony and Pawhuska, West of Pawhuska, limestones come
in again and form a large part of the rocks in western Osage and
eastern Kay counties, although they soon pinch out to the south,
The shales of this section are sometimes ‘calcareous and are not
s0 important as those farther east, .

In the coal fields farther south the following section is given
by Taff in the Coalgate folio:
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Calvin sandstone. . ... S 200 I"eet.
Senora formation ................... 500 llect.
Stuart shale ........... ... 250 Feet.
Thurman sandstonie ................. 200 Feet.
Boggy shale ........................ 2000 FeeL
Savanna sandstone ...... e 1200 Feet.
McAlester shales ...... e 2000 Feet.
Hartshorne sandstone ............... 200 Iieet.
Atoka formation ............. ....... 3000 Feet.

Total ..o 9550 Feet.

Farther north in the Muskogee quadrangle Taff  names t}le
Winslow and the Boggy formations, the Winslow being  the
equivalent of the Hartshorne, McAlester and bavamm. o

From this brief review of the stratigraphy of the region 1t. is
evident that there are immense beds of shule in thlS. szn-L of.f tl}le
State and that these beds are avail.able to transportation .an_«.l m.f,
since they lie in the great coal, oil and gas producmgi 1cg_10nl(.)‘
Oklahoma. Most of the clay industries arc now located in tnsf
region and no doubt the greatler portion of the development o

i ries will take place here. _ 7
SuChPllr;.(rlll;:‘tare in ol)eratign at several l_gculitles nortl} O,f\ t!le
Arkansas River. Bartlesville, Nowata, Claremore, Vinita, "V'ulsa,
Pawhuska, Broken Arrow, Collinsville and Pryor Cre'clc ~have
plants that produce common and building brick, and ’ l‘n ];slon}e
cases, sidewalk and paving brick. ' SOL}th of Ar_kans‘%b\ \ tl.YLl:'
Cleveland, Sapulpa, Okmulgee, Wainwright, Boynton,.]\/]u .llt,b.}elt,
Poteau and Ada have plants. There is a plant at Aldm-OILft»]}?
uses shale from an area of Pennsylvanian rocks SOUth\’VC.bL‘ 0 lt e
Arbuckle Mountains. Other places where _s_hales are exptr_uti(l{ but
are not now being worked, are 11¢}¥alnlt, Bllly_ Heart, Nclagony,

nryetta, Ochelata and Holdenville, .
Ramgrrlaaéi(:lll;’ all,these shales, and thc. surface cl.ays den‘vﬁd
from them, have good working, and drying properties and i150
burn to good red colors. Locally some of the §llales seefllw 'L(;]LOl‘l-
tain so much soluble salts that ‘the ware whitewashes h(uxy‘ir;
drying. As a rule, however, any of these shales can ])t:‘.(\l%'])t,nlt 'Ll(
upon to make drain tile, and common or building bl]lLl\’, \V\{.lll e
many of them can be used for more refragtory.ware, sucrll\]lt;s ?11'( e-
walk and paving brick, sewer pipe, roofing tile, etc.‘ .‘]L‘L ‘.llyez
underlying the coal veins, so far as tested, do not pxo\]m 'tc?) e
high-grade fire clays. Some of them contain so much‘car )011(1(_%(‘)'[151,
matter that it would be impossible to oxidize them in commercia
kilns. The thicker veins however, prove to be very vnll!able
material for paving brick, sewer pipe, fire proofing, etc. I_‘n '.so'n}e
cases these clays burn to dark red colors very pleasing for face

br]c}fI.‘he Permian or Redbeds Area: The Permian or Redbeds
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area includes practically all of the State west of a li ing
through or near Blackwell, Ponca, Pawnee, Stroud, %r;giepagfl:’%
ajnd Dja_v1s ansl west around the Arbuckle Mountains and sé)uth to
Red River, The Wichita Mountains consist of older rocks sur-
rgunded by Redbeds. There are deposits of Cretaceous age on the
Chills of some pfithe counties in the western part of the State and
there are Tertiary deposits in the extreme western part of the State
\fVlth.these exceptions practically all the rocks of this area are f
Permian age. ‘ °
The Redb'eds consist of a great, but unknown, thickness of red
clay shales with lenticular masses of red sandstone and ledges of
gypsum. TThere is little continuity of ledges except in the cases of
some of the gypsum beds. A ledge of shale or sandstone many
feet in tlugkness in one locality may thin rapidly in both directions
or merge into other ledges, so that it can be traced only a short
distance. Three-fourths or more of the Redbeds consist of soft
red cla): shale, the red color being due to the presence of oxide of
iron. The latter may constitute as high as 10 or 12 per cent of the
rock. On account of this iron, none of the Redbeds shales are suit-
able for refractory materials, and their -extremely - fine grain
usually renders them too dense and brittle after burning to make
good paving brick. These factors practically limit their range of
use to common and front brick, drain tile and irrigation tile and
- possibly fire proofing or hollow block and roofing tile. Some of
these clays give fine dark red colors, for example those burned at
Okl.ahoma City and Comanche, while others especially in the
region of the Gypsum Hills whitewash badly and show a tendenc
to puff and swell in burning, on account of the gypsum in the cla v
The question of fuel is a very serious one in this region an}:j
several plants have shut down on this account. There is no oil

or gas and coal must be shipped in from the McAlest istri
or gas and o cAlester district or

. Brick plants are now located at Enid, Guthrie,

City, Chickasha, Marlow, Addington, Comz’mche t}w;hrikoe:da}}l\ol?aa
Geary, Hobart, Blackwell and Mangum. Most’of these’ planté
make dry press brick. Several of them are in operation only part
of the time. Other towns in the Redbeds have had plants which
have ceased operations from various causes.

The Cretaceous Area: This region lie i
south of the Arbuckle and QOuachita §0L1ntaiis.a191£1§ere§ii Selsfle\;el]‘
ledges of shale which extend from west to east. The majorit gf
these shales are very calcareous and could not be used for vitri};ied
products, but would be all right for common brick. Ledges of
considerable th'icllmess near Durant and Woodville containgshale
which can be vitrified safely. The red sandy clay which forms the
surface soil near the Red River is suitable for the manufacture of

common brick bv the soft mud proc i i
oo ek I process. Wood is plentiful over
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General Summary.

In the development of any center of the clay industry there
are at least four essential factors to be noted. These are first, the
supply of raw material; second, fuel; third, transportation facili-
ties and, fourth, markets. Oklahoma possesses advantages in all
of these essential features, which should make it one of the great
centers of the clay working industries.

In the matter of raw material, Oklahoma is certainly as well
supplied as any other state. The eastern portion of the State,
except the extreme southern part, is underlaid by the sandstones
and shales of the Carboniferous system. These shales are of the
same age as those of Ohio and Pennsylvania. Some of them are
the continuation of the heds that are worked with excellent results
at Cherryvale and Coffeyville, Kansas. The beds are often many
feet in thickness and easily accessible. The few tests that have
been made, show that practically all of these shales are suitable for
either building, or front brick, paving brick, drain tile, or hollow
ware. These shales are usually gray to black in color and have fine
working and burning properties. Practically all of them hurn to a
good red color.

The rocks of the greater part of western Oklahoma consist of
the Redbeds. The latter are made up of a great mass of red clay
shales with a few intervening ledges of some other material, usually
sandstone, gypsum or dolomite. The red color of this shale 13 due
to the presence of iron.

Chemical analyses show that in certain cases the amount ol iron
in the shale is as much as 15 to 20 per cent. The clays from the
gypsum region often contain sufficient gypsum to cause them (o
whitewash badly, when made by the stiff mud or soft mud process,
and also show a pronounced tendency to puff and swell during
burning. The chief difficulty in the way of manufacturing brick
in the Redbeds, is the lack of cheap fuel. There is no coal in the
region, the nearest mines being at McAlester, 140 miles sontheast
of Oklahoma City. A little gas has been found at Gotebo and Lawton,
but, so far, not in large amounts. There is little to warrant the
hope that fuel of any kind will be found in anything like paying
quantities in the Redbeds. IFreight rates on coal have been high,
while a very reasonable rate has been secured on gas-burned hrick
from Cherryvale and Coffeyville, Kansas, into Oklahoma. Ifor
these. reasons a number of the plants in western Oklahoma have
been abandoned.

In the south portion of the State, along Red River, east from
Marietta, the shales occur usually in thinner beds than in the
eastern portion, but there are many localities with beds of work-
able thickness, well situated with regard to fuel and transporta-
tion. Many of these ledges are suitable for clay products, but
some of them contain so much lime that they are very difficult to
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work. The shale should be carefully tested before an attempt is
made to locate a plant in this region.

In regard to the second essential factor, the fuel, it is only
necessary to state that the northeastern portion where the Carboni-
ferous shales occur in greatest abundance, is in the midst of the
world’s greatest oil and gas field. The gas can be obtained, for
manufacturing purposes, at a few cents per thousand feet. The
field is being constantly enlarged and.shows no signs of failure in
supply. There are also smaller fields in the southwest and south
central parts of the State. Just south of the oil and gas belt lie the
coal fields, which will supply an abundance of cheap fuel for years
. to come. The western portion is not so fortunate in this respect,
but in no part would the cost of fuel be prohibitive,

All parts of Oklahoma are well supplied with railroads, the
eastern portion, where the better shales and the fuel are most
plentiful, being especially so. The main lines of the M. K. & T,
and the Frisco systems traverse this portion of the State from north
to south, and each system has many branches or cross lines which
connect them at several points. The Iron Mountain has a line from
St. Louis to Ft. Smith, and the Midland Valley crosses the oil field
from northwest to southeast. The Fort Smith & Western and
Rock Island give east and west connections through the coal fields,
Through the Redbeds region, the Santa Fe, Rock Island, Frisco
and Orient give excellent connections in all- directions,

In regard to the markets it should be noted that the rapid
“growth of such cities as Oklahoma City, Muskogee, Tulsa, Mec-
Alester, Enid, Ardmore, Durant and many others, creates a demand
which is much larger than the supply. Several plants have been
installed in the State, but over one-half the brick and all the other
clay products used, are still imported from the older states. No
one, who has investigated the conditions, doubts that the area of
permanent building in the State is just beginning and that the
demand for all sorts of architectural clay products will steadily in-
crease. No farm drainage has been done and few roads built,
Drain tile and sewer pipe will be used in constantly increasing
amounts, for drainage and culverts on roads, and for draining farm
lands. There is also a new field opening in the use of tile for sub-
irrigation,

The combined product of all the plants at present does not
supply the local demand for building and paving brick; and hun-
dreds of thousands of brick are imported from Kansas into the
region each year. These brick are hauled in some cases two or
three hundreds of miles through a country, having just as good
shale as that from which the brick was made, and also having in-
exhaustible quantities of cheap fuel. All of the sewer pipe, drain
tile, hollow block, fire proofing or terra cotta used in the State is
manufactured outsi(le‘the State, although it has the clay and the
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fuel required to make such products as cheaply as they can e

here. y e Stat
mad%\;i]tslfvzery few exceptions all the clays tested froml%h%‘i;l}ﬁ.
are red or very dark buff burning clays. At present 120 (nq&(l»: ts of
high grade fire or pottery clay are known. lhq tests (l)b"[!)lc [‘hut
only covered a small portion of the deposits and it is proba

'eposits will be found. ) _ )
Suc}]élfgr? if these materials should not be found in the State, the

ildi i ick, drain
suit lding and paving brick, «
nce of shales suitable for bui ; : .
ztl}?gng:wer pipe, etc. combined with the advantages in the “v;lf.vtl?(f:
fLei transportation and markets should make Oklahoma one ¢

great centers of the clay industry.
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CHAPTER VIII

GYPSUM
By Chas, N, Gould
Introduction

Gypsum is hyd Ici
xypsuy ydrous calcium sulphate, that is, s f 1
¢ , , sulphat
(;?I?éilnntmgf; zll.certam amount of water of crystallizatIi)on EXT llzilrne,
manufac?urteHwaglite{ 1s gl;ren off freely when heat is appllied Tl%:
: plaster, which will he di :
this quatity. G2 ) Iscussed later, depends on
- LUYpsum is a very soft mi 1 i i
the scale of hardness. It ifi ity is .39 g Sy 2 in
ale of | . Its specif i i
of fusibility it ranks from 3 t% 3?51.C Erovity fs 232 and in the scale
e ]'gae gty_psum area, of which the Oklahoma beds for
1.uptec“,qes%rcl)n the United States. The ares extends almost uninter-
s {o Pm ce}r{@ral Towa across Kansas, Oklahoma and Texas
oarly Lo ecgs wver. Over a considerable part of the area out-’
crops continuous and one may often travel 200 miles or. n
Thno time be out of sight of heavy gypsum ledges ore
e line of outcrop from s ,
P _ 1 southern Nebraska to west-
ta?r);ians 15 approximately 600 miles long. The width of theeb"xtreczfntra]
Oklah%n?yp'su'm varies from a few miles to more than 160 m(':;m‘
ool area 11? t1;1_thsetcenter of this region; the most extensiv'elcf:.
OSits Jthis state. The amount of 1 s
L)(l)izttxcally mexhausti_ble. With veryg)flcla)irun;xlclép(t)ilcﬂ?shoma Y
enoug};} wes)tS of the main line of the Rock Island railroad c,onet‘;eiry
fypsum to make plaster to last an indefinite length of timneS

Location of the Gypsum

For convenience iScussi
of discussion all the d i
eposits
be roughly grouped under four general regilons asofotllllcfwsst?te ey

1. The K 3 i
County. ay County region occupies the central part of Kay:

2. The main line of Gypsum Hills extends

County northwest thr ingfi
ough Kingfisher, Blai ]
per gnd T\f}/oodward counties togthe Iamsl:sml?hiwajor’ Woods, Har-
0 1o mai]ne rsaelfond line of Gypsum Hills lies along a line parallel
e, mai ]ge, and from 30 to 75 miles farther southwest f
om the Keechi Hills, in southeastern Caddo Cou t '

nty,

from Canadian

m a part, is.
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northwest through Caddo, Washita, Custer and Dewey, and into
‘Woodward and Roger Mills counties.

4,  The Greer County region occupies the greater part of west-
ern Greer County, practically all of Harmon, as well as the southern
part of Beckham and western part of Jackson counties.

The location of these general regions is shown on the map,
Fig. 9.

Kay County Region: In the central part of Kay County, in the
region between Newkirk and Blackwell, particularly along Duck,
Bois d’Arc and Ritter creeks, there are a number of local deposits
of gypsite or gypsiferous earth. These deposils are “pockety” and
of comparatively small importance. There was formerly a plaster
mill in Kay county, but it ceased operations some years a4go on
account of lack of material. The rocks are soft shales and clays,
gray and blue in color, with a few beds of-gray, impure limestone.
Whether or not there are gypsum deposits of any magnitude along
the line of this formation, farther south than Kay County, is not
known.

Main Line of Gypsum Hills: The first considerable gypsum de-
posit encountered in crossing Oklahoma from east to west is along
the main line of Gypsum FHills. These hills are formed by Lwo,
sometimes three, ledges of massive white rock gypsum, inter-
stratified between beds of red clay-shale; that is to say, the gypsum
ledges are members of the Redbeds formation. There are red
clays above, below and between the heavy ledges of gypsum.
The clays and shales are usually soft, while the gypsums are rela-
tively hard, and, following the universal law of erosion, known as
the survival of the hardest, the gypsum beds often remain intact
after the softer clays have been eroded away. The various ledges
of gypsum with the interbedded clays and ledges of dolonite, that
are found below the gypsum ledges, aggregate from 60 to 90 feet
in thickness.

Viewed from the east, the hills appear as a wall crowned with
a white band. The skyline is not continuous, for numerous hreals
occur where the gypsum ledge is absent, having been carricd away
by water. The general appearance is rather that of an uneven row
of flat-topped buttes or mesas.

The line of outcrop of these hills extends from the north line
of the State southeastward to E!l Reno. 'The ledge crosses the
Kansas line near the point where the Salt IFork enters Oklahoma.
West of Alva the ledge outcrops near Whitehorse Creck and
reaches Cimarron River in northwestern Woods County. Gypsum
forms the cap of the bluffs which enclose the canyon of Cimarron
from the Kansas line southeast for a distance of thirty miles. These
bluffs vary from 50 feet in height near the State line to nearly 150
feet helow Big Salt Plain.

The following section was taken at the high bluff at the south-
east corner of Big Salt Plain:
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No. Descriptiou. [feet,
1, Red clay o e 15
2. Massive white gypsum, the Shimer....................... L5
3. Red clay ..o e e 10
4. Massive white gypsum, the Medicine Lodge. ..., 24
5. Red clay, bands of selenite............... ...l 80

otal. . e 144

The bluffs capped with gypsum are particularly well develop-
ed along the south side of Cimarron River as far as Glass Moun-
tains in Major County. This line of hills is the region of hat caves
and natural bridges. South of-the Glass Mountains the ledge hears
off to the south, gradually leaving the Cimarron, and approaches
the North Canadian a few miles north of Darlington and El RReno,

The upper ledge of gypsum, which usually caps the hills, is
known as the Shimer gypsum. Below the Shimer, and separated
from it by a ledge of red clay-shales, is the Medicine Lodge gypsum.
A third ledge, known as the Ferguson gypsum, is found in the
southern part of this range of gypsum hills. ‘

The following section taken on the south canyon at the head

“of Salt Creek at the Rubey Stucco-Plaster Company’s mill in north-

ern Blaine County, will illustrate the character and thickness ol the
ledges of this region:

No. Description.. Ieet.
7. Massive white gypsum, the Shimer .............. ... .0, 15
6. Soft gray dolomitic sandstone ...... ... .. ot 1
5. Red gypsiferous clay ... ..o 27
4, Massive white gypsum, the Medicine Lodge ............. 17
3. Red gypsiferous clay with green bands of selenite......... 25
2. Pinkish, mottled gypsum, irregularly stratified, the

FErguSOM « v\ vvteteee et aiie v iiiaaen e e e 4
1. Red gypsiferous clay with thin green and white sele-

nite bands and Jayers ... e 86

T Otal vttt 175

Throughout Blaine County various ledges of gypsum are ex-
posed, usually outcropping along the side of a hill or as the cap
rock of a bluff or butte. In many places, however, the entire thick-
ness of one of the ledges may be concealed beneath a load of dcbris,
while in other localities the same ledge is entirely uncovered and
may be exposed over an area of several acres.

In the region around the head of Salt Creek and its tributary,
Bitter Creek, the Medicine Lodge gypsum, the middle of the three
Jedges, assumes a peculiar form. The lower half of the ledge, usual-
ly consisting of a thickness of 8 tg 10 feet, is much harder than the
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rest, or, in fact of any other gypsum, so far as known, in the State
As seen from below this part of the ledge is pure white and breaks.
with an even fracture into cubical blocks of such unusual form that
- the unique structure may often be distinguished a mile away.. Qn
-close examination the gypsum is found to be very hard and fine.

grained, usually pure white, but with an occasional bluish or red-
dish tint. Tt takes a good polish and has the general appearance of

marble, being known locally as the Salt Creek marble. Chemical

analysis reveals the fact that the rock is an anhydrite, containing a -
Ordinary gyp.-

very small percentage of water of crystallization.
sum contains from 20 to 25 percent. of water bound up in the

crystal. ‘In the rock from this ledge the amount of water is some-
times as low as 2 per cent. An analysis of the rock—No. 2 in the:
table at the close of the chapter—will give an idea of the COMposis-

tion of the rock.

Second Line of Gypsum Hills: From 50 to 75 miles west of the
main line of the Gypsum Hills and at a higher level, geologically
th'.ere ts a second line of gypsum hills. In general the gypsum in'
this r_egion differs both in form and structure from that heretofore
described. For one thing, it is not usually found in continuoys
ledges, _that is, ledges of constant thickness do not extend for an
great distance across the country. On the contrary, the stratifica.
tion 1s very erratic. Sometimes practically all the thickness of the

formation is composed of gypsum, while in nearby localities only,

sandstones and clays occur. Another point of difference is that
t_he rocks of this region do not form conspicuous hills as do those
farther east. In general these gypsums appear on the surface ip
. the form of rounded knolls, or as mounds on the top of a divide he.
tween two streams, or as persistent ledges along the side of a local
bluff, or perhaps more frequently still, along the side of one of the
rather deep canyons cut out by small streams into the soft rocks
that make up the region. : '
This range of hills extends from the southeastern corner of
Caddo County northwest through Washita and Custer counties as
far as Dewey, Ellis and Roger Mills counties. The width of the
gypsum outcrops of this region, from east to west, varies from a
few miles to nearly 30 miles.
A section taken along the Washita River 5 miles southeast of
Cloud Chief in eastern Washita County is given herewith :

No. Description. Feet
1. Massive white gypsum ................... ... ... ]8.
2. Sandstone and red clay ................ . ... .. 28
3. Massivewhitegypsum............................: ::: 8
4. Soft, red gypsiferous sandstone 75

Total 129
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Greer County Region: The fourth general region of gypsum
deposits in Oklahoma is in the southwestern corner of the State
in Greer, Harmon, Jackson and southern Beckham counties, There
is reason to believe that the deposits of this region belong to ihe
same general level or geologic horizon as those just discussed under
the name of Second Gypsum Hills; in fact, in a geologic classifica-
tion, the rocks of these two regions would be described together.
There is, however, a considerable area in southwestern  Washita
County, lying between Cloud Chief and the North Fork of the Red
River where the gypsum ledges are rarely exposed. This area sep-
arates the deposits in the southwestern counties from the main
region and so differentiates the former region. .

In the Greer County region, both in Beckham County, along
the North Fork of Red River, and in northern Greer and southern
Beckham counties, near the line of the Panhandle of Texas, the
gypsum ledges are well defined and persist for long distances. In
this regard they are like the ledges of the main line of Gypsum Fills

in Blaine, Major and Woodward counties, rather than like the
-second line of hills in Caddo, Washita and Dewey counties. In tlhe

greater part of the region there are five well defined ledges.
This section, taken along Hay Stack Creek & miles south of

Delhi, Beckham County, will show the stratigraphy of gypsum in

southwestern Oklahoma:

No.’ Description. IFeet,
Lo Red Clay oo 5
2. HMard sandy rock ... ... 4
"3, Redandgreenclay ..o i 20
-4, Massive white gypsum ............... . . 16
5. Redandgreenclay ......... e 3
6. Massive white gypsum ... ... . 1%
7. Redandgreenclay ..........cooiiiiii i 20
8. DBluishand drabgypsum .............. ... .. . ........... !
9. Redclay ..o 15
10. Gypsum and hardrock ........ .. 5
I Redelay ..o 100
Total ..... e 200
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A different phase of the same series of beds is shown in the sec-
It was taken on the bluff between Salt Fork of '

tion given below.
Red River and Horse Branch, ten miles south of Mangum:

No. Description. Feet
1. Dolomite, hard rock ..o, 3
2. Redandblue clay ...vuniininnnini i 12
3. Massive white YPSUM .ttt 8
4, Red clay with ledges of gypsum ......oovivieie, 24
5. Massive White gYPSUM ..ot reennn i, 12
6. Redandblue clay . vvvvveriniv i 15
7. Soft shaly rock and gypsum.......cooviiiiviiiiaiennn. 5
8 Redand blue clay ...vviiiiiii i 22
9. Bluish gypsiferous rock .....coeuveiiiiriiiiiiny 10

10. Red and blue clay....vveriiumiiiiiii i 8

11. Massive white gYpsSum ........c.eeiiiereannieennn, 3

12, Red Clay o vureee e 100 -

Total v vee et e e 222

Amount of Gypsum in Oklahoma:
had occasion to prepare an estimate of the amount of gypsum avail-
able in Oklahoma. After some consideration as to the best method
to be employed, the following plan was adopted: A ledge of gyp-
sum a foot thick and a mile square was used as a basis. The speci-
fic gravity of gypsum was estimated at 2.32 and the weight of a
cubic foot of water at 62.5 pounds. Hence, a cubic foot of gypsum
would weigh 2.32 times 62.5 pounds, or 145 pounds. From this it
would be found that a ledge of gypsum of the thickness and area
given, would weigh 2,021,148 tons. In the calculation of the
amount of gypsum in a region the odd numbers, 21,184 tons, were
discarded and the weight of a ledge of a mile square and a foot thick
has been-considered as 2,000,000 tons.

