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GRANITES OF OKLAHOMA.
INTRODUCTION.

Granite of commercial value is found in two small districts'in
Oklahoma, the locations of which are shown on the map (fig. 1).
Though the total area of the outcrop is small, probably not over
300 square miles, there are at least six types of granite of good
quality available. The statistics of production shown on the fol-
lowing page indicate the average annual valne of the granite indus-
try for the last decade in Oklahoma to have been about $33,000.
Though production. has been ‘retarded by lack ‘of equipment and
capital. 1he ease of quarrying of several types of good granite has
made it possible to operate a number of quarries in Oklahoma. It
was believed that the character of the granites in Oklahoma justi-
fied a somewhat detailed description of their asccurence, quaiities,
and usefulness. In this report the more important granite areas
are described in detail, while briefer mention is made of those
areas that give little promise of future development.
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Figure 1. Map showing distribution of granite in Oklahoma. Black
cates granite areas.
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The included table will give an idea of the general character
of the granite and the amount and uses cf granite nroducad in

Oklahoma since 1903. The table also shows the location of quar-.

ries and the class of granite produced by each operator.

The field work which served as a basis for this report was done
during 1909 and 1910 for the Oklahoma Geological Survey, and
during the summers of 1911 and 1912 for the United.States Geolo-

gical“Survey, operating with the Oklahcma Genlogical. Survey. -

Further field work was done during the autumn of 1913,  Be-
sides visiting all of the quarries of the State, the writer has
studied and mapped a large part of the granite areas which
give promise of affording quarry sites for future development.

The physical and chemical tests, excepting chemical analyses,
were made in the laboratories of the University of Oklahoma. The
chemical analyses recorded on page 21 were made by J. G. Fair-
_child of the United States Geological Survey.

The petrographic investigation included the examination of 725
thin sections of igneous rocks, mostly granites, from Oklahoma.

The present work follows a plan similar to that of United States
Geological Survey Bulletin 313, Granites of Maine, by T. N. Dale;
Bulletin 354, The chief commercial granites of Massachusetts, New
Hampshire and Rhode Island, by T. N. Dale; Bulletin 426, Granites
of the southeastern Atlantic States, by T. I.. Watson, and Bulletin
484, Granites of Connecticut, by T. N. Dale.

A general discussion of granite adapted to the average reader
is included. Emphasis has been given to those points which
seemed to merit particular attention in the discussion of this region.
Considerable attention is given to colors in granite, because the
variety in color now encountered in some of the quarries presents
a perplexing problem to -the-operators: ~-Also~constderable atten-
-tion .is_given to the effects of changes in temperature, singe ‘the
granife in” Oklalioma has been Subjected to marked changes in
atmospheric temperature, and if used in the State will be still
further subjected to those changes. On the other hand, the effects

of freezing and thawing of water are not conspicuous enough to.

permit any positive conclusions as to how the granites of the State
will behave when subjected to such tests.

The term ‘“granite” here includes all quartz-feldspar varieties
of igneous rock, but in the detailed discussion of the different areas
the generally accepted scientific name is used.

A short description of a few types of rock not generally known
as granites is included under the head of “Black Granite.” Here
also, the appropriate scientific name is useq in the description.

The writer is indebted for much usefu! information to Joseph

A. Taff’s papers on the Arbuckle and Wichita mountains, pub-
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lished in Professional Paper 31 of the United States Geological
Survey. For a more complete discussion, especially of the geology
of these districts, the reader is referred to this report. Plates I,
and X VIII, are adaptations of maps contained in this report. The
published reports on granite by the various State Surveys and the
United States Geological Survey have been freely used and much
useful information derived therefrom.

M. L. McCance deserves great credit for the efficient manner
in which he filled the position of field assistant during one field
season. Charles N. Gould, former director of the Oklahoma Geo-
logical Survey, under whose direction the work was carried on,
gave his hearty cooperation in the work. E. S. Larson of the
United States Geological Survey has reviewed the petrographic
determinations.

COMPOSITION AND PROPERTIES OF GRANITE.
GRANITE PROPER. . '
DEFINITION.

In the quarry industry any igneous rock which has a granular
texture and whose minerals can be made out with the eye or with
the aid of a hand lens is called a granite. In scientific usage,
granite is a granular igneous rock composed mainly of feldspar
and quartz with minor portions of hornblende or mica, or both.
Other minerals are also present, generally in small amounts, but
some of these are of great importance to the quarryman.

ORIGIN. .

Granite is an igneous rock of deep-seated origin; that is, it was
formed at considerable depth below the surface by the solidifica-
tion of a mass of rock, molten at a high temperature. ILarge
bodies of molten rock at considerable depth cool very slowly;
smaller bodies, especially if at or near the surface, cool much more
rapidly. As this molten rock cools, the different minerals crystal-
lize out according to definite laws until the whole is solid.- The
size of the mineral crystals depends chiefly on the composition of
the magna and the rate of cooling.

MINERAL COMPOSITION.

ESSENTIAL MINERALS.
FELDSPARS.

The feldspar group is the most abundant of minerals found in
granite. For convenience in discussion the group is separated into
two divisions, known as the potash feldspars and the soda-lime
feldspars.

The.p.otash feldspars, known as the orthoclase groﬁp, have the
composition KAISi,Oq, but they differ in crystal form. The soda-
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lime feldspars, known collectively as plagioclase, are isomorphous

mixtures of albite (NaAlSi,O,) and anorthite (CaAlSi,Og). The

following subdivisions of the plagioclase group have been made.
Subdivisions of the plagioclase group.

Per cent of Albite. Namnie. Per cent of Anorthite.
100 i Albite oo 0
&0 - Oligoclase oo oo 20
60 e memema Andesine - 40
40 Labradorite oo 60
20 e Bytownite oo oecoo oo 80
QO oo Cmmmm e mm Anorthite __._____________.___._ 100

The feldspars as a group are harder than steel, if free from
alterations, fuse at a very high temperature, are brittle, and have a
specific gravity of 2.54 to 2.76, the lowest being in ‘the potash
feldspars and increasing in the plagioclase toward the calcium end
of the group. In color they range from white to light gray, dark
gray, and bluish gray in the plagioclase group. All the feldspars
possess two good cleavage planes nearly at right angles to each
other. These planes usually appear as bright, shiny flat planes on
the surface-of a freshly broken granite. The plagioclase feldspars
often show fine parallel striations or grooves.

The feldspars may be known by their great hardness, good
cleavage, and color. Microcline usually cannot be told from ortho-
clase except under the polarizing microscope. The feldspar crys-
tals or individuals are generally short and thick. In some dark
fine-grained rocks, however, the crystals are four to six times as
long as broad. '

QUARTZ
Quartz (Silicon dioxide, Si0,) is the second most abundant
mineral in granite. It appears in irregular or rounded grains,
filling the spaces between the feldspars. Quartz has no cleavage,
but has a distinct conchoidal fracture, that is, it breaks like glass,
with concave or convex surfaces. It has a hardness greater than
good steel or glass, a specific gravity of 2.63. and is usually colorless
_or gray, rarely pink or blue. ' ’
0., - AMPHIBQLES. ' o

This group "of ‘complex ‘silicates) emibraces several! Variéties, but
they usually cannot be distinguished from each other without the
polarizing microscope. They occur in prismatic crystals or irregu-
lar grains. The crystals are usually rather thick but may be long
and slender. The amphiboles are characterized by two good
cleavages making angles of 56° and 124° to each other; they are
a little harder than steel; are brittle, and have a specific gravity of
about 3.25. The amphiboles in granite are usually black, less
commonly green or deep blue. Common hornblende, and riebec-
kite are varieties of amphibole found in Oklahoma granite.
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MICAS.

The micas, next in abundance in granites of Oklah(_Jma, are
complex aluminum silicates with magnesium or potassium and
more or less iron, lithium, fluorine, and hydrogen. The micas are
found in flakes or tabular masses which have perfect cleavage.
They characteristically split into thin e}astic flakes. The micas
are soft, being easily scratched with a knife, or even by the thumb
nail. They range from 2.80 to 3.00 in specific gravity; and in co.lor,
from white in muscovite, to black in biotite, with intermediate
shades of brown and green. In igneous rocks, usually, the dark
colored varieties are called biotite and the light colored ones are
called muscovite. The light colored muscovite in very fine flakes
is called sericite. The. dark color of biotite is usually due to the
presence of iron. '

PYROXENES.

The pyroxenes comprise a group of complex silicates _found
only rarely in granites but often comprising a large portion qi
some of the associated igneous rocks. They resemble the amphi-
boles but the cleavages make angles of nearly 90° to each qther.
Unless this cleavage can be observed they cannot be distjngmshed
from the amphiboles except under the polarizing microscope.
Enstatite, hypersthene, augite, diopside, and aegirite are varieties
known in Oklahoma rocks.

ACCESSORY MINERALS.

Besides the foregoing list of minerals, any one of which may
make up a considerable part of a granite, or of the associated
igneous rocks, there are a large number of minerals which are
usually of microscopic dimensions and are present in small
amounts. Among those which deserve mention in this connec-
tion, the following are briefly described: Magnetite, hemati'te.
limonite, pyrite, zircon, titanite, apatite, chlorite, fluorite, kaolin,
and calcite,

MAGNETITE.

This mineral is found in small rounded or angular grains in
igneous rocks. It is harder than steel, is brittle, has a specific
gravity of 4.8 to 5.2, and is always black. It is an iron oxide corres-
ponding to the formula Fe,O,. It is best recognized in being
attracted by the magnet.

HEMATITE.

The red iron oxide, hematite, (Fe,0O,) occurs in igneous rocks
as a very fine dust disseminated through other minerals, filling
fractures, or as irregular borders surrounding magnetite grains.
In the latter case it is clearly secondary, being an alteration pro-
duct of magnetite. Hematite has a specific graity of 4 to 5.2 and
a hardness varying greatly, but sometimes as great as that of
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steel. It is red to steel gray in color in its natural condition, but
in fine powder is characteristically red.
.LIMONITE. ]

Limonite is a hydrous iron oxide, (2Fe,O, + 3H,0) which is
generally found as a yellow or brown coating on other minerals, or
disseminated through some minerals in igneous rocks. It is formed
as an alteration product of any of the minerals containing much
iron. The color of sap rock on joint surfaces is largely due to
limonite.

PYRITE. _

Pyrite is an iron sulphide having the composition FeS,. It is
found in cubes or rounded grains, is as hard as steel, has a specific
gravity of 5.2, has no cleavage, and is brittle. It is characterized by
its crystal form, brass yellow color, great hardness and brittleness

ZIRCON.

Zircon is a zirconium silicate, ZrSiO,, generally found in quad-
rangular microscopic prisms, terminated by pyramids. It has tweo
cleavages at right.angles to each other. Its hardness, which is
greater than that of steel, aids in distinguishing it from other
minerals. Zircon is brittle and has a gravity of 4.70. The mosi
common colors range from light to dark brown.

’ TITANITE.

Titanite is a calcium silicate, CaTiSiO,. It is a hard, brittle,
brownish to black mineral with good cleavage and usually is found
in microscopic wedge-shapped crystals. ' ‘

APATITE,

This is a calcium phosphate containing fluorine or chlorine. 1t
is about as hard as steel. Slender hexagonal prisms of this mineral
of microscopic size are present in nearly all igneous rocks.

CHLORITE.

Chlorite is an iron-bearing hydrous magnesium aluminum sili-
cate with a fibrous or massive texture and greenish color. 1t is
us.ually an alteration product of the hornblendes, pyroxenes, or
micas.

FLUORITE.

Fluorite or fluorspar is a calcium fluoride (CaF,) having medium
gravity and hardness and good octahedral cleavage. It is color-
less, white, or violet. It usually occurs as a -secondary mineral,
rarely as a primary mineral in igneous rocks.

KAOLIN.

Kaolin is a hydrous aluminum silicate having the composition
expressed by the formula H,ALSi,0,. It may be an alteration
product of any one of the aluminum silicates, especially the feld-

spars. It is white when pure, and generally soft and clay-like i
appearance.
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CALCITE.

Calcite is calcium carbonate (CaCOQ,). It is relatively soft,
has three directions of perfect cleavage at angles of about 75° to
one another, giving beautiful rhombohedrons, and a gravity of 2.7.
In color it varies from white to brown but is most often c.olorles.s.
With a few possible exceptions calcite is a secondary mineral in
igneous rocks, and forms by the breaking down of minerals carry-
ing calcium. .

MINERAL ANALYSES.

The mineral composition of some of the ‘well known granites,

as well as those from Oklahoma, is given in the following table.

Table of mineral percentages in granites.

Mineral 1. 2. 3. - 4. s
Constituents.
Feidspar 65.67 62.02 57.97 65.522 60.00
Quartz 23.04 20.60 35.82 26.578 33.00
Biotite 1129 | | oo trace
Riebeckite ’ :
___________ 937 e e
Acgirite
Hornblende ) |ococooooe oo oo | e 55
R O [ O 620 | .o
Mica V| coommmm e ool 7900 |eeoeo .
Magnetite | —coemeo | e e 1.5
Mineral 6. 7. 8. 9.
Constituents.
Orthoclase__ ]l ] ]l ]
Microperthitc | | L
| 623 | 74.0
Albite——__-—_ | 62.1 Loo62.1 |
| |
Oligoclase.—- | J J
Andesine_-._ | —cceccmamaa J
Quartz____-J 33. 18.3 31.0 25.5
Hornblende. 3 10.2) 5
}__- 5.5
Augiteao- | —-emoe- J
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Mineral
Constituents. 6 7. 8 ?
Biotite_—__—- 5.2 8.2 none none
Magnetite_ .- 2 12 12 trace
Hematite - much (1) none much (1) much (1)
Zircon._____. . trace trace trace trace
Titaniteocen.. trace trace .20 trace
Fluorite_-___ trace none none - none
Apatite___ . trace trace trace trace
Pyrite___.o-- none trace none none

1. Pink granite; Milford, Mass.; Bull. U. S. Geol. Survey No. 354, 1908.

p. 78.

2. Quincy granite; Quincy, Mhss.; Bull. U. S. Geol. Survey No. 354, 1908,

p. 93.

3. Rockport gray granite; Rockport, Mass.; Bull. U. S. Geol. Survey No.

354, 1908, p. 123.

4. Barre granite; Washington County, Vermont; Buil. U. S. Geol. Sur-

vey No. 404, 1909, p. 51. o '

5. Reformatory granite; Granite, Oklahoma. Estimates of main con-
stituents were made by Rosiwal method from a polished slab of six
square inches, The minor constituents, such as albite, zircon, flourite,
and titanite were estimated from examinations of thin sections.
Headquarters granite.

Cold Springs granite, or Quartz-monzonite; Cold Springs, Oklahoma.
Average of three estimates. One from each of three differeat quar-

" ries at Cold Springs.

8 Lugert granite; abandoned quarry at railroad, one mile northwest of

Mountain Park.