In estimating the amount of gypsum in any particular region,
care has been taken to include only available material. No de-

posits have heen considered in these calculations that are at a great- .

er depth than 100 feet beneath the surface and, in general, the
ledges discussed are less than 50 feet under ground.
In arriving at results the plan has been first, to estimate the

number of square miles occupied by gypsum; and next, to approxi--

mate the combined thickness of the ledges. In both calculations
care was constantly taken to make conservative estimates. The
number of square miles was multiplied by the thickness in feet and
then by 2,000,000. This product is considered the number of tons
of gypsum in the area under discussion.

Classified by counties the approximate amount of gypsum in.

Oklahoma is as follows:

Not long since the writer .

County. Tons.
Canadian vuee et eeennan s e 50,000,000
BIAINE & o e e v vee st meaes e 2,500,000,000

‘Woods ....oovovnnn e 8,000,000,000
WoodWard « vt et i i e 8:000,000,000
MaJOT o v ettt 12,000,000,000
[TATPOT v vneee ettt 10,000,000,000
COmMANCHE vttt it iia ettt 200,000,000

CCAAAO vt e s 3,000,000,000
Washita «ovvvrii e iieaaenn e e 20,000,000,000
CUSTET v v v et ve s ieenas e asasensoasaesns 6,000,000,000
DEWEY v eeeenteneennnan e e 1,000,000,000
EIES o r oo eee ettt v e e s 500,000,000
Roger Mills .vvvvvviinini e 1,000,000,000
BeCkham & ovv ettt iiiir i 12,000,000,000
LT S 14,000,000,000
| n s 7e] « R R 15,000,000,000
JACKSOM wuvi i 13,000,000,000

TOtA] oottt et e 126,300,000,000

Occurrence of Gypsum !

Gypsum occurs in five forms: (1) rock gypsum, (2) gypsite,
(3) concretionary, (4) selenite, (5) satin spar. ITach of which oc-
cur in Oklahoma in great abundance.

Rock gypsum is by far the most abundant form of gypsum in
the State. It occurs in massive ledges varying in thickness up to
100 feet or more. The physical character of rock gypsum varies
greatly. In color it ranges from pure white to gray, bluish white,
and pink. It sometimes occurs in a selenitic or granular form that
is made up of very small closely-packed gypsum crystals. Most of
the gypsium of northern Oklahoma is of this kind, while far the
greater part of gypsum in the southern counties is compact and
massive.

Gypsite occurs in great abundance in Oklahoma. Tt is not
at all practical to attempt to estimate the amount of gypsite in the
State. In the first place, it is quite probable that there are many
gypsite deposits as yet undiscovered ; then, too, in many places this
material occurs in such small quantities and under such conditions
that it is not practical to utilize it; and still another reason is that on
account of the nature of the deposits only approximate estimites
can be made as to the amount of gypsite in the known beds. CGiyp-
site, which is sometimes known as earth gypsum or dirt gypsum,

“varies in color, from white to gray and brown. It has an earthy ap-
! pearance, being distinguished in the field from soil, clay, shale, cic,,

1. From report of Mr. Frank A. Herald.
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mainly by color and characteristic feel when rolled in the hand.

Concretionary Gypsum occurs as more or less rounded lumps,
varying in size from very small concretions up to'those 12 inches
in diameter. These lumps or concretions, usually white or gray
in color, ‘are found scattered through the red clay in many places.
They often lie close together, making a sort of stratum. In-general
they are of about the same nature as the ordinary rock gypsum,

Selenite is crystallied gypsum. It belongs to the monoclini¢
system of crystals, and has very perfect cleavage. Ordinary selenite
crystals are diamond shaped. In the pure state it is transparent,
Some specimens have been collected in Oklahoma as much as six
inches thick, that were so clear that ordinary printed matter could
be read through them. Selenite sometimes contains more or less
coloring matter, chiefly that which forms a red color.. It separates
readily along cleavage plans, and can be divided into very thin
layers. . -

It oceurs in veins from the thickness of a sheet of paper to two
and a half or three feet. Veins of more than two feet in thickness
are rare, while those from two to six inches are most common,
Selenite usually is found interstratified with clay between ledges of
gypsum rock. In most cases the strata are level, but sometimes it is
found dipping in all directions, making various angles with the per«
pendicular, The veins or ledges of selenite are made up of crystals
bound together at various angles. Selenite crystals vary in size
from infinitely small particles to those as large as sixteen by forty

inches. Ordinarily the crystals are from one to three inches in

width and from two to seven inches in length. :

Satin Spar is the second of the two forms of crystallized gyp-
sum. It is crystallized in long needle-shaped crystals, which have
a direction perpendicular to that of the bed. With these exceptions
its mineralogical characters are practically the 'same as those of
selenite. Satin spar occurs in beds having thickness all the way
from that of a sheet of paper to four or five inches. The veing
run in various directions in clay and shale. It is of common oc-
currence that the beds branch and run in different directions through
_the clay and-then reunite. Satin spar is often found in the Redbeds
at considerable distances from the outcrop of the more conspicuous
rock gypsum, ‘

The Manufacture of Gypsum Products in Oklahoma 1

At the present time there are eleven plaster mills operating in_
the State, and plans are being completed for the erection of others,’

The mills now in operation are located at the following placess

Bickford, Marlow, Okeene, Alva, two at Watonga, Southard, Okar-;

che, Eldora_do, 'Fer.g_u'son and McAlester. A considerable amount
of gypsum is being shipped to the eastern part of the State and used

1. From report of Mr. Frank A, Herald.
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m we wanufacture of Portland cement. The above mentioned mills
are manufacturing the following products: Wall plaster, dental
plaster, plaster of paris, finish plaster, moulding plaster, stucco, and
Jand plaster.

‘ For the greater part of these products rock gypsum is used;
lin fact it is used to some extent in all of them, except in the dark
tcolored wall plaster because pure material is required for these.

Although gypsite is used in fewer products than is rock gypsum,
yet because of the great demand for cheap wall plaster it 1s being
ysed much more extensively than is the rock for the reason that it
can be manufactured much more cheaply. Many practical plaster
men contend that gypsite makes a better plaster than does the rock
gypsum. Plasterers prefer gypsite plaster because it is said to be
easier to apply. It is claimed thata workman can put on a greater
qumber of yards of gypsite plaster, and leave a smoother wall in a
certain length of time than of plaster made from gypsum rock. T'he
réason that gypsite can be made into plaster with less cost than can
gypsum rock is because the rock has to be quarried and ground
pefore it is ready for cooking, while the gypsite can be taken from
the beds with scrapers and transferred in the kettles without the
expense of grinding. These two forms, rock gypsum and gypsite,
are the only kinds of gypsum that are utilized in Oklahoma.

Process of Manufacture: The process of manufacture of plaster
from gypsum is very simple. It consists primarily in removing the
water of crystallization from the gypsum. Just enough water is
left in the finished compound to start crystallization when the other
water is added. If the plaster is overburned so that all the water
s removed crystallization will not take place upon addition of
yater. As a matter of fact plaster is seldom overburned. To com-
slétely dehydrate gypsum, it must be heated to 650 degrees Fahren-
heit, while if it is heated beyond 430 degrees Falirenheit, so nearly
Jll of the water is removed that it will take up water of crystalliza-
tion only very slowly. The most satisfactory results are reached
by heating to a temperature of 350 to 370 degrees. Few mills
in the State, however, heat their plaster to a temperature as high as
360 degrees. Most of the plaster manufactured in Oklahoma is
wrned out of the kettle at a temperature between 330 and 350 de-
grees Fahrenheit.

The gypsum rock is taken from the quarry to the jaw crusher,
or nipper as it is commonly called, and crushed into lumps varying
in size all the way from the size of a man’s hand down to fine pow-
der. These lumps pass down through the nipper into the cracker
just below. The cracker is a machine operated on the same principle
1s a coffee mill. TIn the cracker the gypsum is crushed into frag-
ments the size of a pea or smaller. It is then clevated to bins.
From there is passes into ordinary buhr mills ‘where it is ground

_into flour.. In some of the mills the finer products are passcd
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through buhr mills the second time to secure extreme fineness, but:

this is rather rare.

After the gypsum is ground as fine as flour, it is ready for the
calcining kettles. It is first elevated to a bin, but usunally reaches the
kettle before it looses the heat imparted to it in the buhr mills, The
ground gypsum is cooked from two and a half to three hours in the
calcining kettle. As the manufacture of plaster from gypsum takes
place, strictly speiling, in the calcining kettle it is-worth while to de-
scribe this part of the mill in detail. The kettles used in Oklahoma
are six to eight feet deep and from six to ten feet in diameter, usually
called “ten foot kettles,” are by far the most common, in fact small-
er ones are used in only two mills in the State.  This size seems
to be most satisfactory for nearly all new kettles are of this size,
not only in our State, but in other states as well. Since the.ten
foot kettles are the most common I shall limit my description
mainly to them. The material in the kettle is constant.Iy stirred
by a revolving mixer. This mixer is composed of a vertical shaft,
running down through the center of the kettle almost to the bot-
tom, with three cross pieces reaching out almost to the sides of
the kettle. The mixer is propelled by a cog wheel, from six to
twelve feet above the top of the kettle. All the ten foot kettles

have four flues through them, while the smaller kettles have only

two. These flues are about a foot in diameter and run paralle
through the kettle in pairs, the upper pair being about eight
inches above the point midway between the top and bottom and
the other pair about eight inches below the middle point. There
is about ten inches of space between the members of each paijr,
The purpose of the flues is to aid in using as much of the heat
.produced as possible. All of the bottom of the kettle, which is
cupped up in the middle, is exposed to the fire pit, as it affc_)rds a
covering for the same. The bottom of the kettle is fr_om five to
six feet above the grates of the fire pit. The kettle is enclosed
within a brick wall with fire courses or flues running around on
the outside of thé kettle, so as to make as much of the heat ag
possible come in contact with' the kettle before it goes out througl
the smoke stack above. The heat comes up from the fire pit on
the front side and passes around and through the kettle through
the lower flues and back to the front side again. Then it passes
around the kettle again and back through the upper pair of flues
and then out the smoke stack which stands on the front side of
the kettle. By this method the heat produced is well utilized.
The capacity of a kettle eight feet deep and ten feet in diameter
is thirteen tons but usually only about ten tons of plaster is cal-
cined in it at a time. _

While gypsum is being cooked it boils like water. The steam
is carried off through a flue from the top of the kettle. When the
gypsum is sufficiently calcined, i. e.,, has the water of crystalliza-
tion removed, a gate at the bottom of the kettle is opened and the
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plaster runs into the hot pit. From here it is elevated to bins in
the upper part of the plant. The kind of product desired deter-
mines the further course of the plaster. If it is to he finish plaster
it is sacked as it comes from the kettle, Sometimes a little re-
tarder is mixed with finish plaster. This is done in one of two
ways: The retarder is either thrown into the kettle with (he
ground gypsum or it is mixed in the mixer as with other plastcrs.
Most plasters contain both retarder and fiber, either hair or wood.
These are put in various proportions according to the nature of the
product desired. If a quick setting plaster is desired a small
amount of retarder is used, while more retarder is used, if it is
desired that the plaster set more slowly. :

The constituents of the plaster are put together on the second
floor of the plant. A gate to the hin is opened and about twelve
hundred pounds of pure plaster as it comes {rom the kettles is
turned into a pyramidal box which has its point downward through
the floor. Then weighed amounts of fiber and retarder are adiled.
These go together into the mixer below. The plaster is thorough-
ly mixed and then sacked directly from the mixer. A sample is
taken from every batch and tested, mainly to see just how long
it will take it to set. Usually the plaster is sacked hefore it has
tinme to cool. Quite often it is loaded into cars while it is so hot
that it can hardly be handled with the hands.

The process is the same for the manufacture of gypsite, only
in this case the material goes directly to the calcining kettles witli-
out preliminary grinding. More heat is required to calcine gypsite
than rock gypsum as gypsite usually contains a certain per cent
of free water.. Gypsite has to e cooked from three to four
a half hours. More fuel is required to calcine gypsite than Lyp-
sum rock, but the cost of the extra amount of fucl required, ducs
not amount to as much as the expense of quarrying and grinding
the rock.

Uses of Gypsum !

Plaster of Paris: All gypsum, when calcined, becomes plaster
of Paris. Of course only a very small per cent, of it is sold us
such. Only the very pure product made from pure rock gypstiin
is sold as the commercial plaster of Paris.

Dental Plaster: Dental plaster is a very fine grade of plaster
of Paris. Very pure material is required for this product. In some
mills dental plaster is made largely from selenite. Tt is usually re-
ground and sifted so as to insure fineness and uniformity.

Wall Plaster: There are a great many kinds of wall plaster.
Many mixtures made with plaster of Paris, more or less pure, are
used as wall plaster. For finishing white coat on walls the plaster
is used as it comes from the calcining kettle. It is just the same

1. From report of Mr, Frank A. Herald.
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as, and in fact is, plaster of Paris. Sometimes retarder is mixed

. with it to give a slower set to the white coat. Retarders are or-
ganic compounds which are mixed with the plaster, to delay the
set of the material. Various constituents enter into the composi-
tion of retarders, different ones containing different ingredients,
common among the contents being slanghter house products, glue,

hair and slacked lime. Retarder is used in practically all plaster, for

" pure plaster of Paris sets too quick for ordinary use.

For general use, retarder and fiber are mixed with the cal-

cined gypsum . These are mixed in proportions to suit the demand
of the trade. Two kinds of fiber are in common use, hair and

wood. Wood fiber is comparatively a new product, but it.is rapid-

ly becoming known and is giving good satisfaction. It is made

" by tearing wood, most commonly cotton wood, into fiber by a
machine made especially for the purpose. This machine is oper-
ated within a few feet of where the fiber is mixed into the plaster,
It is claimed that wood fibered plaster has the quality of deaden-
ing sound. Some mills even go so far as to mix sand in certain
‘brands of their product before it leaves the mill. This is rare,
however, but where it is done good results are more likely to fol-
low, for, as a rule the manufacturer of the plaster knows better
how to prepare it for use than does the ordinary workman,

At the present time the plaster made from gypsite seems to be

more satisfactory with the trade than that made from rock gyp-
sum. This matex_‘ial is usually of a dark color so that it is not
suitable for a finish coat. Because of the impurities it contains,

it requires less retarder than that made from pure rock gypsum,

Certain other things are sometimes added to gypsum plaster to

develop. certain qualities, but I have enumerated all the more’

common. con§tituents. Comparatively speaking, almost all of the
gypsum calcined in Oklahoma is used as wall plaster. Other

products are made and sold, but the. manufacture of them is of

little importance as compared with that of wall plaster.

In his report on the gypsum of Michigan, Prof. Grimsley
says, in speaking of gypsum plaster:

“Its advantages as set forth in the advertising circulars of
the companies and supported by the testimonials of prominent
architects and builders are as follows:

“Tts superior tensile strength and hardness. It dries out much
more rapidly than lime plaster so that the carpenters can soon

follows the plasterers; the painters and paper hangers can follow

t_he carpenters in a day or two. The entire building can be de-
livered and occupied from five to six weeks sooner than with lime

mortar. Coloring compounds can be mixed with the material in’
its preparation for mortar to produce any tint desired. Ceiling

and walls, thoroughly soaked by leaking from unprotected roofs,
have not been injured. .It attains a high polish and may.be used

for wainscoting as a substitute for marble. It is fire proof and a-
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non-conductor of heat and cold, so that changes of temperature do
not effect the walls which, therefore, do not chip or crack. "The
walls being dense and hard are vermin proof, making the plaster
valuable for hospital walls.” '

Pottery Moulds: Gypsum is used to a great extent in the
manufacture of moulds for various pottery designs. It is usually
used for this purpose in the form of plaster of Paris.

In Plate Glass Polishing: About 40,000 tons of plaster are
used annually in the plate glass factories of the United States.
Plaster is used to imbed the glass, in order to hold it firmly
while it is being polished. For this purpose very pure plaster is
required, so as not to scratch the glass.

Plaster Relief Work: A great amount of gypsum has been
used in the last few years in the construction of temporary build-
ings, especially at the great fairs. An enormous amount was uscd
in the buildings at the World’s TFair at St. Louis. The material
used, is ordinary gypsum plaster mixed with fiber, making what is

.known as staff. Staff is well adapted for decorative construction.

The main objection to it is that within a few years it will disinte-

grate and crumble. Some experiments have been made to protect

it by an outside coating or wash of Portland cement or some ma- -
terial that the elements will not disintegrate. In some cases these

expedients have proven fairly satisfactory. Such experiments are

likely to develop a great field for the utilization of gypsum pro-

ducts as an outside material.

Staff is also used for inside decorations. Group figures, mould-
ings, etc., in our public buildings, theaters, and buildings ‘of all
kinds, even private residences, are made almost entirely from staff.

Portland Cement: It is claimed that Portland cement can he
made from gypsum, with sulphuric acid as a by-product. Severa!
patents have been granted for this work, but as yet the process
has not gone much beyond the experimental stage.

Gypsum Boards: The manufacture of plaster boards from
gypsum is a comparatively new industry. Boards of wvarions
styles, shapes, and dimensions are made. Some have strips of
lumber running through them, some are made with alternate lay-
ers of porous paper and many other various ways. Among the
advantages claimed for this sort of building material is that it is
fire proof and also a sound deadener.

Paint: Gypsum is used some in the manufacture of paint,
though not very extensively. Its chief use in paint is as an adult-
erant; but it is also used as a base of certain kinds of paint.

Alabastine: Alabastine is a sort of paint, in fact it is often
called “cold water paint.” A good quality of gypsum is carefully
ground and reground for this product. In his description of ala-
bastine Grimsley says: ,

“This superfine gypsum flour is mixed with metallic colors
and sold in packages to be used for tinting and frescoing interior
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walls. Five pounds of the material will cover fifty square yards
of plain tinting on a smooth non-porous wall. It can be used over
any §011c1 surface, such as plaster, wood ceiling, brick, or canvas
and is applied with an ordinary wall brush. It does not flake
or scale off, and hardens like the wall on which it is placed and
so can be applied coat over coat.”
The word “Alabastine” is a trade name. It represents a clags
Qf materials of which it seems to be the most important. Cemen.
tico and Muresco are othet products of a similar nature.
Adulterant: Pure white, finely ground gypsum is used in
many ways for adulteration purposes. For most purposes it is
used uncalcined. It is mixed with some white lead paints, makin
a cheap substitute for the white lead. It has been known to bs
used in f101_1r, sugar, candy, baking powder, and many other com.
mon materials. The pure food laws, recently put into operation
are restricting its use along these lines. '
Fertilizer: Land plaster, chiefly uncalcined gypsum, is
commercial product used as fertilizer in many eastern statés In
some cases insect poison is added to it so as to destroy ce.rtain
insects on the fields where it is applied. So far it has not be
‘used to any extent in Oklahoma, - o
Minor Uses: The principal uses of gypsum have been enume
erated above. It has various other uses, such, for instance, as
material for blow-pipe tests, as a drug, as salt for brewing wz{ter
’

etc. These minor uses are so numerous and relatively unimport.

ant that it is not worth while to treat of them in this paper.
Unsolved Problems '

Gypsite Beds:. There are two problems to be solved in con-

nection with the gypsum industry of Oklahoma, namely, the loca+

tion of available gypsite deposits, and the securing of cheaper fuel,
The plaster men believe that the greater part of the gypsite h X
been located and that the supply will soon be exhausted re
are geological reasons, however, for believing that there .are vast
undiscovered deposits of gypsite in each of half a dozen of th
western counties, and all that is needed is systematic prospectingc

It is my conviction, based on ten years of careful study of condj~

tions, that at a conservative estimate, not 10 i
able gypsite deposits have yet been found. per cent. of the avail-
Fuel: The fuel problem is more difficult, It is useless t

look for coal anywhere in the gypsum region, and the geologi (:
structure precludes the probability of petroleum or naturalg o
being found in quantity. The nearest coal is 200 miles or mg“
from the gypsum, and under existing conditions the railroads et
the frelgh_t on both the coal and the finished plaster. A mi]lget
and transit rate to the gas fields of eastern Oklahoma has b;:ﬁ

suggested as a solution of the difficulty. The fact, however that
gypsum 1s more than one-fifth water of crystallization pre'senm

There:
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grave difficulties to this plan, even if a suitable rate could be ob-

mined from the railroad. The last resort is to pipe the natural
gas to the gypsum. Gas mains are already laid as far as Okla-
homa City, and they will probably soon be extended to El Reno,
which is not more than 15 miles from the southern end of the
ypsum hills. Whether or not a rate can be secured which will
enable the plaster men to utilize the gas remains to be seen. To
my mind this is the most practical solution of the problem.

Analysis of Oklahoma Gypsums

{  The following table shows analysis of material ‘taken from
yarious parts of Oklahoma, and will illustrate the general charac-
ter of the gypsum:
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Calcium sulphate ........ 80.09 94.83 76.76 75.57
Calcium carbonate ............ e 1.11
Magnesium sulphate .......... 193 ..
Magnesium carbonate ......... ~ ..... 85 A0
Water . ...... e 19.82 2.74 19.80 20.22
Oxide of iron and aluminum...  ..... 1.45 A5
Insoluble residue ........ 65 L 95 1.66
Totals ............ 100.56 99.50 99.80 99.41
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CHAPTER IX..

PORTLAND CEMENT

By Gaylord Nelson
_ Introduction

ArFificial_ stone or cement has been used by man from very
early times in structural work, but it is only within the oy
twenty years that the full importance of an artificial buildin r:a“‘
terial has been recognized in this country. The rapid destrgct!m-
of our supposedly inexhaustible forests, the great cost of nat lo';'
stone, the.vast increase of our building operations, and al)ovcuml’
the invention of the modern ‘‘sky-scraper” have necessitated t:lu"
use of some building material other than stone.or wood. I w'“
sponse to this demand, Portland cement and steel ha.ve ll)erc."g'
broug'ht forward and are rapidly becoming the structural ma[cn{
ials. The severest tests of buildings in the Baltimore fire and t(lrr-‘
San Francisco earthquake prove conclusively that reinforced ¢ ‘f%
crete is one of the most durable of all building materials OJ"
tl.lese catastrophes huildings of stone were destroyed, at S'm.I.? "
cisco they were shaken down into piles of splintéred r‘ockvsran-
Baltimore granite walls “spalled” and crumbled in the inte ”
heat of the fire, but reinforced concrete structures were but l":mg
damaged. T_hey withstood with equal facility the most intl e
heat of tl}e fire above and the shaking of the earth beneath cnse.
. We in Oklahoma are especially interested in an a;tifi ia)
building material, as we have no timber and natural stone is d'cflfa'
cult and expensive to quarry. At the present time a vast am unt
of stru'ctural work is under way, and as the State contix‘m W
grow in population, economic importance, and develo v
structural materials will be more and more in demand boptrlnefm.
private bu1ld1_ngs and municipal enterprises, such as pa(fin ]'(10""I
walks and brl_dges. For these reasons, if for no other Okglz';lSl W
1s 1nterested in the Portland Cement industry., But therf i
other reasons why this industry is of particular in‘terest to eOkare_
homa.. In this State we have unlimited amounts of raw mat 'la-‘
used in the manufacture of cement, as well as great de aite
cheap_fuel, coal, oil and gas, so that, from the staﬁ(lpoinIEOS;ts of.
materials and fuel, cement can be manufactured as cheapl o
lahoma as any other place. The west and the southwepsty m Ok.i
parts of the country that are destined to show the greatestasrt(:'i:ll:i
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in economic development in the immediate future, and the value
of making our structural material within our gates can nol be
estimated.” There is no reason why we should continue to pay
tribute to Pennsylvania, Kansas and other states for our building
materials, when we can produce a material right here at home,
that is the equal of any that is imported. It is for the purpose of
showing—in brief, the cement resources of Oklahoma that this

paper is written,

Historical Sketch

Hydraulic cements have been in use for so long that the
history of their first discovery is lost. It is known, however, thal
he Egyptians were extensive users of cement fully 4,000 years
ago. Also a natural cement was in use by the Carthaginians, who
constructed of this material an aqueduct 70 miles long, crossing a
valley on arches 100 feet high. One of these arches has fallen
down on the rocks beneath and yet remains intact and unbroken,
illustrating the tenacity and durability of natural cement. ‘I'hc
Romans, the greatest builders of the ancient world, were wel!
acquainted with the use of hydraulic cements 2,000 years ago.
Many of their greatest structural works were built of cement and
crushed stone, Their aqueducts, still the marvel of the world,
estify to their mastery of cement, while the Panthcon, probably
the most famous building of ancient Rome, had an arched roof of
140 feet span, built of brick embedded in cement. The ancient
Mexicans and Peruvians were also extensive users of hydraulic
-ements. It has been reported that walls which they built of
cement and stone, have been exposed to the weather so long that
the face of the stone has been worn away, leaving the cement
standing out in prominent ridges. This shows the remarkable
enduring qualities of cement as a building material. _

The modern cement industry received its first impetus from
he investigations of James Smeaton, the builder of the famous
Eddystone lighthouse. In 1756 he discovered that by Dhurning an
argillaceous limestone, a cement was produced which had the
power of hardening under water. He utilized this discovery in the
building of the lighthouse, and so durable was his cement, that
although the lighthouse was rebuilt in 1882, it was not due to any
failure of the cement but to the wearing away of the solid rock
beneath the tower.

A true artificial cement was first invented by Joseph Aspdin,
in 1824, and a description of his process will be found later, but it
was not till about 1850 that cement came into- extensive use in
England.

In the United States the first cement was manufactured hy
Canvass White in 1818, from the natural rock near Fayetteville,
New York. This cement was largely used in the‘masonry work of
the Erie Canal. The first true Portland cement -was manufactured
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by David O. Saylor, at Coplay, P ia, i
, a y, Pennsylvania, in 1872, 1

. there were six plants in the United States, producing 42 0801529:
rels per year. From this modest beginning the industr}; has de:
veloped until in 1906, there were 84 active works in the count ;
%,515}116&6 ;cg)gal %‘r;]nualfproduction of 48,463,424 barrels, valued a{
$52,466,186. ese figures show tt it i

the industry at the present time. e magnitude and importance of

Classification of Cements

) The term cement, in its broadest sense, is i ’
terial vs{hich, on the addition of water, has t’he ;gvggfdoft%:rrzli rpa-:;
or setting, Under this heading there is an innumerable.va:!mg
of substanc;s. We are, however, only concerned with thletx
cements which are of use in structural work. Such cements hme
been yarlously classified by different authors. E. C. Eckel divizcilve
them into two great classes, simple cements and complex cementc:
'Y)

Simple Cements

There are two divisions of this
cl '
bonaicre are t ass, hydrate cements, and care
Hydrate Cements: H i :

_ S ¢ ydrate cements include those cem
from which the _combmed water has been driven off at a ‘cemp‘:‘f;:n
ttére not exceeding 400 degrees Fahrenheit, and which, upon re:
a so%bllxlg water, produce an artificial rock similar to the natural
fact- lllllsf class 1fncludes plaster of Paris, cement plaster and m

all forms of cement and plaster in i i
sential constituent. ’ i which gypsum is the es.
Carbonate Cements: Carbon
_ P ate cements are derived
lflmestone, or chalk, by driving off carbon dioxide at a hezf:og;
I.rom 1300 degrees to 1600 degrees Fahrenheit, producing quicke
;n}e or galqum oxide. On t]le addition of water, calcium hydrate o
slaked lime is formed, which reabsorbs carbon dioxide from thr
atmosphere and reforms calcium carbonate, or limestone. ¢

Complex Cements

I.n complex cements heat brings about t ion
chemical compoun.ds which impar%:r the sett?r?gfc;)rlfg;zlr%n (3[; ne}:v‘
cement, Under this class come (1) Natural cements. (2) }I”uzz } .
cements, (3) Hydraulic limes, (4) Portland cements. Thes Care
all compounds, which owe their hydraulic propefties.to a by
natuI)\? of clalcgium oxide, silica and alumina. combis
] atu‘ra ements: Natural cements are i
impure limestone, containing from 15 to Iz(r)of)légedc;)g’tbg;mq]g:an
alumn}a, and iron oxide. Other ingredients, notably sodiu g
potassium oxides, magnesia, and sulphur are generally rem and,
small quantities, but are inconsequential except when ]I))ressgr?tt i:
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Jarge amounts. They are then detrimental to the quality of the
cement.

The temperature at which natural cements are burned varies
from 900 degrees to 1300 degrees Fahrenheit, or about the same
as the temperature used in burning lime. The lime and magnesii
combine with the silica, alumina and iron so that the burncd
product shows very little free lime. The burned mass, or clinker
on being ground to a fine powder has the power of setting under
water. To this class of natural cements belong all calcium-silici
cements which are produced by burning, to a point below vitrifica-
tion, an indefinite mixture of calcareous and argillaceous material.
They are made from natural lime-clay mixtures and no attempt
is made to keep the chemical composition constant.

Puzzolan, or Pozzuolane Cements: Puzzolan cements con-
sist of an' uncalcined mixture of slaked lime and volcanic ash or
other silica-aluminous materials such as blast-furnace slag. The
ingredients are simply thoroughly mixed and ground to a fine
powder, which sets under water. This is the cement that was
used by the ancient Romans for building purposes. It derives its
pame from the town of Puzzolano, in Italy.

Portland Cements: By the term Portland cement, is to be
understood the product obtained by finely pulverizing clinker pro-
duced by burning to semi-fusion an intimate artificial mixture
of finely ground calcareous and argillaceous materials, the mixture
consisting approximately of three parts of lime carbonate (or an
equivalent amount of lime oxide) to one part of silica, alumina and
iron oxide. The ratio of the lime in the cement {0 the silica, alumi-
na and iron oxide, together, shall not be less than 1.6 to 1 or moure
than 2.3 to 1. _

The chemical composition of all Portland cements is therefore
fairly constant, varying only within very narrow limits. The heat
required to burn the mixture to a semi-fused mass is far above
that necessary for natural cements, approaching 3000 degrees Fah-
renheit or about 1300 degrees Centigrade. This semi-fused mass,
or clinker, when finely pulverized will set under water. Naturit!
cements are not only burned at a much lower temperature, but
have a quicker set and a much lower ultimate strength than the
true Portlands.

Another authority groups under the term cement all mortars
which will harden under water as well as in the air, in distinction
from the common lime mortars, gypsum plasters, and the so-
called sorel cements. There are four kinds of hydraulic cements,
and in addition Pozzuolane cements, and Portland cements. These
owe their hardening properties to a process of hydration, requiring
water for their initial set. The Pozzuolane and Portland cements
are the same as described above. Hydraulic limes and Roman
cenfents differ merely in the amount of impurities or clayey mal-
ter present in the limestone, the clay content of Roman cemecuts
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being greater than that of hydraulic limes. Both are essentiall
the same as the natural cements, described above and can b i
cluded under that heading. . o
Portland cements are more expensive than the others owin
to the greater fuel consumption which their higher burnil’qg temg
perature requires. Additional cost also enters in, because the:
require finer grinding and more intimate mixture of raw m)
terials. The‘ greater cost of production is, however, more th o
offset by their greater tensile strength. No two natural cemenatn
have the same hardening.properties or the same strength, while ]E;
standard Portlands are uniform in these properties. The’ir greatz1
‘terlsl_le_ strength permit the additon of more sand or crushed stoxer
in mixing . They are by far the most satisfactory cement matexri“lE
yet brought forward, and are mare used than all the other cem ;
Roman, Puzzolan or natural. e,
It is solely with Portland cements, as the term is now unde
st(_Jod, that the present work will deal, the other hydraulic c’eme {-
bemg‘of such subordinate importance from an economic stand )oir;ns
The name Portland cement was first given to an artlificiaf

compound of lime and clay prepared by Mr i '
oun y Mr. Joseph Aspd
Leeds bricklayer. He chose the name in consequence of tllelf)a1112}e3 '

resemblance in color and texture, of hi Y

emb; ) , s hardened cement, to t
ool}txc limestone of th(? Island of Portland which was much Jesteen]e
ed in England as a building stone. "

Aspdin’s specifications, dated Otcober 21, 1824, are as fol- -

lows: !

1 «m . . )
I take a specific quantity of limestone, such as that generally -

used for making or repairing roads, after it is reduced to a puddle

or powder; but if I can not procure a sufficient quantity of the |

above from the roads, I obtain the limestone itself and I cause the

puddle or powder, or the limestone as the case may be, to be cal--

cined. I then take a specific ¢ 1 i

_ X juantity of argillaceous earth or ¢l
a.nil mix them with water to a state approaching impalabi]ita\?’
either by manual labour, or machinery. After this proceeding'f

{)ut the gl)ove mixture into a slip pan for evaporation, either by the -
1eat of the sun or by submitting it to the action of fire or steans-

co:»1yeyed in flues or pipes under or near the pan, until the water is
]emlrely evaporated. Thep I break the said mixture into suit'xrl)llb
umps, and.ca.]cme them in a furnace similar to lime kiln tillt lc
carbonic acid is entirely expelled. The mixture so calcined i e
be ground, beat or rolled to a fine powder, and is then in ]'Lsftic:

state for making cement or artifici "hi
at ' er icial stone. This powder i
mixed with a sufficient quantity 'of water to bring it illtolsccfr?s;:e‘

tenc;I/?of mortar ‘ax3d thus.a_pplied to the purposes wanted.”
;)om Aspdin’s specifications it is seen that he ap;plied t!
name Portland cement to one that is essentially a Roman cemer::

1. Ca]LaleOUS Celllellts thell nature, man factu
)
. v a ) u re and uses, R‘Cdglave &
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inasmuch as he did not calcine his mixture to the point of incipi-
ent fusion demanded by the present definition; thus the present

name is a misnomer.
Since Aspdin’s time the cement industry has been rapidly

growing. Improvements of mixture and processcs of manufacture
have been made till the present product has been evolved. '

Chemical Composition of Portland Cements

Portland cement is an artificial silicate, produced by burning

an intimate mixture of calcareous and clay material, the firing he-

ing carried to the point of incipient vitrification. The dark slag-

like mass resulting from this burning is ground to an impalpable
powder which, when mixed with sand or other inert material, has
the power of hardening under water. The essential chemical con-
stituents of good cement are, silica, lime, and alumina; but other
ingredients are present in smal! quantities, notably iron oxide,
magnesia, sulphuric anhydride, carbon dioxide, alkalies and water.
These are present only in small quantities and when thus prescnt
have no appreciable effect on the quality of the cement. According
to LeChatelier the composition of good commercial cement may

vary within the following limits:
21-24 per cent

SIHCA v vv
Alumina ... veie e 6- 8 per ceut
Terric oxide ... ..o 2- 4 per cent
LME e 60-05 per cent
Magnesia | ......oooii 0.5- 2 per cent

0.5-1.5 per cent

Sulphuric anhydride ................
1- 3 per cent

Carbon dioxide and water............

Bleininger makes the following limits:
18-26 per cent

SHHCA v
Alumina .....oiiii e 4-11 per cent
Ferric oxide ... 2- 5 per cent
Lime vvvviiin e 5807 per cent
Magnesia ....... A 0- 5 per cent
Sulphuric acid .......... .. 0-2.5 per cent
Alkalies ... 0- 3 per cent

Professor B. D. Campbell places the permissible limits as fol-
lows:

Silica ... FUP 20-24 per cent
Alumina ... ... 6-10 per cent
Ferric oxide ........ ... ... ... 3~ 5 per cent
Lime ... ... o 00-0-F per cent
Magnesia «..oovveerreannaa e 1-3.5 per cenl
Sulphuric anhydride ................ 0.5-0.7 per cent

1, Manufacture of Portland Cements. A. V., Bleininger, Bul. 3. b
Series, Ohio State Geological Survey, Page, 197,
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From the above permissible limits, as placed by different ay

lhOl IthS it iS seen that tlle[e i i 1 y elr gu S
s 1S a Sllg ]t di i [ i i T
! Screpanc n th es
thOugh in the main they ag.l €e¢ ver y Well. LCCIlateliel S 11‘“11‘ tS al.
[

too narr
ow and are more nearly averages than limiting values as-

man
y excellent cements have percentages far outside of his limits

Functions of the Constituents

Sili .
ccmenlthgraldcti)snstt}itutes frqm '19 per cent to 26 per cent of Portland
o s & qtes}s]endmal 1_ngredlent,_ which, combined with lime
BIves b0 Semen its 1 y raull_c properties. The silica should how:
silicé e quarltl mGt he combmgd state, as feldspar, and not zlls fre

' pletelpy M thz'l' rains of this mineral are difficult to fuse come
pletely with tl d!?fl'e and alumina and also make the fine grindin:
o e difficult. If large they wear the machiner -

Jate, especially that used in the grinding. On burninyg a:hd
, the

silic i i
]il;ea,tgviloertrlrller free or cor'n.bmecl, is broken up and unites with th
a complex silicate of calcium, to which the ha.rdenin;i3 :

power of cement is largely due.

Lime: Lime is i
‘ : .present in cement in a larger i
. . . r
22r>1’tootfh§§ corl1st11tuent, since it makes up from Sgpezl') coe:%c;r‘ilg%7than
cent alufnngaltoaer.xd Iiirr;?lughl(rlnu%t be present to combine w.ith all It)lfg
ca, , xide, but no more, as any { i i

finished product tends to weaken the cement F};eereltiarrlllérl\(;/illr]l the

. , on

tlle addlt]on Of Watel la k a“d eX[)alld tllus causin the
slac
3 ) g Cement

“Too low a i i
. ) proportion of lime 1
fus . e on the other ha
\;ligtll?lxi:tlm'kelr liable to over-burning. This is espe:i‘;npr%ﬂuces a
e erials otf a hlgh' aluml_nous content. If hard bu}r’nede CasE
e g1vec:la fused clinker liable to fall to dust on coolin , iuch
quajlzities’ 3-_-[rfl 1.ylleldmg slow setting cements of poor har%'en?rd
material, yieldlsg ;t sboufzngd, . I_Tlllxture containing an excess of cllg‘g
: v rownish clinke indi A
Qulclfr]settmg cement of inferior strengthr.’ Rrinding to a brownish,
stone or shall, the Tuttar butng s ceent, Mixture is usually lime
. ) in i ; :
s:l:ci&);xs and clay matter g a mixture of calcium carbonate,
Varyiﬂgurfr;g:ral :4 i)\clatrmé]el;i l'tSopﬁsent in Portland_cements in amounts :
! 11 per cent, the a i o
fllgiaﬁle’fcentag? of ferric oxide present, "The alir‘:?rl:i?lta voafrymg with
Setting}" croom 1£1ed as calcium aluminate. To this com cem(:lnt o
that a mpixtﬁir nyf cement is attributed. Prof. ZUIkovgr)scl)t!nf the
formula Ca OeA? Salcmm oxide and alumina, cor'respondin(1 tound
set in two min tz s burnt for eight hours, when mixed witIg © the
in three monthg'ssband hardened to a very hard mass ovm3 e
ed with a lonifa loﬂecame so hard that it could scarcely be s(:mght;
from pure K .1_ her white cements were prepared by Z ratChT :
aolin and calcium oxide. These cemen)‘is :llzowskl
: €t very
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quickly and become very hard in a few days. Other investigators,
notably S. B. and W. B. Newberry obtained practically the swue
results.

These experiments prove that much of the setting property,
especially the initial set, is due to the calcium aluminate
(Ca O Al,0,) present in the cement. Therefore alumina is an cs-
sential constituent of Portland cement. However the proportion
of alumina must not be too high, though the higher the alumina
content the more rapid the set, but the ultimate tensile strength
of cement with a high alumina content is apt to be inferior. 1ur-
thermore the volume of such a cement may not remain constant.

Alumina also tends to aid in the burning of the cement mix-
ture, as its compounds are more readily fusible than those of silica.

Ferric Oxide: Iron is present in cement in only small quanti-
ties, from 2 per cent to 5 per cent, and has no marked effect on the’
quality of the product. In its chemical behavior it is analogous 10
alumina and in cement it seems to take the place of alumina, 50
that it is usually estimated with the alumina.

Zulkowski, experimenting along this line, burned the mixture
Ca O Fe,O, tilt party fused, when it assumed a graphite-like ap-
pearance. This graphite-like clinker ground to a powder and mix-
ed with water set in four hours, in five hours more it was hard
enough to be placed in water. In several months this calcium-iron
cement became so hard that it could be scratched with a knife
only with difficulty, though it did not show the strength of the
corresponding alumina compound.

From these experiments, it is seen that the iron compounds
act in much the same manner as the alumina compounds, though
much feebler in their action. The iron present in the cement, how-
ever, serves to reduce the burning temperature, as the iron com-
pounds are powerful fluxes. The cost of firing cement mixtures
containing iron is less than that of mixtures made up solely of
alumina. On the other hand, the presence of an excess of iron re-
duces the tensile strength and setting power of cement, as well as
making the cement dark colored. The color of cement is entirely
due to iron, so that the cements which contain no iron are pure
white, for example the lime-kaolin cements mentioned above.

Magnesia: The function of magnesia in cement is still un-
certain, though some investigators, including LeChatelier, claim
that it can replace lime and form silicates and aluminates of mag-
nesia whose character is similar to that of calcium. Fuchs pro-
duced a very hard cement by burning tale, which is a hydrous
magnesian silicate (Na, Mg, (SiO,),). Other authorities claim to
have produced good cements by burning magnesia-silica mix-
tures. “S. B. and W. B. Newberry came to the conclusion that
magnesia shows no hydraulic properties when heated with silica,
alumina or clay and say that it probably plays no part in the ce-
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Raw Materials
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ound widespread and in great abundance in nature, the greater
1. The Constitution of i

. Chemical Industries, Novem]ii’,m-laSg];.c Cements. Journal of the Society of
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part of the sedimentary rocks being made up of them. It is usual
to obtdin the calcium oxide from limestone, chalk, marl, blast furn-
ace slag, or industrial waste. The silica-alumina content may e
introduced as clay, shale or a mixture of clay and sand.
Limestone: Pure limestone is calcium carbonate but the pure
mineral is seldom found in nature in large quantities, being on the
other hand, mixed with various impurities, such as cla_y, sand and
magnesium carbonate. Calcium carbonate and magnesium carbon-
ate are found intimately associated in nature, forming a series ol
rocks from pure limestone (Ca CO,) at one and to pure magnesite
(Mg CO,) at the other. No sharp distinctions can be drawn any-
where in the series, except between the end members. A rock con-
taining equal proportions of calcium carbonate and magnesium
carbonate is called dolomite. However, it is very seldom that
these minerals are found, in a rock, in equal proportions, hence
the term dolomite is rather loosely applied to any rock composed
of a mixture of calcium and magnesium carbonates, in which the
magnesium carbonate makes up any considerable proportion of
the rock. .
The color of limestone is as variable as its chemical composi-
tion, from pure white, to gray, blue or brown, "The color is de-
pendent on the percentage of impurities. Pure limestones and
marbles are white.
A great majority of American cement plants derive their cal-
cium oxide from limestones.
Argillaceous Limestone: The term argillaceous limestonc 15
applied to a limestone that has a high percentage of clay matter.
Tt is usually softer and easier to work than pure limestone. When
the clay matter is present in nearly the proper amount the rock 1
especially favorable as a cement material. It is this class of lime-
stone that is usually called cement rock, owing to the fact that i
forms the raw material for the cement manufactured in eastern
Pennsylvania and southeastern New York. In the Lehigh Valley,
probably the most famous cement region in this country, if not in
the world, producing over thirty per cent of the total cement out-
put of this country, the raw material is cement rock or argillaceous
limestone. As here found, it is necessary to add a pure limestone
to the cement rock before burning because the natural rock has

too high a clay content. ' _
Chalk: Chalk when pure is calcium carbonate; but like lime-

stone it varies from the pure state to a chalk containing a large pur-
centage of silica, alumina and other impurities. It is essentially
an incoherent limestone so soft that it can easily be scratched with
the finger nail. It is formed from the shells of small animals known
as foraminifera deposited in clear water. It is a very good source of
lime for cement, as it is soft and easily worked. At present, how

ever, with the exception of Texas, it is not extensivcly employed in
cement manufacture,
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Marl: i .
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cons.eque]ne“cl attt]eI are generally smelted by fluxing with lime1513£§)r o
with the S_].y he resulting slag contains much lime in combin t'ne'
the slag rL11rigaésallu.m]ma a3n6d other impurities of the ore Sometain?"

high as 30 per cent to 40 in calci °8

Albalies - Det 40 per cent in calcium oxi
coss pr:iligsit.atig rcnﬁ'flln.ufacturl?g caustic soda, by the ammolnigxplfg-_

) alcium carbonate is obtai "
Wh : 1s obtained as a by-
dealer(l)fﬂéi]éeBlanc process is used the by-product contaizsp;)ducn
The Calc‘iu um sulphate, owing to the use of pyrite in the pr grea.t
e a ”m _carb_onate, obtained in the ammonia process process,
Succes utly in the manufacture of Portland cement "I’S use.d
Sourceyanée;ialtsi_l,ntllt]eonle ptlar;t which derives its 1ime‘ fror?l E{:::

; ant ichi : :
dotte. Michigan, ¢ plant of the Michigan Alkali Co. at Wyan-

Oys : ' ,

Canning ';:raS};lef_. Along the Atlantic seaboard where oyst
waste producli ll_nflznt_ industry, oyster shells form an imp&% e'f
roads.  The sl’le\l&i hich is largely employed in the making of s}?nﬁ'
form an import'mst o .nearly.pure calcium carbonate and mi ?t
The raateriit Coculds]())éuce '(I)f lime for the manufacture of cemg1lt
N ¢ easily ground and in - , :
s evel
olrlxlltal;]e for Fhe purpose of cement manufacture }’thcly -Would be
y economic use made of the shells, except as o road Il)lllii:?_t ]th_e
laterial, 18

m the lln‘le lnduStrV wi y h \Y V mit
) I Y
cre the ave been utll]zed tO a er 1 1{-

Clay an . . . ,
materialS; reguﬁt};ile 1 Clay is a mixture of various kinds of residual
Kinds of rocks ’lgl rom th(; decay and disintegration of different
other agents a.nd _1edmatf;r1al is transported by the streams emf
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age of kaolinite the greater the plasticity of the clay, and the fatter

the clay.