9. Quanah granite; seven miles north of Indiahoma.

It will be noted that all the Oklahoma granites contain horn-
blende. Numbers 6 and 9 contain less than one per cent. Number
9 updoubtedly will run above one per cent on the average. This
estimate was made from only one thin section which evidently
was below the average in hornblende. Number 7 contains both
hornblende and biotite in abundance and for this reason is the
darkest colored granite in the district. Very few of the granites
show less than one per cent of magnetite.

CHEMICAL COMPOSITION.

C}}emical .analvses may suggest the presence of minerals of
submicroscopic size, or they may corroborate microscopic deter-
minations apd in these respects they are of some importance in
th‘e economic study of granite. The chemical composition varies
with the mineral composition in such a manner that any properties

of granite governed by chemical composition will usually be sug-
gested by the mineral composition. N

N
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CHEMICA). ANALYSES. .

The folowing table gives the chemical analyses of four granites
from well known localities outside of Oklahoma, and three fromn
different localities within the State.

Chemical analyses of granites from scuven different localities.

Constituents .. 2 3 | 4 I 6. | 7.
Silica (S10,) ~-—c—e-mn | 69.44 | 69.89 | 73.48 462 | 73.61 | 7414 | 65.04
Alumina (AL,O,) ——-- | 15.46 \ 1508 | 15.26 | 1001 | 11.97 | 1297 | 1430
Ferric Oxide (Fe,0)-| 1.31| 104 | - \ 3.85 \ 234 | 107 | 125
Ferrous Oxide (FeO)_l 1.43 | 1.46 l 1.42 1.72 1.51 1.20 6.12
Magnesia (MgO) -] 101 | 66 | - .09 33| .19 |trace 175
Lime (CaO) ocoeoen-- l 211 l 2.07 .88 243 1 1.38 0.48 4.38
Soda (Na,O) -coccoe- 1 397 \ 473 3.12 3.33 3.76 4.61 3.57
Potash (K-QO) ________ l 425 l 4.29 5.66 3.38 432 5.30 3.17-
Water (H,,.O) at 110°C| 07 ‘ 3 U I .24 0.32 0.12 0.05
Water (H.O)plus 110°C| .29 23| oo 241 035 019 | 072
Tiranium Jioxide(TiO)| 48 | oo | —-ex | ---- | 046] 025 143
Manganese oxide(MnO)| .03 | ———- 5 [0 J G 009 | 003 | 009
Carbon Dioxide (CO,)-|trace | -..- | none ‘ [V I PV [
Phosphoric Acid (P205)| 22 ltrace O R 15 | trace | 028
Barjum oxide (BaO)o_-| --oc | —==- | ==-= | -=-- 041l | -~
Strontium oxide (SrO)| ——oo | --o- | ---- ) -=mo 02| oo | —-s-
| 100.07 99.76 |100.01 l 99.71 [100.51 |100.36 100.19

1. Medium—textured.Imedil.lm—gray,' biotite granite; MclIntosh quarry,
 Chesterfield County, Va.; Wm. M. Thornton, Jr., analyst; Bull. U. S.
Geol. Survey No. 426, 1910, p. 72.

. 2. “Dark Barre” granite; Washington County, Vermont; G. 1. Finley.

analyst: Bull. U. S. Geol. Survey No. 404, pp. 51-52.

3. Granite;: Waldebora quarry, Lincoln County, Maine; Ricketts ang
Banks, analysts; Bull. U. S. Geol. Survey No. 313, p. 141.

4. Waushara granite: Waushara, Wis.; Samuel Weidman, analyst; Bull.
Wisconsin Geological and Natural History Survey No. 4, p. 112.

5. Lugert granite (Toscanose); west of Mt Sheridan, Wichita Moun-
tains, Oklahoma; J. P 1ddings, collector; George Steiger, analyst:
Bull.. U. S. Geol. Survey No. 419, p. 41. ’

6. Reformatory.granite (Liparose); Wichita Mountains, Oklahoma; J. G.
Fairchild, analyst, U. S. Geol. Survey.

7. Cold Springs granite, or quartz-monzonite, (Harzose), Cold Springs,
Wichita Mountains, Oklahoma; J. G. Fairchild, analyst, U. S. Ge-
ological Survey.

PHYSICAL PROPERTIES.

The mineral composition and texture of a rock are the largesf
factors in determining the physical properties. The impoitance
of some of the physical properties will be noted briefly, although
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not enough data have beén secured tc discuss all of the Oklahomz
granites,
TEXTURE.

Texture relates to the size, form, and arrangements of mineral
grains or crystals. It is one of the most important factors to con-
sider in the selection of building or ornamental stone, for the
strength, durability, and beauty of the stone are largely dependent
on the texture. _

Granites are composed chiefly of mineral grains or impe:fectly
developed crystals called anhedra. Equigranular rocks are those
in which the grains are of equal size. If some mineral grains are
distinctly larger than all the others the rock is said to De
porphyritic. The larger crystals or grains are called phenocrysts
and the remainder of the rock is called the ground-mass.

The size of the individual grain is an important factor in the
texture of building or ornamental stone. It is now customary to
consider a rock coarse-grained if the average diameter of the
mineral grains is above one centimeter or 0.4 inch. Medium-
grained rocks are those in which the average diameter of the
mineral grains ranges from 0.5 to 1 c¢cm., or from 0.2 to 0.4 inch.
If the mineral grains are less than 0.5 cm. or 0.2 inch in average
diameter, the rock is termed fine-grained. These terms will be
used in this sense in the report. '

' POROSITY.

The porosity is the space between the mineral grains occupied
by air or water, computed in percentage of the volume of the
rock. ‘The porosity of granite is always small, seldom attaining
one per cent. To determine the porosity, the rock is first thorough-
ly dried at a temperature of 110° C. It is then weighed in air, after
which it is saturated with pure water by placing it in a hot water
bath under reduced atmospheric pressure. It is again weighed in
air. The gain in weight will be the weight of water absorbed, from
which the percentage pore space is determined. To determinc
the percentage pore space, multiply the weight of absorbed water
by the true specific gravity. Divide this result by the sum of this
product and the weight of the dry rock. The porosity of Oklahoma
granites ranges from .091 to 1.108. _

EXPANSION.

Minerals in rocks expand when the temperature is raised and
contract when the temperature is lowered This change in the
volume of the minerals causes a corresponding change in the
volume of the rock.

The coefficient of expansion of granite has been estimated at
about .000001.* A change in temperature of one degree Fahren-

- —*Buckley, E. R, Mo. Geol. Survey, vol. 2, Second series, p. zo.
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heit would cause a change of .000001 of the total length of a slab of
granite. A change in temperature of 100° F. would produg; &
change of about .01 foot in the length of a wall 100 feet long. l_hls-
variation in volume probably would not be detrimental to a build-
ing as a whole, but in regions of sudden changes in temperature
the differential changes in volume of the different minerals disin
tegrate rock as‘explained under weathering. :
COHESION.

Cohesion is the resistance to fracture or crushing. A measure
of the cohesion is usually termed the crushing strength. The
crushing strength of granites, the rock being supported beneath
its entire base, ranges from about 10,000 to 47,674 pounds per
square inch. Even the lower figure is far in excess of that
required by any building yet constructed.

Oklahoma granites range in crushing strength from 11,200 teo
38,247 pounds per square inch.

What may be termed the transverse breaking strength is of far
more importance than the crushing strength described above. This
is the pressure a rock will sustain in its middle when supported at
its ends. Tests of this nature might be used as a valuable crite-
rion for judging the value of building stone. The many broken
‘lentils, caps, -and sills attest the fact that much stone does no*
possess the transverse crushing strength demanded of it.