Chemically clays consist principally of silica, alumina, ferric
oxide, magnesia, lime, alkalies and sometimes a little sulphur. The
magnesia, lime and alkalies are usually present in only small

quantities.

The value of a clay for
percentage of silica, alumina an
composition throughout the bed.

Shales are of the same origin an
simply indurated clays. They are genera

ding, while clays are heterogeneous.
The glacial clays of the northern states are in many cases un-

desirable for cement owing to the presence of stones and gravel,
which render grinding necessary and difficult.

Slate: Slate is merely shale hardened by heat, pressure and
other means to a point where it is very brittle and cleaves readily
along the bedding planes. Tt has the same chemical composition
as clay and shale but is not as satisfactory for cement purposcs
owing to greater hardness, which necessitates the expenditure of
considerable power for grinding. Tt is seldom used in the manu-
facture of cement, but no doubt the waste from slate quarries could

be utilized.

the cement industry rests upon its
d iron, and upon its regularity of

d composition as clays being
1ly harder and show bed-

Processes of Manufacture

The processes of manufacture of cement may be roughly
grouped into two classes, commonly called the wet and the dry
processes. The latter is the one in general use in this country, the
plants using the wet process consisting only of those located in the
northern states and who obtain their lime content from the fresh
water marls. As the dry process is the most economical and the
one in general use, it will be described first.

The process of manufacture naturally divides itself into four
steps which may be designated as follows: winning of the raw ma
terials, grinding and mixing of the raw materials, calcination and

grinding of the clinker.

Winning of the Raw Materials

Lime Material: 1f the calcareous material is limestone or c¢
ment rock the usual quarry methods will suffice to work the ma-
terial. Power drills are usually employed. The rock after blasting
may be loaded by various means, although steam shovels are the
most efficient and, in plants of large capacity, are the only eco-
nomical way of loading the cars. From the quarry the stone may
be transported to the plant by various methods. If the quarry be
located close at hand, cable tramways are suitable, but when used,
they should be operated by endless cables so that cars can be kept
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going steadily in both directions a0
2 g s. For longer hauls el i
;Le?énqltc;%omotives.z{u'e })est adapted for the %vork If th(etcgrtllir:r
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the Slérgu_t is largqr the math'lal, if soft, can he worked b); plow]'erc
ping. This method is adopted only for comparatively Iel\?ﬁ

ar i
eas. The steam shovel can be used to advantage both with soft

;Egnhiludtpcl]]ztly t\l;voll]]egrlll Ot};fa:g:;cllal CIOSt s too great for plants with a
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Cost of Raw Materials Bleininger estimates the cost of win-

ning the raw materials as follows: hand digging of clay, 35 cents

Is):;a;:rblr(l:')e}t,]ar(gl; (f]uarry'in.g shale, 25 cents per cubic yard; plo
serape meth;g f0 (])btammg clay, 20 cents per cubic yard"slt)ear‘;v
et Cllbigryi?g, 5 t(t) .12_cen§253 per cubic yard; dredgilgg c].lyl
: containin i o
limestar HeRe > g per cent moisture; quarry]

. > per ton; steam i ion wi il
e s ents per cubie yand shovel in connection with blast-
i thlen1Cnl;§yrrllzgrt;)r?ﬂresgrtteq to in order to obtain hoth the lime
: z als, but 1s inadvisable, owing to the i

cost of the raw materials and should be avoided-igf possilflemcreased

Grinding and Mixing of the Raw Material

The raw material, as it comes from the i
, uarry, i i

?;I;Aézrfg} \fvr}‘ljif:];ei? fqr the coarse crushing. thes};z asredzlflv\(/:;igaltxo
24 C,mShers ; 'ZIC jaw and spindle crushers are examples ThS
S crush ste'efsi‘ he name suggests, operate by the openin.g 'm(?
foosiR of stee Ofact?s, iron jaws. Th_e spindle type of crusher ‘dif
oo that of he jaw crush.ers in that their crushing is co )
crushing is donembt;n'?lzéflr}zaissltgeghgpja“l/] b {n s ype tl?;
crushing s 2 indle, to which a
" Coni;axlssxmpar.ted by bevel gears. This spindle rota‘cegyra'i?ry

pace in the form of an inverted cone. The size ‘gfl t]l;l(:

crushed product is ulat :
bottom, regulated by the width of the throat at the
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For the coarse grinding of the raw materials the spindle type
seems to have the advantage, in that, the crushing being continu
ous, it has a greater capacity than a jaw crusher of the same size.

The coarse crushers reduce the material to pieces from two 1o
three inches in size. Trom the crushers the raw material is
clevated to bins where it is stored till a chemical analysis has been
made. TFrom these bins it is customary to run the material through
driers. These are revolving tubes 4 to 5 feet in diameter and 4U
to 50 feet long, heated by a small furnace. Tt is nccessary to dry
the stone, as all rock contains a small amount of hydroscopic mois-
wre which renders fine grinding difficult. The tubc driers rotate
slowly and have the receiving end only slightly higher than the
discharge end so that the passage of the material is slow, From the
driers the material is delivered to the intermediate orinders. These
may be of the ball type, or the Kent mill, or even of the hammer
type. The ball mill is a short cylinder half filled with iron bhatls
from three to five inches in diameter. The material is ground by
these rotating balls. 1n the Kent mill there are three rotls on the
interior pressing against a revolving ring. "I'he erinding is done
petween the inner surface of the ring and the rolls. In the hammer
type the grinding is done by the impact of hinged hammers, The
pall or the Kent mill is the most efficient. Tt is claimed that in
the Iatter there is less wear on the grinding parts and no rubbing
of the rock.

Tn the Edison plant both the coarse crushing and the inter
mediate grinding are done by means of rolls of larpe size. A very
high efficiency has becn claimed for these machines but at present
they have not been used to any extent.

From the intermediate grinders the material is elevated to
storage bins,then run into hopper scales in whicli the limestonc
and clay are carefully mixed in the proper proportions before the
final grinding. The latter process is usually performed by tube
mills or mills of the Griffin type, though mills of the Kent type
have been successfully employed for this purpose. The tube mills
are rotating cylinders, 16 feet to 24 feet long and 4 fcet to 5 fect in
diameter, about half full of flint pebbles which do the work of
grinding. The tubes are rotated from twenty to thirty revolutions
per minute. The finely ground material leaves the mill at the end
through a screen. In the Griffin mill the grinding is done by means
of a steel roll hung from a universal joint, and a steel ring or shor.
On rapid rotation of the shaft carrying the steel crushing roll, the
centrifugal force causes the roll to follow closely around the stecl
ring. It is between these two surfaces that the grinding is done.

On leaving the fine grinders the raw material has been reduc
ed to fine powder, so that 90 per cent to 92 per cent will pass a
hundred mesh seive. From this final grinding the material is ¢le-
vated to storage bins from which the kilns are charged.
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Burning of Cement

The burning of cement, in American practice, is usually car-

ried on in continuous rotar i ile i
_ y kilns, while in Europe stati
kilns seem to be favored. The rotary kilns are lonz tubeslofnra(;m

sixty to one hundred and fifty feet in di
sixt ed y feet in diameter. The i :
inclined, the charging end being higher than the enc{ égemSI;%}}:it:{

glil;t;lm’%}i i{_sildischarged. dTl?is inclination is about three feet in
<ty. ns are rotated by means of cogs on a coll i

: ar wh i
driven by a gear wheel, the speed being about one revolutio;c};);:

minute, The interior is lined with fir i

_ e bricks to a deptl i -

;mfél\;:nxglrl&hgsf. tth;e:Te arrle‘lpafrallel flanges running tlli)e ]V\?}foﬁéxi:\o';
e kiln. The uel is forced in at the lo -

means of a blast, and ignited. The blast is strong enosvgfli :cr)]dthba{'

the flame fills the lower twenty-five feet of the kiln. The raw ma

terial is introduced at the upper end as dust and becomes gradually

heated as it progresses throu i
: . gh the kiln. It leaves th
as darlx‘}c greemsh-blqu, fused pieces about an inch in diiuiloevtvgrr end
oil o he fuel for firing these kilns may be either powdered ¢ |
) mu.Chr %Zsc.)w’lg}%otegnperaturlg (l)f the lower part of the kiln is ?11{
: _ egrees Fahrenheit. At this t i
charge is partially fused. It tal out thirty e
el p%‘ss i kiln.' akes a charge about thirty minutes
he rotary kiln 1 i
onary e y kiln has a greater fuel consumption than the sta.

The following table gi i
the cement. Frnmg; nnmb%i‘vg? ;llll.enf:el censwmption, per barrel Of)

Coal consum
per kiln per bb‘;:

w 4

§ 2 =g Output per kiln n %
; Eé Efg‘ ~per day bbls. &g g

o b Range Average % 8 23

Dry Limestone and clay 68 150-2 0 1
, 3 -250 160 -
kgeﬁ %\&arl and Clay 60 60-140 85 1?8-.’%8 ,%3C
VVet Marl and Clay 80-90 80-150 100 140-220 o
A e L.arl and Clay 110 135 135 150 1S
Dry L3mest0ne and Clay 60 150-250 160 90-170 3
.Dry L}mestone and Clay 80 180-250 220 85-160 3

ry Limestone and Clay 80 225-300 260 85-120 Hg

Dry Limestone and Clay 150 375 375 65 65

From the table j i it i
) just given it is seen that the
tion ranges from 200 pounds of coal per Ic)(a)tij'elcontsoumgs-

1. Lime and Cement, Vol, VI, 2 i i ;
and Mines, by H. A-'Buel’zler. . V1, 2nd Series, Missouri Bureau of Geology
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pounds, the greatest consumption being in the wet process. Tiat
even where the dry process is used, the consumption varies from
130 pounds to 65 pounds, the fuel, necessary to burn the cement,
decreasing with the length of the kiln. Eckel gives 28 pounds as
the amount of coal necessary theoretically to burn a barrel of ce-
ment, so that it is plain that there is a great loss of heat in the
rotary type of kiln. However they more than make up for this fuel
loss in the ease and small labor with which they can be fired.

The clinker as it leaves the kiln is in the form of white-hot
lumps. These are sprayed with water to partly cool them, then run
through the coolers. One type of cooler is a revolving tube, on
the inside of which is a number of flanges running longitudinally.
On the rotation of this tube the clinker falls from one flange to an-
other and goes slowly down the tube against a current of air.
From the coolers the clinker is stored in bins and allowed to scason
for a considerable length of time before the final grinding.

The. grinding of the clinker is done by the same type of ma-
chinery used in the grinding of the raw material, tube mills or
Griffin mills. Either before the final grinding or just.after, a little
gypsum is added to the cement to retard its set. After leaving tlie
orinders the cement is placed in the stock room and is ready for

packing.

Wet Process

In the wet process the raw materials are usually marls ob-
tained by dredging, and contain a large percentage of water and
clay. They are pumped into storage tanks, then ground and mix-
ed while wet. This wet mixture has about the consistency of cream
and is called the slurry. The grinding is done by the same general
type of machinery as in the dry process. The slurry is introdnced
‘hto the kiln in a thin stream. After leaving the kiln the treatment
of the clinker is the same as in the dry process in every respect. As
shown by the table above, the burning of cement by the wet pro-
cess requires a greater consumption of coal per barrel of cement,
as a considerable amount of heat is necessary to drive off the large
percentage of water in the slurry. The extra fuel cost, however,
is offset by the cheaper handling of the raw material in the wet
state, so that the ultimate cost of cement per barrel is approximate-
ly the same.

In America, cement is manufactured by the wet process only
by those plants using fresh water marl, such as the Michigan plants
and several in northern Ohio. The plant that utilizes the allali
waste also uses the wet process. '

Location of Portland Cement Rock in Oklahoma.

As has been stated the greater part of the Portland cement
manufactured in the United States is made of limestone and clay
or shale. No other materials are used in any of the western stales.
It naturally follows therefore, that where gond deposits of linme-
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stone and clay occur near fuel a B¥: i

millsTmay beyestablished. el and transportation, Portland cement
he location of the principal limestone d i

hasialready been discussed in 1Chapter VI of iE?SIEZp%frtOkggom'a
u,s,_ua;l.;ly,found near these limestones. Maps showing th.e eanl?
location of the limestone in different parts of the Statz are g%ven ian
Plg. 5, page _73 and Fig. 6, page 75. To these maps and accompany-
ing d\esc1:1pt19n the reader is referred. Py
Suffice it to say that there is enough limestone and clay in
Oklahoma to make Portland cement to supply the United Statesyfor
ten thogsand years. With the cement we have very large deposits
of fuel, including coal, oil and gas. No state in the Union has more
121?81132113;1151 fuel for the manufacture of Portland cement than

Portland Cement Plants in Oklahoma

- Oklahoma at present has three cement plant :
others have been projected. These plants z{)re l:éaftlf:guz%th ::z;eria;
Pontotoc County ; at Dewey, in Washington County; and at Harts-
?I?énc?évl?lop)ltmb?l% COolulnfy; the plant at Ada being the pioneer in
ment o <la ’ i i
the dev thlese s follo\];)_nl]a s cement resources. Brief descrip-
i The Plant of the Oklahoma Portland Cement Company at Ada:
The plant of the Oklahoma Portland Cement Company is locate(i
one m;le southwest of the town of Ada, in Pontotoc County, o
three lines of railroad; the Oklahoma City and Atoka branch c?:f’ th?e
Missouri, Kansas and Texas; the St. Louis and San Francisco, and
the O\klaho.ma Central, which runs from Chickasha to Lehigh ’
T he».mlll has a capacity of 3,000 barrels per day. The buildin S
are of reinforced concrete, and cover about ten acres of ground 8
The shale and limestone are quarried six miles south of.th
plar}t and h_auled to the plant, over a standard track by a switc}?
engine furnished by the Frisco Railroad. The limestone and shal
are found together and in position to be quarried with econom ;
Owing to the lack of time at the writer’s disposal he did not vis>i,£
the quarry, but from information of the officers of the company the

usual quarry methods are employed in mining the raw material
1

namely, drilling and shooting off th i i
na Cz}rs priting and shoo! la%or, e stone in benches, and loading
‘rom the quarry the stone is delivered to the plant

and fed d1r§ct into two gyratory crushers of large cre)lpaci,t)lflnl(i?arc})?rc1I
the gyratories the crushed stone is run through hammer mills the
elevated to l_)ms_ fr.om which it passes through two cylindricai dr Ij
ers from which it is delivered to dry storage and carefully mixed oy
falrbanks Hopper scales. After mixing it is ground to the rel3

1. The description i
been broasts o tg éat:.are largely from the thesis of Mr, Nelson, but have
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quisite fineness of 97 per cent through 100 mesh sicve by Fulter
Mills. The burning is carried on by two rotary kilns 125 feet long
by 8 feet in diameter, and two rotary kilns 125 fcet long by 9 feet
in diameter. The fuel used is powdered coal which is forced into
the lower part of the kiln by means of a blast. The clinker is
passed through rotary coolers into which a stream of water 1s con-
stantly playing. After adding three per cent of gypsum as a re-
tarder, the clinker is ground in Fuller mills so that 95 per cent. will
pass a hundred mesh screen, and 85 per cent. a two hundred mesh
screen. The finished product is placed in large storage bins from
which it is sacked by automatic sackers.

The power is furnished by four Corliss steam engines, ol 200,
400, 960 and 1260 horse power respectively; the 400 I1. P engine
drives a generator, supplying electrical power to the outlying parts.
of the mill. Belt conveyors of 18 and 24 inches in width are uscd
wherever possible.

Powdered coal is the fuel being used at the present time, hut
it is the intention of the management to use oil in the future, and
to that end a complete oil burning equipment is instalied.

The plant is favorably located as regards transportation facili-
ties. The cement manufactured, known as the O. IX. brand, is of
high quality, uniform and light in color, caused principally by fine
grinding ; chemically a well balanced cement, which ranks physical-
ly with the best foreign and domestic brands, making a product suit-
able for any class of work in which Portland cement may be used.

The analyses of the limestone, shale, and finished cement as
furnished by the company chemist are as follows:

Limestone Shale Cement
Silica Si0, 42 42.30 22044
Iron oxide Fe,Oy - 10 5.92 312
Alumina ALO, 71 12.36 7.10
Lime CaO 55.08 12.86 6H2.00
Magnesia MgQO .28 5.50 2.0
Sulphur trioxide SO, Not determined 1.39
Loss 43.11 18.11 _ 202

The cement takes its initial set in 2 honrs, 45 minutes; anid
its final set in 5 hours, 30 minutes. The neat cemont shows a ten-
sile strength in 24 hours of 285 pounds; in 7 days of 600 pounds;
in 3 months of 682 pounds; and in one year of 912 pounds.

The Plant of the Dewey Portland Cement Co. at Dewey: The
plant. of the Dewey Portland Cement Company 1s located at the
town of Dewey, in Washington County, four miles north of B’
tlesville, on spurs running from the Independence-Tulsa Branch
of the Atchison, Topeka & Santa Fe and the PParsons-Oklihoma
City Branch of the Missouri, Kansas & Texas railroads. The main
office is at Kansas City, Missouri.

The quarry is located one and a.half miles cast of the plant
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with which it is connected by a standard guage track. The lime-
stone at the quarry is 22 feet thick and consists of shaly limestone,
The rock is drilled by churn drills and shot down in one bench,
after which it is loaded on dump cars by a steam shovel of 3 yards
capacity. The rock is hauled to the plant by two 15 ton Davenport
oil burning locomotives. The management is very proud of their
quarry methods and claim their raw material is costing only ten
cents per ton delivered at the plant. A small clay pit is located
"just north of the plant but only a small amount of clay is used
owing to the shaly character of the limestone. It is taken from
the surface by scrapers and loaded on cars.

At the plant the loaded cars from the quarry are hauled up an
incline by cable, and dumped into a large gyratory crusher. From
the crusher it is elevated into storage bins from which it is passed
through two rotary dryers fired with gas. After being dried thor-
oughly the limestone is fed to four Kominuter mills which grind
it to about twelve mesh. The ground material is then elevated
into 5 steel storage bins of 30 tons capacity from which it is drawn
to the mixer. The shale comes in at the ground floor, is passed
through a dryer and then through a roller, mill, from which it is
elevated into a storage bin of steel. The mixing is done very care-
fully in a Fairbanks hopper scale. From the mixers, the raw
material is delivered to tube mills, 22 feet long and six feet in
diameter. These mills grind to the requisite fineness, 97 per cent.
through a hundred mesh and 85 per cent. through a two hundred
mesh screen, after which the material goes to kilns, five in number,
100 feet long and eight feet in diameter. The firing is done with
gas, piped from the company’s own wells. The clinker is run
through two rotary coolers, 65 feet long and six feet in diameter,
from which it is distributed on the storage piles and allowed to
season for some time. Before grinding three per cent. of gypsum
is added as retarder. An underground conveyor draws the clinker

from. the storage piles and delivers it to four Kominuter millg,’
These mills reduce it to about twelve mesh. The clinker is now

elevated to storage bins to await the final grinding. The final
grinding is done by four tube mills. The final grinding reduces it

to such a fineness, that 97 per cent. will pass a hundred mesh and

85 per cent. a two hundred mesh screen.

The plant is operated by electricdl power, which is generated"
by six double acting gas engines of 550 horse power each, directly’
connected with generators. Each unit of the plant is driven separ-’

ately and run in parallel.

The plant is new, having been run three years and is of excel-.
lent arrangement and construction throughout. It is well located’

both as to shipping facilities, raw material, and fuel, but the site is
level and a great deal of elevation of material is necessary., The
cement, which is known as the “Dewey” brand, is light in color and
very high grade. \

PLANT OF DEWEY PORTLAND CEMENT CO. DEWEY, OKLA.

PLANT OF OKLAHOMA PORTLAND CEMENT CO., ADA, OKLA,
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The analyses of the raw material and finished product of the
Dewey plant, are given below and are on the authority of Mr, P, R,
Chamberlain, the company’s chemist.

Clayey Pure Clay Raw Mix
o limestone limestone
Si0, 11.92 1.40 83.04 14.96
ALO, 6.46 92 7.29 3.60
['e,O, 2.79 1.80
CaO 55.24 54.65 1.90 42.58
MgO 1.23 Tr Tr U8
T.oss 36.29 43.29 4.76 36.16
Alkalies not
determined
Cement
Si0O, 2298
ALO, 5.88
Fe,O, 2.79
- Ca0 15.33
MgO 1.70
SO, 1.33

The cement takes its initial set in three hours and final set.in
five hours, The neat tensile strength is 375 pounds at the age of
24 hours and of approximately 1000 pounds in 28 days.

Choctaw Portland Cement Works at Hartshorne: The plant
of the Choctaw Portland Cement Company is located one and
one-half miles south of IHartshorne, Oklahoma, on a spur from the
Ardmore Branch of the Chicago, Rock Island and Pacific Railroad
which has beep built to the plant. : :
~ The rock is obtained from an exposure of the Wapanucka
limestone which stands as.a bare ledge 100 feet high near the plant
Shale is secured.underneath the limestone. The rock crushin;,;
plant consists of a No. 5 1-2 and a No. 8 crusher, the rock being
brought to the crusher in quarry cars. ‘

The_rock passes from the bins under the screen into tramway
cars, which are operated by a continuous cable along a tipple 400
feet in length, to the raw grinding building. .

The material, after passing through the dryers, is emptied in
stg,el and concrete tanks, from which it passes into two 7 by 9 ball
mills, and from these into an 8 by 26 tube mill, :

The kilns are 8 feet in diameter and 110 feet in length. The
waste heat is utilized by passing it over vertical boilers. The stéﬁm
from these boilers is passed through turbines developing 1500 k. w
<_)f electricity to operate the plant. The plant is thoroughly moden;
in every respect, line shafts having heen dispensed with, and ever
unit is driven by an individual motor. ' Y

From the storage bin the clinker passes into a finishing mill
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vhere it is ground by five 40 inch Giant Griffin Mills.  I'rom here
tis carried by a conveyor to the stock house, which is of concrete
nd stone construction, 140 feet in length and 75 feet in width.

The sacking is done by automatic machines.

The water supply comes from the artificial lake covering 242
cres, 300 feet from the mill. The dam is 240 feet in length, and 30
eet high. Water is carried from the lake to the plant by a tunnel
hrough limestone and shale.

Coal, which -is used for fuel, is obtained half a mile from the
jant. The coal is ground by three 30 inch Griffin mills., The coal
in is 117 feet in length and 34 feet in width.

The following are the analyses of the limestone and shale by

he Kansas City Testing Laboratory:

Limestone Shale
Silica SiO, 1.10  55.50
Iron oxide Fe,O, 0.10 7.65
Alumina ALO, 0.60 19.25
Lime CaO 54.70 5.60
Magnesia MgO 1.10 .60
Loss, CO, and
organic matter 4210 10.80
Alkalies X,0 & MaO, .... 0.96
Sulphur trioxide SOy Trace Trace

The finished cement analyzed and tested by the Tngineering
Jepartment of Cornell University gave the following results:

Analysis
- Silica SiO, 22.85
Tron oxide I'e,O, and
Alumina ALO, 10.31
Lime CaO 63.28
Magnesia MgO 1.57
Sulphur trioxide SO, 1.47

The cement is slow setting, taking its initial set in 2 hours, 45
ninutes, and final set in 9 hours, 15 minutes. 98.3 per cent. passes
100 mesh sieve and 83.0 per cent. passes 200 mesh sieve. The neat
ement with 24.7 per cent. of water when aged onc day in air,
jevelopes a tensile strength of 294 pounds; when aged one day in
iir and six days in water 062 pounds; and when aged one day 1in
lir and 28 days in water, 697 pounds.
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CHAPTER X.

STRUCTURALMATERIAL IN DIFFERENT COUNTIES
' By Chas, N. Gould.
Introduction

On the following pages I have attempted’to outline in a very
brief form, our present knowledge of the structural material in
each county in Oklahoma. It is not the intention in this place to
enter into a detailed discussion of all the materials of any county
nor to discuss thoroughly any particular class of material, but
rather to give a birds-eye view of the entire subject. The details
are to be worked out in later bulletins.

In the treatment of the various counties the plan has been,
first, to outline in a very few words the location, drainage, to.
pography and timber of each county. Next follows a brief state
ment of the general geology, and of the various mineral products,
including stone of various kinds, clays and shales, Portland cement
rock, gypsum, gravel and building sand. Mention is made of
many of the mines, quarries, plants or other similar enterprises
found in the various counties.

The arrangement of counties is alphabetical. Fig. 10 shows
the location of the counties of Oklahoma,

Adair County

Adair County lies in the extreme eastern part of the State,
The principal drainage is into Illinois River, which flows west
across the northern part of the county, and into its tributary, Bar.
ren Fork. The southern part of the county is drained by Sallisaw
and Lee creeks, tributaries of the Arkansas. The surfacé is in
general, a level plateau dissected in places by stream valleys. The
greater part of the county is heavily forested, although there are
certain upland regions in the northern townships which are barren
of timber. :

The greater part of the surface rock of Adair County is a fors
mation known as Boone chert, of Mississippian age. This rock
varies from 150 to 300 feet in thickness and lies nearly level,
Streams have cut rather narrow valleys in the rock, exposing, in
many places , older formations which lie below the Boone.' In the

southern part of the county, however, higher rocks than the Boone:

<

14108

Reo

<

vigita

wotpgrrn

EATH-A(R LE FLORE |
N

~: 1
crae primpal o
-~
S
3
AP i

ki

ot Bieoser
PITTSBURG

c
£nonIA

310[;)(1’ S %
¥
e‘-é iy
H 3 : 3
3% " :

| -
I3
! s égikg Z
| 3 . ! 0
z S &k
I E !Ee
‘3(
‘ %
hx b Z
| 5 f= .
| 25
<, T
i i
-
I
[ I
o i W
bt =
| .? , = Lo
| I =
j N ol @]
P! g z
H wid | o = <
| = 2o A
i | B ™ x
! go
.._I“‘ - z
! : § -
—

Boiae gty
CIMARRON

g
»< !
3
S:'_L
|
=i



138

occur. "l‘hey consist of a heavy ledge of limestone, known as the
Pitkin limestone;:several shale members, and some heavy ledges
of sandstone, making up the Muskat and Brushy Mountains in
the southeast corner of the county.

Alfalfa County

_This county is located in the northern part of the State, bora
dering on Kansas. It consists of what was formerly the north-
eastern part of old Woods County. Salt Fork River flows acrosg
t}le county from west to east. Parallel to and north of this river
lies a strip of sand hills averaging 15 miles in width, but, aside from
this variation, the surface in general is a level plain sloping slightly
to the east. There is little timber in the county, except a fev; cot-
tonwoods along the streams.

The largest salt plain in Oklahoma lies in the eastern part of
the county. It is oval in shape, 12 miles long, north and south, and
6 miles wide, east and west; as flat as a floor, and usually as white
as snow, the white color being due to a thin incrustation of salt
that covers the surface of the plain.

Alfalfa County lies entirely in the area occupied by the Red.
beds and contains very little hard rock of any kind. A soft sand.
stone has been quarried and used locally for foundations, outbuild-
ings, etc., but practically all the building stone used in this sectiop
of the state must be shipped in. The red clay shales of the Red.
beds usually make a good quality of brick, but, except for local use,
very little brick has been manufactured. There is plenty of build:
ing sand, particularly in the region north of the Salt Fork.

Atoka County

Atoka County lies in the southeastern part of Oklahoma, just
north of Bryan County. The eastern part of the county lies in the
region of the Ouachita uplift, the northwestern portion in the Car-
honiferous area, while the southern part is occupied by rocks of
Cretace_ous age. The greater area of the region is hilly or even
mountainous, and in general, is covered with timber. There are-
however, certain sections, particularly in the southern part of thc'
county, that are prairie land. ’

The rocks of the Ouachita uplift, in the eastern half of Atoka
County, consist of steeply tilted sandstones and shales. The sand-.
stone would make valuable building stone while the shales might
be utilized for a number of different purposes, particularly for mak-
ing brick and tile. The Wapanucka limestone, which is ahout 500
feet thick, parallels the Missouri, Kansas & Texas Railroad from
near Stringtown to Reynolds. TFor a number of years it has heen
quarried at Limestone Gap, by the above railway company for use
as ballast material and concrete rock. This rock was used in con-

struction of the concrete wall of the State Penitentiary at Me-.
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Alester. The same formation outcrops in western Atoka County
near Wapanucka and is used for burning into lime. Tt is also suit-
able for the manufacture of Portland cement.

In the extreme western townships there are exposures of gran-
ite and hard massive limestone belonging to the Arbuckle Moun-
tain system, this region being the southeastern extension of that
range. The granite is a hard, massive, and rather coarse-grained
crystalline rock; excellent for building stone, concrete rock and-
other similar uses. The limestone is also suitable for rip-rap, con-
crete, for burning into lime or for the manufacture of Portland
cement. It is usually too badly fractured for large blocks of build-
ing stone to be obtained.

The northwestern part of Atoka County contains extensive de-
posits of heavy sandstone, arr excellent building material, as well
as of shale and clay. Coal is also abundant in the region. There
is a ledge of limestoné of Cretaccous age in the southern part of
the county, suitable for structural purposes, for the manufacture
of Portland cement or for burning into lime.

Taking everything into consideration, very few regions in
Oklahoma have more varied or morce abundant structural material
than Atoka County.

Beaver County

Beaver County occupies the east third of what was formerly
“No Man’s Land’? or “The Neutral Strip,” in the so-called Pan-
handle of Oklahoma. Beaver Creck flows across the county and
Cimarron River cuts through the extreme northeastern corner. T'he
entire county, except the valley of Beaver Creek and other small
streams, is a high, level prairie upland. The greater part of the
surface rocks are deposits several hundred feet thick of Tertiary
age, consisting largely of loose sand and clay and containing but
few hard rocks of any kind. Along the south side of Beaver Creck
and some of the tributaries entering it, there are a few exposures
of Redbeds shales with occasional thin ledges of gypsum.

There is little building stone of any kind in Beaver County. A\
few ledges of red sandstone occur in the Redbeds, and the Tertiary
deposits are sometimes sufficiently hardened to form a poor quality
of building stone; these have occasionally been used for founda-
tions. However, there is plenty of building sand. ‘The clay might
be used for the manufacture of brick.

Beckham County

Beckham County is situated in the southwestern part of the
State. North Fork of Red River flows east across the county. The
surface is generally level, except where is has bcen broken hy
stream valleys. .

Beckham County lies entirely in the Redbeds region of Okla-
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h_oma. Throughout the greater part of the county, the rocks cons
sist largely of soft, red sandstones and red clay shales. In the
soutl_leaste'rn corner, several massive ledges of gypsum are exposed
as high cliffs, some of which are more than 10 miles long on the
north side of Red River. One of the seven salt plains of the State
lies among the Gypsum Hills in this region. Gypsum is also ex-
posed atfttl;e head of FSish zlmd \{{alley creeks in the southwestern
corner of the county. South of i i i

corner of the co milbés 2out ed River there is a strip of sand

Red sandstone has been utilized for building at such t
Elk City, Sayre, Erick and Texola. In the s%uthern tongnls]liia):
there is a lecrlge of rather hard dolomite, which makes a good builld-
ing stone. The red clay shales, that are abundant in all parts of
the county, are suitable for the mahufacture of pressed brick ang
tile. Building sand is abundant.

Blaine County

Blaine County lies northwest of the center of Oklahoma. Its
northern corner tquches Cimarron River. Both Canadian and
South Canadian rivers take a southeasterly course across the
county.

The northeastern part of Blaine County is level, while the
sputhwestern portion is more or less broken. There is little natiye
timber, except cedar in the canyons of the Gypsum Hills and oak
among the Sand Hills. The county lies entirely in the Redbeds
region of Oklahoma, and, with the exception of strips of sandhill:\;
north of North Canadian and South Candian rivers, all the rock
belong to the Redbeds series. The Gypsum Hills, which cross th5
nprtherx_l part of the county, are made up of three ledges of masc
sive white gypsum, ‘separated by red clay shales. The gypsum i-
too sof_t forl building purposes, but it has been extensively manufa -H
tured into WE_IH plaster and stucco. Six gypsum plaster mills or
half of those in the State are located in Blaine County, two at Wor
tonga, and one each at Bickford, Ferguson, Southard ]and Okeenz::-

South of the North Canadian the hi i

_ _ . anadia e hills are capped with a le

of_massxve wlu}e or pink dolomite, which is in this instance a hfr%lc

IS)Qtt.Ie rock s.uxtable for building. Tt has been burned into lim '
imilar rock is also found in smal] quantities in the Gypsum Hilfs'

southeast of Watonga, and has been used for foundations and small

buildings. Soft red sandstone i
. ' ' common in most parts of the
beds also occurs in Blaine County. It has been Is)paringfly uti%izzeél(;

for building purposes in
such to P '
Qkeene. wns as Watonga, Geary ang

Building' sand is found abundan i

. B tly in all parts of th

The red c_lay sha1e§ are suitable for the manulf)acture of gricol?nty,
small plant is now in operation at Geary. o A
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Bryan County

Bryan County is situated in southern Oklahoma; Red River
separates it from Texas. Washita River forms its western bound-
ary. Blue River flows southeast across the county and Boggy
Creek touches the northeastern corner. About half the county is
covered with timber, the remainder being prairie. '

The rocks throughout the greater part of this region are of
Cretaceous age, consisting of limestones, sandstones and shales.
Along Red River there are deposits of still later age, made up
chiefly of soft clay and loose sand. :

Prominent ledges of limestone, which extend from west to east
across northern part of the county, are of considerable commercia!
importance. These limestones are suitable for the manufacture of
Portland cement, for burning into lime and for building stone. The
soil formed from the disintegration of this rock is very fertile. The
country occupied by the outcrop of these formations is known as
the Black Prairie. '

In certain regions, for instance in the country north of
Bokchito and Bennington, there are deposits of dark brown or hlack
irony sandstone. In places this is a fairly good iron ore.

The shales of Bryan County, which are widely distributed, are
suitable for the manufacture of brick, tile and a large variety of
clay products. Particularly fine clay known to occur near Durant
and Bokchito. The former city would be a splendid location for
the establishment of a clay products plant.

Caddo County

Caddo County is located in southwest-central Oklahoma.
South Canadian River touches its northern boundary and the
Washita flows east across the county. The greater portion of the
drainage is into one or the other of these rivers. A little timber
occurs along the streams, but as a whole the greater part of the
county is prairie.

With the exception of the extreme southwest corner, Caddo
County is located entirely in the Redbeds area, and rocks belong-
ing to this farmation outcrop practically all over its surface. The
higher hills are made up largely of soft red sandstone. In the
northern and western townships, there are a number of isolated
buttes, the tops of which are capped with ledges of white or pink
dolomite. These ledges are all members of the Redbeds.

Gypsum is abundant in certain parts of Caddo. County. This
rock consists of massive ledges of white gypsum or deposits of
gypsite . Red clay shale, suitable for making brick, is found in all
parts of the county, and the local stone, sandstone, dolomite and
limestone, has been utilized for buildings in a number of towns. A
stone crusher and a gypsum mill are being operated near Cement,
in the Keechi Hills. There are several hills, outliers of the Wichita
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Mountains, in the extreme southwest corner of the county. The

1:oc1c qf these 11'i115. would make Portland cement or might be burned
into lime. Building sand is abundant in all parts of the county.

Canadian County

Canadian County is located in central OQklahoma. North Cana-
dian and South Canadian rivers flow east across it. The greater
part of the drainage is into one or the other of these streams,
There is little native timber in the county.

All of Canadian County lies in the Redbeds region of Okla-
homa, with perhaps the exception of the sand hill deposits north of
the North Canadian. Red clay shales are abundant in all parts of
the county, and occasional ledges of soft red sandstone occur. The
latter have Dbeen utilized locally for farm houses and business
hlocks.

In the extreme northwestern part occur the south-eastern ex-
tension of the Gypsum hills. A gypsum plaster mill has been in
operation for a number of years near Okarche. The red clay shale
was formerly utilized for the making of brick at El Reno. Build-
ing sand is abundant everywhere.

Carter County

Carter County is located in southern Oklahoma. The region
is drained directly or indirectly by Washita and Red rivers. The
general surface of the county is a plain, somewhat cut up by val-
leys of streams flowing east or southeast. The eastern half is
timbered; much of the western section is prairie. The Arbuckle
Mountains are located in the northern part; the Redbeds occur in

the western area. The rocks in the eastern section consist largely "

of sandstone and shales of either Carboniferous or Cretaceous age.

The most important building stone in Carter County is lime-
stone, which occurs in vast quantities in the Arbuckle Mountains
and in the Criner Hills, 6 miles southwest of Ardmore. Thisf
limestone, which belongs to the Arbuckle, Viola, and Hunton for-
mations, is of a very superior quality. It may be used not only for
building stone, but for concrete rock, for burning into lime and for
the manufacture of Portland cement. Certain ledges of sandstone
in the Simpson formation, in the Arbuckles, are a good grade of
glass sand. In the central and eastern parts of the county there
are a number of ledges of light gray or brown sandstone of Car-
boniferous age, suitable for building material. Business blocks
at Ardmore, and Berwyn have been built of this stone,

Clays and shales, which occur in all parts of the county, may
be used for the manufacture of brick, tile, pottery and other clay
products. A plant at Ardmore manufactures a good quality of
brick. Buiding sand is very abundant.

There are in Carter County a number of deposits of both:sand
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and clay asphalt. This material is suitable for street paving and
road material. The city of Ardmore which used Oklahoma asphalt
for paving, has exceptionally fine streets.

Coal occurs near Ardmore, and both oil and gas have been
found at Wheeler, 15 miles west of that place. There is a great
probability that all these fuels will be found in still larger quanti-
ties. There are very few counties in Oklahoma that contain such
a large variety of structural material, with fuel for its manufac-
ture, as does Carter County. -

Cherokee County

Cherokee County is located in eastern Oklahoma, Adair
County separating it from Arkansas. Grand River forms the west-
ern boundary and together with Illinois River drains most of the
adjacent regions. The surface is much broken, consisting of a
level upland, occupying the greater part of the county, cut by
rather deep valleys of streams flowing into Grand or Tllinois river.
The greater area is heavily timbered, although part of the upland
is prairie, '

This county lies in the southwest extension of the Ozark up-
lift, and the rocks are largely those which make up the mountains
of that name. A heavy ledge of limestone, known as the Boone
chert, outcrop through the greater part of the area. This forma-
tion is 150 to 300 feet thick, consisting of heavy massive limestone
in the lower part, while the upper part contains considerable chert
and flint,

Along the Illinois and in certain deep valleys in the south-
western part of the county, rocks belonging to formations older than
the Boone chert are exposed. These rocks consist largely of shales
and sandstones. In the western part of Cherokee County forma-
tions higher than the Boone come in. The principal rocks of these
formations are shales, limestones and sandstones. "The Pitkin
limestone, some 50 to 75 feet in thickness, is the most important
limestone member in this section. The sandstones and shales are
similar to those usually found in the regions of Carboniferous
rocks. '

Both the limestone and sandstone have been used locally for
many years. A number of the older buildings of the Cherokee
Nation were constructed entirely or in part of this sandstone or
limestone. The same material has been used for several business
blocks in Tahlequah.

There is a vast amount of building stone in Cherokee County,
only needing development to be of extreme value. The lower part
of the Boone formation contains limestone similar to that now be-
ing quarried at Carthage, Missouri. This limestone might also be
used for the manufacture of Portland cement and for burning into
lime. Clays and shales, which are abundant in all parts of the
county, would make excellent brick, tile and other similar products,
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In a deep valley of Illinois River 5 miles nor

| linoj theast of Tahl
there is a valuable deposit of glass sand. Sandstone, suitalglqeueflg;-
building, occurs in the western part of the county.

Choctaw County

~ Choctaw County lies in the southeastern part o

its southern boundary being Red River. It is Separaiec?lfciglrlr?rgi:
kansas by McCurtain County. Kiamichi River flows south across
the eastern part of the county and Boggy Creek crosses the wester:
towr’lls‘inps. ’fhe greaﬁer part of the region is forested. 1

“he surface rocks of Choctaw County, except

deposits of sand and clay along Red River,yare of %reigrcr:a?)urse;enet
The Trinity formation in the northern part consists largely of loc;gse:
sand, gravel, and shale. This formation contains but little build-
ing stone of any importance; the sand and gravel deposits are
however, of considerable value. Extending from east to west
across the.cer}tral part of the county are outcrops of limestone and
shale. This 1.1me§tone'is in many places suitable for building stone
and for burning into lime. In connection with the shale, it would
be suitable for the manufacture of Portland cement. ’Many of
the _shales and clays, so common in all parts of the county, could
be used for.the manufacture of brick, tile and other clay pré)ducts
although some of them contain too much lime to be used in this
way. Building sand is abundant. There is considerable hard samdS
strone in Chfo_ctaw County, much of which is dark colored due to th;
gfeiizrrllcgr% iron, In fact much of the sandstone is a fair quality

Cimarron County

Cimarron County occupies the west end of the old “N !
Land,” or “Neutral Strip,” the Pan-Handle of Oklahomg.M?I‘I;nsz
sur.face is in gener.al a flat, level plain, sloping to the east, across
which Cimarron River has cut a deep valley in the northern,part of
the county, and Beaver Creek a shallow one in the southern por-
tion. This level upland plain is underlaid by deposits of Tertiar
age, several hundred feet thick, consisting chiefly of soft sand anz!r
cla){. Sandstones g.nd shales of Cretaceous age and Redbeds de-
posits are exposed in the Cimarron valley in the northern part. In
the extreme northwest corner, “The Black Mesa,” a high table-lland
f:overed with a deposit of black lava rock, 150 feet thick, extends
into the county for a distance of four miles, Cretaceous sandston
also ggtcrop in éhe valley of Beaver Creek. 8

imarron County has a larger amount of buildi i
than any other county in northwegstern Oklahomal? u}lg}llrégsarrrllg;?:al
and black lava in the vicinity of Kenton make an excellent buildirle
stone. The sandstone has been utilized in the construction of b “8_’
ness blocks and farm houses. The clays and shales of the Redbléills
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ind the Cretaceous rocks in the Cimarron valley might be used for
the manufacture of brick and tile. Building sand is found in

ahundance.

Cleveland County

Cleveland County lies in the central part of the State, having
as its southern boundary South Canadian River. Little River
drains the eastern part of the county. The surface is gently roll-
ing, being more broken in the eastern townships, by low timber
covered hills.  The western part is prairie.

All the rocks in Cleveland County belong to the Redbeds for-
mation. Red clay shales predominate although occasional ledges
of soft red sandstone are found, particularly in the breaks of Little
River in the central and eastern portions. This stone has been
used quite extensively for the construction of business blocks and
residences in Norman, Noble, Lexington, as well as for the build-
ing of many farm houses. Red clay shales, suitable for the manu-
facture of brick, are common in all parts of the county. DBuilding
sand is abundant, especially along the courses of the rivers.

Coal County

Coal County lies southeast of the center of the State. It is
drained entirely by tributaries of Boggy Creek, "The timber s
confined to the ridges, the valleys being broad and fertile.

The greater part of Coal County is occupied by rocks of Car-
‘boniferous age, chiefly sandstones and shales. The sandstones are
massive and form excellent building stone. Many of the business
buildings at Lehigh and Coalgate have been erected of this ma-
terial. Shales and clays, which are common in all parts of the county,
are suitable for the manufacture of brick, tile and other clay pro-
ducts. Fire clay should occur beneath the coal veins, but the de-
posits  that have been tested do not prove to be No. 1 fire clay.
Much of it, however, would be suitable for the manufacture of pav-
ing brick and sewer pipe.

Tn the extreme western part there are a number of ledges of
limestone belonging to the Arbuckle Mountain uplift, These
ledges outcrop near the towns of Hunton and Bromide. The rocks
in this region are suitable for the manufacture of Portland cement,
for burning into lime, and for building stone.