The method employed in determining the transverse crushing -
strength is that used by Buckley.* :

The following formula was used:
2bd2R, from which 31 2W.

= R=

31 2bd
R—=Modulus of rupture in pounds per square inch.
b—breadth of prism, in inches.
d=—depth of prism, in inches.
l=Ilength of prism, in inches.
w=—concentrated load in pounds applied at the center.

The modulus of rupture for Wisconsin granites ranged from
2713 to 3909 pounds per square inch.

Only two tests have been made for modulus of rupture of
Oklahoma granite. The lower 2749 and the higher 4690 probably
express the range adequately.

FLEXIBILITY.

Flexibility is the resistance to fracture under sudden displace-

ment of form. A quick hard blow will break a piece of quartz

*Buckley, E. R, On the building and ornamental stones of Wisconsin:
Bull. Wis. Geol. and Nat. Hist. Survey, No. 4, 1808, p. 62.
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more readily than a piece of feldspar. The quartz is less ﬂex’i!)le
than the feldspar. Mica is much more flexible than feldspar. The
flexibility of a rock is largely determined by the texture and the
kind of minerals composing it. Some rocks with slender inter
locking crystals are much more flexible than those yvit_hout that
texture. Some of the'gray granites-in the western:Wichita Moun-
tains has an arrangement of minerals resembling ophitic texture
and this aids in making it tough or flexible. The coarse pink
granite from the town of Granite is one of the most brittle r.ocks
ih the State, chiefly because the mineral graius are equidimensional
and therefore cannot interlock. The abundance of quartz also aids
in making this rock brittle.
: SPECIFIC GRAVITY.

The specific gravity of stone is determined by comparing the
weight of the stone with the weight of an equal volume of water.
Granites range from 2.60 to 2.77 in specific gravity, which means
that granite is 2.60~to 2.77 times as heavy as pure water at 4° C.

1t is an easy matter to determine the approximate or apparent
specific gravity of a stone. Weigh a smali piece in air, then sus-
pend it in water and weigh again. The difference represents thc
weight of an equal volume of water. Divide the weight in air
by this difference, the quotient being the specific gravity. If
the weight per cubic foot is desired, multiply the specific gravity
by 62.5, the weight of a cubic foot of water, and the product is th.
weight in pounds of a cubic foot of the stone.

For very accurate determination of specific gravity the stone is
first exhuasted of its absorbed water by heating to 110° C., and
then weighed. It is then immersed in warm water with the
atmospheric pressure reduced to one-fourth. It is finally weighec

in distilled water, and the dry weight in air is divided by the loss
when weighed in water, the quotient being the true specific gravity

Both apparent and true specific gravities are given where avail
able. The former is more useful in estimating the shiping weigh
of stone. It is important to know the specific gravity so as t«
estimate shipping weight and strength of structures.

Oklahoma granites range in specific gravity from 2.63 to 2.77
A few varieties of rock which are not true granites have eve:
higher specific gravities.

’ COLOR.

Commercially, color is one of the most important propertie
of granite. Whether for decorative or structural purposes, it i
the chief consideration in the selection of stone. For structura
purposes a stone should be selected which in color harmonize
with the surroundings, as well as satisfies the taste of the indiv:
dual. In the selection of stone for monuments, color is largely
matter of individual taste. Gray, pink, red, and brown are th
most popular shades, though black is sometimes used.

A matter of prime importance to the purchaser is to select
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stone that will not change color on exposure to the atmosphere, or,
if it changes color, will not be less pleasing than the original. The
matter of prime importance to the operator is to know how the
color of his stone will vary vertically and horizontically in the
quarry, as well as how the color will:change on exposure to the
weather. The purchaser has little to rely on, except the mineral
and chemical composition of the rock, while the operator in addi-
tion to mineral and chemical composition may study field and
quarry conditions, and effects of weathering.

The color of any rock is determined by the color of the consti-
tuent minerals and the texture. The color of most granites ir
not a single, but a composite color due to the blending of several
different colors. 1f the minerals composing the rock are of about
the same color and the rock fine-grained it will have a solid uniform
color. If the minerals are of distinctly different colors and the
rock coarse-grained the stone will be mottled. If the mineral com-
position is the same, the finer the grain, the deeper color, whether
polished or unpolished. As a rule the polished surface is deeper
in color than the rough surface.

In granites of the same mineral composition the hammered
face is lighter in color than the polished or rough surface but con-
trast is greatest in fine-grained and dark-colored stone.

The most common colors in granites are gray, pink, brown, and
red. each of which is represented by several shades. Quartz is
usually colorless, white, or gray, and the feldspars are often white
or gray. If a granite is made up chiefly of these two minerals with
such colors, it will be light gray. If biotite or hornblende, which
are usually brown or black, be added, the gray becomes a mottied
or speckled gray of darker shade. Feldspar, especially orthoclase.
is often pink or red because of dustlike inclusions of hematite, and
consequently gives a pink or red shade to ihe granite. The plagio-
clase feldspars are often medium to dark gray in color, and when
present with magnetite, hornblende, or biotite, and augite, a dark
gray to black rock results. Dark-colored granular rocks usually
contain one or more of the dark-colored minerals, hornblende,
pyroxene, biotite, and magnetite in considerable amount.

So far, we have considered only fresh unaltered rocks and the
minerals which they contain. When account is taken of all the
minerals formed by the processes of weathering and by the action
of circulating ground water the subject of color becomes very
complex. '

In general it may be stated that near the surface iron com-
pounds change to brown and yellow limonite and red hematitc.
Amphibole, pyroxene, and biotite change to one or more of the
green minerals, chlorite, epidote, or serpentine, and the feldspars
alter to white sericitic mica, kaolin, calcite, and epidote. The last is
more likely to form from the plagioclase feldspars, if some iron
and magnesium are present. '

With these preliminary statements we are now ready to follow
the changes in color which an ordinary granite undergoes in the
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usual processes of alteration. Let us take a type of granite similar
to several Oklahoma varieties, containing quartz, orthoclase feld-
spar, dark hornblende, magnetite, and a small amount of pyrite.
The feldspar is colored pink by inclusions of herr!atlte_ dust. . First
the pyrite oxidizes to red hematité and brown limonite, giving a
deeper red -shade to the rock. Magnetite oxidizes to hem.at_lt'e
thereby deepening this.color.. ‘The magnetite is. not evenly distri-
buted and as a consequence the red is found in pdtches. _The feld-
spars then begin to break up into white sericite and kaolin and the
hornblende to green chlorite. The effect of this is to obscure the
deep shade of red and give the rock a greenish brown to yellow
color. As the process goes further the chlorite breaks up into yel-
low iron oxide and kaolin, and the hematite, in part at least, alters
to yellow and brown limonite. The result is a gray mass streaked
with red and occasional green. '

With the aid of circulating ground water introducing other sub-
stances, the color varieties are still greater. Often the ground
water carries iron in solution, and on hillsides where it comes near
to the surface, red hematite is, precipitated in the cracks in the min-
erals and around the minerals transforming the granite into a bril-
liant red color. At greater depth, or awav from zones of surface
water circulation, green epidote and chlorite are formed, and here
the granite is a dirty green, in marked contrast to the brilliant red.

Black rocks, containing-much hornblende, pyroxene, and biotite
almost invariably alter first to a green and-then to a vellowish
brown as the chlorite, magnetite, and feldzpars break down, form-
ing kaolin, sericite, and limonite.