Comanche County

Comanche County is situated in southwestern Oklahoma, its
southern boundary being formed by Red River. The greater part
of this county slopes to the south and is drained by Cache Creek,
one of the tributaries of the Red. There is a little timber in the
mountains and along a few of the streams, but prairie occupies the
.greater -part of the region.
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of thgh\?v?cohr_tthwl\zstern part ‘of the county contains the eastern end
of the ¥ l1 a Mountains, in which are to be found several vari
es. of ine. building stone, namely, granite, porphyry, gabbro nd
omsié?)x;e.i '{fihe igramtef, which is by far the most 1b,undanf r(‘;it;]!:1
n the form of extensive ranges with r ' '
rough and
g(e)zrticlf.oleljese ranges extend westward from a poir%t a few]ar%;gled
ponih o S'l?wlton to the limits of the county. In the region w o
of 1 numbl t }ere are extensive deposits of porphyry outcrop iisr
as & nur er o from_]ded hills. Carlton Knobs and Signal Mounrzca'g
are 1 e up of this rock. Gabbro, or black granite, is found in
vic%ﬁt;lru;l?tﬁ/}les near the north base of Mount Scott and in t}lxn
eers, as well as in the va i
ranges of the Wichita Mountains. Hey between the two main
Limestone occurs i1 iti
: n large quantities i i i

. 1 la n the hills lyin

nl;srrréﬁzn 11{)23{ oIf51t2111rde1.clh1tadM01£1tains. These hillsyex%eﬁgrg?ogf
railroad at Richards S i

e s Spur 10 miles
O:hwetror(ll’e north and west as far as southeastern Kiowa Iggfl}rl)t()f
Othe: 'deSItS of limestone are found east of Fort Sill and hy'
side of the main Wichita range, a few miles west of Lz?v?/tg ;
n,

sistiri;”l.;?;gl(;jl:)% thfi: \lNich]itals on all sides are the Redbeds, con
red clay shales with occasional thi ’ )

) d hin b
tslt]cc))r;:.alfra;tlcallly all the hard rocks in Comanche CojgfyOfeiind.
.the Redbe:dsysnewreiﬁxon%(lll,—are'_re_d sandstones.and. thin dolor’nitesegtE

es. ere is a small amount of S in t
;‘c())rrtthesaiitern part. A ledge of limestone, which ogtycprolll)rsn (;g H]e
Jort quaisis:rv}?tlon,} furnishes the building stone for the For1te
s have been opened near Lawton .
L : and

aton;obtamfad,has been used for buildings in these to(\::ﬁge. The
crushing plant, using the limestone from the easterx; end of

the 1” es n 1118 p
3 as been erat
n l() e 1 11 ll ] 1 i()l somne tl“]e n SUCCCSSiUl (o] ation

Comanche Count i i

_ = O y contains an inexhaustible s

l}lﬁi}; gad;fuddmg stone including granite, gabbro zl:rlzgllyin?gstvery

buildingasm]]télon %)I];izsy}]):&x:, cla)tr a_ncll immense deposits of valuecl)lr)]]eé
. and. is latter material, consisting of b i

]C))aar}ilcge]sl,lelstgund 1R4g§.eat quantities in the Eeds ofroé:(:é]hgra;(;;‘t:
, Blue, aver, Medicine B! ing

e s, Beaver, Mec uff and other creeks flowing from

Craig County

Craig County is located i s :
. ed in the northeastern part of

. t }
liclsrgll?riharn boundary being the Kansas line. Gpr)arrid olf{ii/}::; ?ltate,
m Cib' 1Enortheast_ern corner; the principal drainage is thr h
ori]ight]l‘;' rg;zﬁggandrrl.ts]tnbgtafries. The surface is generally ?:\:ge};

. imber is found alo

the greater part of the county is prairienlfnt({le stream valleys, but

| Craig County is located in the region of Carboniferous rocks
’
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n corner which is in the Mississippian
wrea. The greater part of the rocks consist of ledges of limestone,
sandstone, and shale striking northeast and southwest. In the
southeastern corner, there are outcrops of Boone chert, and a

reavy ledge of limestone. The latter occurs more abundantly in

Jelaware- and Ottawa counties. Sandstone and shales predomi-
North and northwest

wate in the flat prairie region arpund Vinita.
Jf Vinita there are a number of prominent ledges of sandstone form-
ed by continuous buttes and ridges.
In the northwestern part of the county there are several prom-
inent ledges of limestone with intervening shales, members of the
Claremore formation. The limestones form a prominent escarp-
ment that enters Craig County, from Kansas just west of Chetopa
and passes southwest from Centralia to Chelsea. :

Various ledges of sandstone have been quarried and the stone

used locally for building purpose
Jacket, Welch and Big Cabin,

xcepting the southeaster

s in such towns as Vinita, Blue
This sandstone is light gray to
brown in color and makes a handsome and durable stone for build-
ing purposes. The limestone of the Claremore formation has not
been used in Craig County except for foundations and small build-
ings. It would make a good Portland cement. Shale, whicl is
abundant in all parts of the region, has been used in the manufac-
ture, of brick at Vinita and Welch. Several clay products plants
might well be established in this county. The fact that large

amounts of coal are known to exist, and that the greater part of
the area lies in the probable oil and gas fields, leads to the belief
fully developed, this county

that when these dormant resources are
will become one of the most wealthy manufacturing regions in the

State.

Creek County

of the center of the State. Cim-

arron River flows across the northern part and Deep Fork of Cana-
‘dian River crosses the southerp portion, The surface is generally
hilly, caused by a number of rather prominent sandstone ridges
which are covered with timber. The intervening shale valleys
take the form of prairies, crossing the county from north to south.
The rocks of Creek County consist of massive ledges of sand-
stone and intervening shales of Carboniferous age. These sand-
stones are exposed on the tops of hills or along stream-formed
cliffs. In the northeastern part of the county there are several
ledges of limestone, which might be utilized for building stone and
for the manufacture of Portland cement. By far the greater part
of the available building stone is, however, a fine-grained, gray to
brown sandstone. This material has been extensively utilized for
building purposes in such towns as Sapulpa, Mounds, and Bris-
tow. The amount of good bhiilding stone in sight is inéxhaustible.

Creek County lies northeast
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Clays and shales occur i iti
. n great quantities throughout th
tt;]:at g?léﬂzyﬁeég t(111e e’)lc‘tlremle western townships the c%ay is usiaﬁ?):
that eds. 1e clay in the .eastern part is ,
ish in color, all of which should be sui 2 e S low.
g : y oul e suitable for the m f
brick, tile and other cla i i Sred for b
, 2 y products. It iti i
o !tgo et ey P is now being utilized for brick
reek County lies in the
) ] _ gas belt and, hence, contains
2!;}1)6@:21831(1;{5 of1 fuelt, whlxch, together with the limestone shale:t::&
_ structural material will tend t is ¢ f1
leSt'COL]{]tieS ral aterial o render this one of the wealth-

Custer County

Custer County lies in th '
. e western part of the State. The
Canadian flows across the northeastern corner and Washita %Oil\jzth
]:chros§ the southea'stern corner. A number of minor streams te'r
t)lutarle,s to .these rivers, have dissected the otherwise level plai’n rsl-
1at a considerable part of the area is somewhat broken. Th e
no timber, except along the straems. - Lo
. « . N ’
TOCkSC:lhs;Erogfunty lles]m thef Redbeds region. Practically all the
_ crop on the surface, consist of either r
‘ ( - ce, » red clay shs
ﬁgfﬁ{);u.m.ﬂ Tl}ls lattefr occurs in practically all parts of theycouglcss
. in the form of massive ledges formi ’
the streams. Earth g £cges torming escarpments along.
tr . ypsum of “gypsite!’sis-found in a numiber of’
%%cfigigxe;ésghere axéetloccasmnal deposits of rather hard dolorenrit(::f
rn part there is considerable amount of li '
. ime
(E,;lilt:;c?ouz age,kklnown locally as “shell rock.” - The greasti?‘n;a?{
he hard rock, however, consists of red .d i
ledges in the Redbeds. Tl y i 's Deen utilized ot Arapahs
. . his material has been utilized at Ar
- apa :
‘(,:'ilrr'lton, Weatherford and Custer City for business blocks agzhion'
arious parts of the county, for residences, barns and outbtiildings :

The red clay shale might 1 : i i i
e red clay sha ght be manufactured into brick. Building

Delaware .County‘

Delaware County lies i1 - '
1 northeastern Oklahoma, th
. . . . ' e S :
l?oun('lgry being Missouri and Arkansas. Only one county Cgﬁtb;ern
;i)rzilr]‘\l,\}:t]t from Kans?s.l Grand River flows southwest a,cross maé
t ern corner of the county; the drainage i ah
! T 1 . ge is through s
s‘::)rea_nl‘ls abs Spavmaw, Saline and Sharp creeks, its tributa?ie;uck
ﬁl]?sllé era t}e potrtlon‘.of northern, Delaware.County-is a flat prziirie
ng the streams there are he f ti l .
sout]]j)em e T, avy growths of timber. The
"Practically all of this county lies i i
. nty lies in the region of the
- Egrllllfmt,bcortlsei]luetn}ly the rocks are largely the limestones and (sjhzaalrel;
n to that formation. The most prominent li y i
_ _ tmest
Izloone. formation and varies from 150 to 300 feet in Otﬂiecl](s the
Above t.h]s lie shales and' occasional ledges of sandstone ness.
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~The limestone of the Boone formation would malke excellent
building stone. The {amous, Carthage limestone of Missouri comes
from this formation. It outcrops in nearly all parts of Delaware
County, hence the amount-of buitding stonesis practically inexhaus-
tible. The only lime kiln in the State that was in operation for
several years prior to 1910 is located near Grove in the northern
part of the county. Shales, that are found in connection with the
limestone would be suitable for the manufacture of a large variety
of clay products; and if mixed with the limestone would make a
good Portland cement.
Delaware County lies in the region in which we may expect to
find lead and zinc and there need be no surprise if further search
reveals ‘workable deposits of these minerals.

Dewey County

Dewey County lies in northwestern Oklahoma. South Caua-
dian River flows across the county through the level plain in a
rather deep valley. North Canadian River crosses the northeastern
corner. Except for a little timber along the streams and in the
sand hills.all the county is prairie.

All of Dewey County is in the region of the Redbeds. Red
clay shales outcrop on the surface in nearly every township. Along
the northern side of the larger streams there are strips of sand hills
averaging 10 miles in width. The southern and western parts
contain a considerable amount of gypsum, outcropping in the form
of massive ledges. Gypsite is also present in small quantities. In
‘the northeastern corner on the top of some of the higher hills there
are deposits of white or pinkish dolomite, Occasional deposits of
Cretaceous limestone, usually known as “shell rock,” occur in the
county. Very little of this building stone has heen utilized, how-
ever, except locally for foundations and small buildings. A few
business blocks and residences in several of the towns have been
constructed of the sandstone of the Redbeds. There is an abund-
ance of red clay shales that might be utilized for the manufacture
of brick. Building sand is very abundant.

Ellis County

This county lies in western Oklahoma and joins the north-
eastern part.of the Pan-Handle of Texas. Wolf Creek, one of the
tributaries of North Canadian River, flows across the northern
part of the county. The South Canadian forms its southern boun-
dary line. ‘

The county is a high upland into which the streams have cut
rather shallow valleys. The greater part of the region consists
of flat prairie land. The surface rocks are Tertiary deposits con-
sisting of soft sandstone and clay. There are extensive exposures
of Redbeds in the southeastern townships along the South Cana-
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dian, In this region there are a number ‘

o?casmnal beds of dolomite and red sandgtfoleggé%l?ef g)r/g:&rp azi.lrctl;

g1rtll(1le tchountry, however, contains no building stone. On the oIt)her

_m¢_ 4 lere are .very extensive deposits of building sand. Brick
ight be manufactured from the red shales. Gypsum plaster

could be ‘ :
dian RiveT.a.de from the gypsum which outcrops along South Cana-

Garfield County

This county. is located in th -

_ y. : e north-central part of Oklaho
i:r:;gtsaxtr]:satnﬁ large r}w@rs. The drainage is through the snrxr;illl'

ow north into the Salt Fork or t1 i
the Cimarron and the Ark o ety e anto

. : ansas. The surface is a gently slopi
plain with few irregularities. There i ve timber cxeent

_ r . e is no native timber ex
among the sand hills and alon : i LA
' along the streams. The entire i
occupied by the Redbeds. In the e are oo
0 5. 1 southwestern part there -
siderable areas of sandhills lying to the north oIf) the riverzre on

Garfield Count i
‘ y contains few hard rocks-of any kind
s(f)mefof the streams in the southern part there areyseverz;l {ZLOZ%
gsezo Itocrzflcll szfn.ndsftonelbelonging to the Redbeds, that have bgen
y for foundations and even for small b i1di
western and northern part of the cou in practics The
a nty contain practicall
stone. The red clay shales of the R a ke wood
0 Ibeds would ]
brick. For several i fant | i operaticn o
C years a brick plant has b i i
Enid, where the red shal i thisknass b
, _ ales are over 100 feet in thickness
Oﬁtptz'tt of Icwhlc_h 'has been very satisfactory. - There is unliﬁlitzg
quantity of building sand particularly in the southwestern area

Garvin County

RiveGe;Irvm County lies south of the center of Oklahoma. Washita
Riv ge. OWS across the county toward the southeast, all the drain-
e'%st ing m"c_o this stream. The surface in general is rolling.: The
: fi[t;) partis timbered, while the western area is largely a prairie
The .e;tsat\e;\;istzrr]rcll halftclrf Garvin County lies in the Redbeds region'
T : soutthern sections lie near the Arbuck! :
tains and the limestone memb o an
: ers of these mount
the extreme southern b S ownshing par
oundary. In the eastern townshi
ships
(s:gr&ditones and conglomerates are found. The western parlz oﬁﬁ{
0 snOf); fé)(rllt(z;ms only shélles of the Redbeds and occasional ledges
t- r gray sandstone. T
or il ag oy Sar ‘he latter has heen used locally
the Sl\tliuch of tl'le gravel and coarse sand,. that is found in many of
buildinegms, ;mgh]t bgmutxllzed for concrete rock and other forms of
material. The limestone and congl i
treme southern part of the area lised for building <X
‘ g area could be utilized for buildin
and concrete. . The red clay shale, in the western townshipsg“s'(t)(t);;g
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make god brick. Building sand is common in most parts of the

county.

Grady County

Grady County is situated southwest of the center of Oklaho-
ma. Tts northern boundary is formed by South Canadian River.
The Washita flows southeast across the county. The drainage is
into these two streams. The surface is usually level or slightly
rolling. There is little timber except along the streams.

The county lies in the Redbeds region of Oklahoma. 7The
rocks consist largely of red clay shales with an occasional ledge
of thin-red sandstone. The later is usually soft and in many cascs
not suitable for anything but foundations and small buildings.
However, business blocks at Chickasha, Minco and Rush Springs
have been constructed of red sandstone. A rather prominent ledpe
of coarse sandstone, sometimes reaching a thickness of 20 fecet,
outcrops near Ninnekah. This has been used by the Rock Island
Railroad for abuttments and rip-rap. The red clay shales have
been utilized at Chickasha for the manufacture of brick. Build-
ing sand is abundant in all parts of the county.

Grant County

Grant County borders on the Kansas line in the north-central
part of the State. The surface is a rolling plain, sloping to the cast.
Salt Fork of Arkansas River flows across the southern part of the
county, There is little timber except in the sand hills and along
some of the streams.

Grant County is located entirely in the Redbeds area. All
the hard rock of the region consists of occasional thin ledges of
red sandstone. There is neither limestone, granite or any other
rock of like degree of hardness in the county. North of the Salt
Fork there is a strip of country averaging 10 miles in width, cover-
ed with sand hills. ‘The latter lie on top of the Redheds shale.
The sand in these hills would be good for building purposes. I'he
red clays and shales, that are abundant in all parts of the county,
are suitable for the making of brick or tile.

Greer County

Greer County'is located in the southwest curnertof Oklahoma,
The surface in general is rolling. North Fork of Red River forms
its northeastern boundry. Elm Fork and Salt Irork flow across it
in a southeasterly direction. There is very little native timber in
Greer County.

The rocks are of two general kinds, granite and Redbeds. The
granite constitutes the western end of the Wichita Mountains and
occurs as a number of knobs and peaks located in the northeastern
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area. I s .
brea: acadquarters, Quartz, Navajo, Sutters and Wildcat
, varying from 100 to 200 feet in height, are ! moun-
uous pealks. » are the most conspic-
Som . .
County Ze(;frlthe bc?st granite quarries in the State are in G
Granite’ at'thyfa' ozen of which are located near the to ot
ries COﬁSi(Ieragl O_OF of Heac}quarters Mountain. This grani‘th of
2 fine.grained ﬁ’ mktexture in the different quarkies, but is use ‘{a_
B paerained, | a(tlr -red stone that takes a good 'pollish and ually
was located Zrtl G urz}l).le] ornamental stone.- The State-reforni];?kes
we ¢ it Granite because o ory
N th§ immediate vicinity. of the large amount of good stone
‘a féwulzrdogl'ler;dglzg t?lese granite peaks are the Réedbeds. There ar
been ased 1o llraf ier soft sqndstone in this formation, that I e
been used tcaf y for foundations and for small buildings, In Lo
or more ]ha;.;vo ltIZIe county occur the Gypsum Hils, consgis.tin f
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Harpef County

This* county b
y order‘s on Kansas; its western boundary being

In the
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ver; Cimarron River which forms its northeastern
boundary separates it from Woods County. The southwest corner
is cut by Beaver Creek, one of the head tributaries of North Cana-
dian River.  The northern part of the region is much cut by
streams; the largest of which is Buffalo Creek, rising on the level
plains and flowing east into the Cimarron, The southwestern part
is also dissected by tributaries of Beaver Creek. The central aud
northwestern parts of the county consists of high level uplands.
There is no native timber in the county.

Harper County lies in the Redbeds region of Oklahoma. Rcd
shales and clays outcrop along the Cimarron and along its tribular-
ies, as well as in the country south of Beaver Creck. Gypsum llills
occur in northeastern part of the area. They are made up of two
heavy masses of gypsum separated by red shales. On some of the
high hills between the streams that flow north into the Cimarrom
there is a ledge of white or pinkish dolomite, which would make
excellent building stone. There is also a considerable amount of
ed sandstone in the same area. The high upland is formed of Ter-
tiary rocks, containing little hard rock of any kind. Building sind
occurs in quantity among the sand hills, The red clay of the Red-
beds might be used for making brick. '

the county of Bea

Haskell County

Haskell County lies in the eastern part of the State. Tts north-
ern houndary is formed by Arkansas and Canadian rivers. ‘lhe
chief drainage is through San Bois Creek, into the Arkansas. ‘Uhe
greater part of the region is heavily timbered.

The rocks of Iaskell County consist largely of sandstones and
shales. The former is most conspicuous, forming a number of
prominent hills or mountains, of which San Bois Mountain is the
highest. The sandstone lies in definite massive ledges, from 10 to
50" feet inthickness. It has been used as building stone in such
towns as Stigler, Tamaha, Chant, Kinta, LInterprise and lron
Bridge. It is also suitable for a variety of other purposes.

The. clays and shales of this county, are the same as those
which occur in similar formations of the other parts of the State.
They aré suitable for the manulacture of brick and other clay pro-
ducts. Coal is found in practically all parts of the county. Tt is
very probable that oil and gas will be encountered here.

Hughes County

Hughes County lies southeast of the center of Oklahoma,
South Canadian River crosses it from west to east and North Cana-
dian flows across the northern part. The surface is hilly. Several
ranges of prominent sandstone hills cross the county from north fo
south. These hills are usually timbered, while the shale country is,

in general. prairie land.
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building material, except occasional thin ledges of red sandstone,
occurs inthis region. The sandstone has been utilized for buildings
at Waurika and Ryan and locally for farm houses and barns. The
red clay shale is suitable for the manufacture of brick, to which
purpose it is put at Waurika and Addington. Building sand is

abundant.
Johnston County

Johnston County is located in the southern part of the State.
Washita River crosses the southwestern corner and Blue River,
and a number of small streams, tributaries to the Washita, {low
southeast. The southern part of the county is largely timbered;

the northern part contains much prairie land.

The greater part of Johnston County is located in the region
occupied by the Arbuckle Mountains, and practically all of the area
contains a very large amount, as well as a great variety, of struc-
tural material, including granite, limestone, clays, shales, sandstone,
asphalt, glass sand and building sand.

The granite occurs chiefly in the central and southern parts of
the county, occupying a triangular area bounded roughly by a line
connecting the towns of Mill Creel, Ravia, and Wapanucka. More
than 100 square miles are occupied by this rock, usually known as
the Tishomingo granite, the name coming from Tishomingo, the

The granite varies much in texture, that quarried near Tisho-
mingo being very coarse-grained. In other parts of the reyion,
however, the granite is fine-grained, and reddish in color. Gray
granite is found in several localities. In a number of places dikes
of hard, black diabase and diorite occur. ’

Limestone is very abundant, the largest area being that of the
Arbuckle limestone, which occupies nearly 100 square miles in the
northern and western parts of the county. This limestone is heavy,
and massive, but it has been much faulted and folded so that it s
difficult to obtain symmetrical blocks, and for this reason it is
usually not suitable for building stone. It may be used for concrete,
ballast, rip-rap and other structural products, also for burning into
lime and for the manufacture of Portland cement.

In addition to the Arbuckle, there are several other limestone
formations in Johnston County, the most prominent being the
Viola, Hunton and Sycamore. These ledges outcrop near the edue
of the mountain uplift,; The most prominent exposures are found
among the hills west of Ravia and between that place and the
Washita River. Other exposures occur near Mill Creek and Bro-
mide. All of these ledges contain rock suitable for building stone,
for the manufacture of Portland cement and other structural ma-
terial.
Sandstone occurs in a number of localities in Johnston County,
particularly along Blue River and Delaware Creek in the north-
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of Kansas. The principal formations that outcrop in Oklahoma are
known as the Wreford, Florence, Tort Riley, Winfield and Her-
rington limestones. The rocks usually outcrop on the tops of high
escarpments along the Arkansas and its tributaries. On passing
westward these ledges dip beneath the surface and disappear.

At various times a considerable amount of building stone has.
been quarried in Kay County. . Several quarries have been operated
east of Newkirk, of which the‘two most important are the Arm-
strong quarry and the Fagens quarry. The Armstrong quarry,
located four miles east of Newkirk, furnished the stone for the old
administration building of the State University at Norman. A
quarry on the Chilocco Indian reservation in the northern part of
the county has supplied stone for a number of fine buildings at
ihe Chilocco Indian school. This quarry is still in operation. Stone
crushers have been operated at Ponca City and Uncas. The ma-
terial is being used for ballast on the Santa Fe Railroad and for
concrete rock.

There is a vast amount of limestone in Kay County, enough to
supply the State of Oklahoma with building and concrete material
for hundreds of years. Many buildings in Newkirk and Ponca have
been built of the limestone from eastern townships. The stone is
also used for the foundations of small buildings and for fence posts.
The shale and clay, which occur between the limestone ledges, is
valuable for the manufacture of ordinary clay products, such as
brick, tile, and fire proofing. The limestone and shale would make
Portland,cement. -

‘Tn southwestern Kay County there is no limestone and only
a_small amount of sandstone. One of the earliest sandstone quar-
ries opened in the region was on the McCann farm near the town
of Eddy. From this quarry building stone for local use was hauled
for miles. Western and central Kay County contain considerable
gypsum, which has been utilized at various times. Some years ago
there was a gypsum plaster mill in operation ncar Peckham.

The fact that natural gas has been found at Blackwell and
Ponca City render it probable that sufficient fuel may be developed
for the manufacture of the stone and clay resources of the county.|

Kingfisher County

Kingfisher County is tocated in central Oklahoma. Cimarron
River flows in a southeasterly direction across its townships. The
surface is generally level. Few deep stream valleys are found and
high hills are uncommon. There is a little timber along the streams
and in the low sand hills.

There is very little building stone in Kingfisher County as it
is located in the Redbeds region of the State. North of the Cimar-
ron lies a strip of country averaging 10 miles in width, containing
jow sand hills. The extreme southwestern corner of the counly
exterids into the Gypsum Hills. Otlher parts of Kingfisher County



158

contain only red clay shales wi i
t with occasional thi
ilf)il]]te.of ;l“hl}ere are a few buildings at Kingfislhnex!)zd:do&{red o
Ryt of C]I'fysst(;?lf‘l' ls)l';lti in general, very little of it has beeneStr}fisz?dy
e r a ales i '
Bl s 2 abundanta:resuntable for the manufacture of brick,

Kiowa County

Kio ; .
Rives tOlellca.hCOv:mty is located in sputhwestern Oklahoma. Wash;
bk els) its northeast corner, North Fork of Red Ri Eflshxta
chief Stre;:]]]s ouwnrciif;yt'helie:i{lze?)‘:fj Rafinyf'Mountain creek:egr:rg)‘z
i ) L lon ot a few
in the valleys, there is little native timber inetll?lscz:)rlllc]lltcyottonwoods

There are four princi i
principal kinds of r i i
e : ! ocks in. Kiow
whic(ﬁyi’s %lramte, limestone, sandstone and shale Ic')rvﬁa Couqty,
Ve i M]()eur?tld_est and underlies everything else, belonegsg;?)n;;e'v
a M ain range. These mountai ¥ :

e ! ntains occur, 1
%evelosfutrlgfcaereaé as a number of hills outcropping Z)nnt}g};eoi?lzthqm
Deine El‘k, .Dev(i)l'rzeé)zfnt;fnse Il_llave hreceived\such names as Trev;::see
Lome, Bl , Longhorn, and Ragged ins,
e %;e(?tjr pzllr.‘?of the granite is red or mottled iggcol(}),r m?tm;ams.

a urability make it an excellent building stone. * hard-

Lim i
of e coej}t}cg;e oltifc:ﬁipssrl:g;ggﬁ sétlalté‘iheastern and the northern parts
o 4 e are a number i
havse, l;:genlllpfoqstel(i (olf massive ledges of Arbuckle lin(l)tfstcgr?:plc?qus
ot on‘eld ee 'aIr\]Jd foldegl to such a degree that the ro,clrg 1ich
S ghi.ll ear Rainy Moyntains there are three consar'e
uous ou dumgbl sdcomposed of limestone. All of this ston "
hard and . Ccone and can be used for the manufacture of Portle 4
em fn o noﬁ{lete, ba]lgst, road material and for burnin iand,
o iy the nor 1lerfn part o{ the.county.there are several %atgto
e valuallj)le 5'191 -magnesian limestone that has proven t e
. his when developed, shoul e
o reﬁenue. , should become a source
m .
e thgrR;gd?)re%L;nccloangl b.etwee.n the peaks of granite and lim.esto
e eds, c nsisting chiefly of red clay shales with occasi o
al ledge red sandstone. The sandstone has b Tized
cally for the erection of buildings, 3 been utilized

There are clays

) g ays and shales of considerable i i ,
(r;gaxonog(fl t11e1W1c11}ta Mountains, It is also ;rérl;]z{)bciztailﬁc?c ;n e
quan%itiesqu}%:&yc\gi} elvelntually be discovered there in m:rk;?a(.)lllln
. ay shales outcrop in i .

a . : .practicall
unty. The granite gravel, which is found in a nin?lljelr)aorftsstgiathe
ms

tlowing from the Wichi
ichita M i : o
and road material ountains, might be utilized for concrete

Taki ing i i '
o Kiowangoswr/](:rythmg into consideration, the building material
resto e c)fytlaresamong the most varied of any count inm} .
ne State, and only await further develop¥ne tt in
nt in

159

Gas has been found at Gotebo, and it

order to become valuable.
y be found in other localities near

is altogether possible that it ma
the Wichita Mountains.

Latimer County

e eastern part of the State; Lellore

County separating it from Arkansas. No large rivers flow through
this. region. The southern portion is drained by the Kiamichi, a
tributary of Red River. The eastern part is drained through
Fourche Maline Creek into the Poteau, and the western and north-
western part through Gaines and San Bois creeks into the Canadian

and the Arkansas.
The northern part of Latimer County lies in the coal fields of
the upper end (northern) of the Ouachita Mountains. The greater

part of the rocks are sandstone and shales. The sandstone, being
hard and resisting erosion, forms high hills such as Winding Stair,
San Bois and Panther mountains. These sandstones have been
used in buildings at Wilburton, Red Oak' and other towns. The
shales, being softer, have been worn away forming valleys and flat

uplands. }
The Wapanucka limeston

Latimer County lies in th

e crosses the county from west to

east a few miles south of the Rock Island Railroad. It might be
burned into lime, or manufactured into Portland cement. There
is plenty of coal and the chances are good for finding oil and gas in
the northern section. There is no reason why, with the abundant
fuel, and the varied products, that Latimer County should-not de-
velop a number of manufacturing industries. The chert that oc-
curs in the Potato Mountains in the southern part of the county,

would make good road material.

LaFlore County

LeFlore County lies in eastern Oklahoma. Tts northern bound-
ary is formed by Arkansas River. The chief drainage is through
Poteau River which enters the county from the state of Arkansas
and flows north in a torturous channel, winding in and out among
high sandstone hills until finally it joins the Arkansas near llort
Smith, in the extreme northeastern corner of Lellore County. The
greater part of the county is heavily timbered.

“The northern part of LeFlore County, where Cavanal, Sugar
Loaf, Poteau, and Backbone mountains are the most conspicuous
elevations, lies in the coal belt of Oklahoma. The southern town-
ships are occupied by certain ranges of the Ouachitas, of which
Winding Stair, Kiamichi and Black Fork are most prominent. All
these mountains are from 1500 to 2000 feet above sea level.

The rocks of the county are practically all sandstone and shale.
The sandstone ledges are heavy and .massive, and because of their
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exposed along the eastern bank of the Cimarron,

where the sandstone makes a con-
spicuous bluff several miles in length. ‘
Sandstone has been utilized locally for building purposes. At
such towns as Guthrie, Marshall, Mulhall, Coyle and Orlando, there
are buildings of this stone. ‘Building sand is abundant in all parts
of the county. A sand dredge at Guthrie supplies building sand for
Oklahoma City and other large towns in the State. The red clays
and shales have been utilized for the manufacture of brick.

tral Oklahoma is
a few miles northeast of Guthrie,

Love County
located in the extreme south-central part of
er part of the region is rolling. Streams have
to the upland plain. Timber is found in

Love County is
the State. The great
cut rather deep valleys.in
most parts.of the county.

The most important buil
of limestone of Cretaceous age,

ding stone in Love County is a ledge
known as the Goodland limestone,

which outcrops in the northeast and central townships. This stone
the manufacture of Portland

is suitable for building stone, for

cement, for concrete and ballast, and for burning into lime. ‘There
are also several ledges of limestone in the southern part of the
county, which might be used for a variety of purposes.

Abundant deposits of sandstone occur in.a number of localities.
This stone has been utilized locally for building purposes. I'he
western part of Love County is in the Redbeds region and here
only soft red sandstone occurs in quantity. Clay and shale, occur
in many localities, and might be utilized for brick and other clay

products. Building sand is widely distributed.

McClain County

McClain County lies south of the center of the State, its north-
ern boundary being South Canadian River. The greater part of
the county lies on the divide between the South Canadian and
Washita rivers. Small tributaries rising on this divide enter both
streams. The surface is gently rolling. Timber is found in the
eastern townships, the western partis largely prairie.

All of McClain County, except {he extreme castern area, lies
in the Redbeds region of Oklahoma. Red clay shales are abundant
in all parts of the county. Soft red sandstone is found in the
western region. In the eastern part there are several ledges of
coarse gray sandstone and conglomerate. Sandstone has been
utilized for .the construction of buildings in Purcell, Byars, and
Blanchard. Building sand is abundant, particularly along the
South Canadian. At Purcell the red clay shale was formerly utiliz-

ed for the manufacture of brick.
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McCurtain County

McCurtain County lies i
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McIntosh County

McIntosh County lies i :

: : ty lies in -

dian Riv . east-central Oklaho

flows acrgrssftilqms its southern boundary, and tllemla(fortslsll(‘:th Cana-

face is rollin e county from the west. The greater t fanadla"

siderable partgoiflrz]c]iet:reer: izrtq rr;any high sandstoneplzllirllso tRecs(‘;;_
. . 1m " . . -

divides between many of the St)reeraerill,‘c'bu‘c prairie lands occur on the
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MeclIntosh County lies within the region of the Carboniferous
rocks of Oklahoma, consequently ihe formations exposed on the
surface consist almost entirely of sandstones and shales. Sand-
stone occurs as massive ledges capping high hills. Tt is light brown
to gray in color, 'durablemapd of good quality. Tt has been used in
the construction of business blocks in Checotah, Fufaula and other
towns. Shales and clays, which occur in practically all localities,
are suitable for the manufacture of a variety of clay products such
as brick, tile and fire proofing.

Coal has been mined at 2 number of

found in the western part of the county.
that more extensive development will reveal oil and gas fields of

considerable size. The abundance of available fuel and the large
amount of obtainable structural material leads to the belief that
this county will develop into a wealthy manufacturing community.

points and gas has heen
It is altogether probable

Major County

Major County, which occupies what was formerly the southern
part of old Woods County, is situated in northwestern Oklahoma.
The Cimarron forms part of the northern boundary and flows
across the eastern part of the county; the North Canadian crosses
the extreme southwestern corner. North and east of the Cimarron
there is an area of sand hills country covered with jack-oak timber.
South of Cimarron River is 2 flat Redbeds plain and still farther
southwest are the Gypsum Hills, formed by two heavy ledges of
massive white gypsum. Outliers of these hills.often form buttes,
the most important of which are known as the Glass Mountains.
Farther southwest and at a higher altitude than the Gypsum Hills
are sand hills extending as far as South Canadian River.

The most important st;‘uctural material in Major County is

gypsum, which ocelits 'in inéxhaustible quantities in the Gypsum

Tiills. There are sites’in the re
Mountains for hundieds of gypsum D
shale and clay, which is widely distributed, would make an excel-
lent quality of brick. There are several ledges of dolomite in this
county available for building stone. In the regions north of both
Cimarron and North Canadian rivers there are inexhaustible de-
posits of fine building sand. Red sandstone is found among the
Redbeds. Tt has been used locally for farm houses and other build-

ings.

gion south and west of the Glass
taster mills, The Redbeds

Marshall County ‘
e extreme southern part of Okla-

homa. Red and Washita rivers form its southern and easteril
boundaries. The greater part of the region is slightly rollings» In
the northern areas are¢ extensive prairies while the s,outhmjii"‘?‘ml
eastern halves are timbered. o

Marshall County lies in th
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jan age and consist largely of shale and sandstone. In this area
there are high sandstone hills, formed by light brown to gray, fine-
textured sandstone, such as are found throughout this section of

the State. It is an excellent building stone and has been used at
Adair, Pryor Creek and Choteau for the construction of business

blocks. _
The shales, which are abundant in most parts of Mayes

County, might be used for the manufacture of brick, tile and other
clay products. A brick and tile plant is located at Pryor Creck.
Coal is found in considerable quantities in the western half of the
county and gas has been encountered in several localities. There
is no reason why Mayes should not eventually develop into a

wealthy manufacturing county.

Murray County

This county, which lies south of the center of the State, is
crossed from north to south by Washita River. The Arbuckle
Mountains outcrop in practically all parts of Murray County,
hence the surface in general is hilly.

There is a great variety and a very large amount of building
material in this region. The chief varieties of stone are porphyry,
limestone, sandstone, conglomerate, shale, clay, asphalt and sand,
all of which occur in very large quantities. : C

In two areas in the western townships, known ags the Last
Timbered Hills and West Timbered Hills, there are extensive de-
posits of porphyry. This is a hard, igneous rock reddish to brown
in color, outcropping over areas several square miles in extent. At -
the present time, this stone is inaccessible to railroads and con-
sequently has never been utilized. It is suitable for concrete roca,
ballast, and building stone. ;

A considerable part of Murray County is occupied by surface
outcrops of Arbuckle limestone. ‘This is a massive, thick-bedded,
gray to white stone, that makes up the greater mass of the Ar-
buckle Mountains., This rock is exposed west of Washita River
in the heart of the main range of the mountains and east of that
stream, particularly in the region south and east of Sulphur and
near Scullin, This limestone is usually much faulted and folded;
thus the stone is badly fractured. On this account it is not often
suitable for building stone, but is an excellent material for concrete,
and for all purposes for which crushed stone may be used.

Other ledges of limestone are the Viola limestone about 800
feet thick; the Hunton 300 feet thick; and the Sycamore, 150 feet
thick. All of these formations outcrop in various parts of Murray
County, particularly along the edges of the mountains. They are
suitable for the manufacture of Portland cement, for building
stone, concrete, rip-rap, ballast, for burning into lime, and other

structural material.
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Muskogee County

kanslz:/[suls'{kiggfeflcounty lies in the eastern part of Oklahoma.  Ar-
e Themés acdross it and the Canadian forms the so{xthern.
boundary. 1 Tlran and the Verdigris unite with the Arkansas
I y.ra. ‘he greater part of the area in question is a roll
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Howl\ed‘}zsrkc;%eglgé)utnty>lles in the region of Coal Measures ro'ck
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and shales are found in the area lying south
and west of Arkansas River. The sandstone occurs usually as
massive ledges capping the high hills, while shales occupy the val-
leys or the slopes between the ridges. The sandstone has been
used locally for building purposes, particularly in such towns as
Muskogee, Oktaha, Webbers Falls, Porum, Haskell, Boynton and
Chekota. This stone is grown to light gray or yellowish in color,
easily worked, durable and handsome, making a valuable building
stone. . -

The clay shale, which is abundant in all parts of the country,
is suitable for the manufacture of brick, tile and a large variety of
clay products. Plants at Muskogee, Boynton and Wainwright turn
out good qualities of brick. ‘

Coal is found in practically all parts of the region. One of
the best oil fields in the State is located at Muskogee, likewise oil
nas been found near Haskell in the extreme western area. A
large amount of gas has been found west of the latter town, near
Muskogee and in the country lying about Wainwright,  Smaller
amounts of oil and gas occur in several other townships.

Taking into consideration the vast amount of fuel, including
coal, oil and gas in connection with the abundant structural ma-
terial, such as sandstone, limestone and shale, it will be seen that
Muskogee County contains material for a large variety of manu-
factured products. It should in time become a wealthy manufac-

turing center.

Only sandstone

Noble County

Noble County lies in the north-central part of Oklahoma. Lts
northeastern boundary is formed by Arkansas River. Black, Bear
and Redrock creeks, which flow east across the county, teceive
the greater part of the drianage. The surface is quite broken in the
eastern townships but becomes more level ‘toward the west. Tim-
ber is found along the streams and on many of the sandstone hills.

The northern portion of Noble County contains several ledges
of limestone, which enter from Kay and Osage counties to the
north. ~This limestone, a southern extension of the Flint Hills of
Kansas, thins out to the south and does not extend beyond the
central part of the county. Between the various ledges of lime-
stones are beds of shales. From the vicinity of Redrock and Mor-
‘rison to the southwest, the surface rocks of Noble County are Red-
beds. They occur more conspicuously still farther west. This for-
mation consists of red clay shales interstratified with beds of sand-
stone. ‘
Very little limestone has been guarried in this county excepl
for local use. Sandstone has been utilized for the construction of
buildings. A number of quarries near Perry, Morrison and Red-
rock supply stone for building purposes. The shales are suitable
for the manufacture of brick and other clay products. Tt is al-
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together possible that oil and gas ma : i

_ y eventually be found
eastern part of Noble County, and, if so, chancesyare goorcll f<1)1: 311:
full development of the mineral products of the region.

Nowata County

This county is located in the northe
1is ¢ n t astern part of Oklahoma
bordermg on Kansas. Verdigris River flows south across the cen-
11;;:111 part of the county. The greater part of the surface consists
of level and gently rolling uplands traversed by stream valleys
The Igottom lands are timbered. '
owata County lies in the region occupi ifer
| _ _ pied by Carboniferou
fSormatxons, hence .the rocks are limestone, sandstone and shales
e\{eral-ledges of limestone cross the region from north to south,
whll’t::nbeds of sandstone are found in all setcions. '
he most important limestone ledge in this count
: y, known a
}l\_e Oolagah limestone, outcrops along the west bank of Verdigriz
rxx_\zizr. South of thq town pf-Nowata it is. a single ledge, while
arther to the north it is split into two distinct divisions by an in-
tervening shale. Other limestones are found in the northwestern
area, as well as in the region east of Alluwe in the southeastern
corner. Practically all this limestone would be suitable for build-
ing stone, for burning into lime, for the manufacture of Portland
gemfnt, concrete and ballast. The only extensive limestone quarr
]1;1}:161(3:\?“?}’ 15151tuated on Hickory Creek 3 miles north of Lenay
ah. - this place there is a rock crusher. Lim ,
beensquarried at Nowata. : a mestone has also
andstone, which outcrops on many hills i
, y hills in Nowata Coun
lslas]been used locally for foundation work and stone buildint)s,'
bu_(:l‘towns as Nowata, Lenapah, Watova and Wann contagir{
a1ullIdtllyglstcgnstructed of this local stone. It is handsome and dur
ble, light brown in color and should e .
resouﬁ}ce o the monney. ventually become a valuable
owata County contains lar i
N ge amounts and considerat
;/nanetfxes of clay and shale.. These materials are suitable forat)llxz
tilin:n%lcmre of a large variety of clay products, including brick
file an J'puostttery.. At{)la?.t is olperated at Nowata. At Coffeyville'
, across the line, these products are being extensi ;
tgng:\rlmfjacturezd of similar clay belonging to the same leiige;. eF{S;llxgly
C;iclclare being shipped to Oklahoma by the million and in returb
klahoma money is sent out of the State to purchase material th y
could be manufactured at home. @l that

Okfuskee County

Okfuskee County is i '

‘ _ nty is in the east-central part of Ol

il\sIOr;th Ca_rjadlan Rlver flows east across the county. Thedeslgl?fma!
ore ot less hilly and usually covered with timber e
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" Sandstone is the principal building stone in Okfuskee Caunty.
[t outcrops in all parts of the region, chiefly as escarpments o¥
hills or as cliffs along streams. This stone has been used for build-
ing purposes in such towns as Okemah, Weleetka and Paden, and
makes a handsome and durable building material. One or two
thin ledges of-limestone have been reported, but at present knowl-
edge they are of tittle commercial importance. Clays and shales,
which are found in all localities, might be utilized for the manufac-
ture of brick and other clay products. : : :
~ " Rastern Okfuskee County lies within the probable extension
of the oil and gas region. When these products.are developed,
they will aid materially in promoting the resources of the county.

Oklahoma County

Oklahoma County is located in the center of the State. Decp
Fork and North Canadian rivers drain the northeastern and south-
ern areas. The surface is gently rolling. The eastern townships
are timbered while the western part is a prairie. The rocks all
belong to the Redbeds series, consisting largely of red clay shales.

There is little building stone of any kind in Oklahoma County
except occasional thin ledges of red sandstone, outcropping along
many of the streams, particularly in the valley of Deep TFork and
certain tributaries of the North Canadian. This stone has heen
utilized at such towns as Oklahoma City, Jones, Edmond, Luther
and Harrah. The western part of the county contains little stone
of any kind. There is an abundance of building sand in all sec-
tions. The red clay shales, which are everywhere abundant, have
been utilized at Oklahoma City for the manufacture of a good
grade of pressed brick, now heing used in the construction of a
mumber of buildings in that city.

Okmulgee County

Okmulgee County lies in the east-central part of Oklahoma.
Deep Fork of Canadian River flows east across the courty. 'The
greater part of the drainage is north into the Arkansas or into Decy
Fork. The eastern area is chiefly a rolling prairie, while the south-
ern and western parts are rather rugged and covered with timber.

_ Okmulgee County lies within the region of Carboniferous.
rocks. Sandstones and shales are exposed on the surface, the
sandstone occuring usually as prominent ledges forming caps on
the hills, extending north and south across the county. Much of
this stone has been utilized for building purposes. The old Creek
Council House at Okmulgee is built of this material; and likewise
many modern business blocks at Okmulgee, Henryetta, Beggs and
Morris have been constructed of this native stone. The sandstone
s gray to'brownish in color, easily worked and durable, hence in
time should become a valuable asset for construction purposes.
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There are a few ledges of thin limest i
| one in the eastern part
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e used for a large variety of products. "Two plants east of Ok-
,mulgcee Il)r'Oche a good quality of brick. :
oal is found in many locations. Some of the best mi s i
. i
thelState are located at Henryetta and Schulter. Oil and gag;sa\‘/?:
%e_en found in practically all sections, particularly at Morris, Bald
Itllilsa‘;led “Ham]xltg;l ‘Slthc}l, vs{here producing wells are now lo’cated
3 ry probable that further drilli il '
evenTstill D ol ing will reveal the presence of
aking everything into consideration, there is li
v , ttle doubt b
that Okmulgee County will eventual op in N
e e e y ventually develop into a valuable

Osage County

Osage County, situated in the northern part o i
:che largest county in Oklahoma. Arkansas II)iner fwtlllif:hsit)aé)t\fa(;:
1{ or{/the.sogth and Hummipg Bird and Bird creeks, tributaries of
the Verdigris, drain the region. Eastern Osage County is heavil
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e rocks of the county are limestones, san
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limestone, which outcrops on the hills along Bird creek Ve
town of Avant, - near the
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‘Ottawa County
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r
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the center of the county, forming Grand River, which flows south
in a tortuous course among limestone hills. ‘

Eastern Ottawa County is hilly, being a plateau cut by the
valleys of numerous streams flowing west into Spring and Grand
rivers. The country west of these streams is generally level, or
slightly rolling. The Boone chert, a limestone formation of Miss-
issippian age, forms the,surfacé rocks of the. greater part of the
region. ‘This formation dips to the west and is succeeded by the
sandstones and shales of Pennsylvanian age. Timber occtirs chief-
ly in the eastern area. ' :

Limestone is found in all the eastern townships, and might
be quarried in numerous localities along the bluffs of the streams.
On the level uplands however, ihere is little stone on the surface
except fragments of chert, which have weathered out from the
limestone ledges. The limestone is suitable for the manufacture
of Portland cement and for burning into lime. .

Sandstone, suitable for building, occurs in ledges along the
bluffs in the western section. Shales and clays are common in
most regions and might be used for the manufacture of a larue
variety of clay products.

The most valuable minerals now being produced in Ottawa
County are lead and zinc, which are mined at Miami, Lincolnville
and Quapaw. The value of the production of these minerals for
1910 was approximately $700,000. The field is yet practically un-
developed and it is altogether probable that, within a few years,
it will produce much more than at present.

Coal is found in western Ottawa County.

Pawnee County

Pawnee County is located in the northeast-central part of
Oklahoma. Arkansas River forms the northern boundary, flow-
ing to the southeast in a tortuous course between high limestone
and sandstone hills. Black Bear Creek  flows east across the
county, and Cimarron River touches the southeast corner. - A num-
ber of small streams, tributaries of the Arkansas or the Cimarron,
receive the drainage. The topography is quite broken; high hills,
capped with limestone -and sandstone, abound in all parts of the
area. These hills are the southern continuation of the Flint Iills
of Kansas.