Changes in color take place most rapidly just beneath the sur-
face of the ground, where oxygen is accessible and where water
usually is present. Dressed or polished stone sheds water and is
not so subject to change in color. On the other hand, it must be
remembered that some of these changes take place rapidly and a
few years sometimes are sufficient to materially change the color of
a polished stone. This is especially true if it contains the easily
altered pyrite. Magnetite is less easily altered. '

.VARIETIES OF GRANITE., .

Since the texture and the mineral composition are the chief fac-
tors in determining the qualities of a rock, these two characteris-
tics form a convenient basis for a classification of rocks. Accord-
ing to common usage all granite contains quartz and feldspar;
therefore a descriptive classification of grauites will need to con-
tain the names of only the non-essential minerals. It is conveni-
ent also to append terms indicating the texture. To illustrate:
The Cold ‘Springs graniteé is a fine-grained hornblende biotite gran-
ite and the Tishomingo granite is a slightly porphyritic, coarse-
grained biotite granite.
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Aplite or alaskite is a granite composed of quartz and ortho-
clase feldspar only. A graphic granite is one in which the feldspar
and quartz are intimately intergrown instegzd of appearing as sep-
arate individuals, Rhyolite is a very fine-grained to glassy igneous
rock having the same mineral and chemical composition as granite,

STRUCTURE. -

Structure relates to the large features of a rock, such as joints,
faults, rift, and grain.

JOINTS AND FAULTS,

Joints are the natural fractures or cracks in a rock which divide’
it into blocks. These fractures are usually open near the gurface
but are nearly closed at a depth of several feet, Single fractures
vary from a few feet to a mile or more in length. Tf there is dis-
placement parallel to a fracture plane it becomes a fault. Joints
are vertical, horizontal, or inclined. There may be two sets at ap-
proximately right angles to each other, or a greater number at
various angles. If joints are properly spaced so that the granite
comes ' out in suitable sized blocks, they serve a useful purpose,
otherwise the granite is rendered worthless for building purposes.
If no joints are present quarrying is much more difficult for all
splitting must then be done by the quarrymen.

Horizontal or gently inclined joints are often called sheet joints,
These joints are often roughly parallel to slopes of the granitc
hills. They divide and unite in an intricate fashion,. thus cutting
the granite into horizontal or inclined lenses. (See PI. III). They
range from 2 to 25 feet or more in maximum thickness. In some
districts these sheets or lenses are said to increase in thickness
with depth, but sufficient depth has not yet been reached anywhere
in the Oklahoma quarries to justify a generalization as to change
with depth.

T. N. Dale* in his bulletin on the granites of Connecticut con-
cludes that sheet joints are formed in relieving stresses set up in
the granite mass at the time of its intrusion, or subsequently as
erosion has removed the overlying load. :

RIFT AND GRAIN.,

Rift and grain are terms used by quarrymen to denote a ten-
dency of rocks to split in rather constant direction. Rift is the di-
rection of easiest splitting. Grain is the direction at right.angles
to this, in which the rock splits a little less easily than along the
rift. Rift and grain are generally found to be due to systems oi
microscopic parallel fractures. The cracks pass through some min-
erals and around others, or pass through all indiscriminately. In

* For a full discussion of the possible causes of sheet structure see

U. 5. Geol. Survey Bull. No. 484, pp. 29, 36.
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granite the rift cracks generally coincide with sheets of microscopic
bubbles within the rock. The rift is sometimes parallel to sheet
joints but often crosses them. Microscopic examination of a num-
her of thin sections of granite from Thos. L. Eggleston’s quarry
shows that there are systems of parallel microscopic fractures cor-
responding to the directions of rift and grain. Quarrymen take ad-
vantage of rift and grain when present, and are thereby able to
operate more economically. In some of the quarries of Oklahoma
they have been followed to advantage, but in others the quarry-
‘men observed no difference in the ease of splitting.

ASSOCIATED ROCKS.

Associated with the granite are commouly found: (1) Intrud-
ed dikes, sills, and irregular masses, (2) included roundegl and ar-
gular masses, and (3) nodules or masses due to segregations.

INTRUSIONS.
DIKES AND STLLS.

It is not an uncommon thing to find tabular masses of some oth-
er variety of igneous rock cutting the granite. These are called
dikes unless the tabular mass is almost horizontal, in which case
they are termed sills. There is really no sharp or essential differ-
ence between the two, either from an economic or scientific stand-
point. With two exceptions all of the intruded tabular masses in
the area under discussion have the position of dikes. They range
in thickness from less than 1 inch to about 40 feet. The varieties
of dike rocks which have been observed are aplite, pegmatite, nor-
mal granite, monzonite, gabbro, diorite, and diabase.

Aplite dikes differ from the normal grarite in that they are fine
grained and are almost entirely quartz and feldspar. These are
found rather sparingly in all the districts except the Cold Springs
area, where they are numerous and of great variety in form and
size. Detailed description of them will be given in the discussion
of each area. '

Pegmatite dikes are coarse-grained aggregates of quartz and
feldspar and may also contain other minerals. Pegmatites have
been found at Cold Springs and Lugert. Normal granite dikes ate
~ also common, especially in the.Cold. Springs region. Gabbro dikes

_are found in the Cold-Sptrings and Tishomingo-areas:+ Monzonite
dikes, though rare, are’laiow in the Cold Springs area.

The diorite and diabase dikes include the latest intrusions in the
Wichita and Arbuckle mountains, and can scarcely be distinguish-
ed from each other except under the polarizing microscope. They
are all fine-grained and dark in color. These dikes are common m
all of the regions excepting the Granite City area and the main
Waichita range. .
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SEGREGATIONS.

Segregations are knots or masses of a fine-grained dark-colored
rock often found inclosed in the normal granite. Such segrega-
tions are darker because of the concentration of hornblende, biotite,
or other dark minerals. There is no way of predicting where they
will occur, and no method can be suggested for avoiding them.
They do not seem to weaken the stone, but disfigure it for orna-
mental or building purposes. Segregations are common in almost
all granite quarries in Oklahoma.

INCLUSIONS.

Inclusions consist of fragments of other rocks which may have
fallen into the molten rock and on cooling were inclosed. Like
segregations, their occurrence cannot be predicted, hut they are
generally localized. Unless the inclusions are almost identical
with the inclosing rock in appearance, they disfigure a building or
ornamental stone. In some cases large boulders may be included,
which in themselves are large enough to pay for quarrying. In-
clusions are known in the western Wichita Mountains, in the vici-
nity of Granite and Lugert, and locally in the main granite area.

BLACK GRANITES.
Under this head will be noted briefly certain varieties of igneous
rock known to the trade as black or blue granites, but scientifically
known as diorite, gabbro, and diabase.

DIORITE.
DEFINITION.

A diorite is a granular igneous rock composed chiefly of soda-
lime feldspar and one or more of the minerals hornblende, hiotite,
and pyroxene. Magnetite, apatite, and some other minerals are
usually present in small amounts. :

PHYSICAL PROPERTIES.

Diorite is a heavy, fine to medium grained, dark gray to black
rock. It is rather tough, weathers more readily than granite, and
usually turns to a greenish gray color on weathering.

GABBRO.
DEFINITION.

Gabbro- is. a granular. igneous rock composed chiefly of plagio-
clase feldspars and pyroxené with-or without olivine.”Magnetite,
titanite, pyrite, and apatite are often present. The feldspar is pre-
dominantly labradorite. A variety of gabbro composed almost en-
tirely of labradorite feldspar is called anorthosite,

PHYSICAL PROPERTIES.

Gabbro is a dark gray to black, medium coarse-grained rock
that weathers readily, and on account of the abundance of iron is
not usually very suitable for building purposes, though in some
cases it is a very desirable monumental stone.
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DIABASE.
DEFINITION.

Diabase is composed chiefly of plagioclase feldspar and augite
with some magnetite and other minerals. It is a fine-grained dark
colored rock, distinguished by its containing lath-shaped crystals
of feldspar, which usually penetrate the augite giving an ophitic
texture. It is that characteristic texture which distinguishes "dia-
base from gabbro. '

PHYSICAL PROPERTIES. -

It is a heavy, tough rock which alters and discolors readily. It
takes a smooth glossy polish.

WEATHERING OF GRANITES.

The disintegration of a rock due to changes in temperature, the
freezing and thawing of water, and the action of ground water by
carbonation, hydration, solution, and oxidation is known as weath-
ering. The rate at which a rock disintegrates depends on its min-
eral composition, texture, the climate in which it is exposed, and
the degree of exposure.

. CHEMICAL CHANGES.

A moist, warm climate favors_chemical changes by oxidation,

hydration, carbonation, and solution. If a rock contains minerals

bearing much iron, such as magnetite, pyrite, hematite, biotite, and .
some of the amphiboles and pyroxenes, it is likely to change from -

a gray or greenish black to a yellow or brown color on exposure to
the weather. This change in color is due to the alteration of the
above minerals, and the formation of yellow or brown iron oxi-ies
which are dissolved and carried to the surface. Pyrite, biotite, ard
magnetite are especially likely to undergo this change. It is there-
fore important to know whether a stone contains these mineralec in
large quantities, for their alteration not only weakens the stone hut
also causes it to take on displeasing colors. The feldspars gener-
ally alter to sericite and kaolin. This gives a lighter shade to the
rock. Chlorite and epidote often form as alteration products of
biotite and hornblende, but also may form from the feldspars if
some iron and magnesium are present. Chlorite and epidote tend
to give a greenish shade to the rock. It is impossible to predict
what will be the change in color unless the mineral composition is
known. On the other hand, it is possible to predict the color of the
fresh rock from a knowledge of the mineral composition of an al-
tered rock.

PHYSICAL CHANGES.

Differential expansion and contraction of the minerals due to
sudden changes in temperature is an important factor in the dis-
integration of granite in Oklahoma. It may be observed in the
field that the coarse, red granite exfoliates and disintegrates most
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readily of any Oklahom.a granite because of changes of tempera-
ture. The finer the grain, the less the rock is disintegrated.
Tests on several varieties of Oklahoma granite show that the

ﬁne_r-grained varieties disintegrate less readily than the coarser
varieties,

] Freeg'ingr and thawing of water have had hut little apporiuity
in lt<he State to show what the effect would he on the different
rocks. :

GRANITES OF OKLAHOMA.
WICHITA MOUNTAINS DISTRICT.
GEOGRAPHY AND TOPOGRAPHY.

The Wichita Mountains district lies in Comanche, Kiowa, Greer,
and Jackson counties in southwestern Oklahoma. The Wichita
Mountains consist of ridges, groups of dome-like hills, and isolated
peaks of igneous rock, chiefly granite, which rise with steep slopes
from the flat Redbeds plains.

The distribution of the various types of igneous rocks may be
learned from the map. The area of gabbro-anorthosite is in gen-
eral, more moderate in relief than the granite areas. Much of the
gabbro outcrops on a low, rolling plain, which rises gradually to
ridges 200 to 400 feet in height in the center of the range. The
granite hills rise abruptly from the plains to various altitudes the
maximum being about 900 feet. Well records show that the steep
slopes of the granite hills continue for several hundred feet beneath
the present Redbeds surface. At the State Reformatory near the
town of Granite, in a well 500 feet from the granite hill, the granite
was reached at a depth of 200 feet. At Lugert similar conditions
were found to prevail. '

This district is drained by Elm Fork and Salt Fork of Red
River, together with.a number of minor and usually intermittent
streams which discharge into Red River after flowing some dis-
tance across the plain, ' .

Usually the streams flow out from the mountains into open val-
levs which denote long continued erosion. The presence of Red-
beds in some of these open valleys shows that they are of pre-
Redbeds age. ' In a few instances streams are maintaining their
courses in canyon-like valleys across granite ridges. The narrows
of Cache Creek and the narrows of Otter Creek are the work of
streams of this type. The canyon-like portions of the valleys evi-
dently are of post-Redbeds age and are probably of post-Cretace-
ous age. ,

GEOLOGY.

The rocks of the Wichita Mountains district fall naturally into
four groups: (1) Pre-Cambrian sedimentary rocks, consisting of
quartzite and sandstone, (2) pre-Cambrian igneous rocks, consist-
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ing of rhyolites, granites, gabbros, quartz-monzonites, diorite, and
diabase, (3) Paleozoic sandstones and limestones of Cambrian anl
Ordovician age, greatly folded and faulted, (4) horizontally bed-
ded red sandstones and shales, probably of Permian age.

The pre-Cambrian sediments consist of sandstone and quartzite
of unknown thickness which are cut by granite and gabbro of un-
doubted pre-middle Cambrian age. Blocks of the quartzite are also
tound inciosed in the gabbro and granite. The relations show
learly that the quartzite is older than the gabbro and granite. The
quartz-te under the microscope is found to be composed chieflr of
grains of quartz, with a little magnetite and sillimanite.

The igneous rocks of the Wichita Mountains consist chiefly of
granite, rhyolite, gabbro, and anorthosite, with the associated dikes
and sills of aplite, granite, monzonite, diorite, diabase, and gabbro.
The granites in large masses are known to represent five periods
of igneous activity. The anorthosite is a phase of the gabbro, and
grades into it insensibly. Of the area shown in Plate I as gabbro-
anorthosite, approximately 25 per cent may be called anorthosite.

The gabbro-anorthosite is the oldest igneous rock exposed in
the Wichita Mountains. At Meers approximately 800 feet of gab-
bro is exposed. Small masses of the quartzite are found inclosed
in the gabbro.

The first determinable igneous activity subsequent to the solidi-
fication of the gabbro is recorded in a series of diabase and quartz-
diorite dikes and small masses of intruded material. Later the fine-
grained granite of Headquarters Mountain was probably intruded
into the gabbro in the form of a large hatholith.

After the solidification of the Headquarters Mountain granite,
the Reformatory granite was intruded, probably in the form of
batholiths, and it in turn was followed by the intrusion of the Lug-
ert granite, which is probably the same age as the granite in th:
Mount Scott area. In the area south of Mount Scott the rhyolite
porphyry is found overlying the quartzite. The age of the Cold
Springs granite relative to the other granites cannot be stated with
certainty, for its outcrops are separated from them by considerable
areas of gabbro. Granite dikes which appear to be the same as the
Lugert granite, cut the Cold Springs granite. Tf this correlation is
correct the Lugert granite is next to the youngest granite in the
disrict. The latest granite mass is represented ‘by the Elk Moun-
tain intrusion, probably in the form of a batholith.

Following these periods of igneous activity there was fractur-
ing and intrusion of dikes of diabase and quartz diorite, granite,
pegmatite, and diabase-diorite in the order given.

The gabbro-anorthosite has been locally metamorphosed, im-
posing upon it a distinctly schistose structure. The rhyolite has
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B. CLOSE VIEW OF PRE-CAMBIAN QUARTZITE NEAR MEERS.
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been completely devitrified, otherwise the rocks of this region still
maintain their original texture.