The most valuable building stone of this region 'is limestone.
There are also a number of ledges of sandstone. The sandstone is
more abundant in the eastern section, while limestones are en-
countered farther westward. '

A number of quarries have been opened in various parts
of Pawnee County particularly near the towns of Pawnee and
Cleveland. Stone buildings are found occasionally in the towns;
likewise a number of houses, barns and -small buildings have
heen constructed of - this ‘material.. The shale is valuable for
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the manutacture of clay prod i

th ctu roducts. One of the largest brick

in Oklahoma is located at Cleveland. The fact ltzhat oil an%]aggz
oceur in large quantities at that city and in small amounts in
other’ localities, lead to the belief that the mineral resources of

P'avlvr_]ee County will prove of considerable value.

Payne County

. Payne County is located north
. . a east of the center of Oklahom
_(flmqrron River flows east across the county, Stillwater Creek bZ—v
ing its largest tributary. A number of valleys of the smaller
streams have dissected the level table land. There is considerable
txmb’(le‘rI along the streams and among the sandstone hills
he pgreater part of Payne County lies in the R :
' . ; edbeds area
Oklahomd.. Several ledges of limestone of considerable importgf
ar;c_eloccur in the eastern part. One of these is a prominent ledge
g.nm outcrops on Twin Mound, 12 miles east of Ingalls crosses
blinarronRRlver near the mouth of Stillwater Creek and is,exposed
1edweenv : 1]L)I_¢y and Cushmg. Stone crushers located along this
edge 1rllear tipley have supplied ballast for the Santa Fe Railroad
as well as concrete rock and macadam paving material for Guth ie
and Oklahoma City. e
part'Ig}ereh]_s la large 3m_ount of sandstone in the county, the greater
1 which 1s red in color, varying however, t 2 g
white. A number of quarries ha T varions ropions
: h ve been opened in vario i
particularly near or at Stillwat er furmished
1 , er. One of the latter furni
white sandstone for several of the buildi ey ned
Monbsandstone fo 2 1e buildings at the Agricultural and
anical College. Such towns as Cushing, Yal i
QOntE’i]lln l)m]cllmﬁ;s constructed of red sandstglne & Glenco, Ripley
"he red shales and clays occur abundan i
. : a s antly and n
111]t11:1-tze(} t1_:01' the_ manufactllre of brick, At the pres}:mt time“t%l::tr;'ebie
o.tuel found in Payne County, but it is possible oil and gas ma;

be discovered i

in the eastern area. If i

_ . SO

~of .natural resources. (1t means the development

Pittsburg County

Pittsburg County i
y lies southeast of the center of Okl '
:Iltrseanc?rrat;:xesr?n?oo%ldda?' is S]outh Canadian River. - The soau}}r(}:?rt
ed River through the vari bran
Grea drains i ugh tt ious branches of Bo
. greater part of this region ‘is hilly, the e
part being” mountainous. Timber.] long the stresastern
s. er.is found
on t]’]I‘el greate;‘ part of the upland slopes Hlong thCIStl‘eamS_.andl
Lhe northern part of Pittshurg Co'unt ies i
( y lies in the re
%?)'llilftMeTanSlt‘]I;:S] rt(iCkS and th;e southeastern half in the O%l'locr;xi?:
. In. atter section the mountains ri 2 heig (
7900 1o 2000 fect ahoyetion the n ntains rise to a height of from.
single ledge of limestone kn : '
own as the Wapa i
stone passes from northeast to southwest across the 20?1:1:!;:}11111:22
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of the county. It outcrops near ‘Hartshorne, Blanco, Pittsburg,
and Reynolds. This limestone is about 500 feet thick and stands.
on edge. This material is suitable for the manufacture of a large
variety of: products, such as lime, Portland cement and building
stone, A Portland cement company has recently erected a plant
at Hartshorne. At the same place lime has been burned at
various times. Theré are sites along this ledge for a number of
cement plants and lime kilps. ‘ .

" The greater part of Pittsburg County is occupied by sandstone
and shale rocks. Sandstone occurs chiefly as heavy massive ledges
along the tops of high hills, or as cliffs along the streams. This
stone is similar to that found in other counties in the eastern part
of the State, being light gray to yellowish-brown in color, of fine
texture, and durable. Such towns as McAlester, Crowder, Cana-
dian, Krebs, Hartshorne, Haileyville, Alderspon, Quinton, and
Kiowa contain business blocks and residences built of this stone.
It is found in inexhaustible quantities and makes a very good build-
ing material. -

The widely distributed clays and shales are valuable for a
Jarge variety of products, chiefly brick and tile, Fire clay is re-
ported from the northern part of the county. Brick plants are
operated at McAlester, the product from which is used in the local
street pavements.

Pittshurg County is located in the center of the coal fields
of Oklahoma, nearly one-half of it being underlain with beds of
this fuel. At least four workable veins are found to outcrop in
this county. McAlester is the center of the coal mining industry
of the State. The northern area lies in the region in which oil and
gas may be expected to be found. The fact that coal is already
plentiful and that oil and gas may occur, is of extreme importance
in the development of the mineral resources of Pittsburg County.

Pontotoc County

Pontotoc County lies in the south central part of the htate.
Its north boundary is the Canadian River. The southern and cast-
ern parts of the county are drained by Boggy Creek and Blue
River. Timber covers a considerable area. The rocks in the
northern portion consist of sandstones, conglomerates and shales
of the Coal Measures age. The sandstone is suitable for building
purposes and has heen used to considerable extent at Ada, I'rancis,
Center and other towns in this part. The shales and clays are
suitable for the manufacture of brick. A successful brick plant,
located at Ada, uses shale from the Carboniferous beds.

The southern half of the county lies in the Arbuckle Mountains
Uplift. Here the rocks are chiefly massive ledges of limestone.
The three prominent limestone formations of the Arbuckle Moun-
tains are the Arbuckle, the Viola, and the Flunton, all of which out-
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g{op u}- I-)ontotloc County. This rock may be used for. buildin
'm?:::f,a ocxl fburm?g into lime, for the manufacture of Portland ceg
nd for a large variety of other pur O .
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[ the State, located Ad ili
limestone from the Viola, and ’ W o oo ine
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Pottawatomie County

Canalzlci):cl;a;v:éoglietlc%untyd_is located in central Oklahoma. North
( b South Canadian rivers touch the north .d
ern part, respectively. Little River fl Voo o
The surface is rolling or hi e le orsa ts eouney
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The greater part of the "les 1
The great area lies in the Redbeds region
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, ever, the sandston
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Pushmataha County

Pushmataha County lies i
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gié?gas’sgepgrattled frc;mKArkansas by LeFlore CounIt)y The ;lrﬁggilg:i
e is throu iamichi Ri ! \
draing _ g] .1amxchx River and the head waters of Little
All of the county, exce i
Al : , except the southern portion lies withi
3{:}3;5123:(?1\/10311?1111 Upllfé. The rocks consist largely of llecilgnest%t;
n and shale standing practically on edge;/

! . the 1 -
stcf)?e halts resisted erosion, and formed long and iax"row rggrissa}l{]}?
softer shales have worn out into intervening valleys Theg £ ;
<:<_;»ur'1~:,lt‘:}s1 are cgvered with heavy growths of timber ‘ srream

. e sandstone found in Pushmataha C is us
t ount i
;a;él;er hIard and brltt_le;_ much of it will-makeydixsr;ll)slléalllﬂilf(irln’
‘ e. In many places it forms conspicuous ledges "stahding gtlgt'
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in the form of great cliffs. A prominent example of this form of
erosion is in the famous McKinley rocks on the extreme summit
of the Kiamichi Mountains 4 miles south of Tuskahoma. At this
point massive blocks of rugged sandstone nearly 100 feet high and
one-fourth mile long cap the hill.

The shales and clays of Pushmataha County are suitable for
brick and other manufactured clay products. So far as known
there is no limestone in the region.

Roger Mills County

Roger Mills County is one of the western counties in Okla-
homa. The South Canadian forms the northern boundary; ‘Washi-
ta River courses east through the eastern area. The surface is a
plain only broken by a number of river valleys. There is little
native timber except a few groves of elm and cottonwood along the
streams.

Roger Mills County lies in the Redbeds region of Oklahoma,
consequently the greater part of the surface rocks are red shales
and sandstones. - In the western townships there are considerable
areas covered with sand hills and other deposits of Tertiary age.
Antelope Hills in the northwestern corner are outliers composed
of Tertiary.rocks,

There is considerable good building stone in the county, con-
sisting of soft red sandstone belonging to the Quartermaster for-
mation of the Redbeds. A number of buildings at Cheyenne, the
county seat, and other towns have been constructed of this soft,
red stone.

Gypsum, which is found along the breaks of the Canadian
River in the northeastern part of the region, might be utilized for
the manufacture of wall plaster, stucco and other symilar products.
The red clays would make a good quality of brick. Building sand
is common. ‘

‘ Rogers County

Rogers County lies in the northeastern part of the State. The
Verdigris which flows south across the county, and its tributaries,
form the principal drainage of the region. The eastern part of the
area is hilly and covered with timber, while the western portion is
.generally a rolling prairie, except along the wooded valleys of the
streams.

The surface rocks of the county consist of shales, sandstones
and limestones. Heavy beds of sandstone are exposed on the hills
in the region east of Claremore. The Claremore formation, for-
merly known as.the Fort Scott limestone, consisting of three ledges
of limestone separated by shales, passes from northeast to south-
west across Rogers County. Along the bluffs west of the Verdigris
north of Claremore there is a ledge of limestone known as the
Oolagah limestone. The country to the west of the outcrop of
this ledge is a rolling prairie with sandstone hills and occasional
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ledggrsI of this limestone. .
he limestone is suitable for the m
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Seminole County
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Sequoyah County

Sequoyah County lies Linwextreme eastern-‘Qklahoma. The
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‘state of Arkansas forms its east line, while Arkansas River is its

southern boundary. All the drainage is into the latter stream,

chiefly through Lees, Sallisaw, and Vian creeks and Illinois River.

The surface is rough and broken. High hills occur in the northern
townships, while the central and southern portion is largely a level
rairie. Stream valleys and hills are timbered.

The hills of Sequoyah County lie in the southern part of the
Ozark Uplift, and the rocks in the region are those usually found
in - these mountains, namely, the Boone formation, Fayetteville
shales, and Pitkin limestone. The Boone formation, is from 150

" to 300 feet thick, and consists chiefly of limestone, with much flint

and chert in the upper parts. The Fayetteville shale is a black
fissile shale. The Pitkin limestone is a hard, bluish to gray lime-

stone, varying from 50 to 75 feet in thickness. \
In several localities along Sallisaw Creek there are valuable de-

- posits of marble, the best stone of the kind so far quarried in the

State. The largest quarry is at Marble City. This stone has been
quarried for a number of years, having been utilized chiefly for
building stone. The Pioneer Telephone Building at Oklahoma
_City ‘was constructed of marble obtained from this quarry. This
marble might also be used for burning into lime or for the manu-

~ facture of Portland cement.

Sandstone of good quality occurs in practically all parts of
Sequoyah County, and has been utilized for business blocks in such
towns as Sallisaw, Muldrow, Hanson, Gans and Vian, This stone
is gray to brown in color, easily worked and very durable. Clay
and shale, which are found in practically all localities, when de-
veloped should make a large variety of valuable products.

Coal has been mined at or near Muldrow, Hanson, Sallisaw,
and McKee . It is quite probable that oil and gas will eventually
be encountered in considerable quantity.

Sequoyah County pOSSesses the raw material and the fuel for
the manufacture of a large variety of mineral products. These
products only ‘need development.

Stephens County

Stephens County is located in southern Oklahoma. Nu streams
of -importance flow across it. The principal drainage is east
through -Wild Horse Creek into the Washita and: south through
Mud and Beaver creeks into Red River. The surface, in general,
is level. - There is timber along ‘the streams and on some of tlte
sandy uplands in the eastern partof the county, but the greater
part is prairie. .

The only formations outcropping are the Redbeds consisting
largely of red clay shale. There are, however, occasional ledges of
red sandstone. These have been uatilized locally for building pur-

- poses, at several localities. The red clay shales have been used for
brick at Duncan, Comanche, and Marlow. Building sand is abund-



178

ant in many parts of the regic ypsum pla i
; : gion. A gypsum plaster mill } '
in operation at Marlow for a number of years.p Asphaltlis }ginbcﬁg

several localities in-the eastern townships. It is quite probable:

that oil and gas may be found in the same region.
| o | Swanson County
part ofi;eevgtzizgea"lc‘eid com;ty of :Swanson is in the southwestern
. he surface is a plain, containin
scattered peaks and rang ite. R e o
ges of granite. The chief drai
through Otter, Elk and oth i i h Fork of Red
} ) ) other tributaries of North Fork of
River. There is a little timber along the streams and amongliﬁce1

rocky peaks, and a consideral ite i
A g ,: rable amount of mesquite is found on the

e y
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glanlte and thEIelate:{ IC:kS' [Il the 0 t lern section ere 1s a
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east , sisting of black i
z}l)rzlcrlf?}l])é)rreo; Fartherbsoutl; in the vicinity of Sny%]er angcl\/logl;ral‘?a:its
: are a number of scattered knobs and k
red granites.. Quarries in the blacl i e mposed of
Cold Springs and near Roosevelt; Sl g h'ave' been Jpened at
: ; the red granite is bei
near Mountain Park., There is enougl o g operared
1 o d granite, both bl
and red, in Swa T the o g ack
et nson County to supply the world for a thousand
The shales of the Redbeds, which m i
. ‘ : , 1 ake up the plai
and,b_etween the granite peaks, would make gogd brigk. nI’SL?irlndoigg
sand is abundant . Coarse sand and stream gravel has been shipgf

ped from Mountain Park to various i
3 : ar places in western Okla L
High grade kaolin or “potters clay” has been reported frogor?haév‘

northeastern part of the county.

Texas County

This county’ occupies the central :

) i ’ part of the Panhandle of
1Okl?;.holma or “No Man’s Land.” The surface consists of a high
7%ve plateau across which Beaver Creekihas'cut a valley averagin

feet deep and 1 mile in width. A few deposits of Redbed shgzrllei
:;g:igtalo;lg tfl;ls cx;ieek, Cllaut by far the greater part of the surface
: s of soft sands and clays of Terti i
cons rll;,‘rairie o s y ertiary age. The entire county

There is very little building ' ind i i '

‘_ ! ilding stone of any kjnd in this '
glnly- occasional ledges of indurated Tertiary rocks outcro;ozl:]rctt]%
fbsrfc(li%?od tlgle plains, and z}n occasional deposit of red sandstone i%
_ ng the streams. There is plenty of clay for the m;
ture of brick, but very little other building matZria] ocgurrnsanu\t/:a?-
canic ash should be found in this county. ' o

Tillman County

_ This: county-lies alon ‘Ri i
: . g Red River in the southwe !
of the State. Thegreater part of the region is drained l)ystlizn‘trli)}?:g
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taries of Deep Red Run, itself a tributary of the Red River. There
is a little timber along the streams, but the greater part of the
county is grass covered. All of the area is located in the Redbeds
region of Oklahoma, hence there is exposed little hard rock of any
kind. About all there is in the way of building stone consists of
occasional thin ledges of soft red sandstone interbedded with the
red clay shales. In the western and southern parts of the county
there are considerable deposits of sand, usually in the form of
sand hills. The red clay shale would make good brick.

Tulsa County

Tulsa County lies northeast of the center of Oklahoma, Ar-
kansas River flows southeast across the county, and Bird Creek
crosses the northeastern corner. The surface is generally rolling
with occasional high hills or bluffs along Arkansas River and in
the western and southern townships. The level lands are usually
prairies, while the high hills and stream valleys are timbered.

Tulsa County lies in the Carboniferous region of Oklahoma.
The rocks are limestone, sandstone and shales. Several ledges of
limestone exist, one of which outcrops in the eastern part and ex-
tends from Catoosa to Broken Arrow. A second ledge is exposed
in the town of Tulsa and passes southwestward to the Glenn Pool,
s/hile the third ledge forms a prominent exposure oh the high hills
south of Arkansas River a few miles southwest of Tulsa. At this
place the formation is known as the Lost City limestone. Lime-
stone has been utilized as ballast for some years at a quarry near
Garnett, some 12 miles east of Tulsa. During the last few months
a quarry has been opened at Lost City, from which material for
ballast and concrete is obtained. The limestone is snitable for
building stone, for burning into lime, for the manufacture of Port-
land cement, and for a large variety of purposes.

Sandstone is very abundant, particularly in the southern and
western areas, where it forms high hills. Tt is usually fine-grained,
durable, light brown in color making a handsome building stone.
1t has been used in Tulsa, Collinsville, Broken Arrow and a num-
ber of smaller towns for structural purposes. Clay and shale, which
are widely distributed, might be uatilized for a large variety of pur-
poses, such as brick, tile, terra cotta, stone ware and pottery. Four
brick plants, now in operation at Tulsa, are turning out a very su-
perior product,

Coal has been mined at Collinsville, Mohawk and Dawson.
Oil and, gas is found in practically all parts of the county. The
famous Glenn Pool, one of the most noted oil fields ever discovered,

_is located in the southern half of Tulsa County. Other important

oil fields are the Tamaha, Flat Rock and Turley fields. It is quite
probable that other pools of considerable importance will be lo-
cated in this region. The abundant fuel, combined with the large
variety ‘'of mineral products, warrants the prediction that Tulsa
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(S:(t)L_mty will eventually become one of the wealthiest counties in the
ate. : '

Wagoner County

Wagoner County lies in eastern Oklahoma. . Grand River

torms the eastern line; the Arkansas flows through the southwest’

corner and forms part of the southern boundary, while Verdigris
River flows south across the county, The greater part of the sur-
face is a’'level prairie. -
_ Hills of considerable size occur in the western townships.
- The country adjacent to Grand River is cut by a number of small
streams. The river valleys are timbered; the uplands are usually
prairie.
Wagoner County is located in the region of Carboniferous
rocks, and sandstones and shales are found in practically all parts
of the county, Limestones also occur along the valley of Grand

River in the eastern part and in the region hetween Coweta and

Broken Arrow in the western townships. ,
., Very little limestone has been developed in Wagoner County,
but sandstone has been used locally at a number of points, - Many'

buildings at Wagoner, Coweta and Porter have been constructed-

of a grayish or light brown sandstone, which occurs plentifully’
_near these towns. The clays and shales are found in very larg®
quantities and- might be utilized in the manufacture of a' large

variety of clay products. The limestones and shales are suitable for
the manufacture of Portland cement. Building sand is abundant.:

There is considerable coal in Wagoner County. It has heen
used locally at a number of points, Oil and gas may eventually be
found in considerable quantity in the western townships.

Washingtdn County

This county is located in the northern part of Oklahoma, por-.

dering Kansas on the north. On the west it is bounded by Osage
County.. Caney or Little Verdigris River drains the région to the
south. The.greater part of the surface consists of prairie-like
plains, although there is considerable timber along the streams,
The rocks exppsed on the surface are limestone, sandstone and
shale. Several ledges of limestone pass from north to south across

this area, while sandstone in considerable quantities covers a num-"

her of the high hills.

~ The limestone is suitable for a large variety .of products. . The
I_argest Portland cement mill -in the State, located at Dewey, uses
limestone and shale. Like material is also found at Bartlesville
Ochelata, .and; Ramona for building purposes. Fine beds of shale
be utilized for burning into lime, for concrete and ballast, and for
building stone. , C : ’

.Sandstone -which outcrops in various parts of the county,-is

“part of the county is prairie.
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“light gray or brown in color, hard and firm, and resists erosion

well. It has been used locally in Copan, Dewey, Bartlesville,
Ochelata;, and Ramona for building purposes. Fine beds of shale
many feet in thickness occur in several localities, and occupy the
same horizon as those that are used farther north in Kansas for the
manufacture of brick and tile. A brick plant is operated at Bartles-
ville ; others were formerly operated at Ochelata and Ramona. The
immense amounts of oil and gas found in this county are of ex-
treme importance. With the limestone and shale suitable for the

‘manufacture of a considerable number of different products and the

large amount of gas accessible, there can be no doubt that Wash-
ington County will become one of the wealthy manufacturing
counties in the State.

Washita County

Washita County was named from the river which flows south-
east through this region. The principal drainage is into this stream.
The small tributaries have cut rather deep valleys into the other-
wise level platean, making the surface in places irregular and
broken, There is a little timber along the streams; but the greater

Washita County is entirely included in the Redbeds area of
Oklahoma, Red shales and sandstones outcrop throughout' the
whole area. In the eastern townships there is a large amount of
gypsum, chiefly in the form of massive ledges, or as beds of earth
or “gypsite.” Farther west the gypsum disappears beneath red
‘sandstone and shale, tonstituting that part of the Redbeds known
as the Quartermaster formation. There is a small amount of Cre-
taceous limestone, known as shell rock, and occasional deposits of
hard gray dolomite in various localities, but sandstone is the prin-
cipal building stone. It has been utilized at Cordell and several
smaller towns. In the southern portion there is a ledge of hard .
magnesian limestone, 10 or more feet thick, which, when developed,
is destined to become valuable building stone. The red clay shale,
that outcrops throughout the county, is suitable for the manufac-
ture of brick.

Woods County

Woods County, located in the northwestern part of Oklahoma,
is bounded on the southwest by Cimarron River and on the north
by Kansas. The county is triangular in shape. The surface con-
sists of a rather unevenly dissected plain. The drainage is chiefly

. through a number of small streams flowing into the Cimarron.
Salt Fork of the Arkansas flows southeast across the northern
part of the county. Strips of sand hills, averaging 10 miles wide,
are found north of both the Cimarron and the Salt Fork, The sur-
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face rocks of the remainder of the region cons
clays of the Redbeds.

There is some timber among the sand hills and .along the
-streams; the remainder of the county is prairie.

In the northern and western portion of Woods County occur
the Gypsum Hills, made up of two massive ledges of white gyp-
sum, 15 to 20 feet: thick, separated by.clay shales. There are in
the western townships' a number of ledges of hard red sandstone,
giving rise. to a number of outstanding buttes to which such names
as Wild Cat Hill, Wall Sign Hill, and Potato Hill have been ap-
plied. There:are also some ledges of hard dolomite, and occasional
-ledges of limestone in the northwest part of the region.

ist of red shales and

Woodward County

Woodward County lies in northwestern Oklahoma. Its north-
ern boundary is Cimarron River. The North Canadian flows di-
agonally southeast across the county.

This county contains a considerable diversity of soil and to-
pography. ‘The northeast portion is rough. A number of streams
averaging 15 to-20 miles in length, tributaries to the Cimarron,
have cut the upland plain into a series of narrow valleys and hills,
A strip of county averaging 15 miles in width lying north of the
North Canadian is covered with sand hills. South of this river the
rocks ‘consist of Redbeds. In the southwestern corner occur sand
hills and flat upland prairies. There is very little native timber
in the county:! N ,

There is*a‘large amount of gypsum in the northeastern town-
ships, exposed as two massive white ledges averaging 15.to 20
feet in thickness outcropping for miles along the various creeks,
tribytaries to the Cimarron. On the tops of some of the high
hillstare exposures of massive white dolomites that would make.
excellent "building stone or might be burned into lime. Ledges
of red sandstone also occur in this region. In the country south
and north of the Cimarron and along the north Canadian, there
of good. quality.
are extensive deposits of red clay shale, which would make brick