Lying unconformably above the granite is the Reagan sand-
stone which, according to O. E. Ulrich, is Middle Cambrian.*

Following the deposition of the Reagan sandstone, several
tlousand feet of limestones, sandstones, and sha'es were 1aid down
in this area. Following this, probably toward.the close of Pennsy!-
vanian times, the region was uplifteq, folded, faulted,'and truncat-
ed by erosion. : ‘

The Redbeds, probably of Permian age, were then laid dowrn
across the upturned edges of the deformed sedimentary rock and
on the lower exposed portions of the igneous rock. These rocks
have remained in essentially the same position to the present time.

DISTRIBUTION OF GRANITE.

All of the granite quarries of the Wichita Mountains are located
either at Granite or along the St. Louis and San Francisco Railroac
between Mountain Park and Roosevelt. There are other granite
areas which have furnished small quantities of granite, or are suit-
able localities for profitable quarries. The granite of commercial
quality and quantity may be discussed by districts designated as
follows: (1) Granite area, (2) Lugert area, (3) Mountain Park
area, (4) Cold Springs area, (5) Cooperaton area, (6) Elk Moun-
tain area, (7) Mount Scott area, (8) Navajoe Mountain area.

The granites from areas nos. 2, 5, 6, and 8 have been worked
only in a very limited way. Three varieties of granite have been
used in the Granite area, four at Mountain Park, and two at Cold
Springs. In the Lugert area there are three varieties available,
while at each of the other places there is but one variety available.

VARIETIES OF GRANITE.

o TEXTURE. e .

All of the granites of the Wichita Mountain district which are
used, or which occur in commercial quantity and quality may be
classed as even-grained. In grain they vary from fine to medium.
The Cold. Springs granite is the finest-grained of the Oklahoma
granites. The average diameter of the different individual miner-
als is about .20 mm. In some places it averages .14 mm. The
Headquarters granite is only slightly coarser-grained. The Lugert
granite varies in size of grains from 1 mm. to 3 mm. average
diameter. The Reformatory granite is the coarsest granite in the
* Ulrich, O. E.. Preliminary report on the geology of the Arbuckle
and Wichita mountains, in Indian Territory and Oklahoma, by J. A. Taff,
with appendix on reported ore deposits of the Wichita Mountains, by H.
¥. Bain: Prof. Paper U. S. Geol. Survey No. 31, 1904, pp. 22-53.

PLATE Iir,

A. GRANITE HILL NORTHWEST (IF GRANITE, SHOWING SHEET JOINTS
€CUTTING THE GRANITE INTO LENTICULAR BLOCKS.

L. LARGE GRANITE HILL NORTHWEST OF GRANITE, SHOWING LARGE
BARREN SURFACES AND WIDELY SPACED FRACTURES.
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Wichita Mountains. 1t has an average grain of about 5 mm. The
Quanah granite is a little finer grained than the Reformatory
granite,

COLOR.

The granites of the Wichita Mountains district are flesh-red,
reddish-brown, medium to dark gray, and bluish-black in color.
The red granite predominates, though the dark-gray and reddish
brown granites are quarried in several localities.

The mineral and chemical composition may be learned from
the tables on pages 19 to 21.

STRUCTURE OF THE GRANITES.
JOINTS.

Practically everywhere in the Wichita Mountains there are two
systems of vertical or nearly vertical joints, and -one system of
slightly inclined joints. The main vertical joints often make angles
of 85° to 90° to each other. Usually these two systems lie
north-south and east-west directions, but in some parts of the area
they lie in intermediate directions.

The spacing of the vertical joints varies from a few inches to 50
feet. In the quarry districts the joints are spaced from 6 to 20 feet,
They are often uniformly spaced at 6 to 8 feet, both horizontally
and vertically. -

The major joints are often continuous and in a plane for long
distances. In a few cases slight vertical displacements were decte.-
mined. A throw of about 25 feet is shown on the east slope of
Mount Sheridan. At the west end of Quartz Mountain, near Lug-
ert, slickensides on a fissure wall suggest vertical displacement, but
there was no means of determining the amount of displacement.
The stronger joints are open to considerable depths, sometimes for
25 feet or more, especially near the tops of the mountains. As a
rule, the joints in the granites of the Forest and Game Reserve are
more closely spaced than in the isolated granite areas farther west.
This is especially true of the north-central part of the Rescrve.
(See Pl V.) A notable exception to this rule is found in the Elk

Mountain district where the joints are as widely spaced as any-.

where in the Wichita Mountains. - .

Horizontal or inclined joints appear to be best developed in thc
areas. where the vertical joints are most widely spaced. At any
rate, they are most conspicuous. in such areas. These joints in
many places cut the Wichita Mountain granites into lenticular
blocks. The joint planes usually dip away from the hill with a dip
approximately parallel to the slope of the hill, but in some cases
there are two sets, one of which dips with low angles toward the
hill.  The joints are spaced 4 to 25 feet apart; that is, the lense like
blocks have an average thickness ranging from 4 to 25 feet.

PLATE 1V.

A. GRANITE HILL WEST OF LUGERT, RISING ABRUPTLY FROM THE 1.EVEL
PLAINS SURROUNDING THE WICHITA MOUNTAINS.

1. QUARTZ MOUNTAIN WEST OF LUGERT, SHOWING LARGE MASSFS OF
LITTLE-FRACTURED GRANITE, RISING ABRUPTLY FROM THE PLAINS.



38

With the present opportunity for observation in this region the
sheet joints are not more closely spaced near the surface than they
are deeper down. However, only three quarries have been opened
up to depths of 50 feet, but in these there was no evidence of a
thickening of the sheets or lenses, as is reported in other states.

‘Sheet joints are the most important structural features in the
granite quarries of the Wichita Mountains. Without them the
labor of quarrying would be greatly increased. For a full discus-
sion of the origin of sheet joints see United States Geological Suc-~
vey Bulletin 484, pages 29-36.

_ : RIFT AND GRAIN.

At only three quarries in this district have rift and grain been
noted. At the Oklahoma Rose Granite Company’s quarries rift and
grain .are recognized and followed. The rift lies N. 80° W. vertic-
ally, while the grain is north-south vertical. At the-Southwestern
Granite Company’s quarry, rift is reported as having a strike of N.
20° W., and dipping W. 85°; with grain east-west vertical. Mij-
croscopic examination shows the rift and grain to be due to micro-
scupic parallel fractures. - :

DIKES AND VEINS.
» QUARTZ VEINS. :

In several localities in the Wichita Mountains small quartz
veins were observed, but at no place were they persistent enough
to be mapped except in a small area one mile north of the Oklaho-
ma Rose Granite Company’s quarries near the town of Granite.
Here there are several branching quartz veins which can be fol-
lowed for one-half mile or so. The average width is not over 6 to
8 inches, but in places they expand to 16 inches in thickness. They
are vertical, or dip at high angles to the north. A microscopic sec-
tion shows granular quartz with a trace of orthoclase and magne-
tite. . - '

PEGMATITE DIKES. .

In the Cold Springs and Mount Scott areas there are a few east-
west almost vertical pegmatite dikes, 6 inches to 4 feet wide, conu-~
posed of quartz, orthoclase, microcline, hornblende, and zircon.

APLITE DIKES,

Aplite dikes are found in all parts of the Wichita Mountains but

they are most abundant in the Cold Springs area. As a rule the

dikes are variable in thickness and direction, and are not persistent’

for any great distance. In the Cold Springs area they cut the gray

granite, diorite, diabase, and gabbro. The dikes vary from a frac-

tion of an inch to a maximum of a foot or more in width. The

larger ones are commonly vertical and bear W. to N. 70° W.
GRANITE DIKES.

Normal granite dikes occur over the entire Wichita Mountain
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PLATE V.

A. THE SOUTHEAST FACE OF FLK MOUNTAIN, SHOWING ZONES OF WIDE.
LY SPACED FRACTURES ALTERNATING WITH ZONES OF CLOSELY SPAC.
ED FRACTURES.

B. LUGERT GRANITE IN THE NORTHWEST PART OF THE FOREST RESERVE
SHOWING THE INTENSE FRACTURING IN THIS AREA.
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range. They rarely occur as distinct dikes in the castern or main
part of the range, except in the vicinity of the gabbro-granite con-
tact.

In the Granite area riebeckite-aegirite granite dikes are the most
persistent of any in the area. This granite is a fine-grained pinkish-
gray granite made up of orthoclase, quartz, riebeckite, aegirite, and
magnetite. The dikes vary from 1 to 16 inches in thickness, and
dip 25° to 40° N. Usually the blue hornblende is found in distinct
prismatic crystals not over 2 mm. in length. At the Thos. L.
Eggleston quarry near Granite, there is a 4-inch dike containing
hornblende or riebeckite crystals occasionally 2 inches long and
one-half inch thick. The dike pinches out rapidly both east and
west of this point, and the hornblendes soon become of micro-

" scopic dimensions.

In the east-central part of.sec..22, 1 6:N., R. 21- W, there are 8
parallel dikes of the riebeckite-aegirite granite, dipping 30° to 35°
NE. They vary from 3 to 16 inches in thickness.

Distinct dikes of granite in the Lugert and Mountain Park areas
are relatively rare and not persistent when present.

Granite and monzonite dikes from a fraction of an inch to 8 feet
in thickness are numerous in the Cold Springs area. They strike i1
various directions, often east-west and northwest-southeast, and
are generally about vertical, though sometimes are nearly hori-
zontal, .

In the central portion of the main Wichita Mountain range

granite dikes are not well defined.
DIABASE-DIORITE DIKES.

This type of dikes is the most persistent of any in the region.
At least two periods of fracturing with the intrusion of basic dikes
are shown, The earlier are diorite or diabase-diorite, while the
latter are usually typical diabase characterized by ophitic texture.
These dikes are usually vertical, or almost so. and trend east-west,
north-south, northwest-southeast and N. 15° W. They always
weather more readily than the inclosing rock.

INDIVIDUAL QUARRY AREAS,
GRANITE AREA.
TOPOGRAPHY.,

The seven more or less isolated granite outcrops lying chiefly
to the northwest of the town of Granite, have been designated the
- Headquarters Mountain -group. .Headquarters Mountain, some-
what to the west of the center of the largest outcrop, rises as the
highest peak to an altitude of 2260 feet above sea-level, and about
500 feet above. the surrounding Redbeds plain. 'The group as a
whole consists of barren dome-like hills which rise abruptly 200 to
400 feet above the Redbeds plains. The different types of granite
manifest themselves in the topography. The granite is cut by
strong, widely-spaced joint planes. Immense houlders are produc-

Figure 2.
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ed by weathering and are of very common occurence, but areas of
bare, unfractured rock are found. Over much of the Reformatory
granite area, which is the most southern of the group, soil, mantle
rock, and vegetation are lacking.

The hills composed of Headquarters granite rise abruptly from
the plains, but their steep slopes are covered with subangular bould-
ers usually less than 10 feet in diameter, and bare surfaces are rare.

Drainage in the granite areas is accomplished through short
canyon-like valleys which soon reach the bordering plains and
widen out into open valleys with low gradients. Much of this

drainage is controlled by the strong east-west and north-south

fractures.
GEOLOGY.

There are two main types of granite in tlris area. The earlier,

called the Headquarters granite, .is_a fine-grained brownish-red

granite. Thelater; known as the'Réformatory graiiite; is a medium=--

grained flesh-red granite. The large area of this granite to the east
of Headquarters Mountain appears to be a batholitic mass intrud-
ed into the earlier granite. At the west end of this area the Re-
formatdry granite includes angular and subangular masses of the
Headquarters granite ranging in size from a few inches to several
feet across. In the hills to the northwest the earlier granite be-
comes relatively more important and in a part of the area makes up
the major portion of the granite mass. In such cases the Reforma-
tory granite takes the part of a binding or cementing material for
the fragments of Headquarters granite. T

Following the solidification of the Reformatory granite there
were at least two periods of fracturing and intrusion of dikes. Dur-
ing the earlier period several small aplite dikes and quartz veins
were intruded. “The most persistent are shown on the map. They
are never much over one foot wide, but vary greatly in thickness

from place to place, often branching and uniting. The dike rock -

consists chiefly of orthoclase, quartz, and albite, with a small
amount of magnetite and a trace of an altered ferro-magnesian
mineral, probably hornblende. TFollowing the intrusion of aplite
dikes there was fracturing and intrusion of riebeckite-aegirite gran-
ite dikes. These dikes strike in a northwest-southeast direction
and dip northeast at 25° to 40°. Like the aplite dikes they vary
greatly in width, but are never over 2 feet and are usually less than
1 foot. Only one persistent dike of this character was found. Its
course is shown on the map. In the west-central part of section 23
it divides and forms 8 parallel dikelets, varying from 3 to 16 inches
in thickness. This is a fine-grained gray granite composed of feld-
spar, quartz, riebeckite, aegirite, and magnetite.

The Reformatory granite is cut by widely spaced, strong verti-
cal joint systems bearing approximately north-south, east-west,

43 PLATE VI

A.- GRANITE AREAS NORTHWEST OF‘GRANITE,'SHOWING_‘DRAINAGE CON-
TROLLED BY JOINTS,

B. GRANITE HILL WEST OF GRANITE, SHOWING .BOULDERS OF FINE-
GRAINED HEADQUARTERS GRANITE INCLUDED IN THE COARSE RE-
FORMATORY GRANITE.
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PLATE VII-A,

TN X

RIEBECKITE-AEGIRITE GRANITE DIKES CUTTING THE REFORMATORY
GRANITE NEAR GRANITE.

northeast-southwest, and northwest-southeast.. The sheet joints
are best developed here of anywhere in the Wichita Mountains.
REFORMATORY GRANITE.
CHARACTER.

The fresh, unaltered Reformatory granite in this area is all es-
sentially of the samé character. At some of the quarries altered
rock is used, which has given the jmgressmn that there are two
types of rock here. The fresh granite is an even, medium-grained
flesh-red granite, which, megascopically, reveals flesh-colored ffeld-
spar, colorless to slightly smoky quartz and clusters of greenish-
black hornblende and magnetite. ) .

By microscopic examination -of 35 thin sections of the Reforma-
tory granite, selected from 6 different quarries, it was found that
this granite is composed chiefly of orthoclasez mlcr'operthlt-e,
albite, microcline, quartz, horn'blendez and magnetite. M1crosco_plc
hematite, zircon, titanite, fluorite, sericite, kaolin, limonite, chlo.r}te,
calcite, and biotite amount to less than one per cent. ~ The sericite,
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kaolin, limonite, chiorite, calcite, and biotite are all secondary, and
the others are always primary with the exception of fluorite which
may he primary in some cases, but is undoubtedly secondary . in
others. Iistimates made by the Rosiwal method applied to a poi-
ished surface of 6 square inches showed that this granite contains
60 per cent feldspar, 33 per cent quartz, 5.5 per cent hornblende,
and 1.5 per cent magnetite.

Usually 1 10 2 per cent of the feldspar present is albite and mic-
rocline and the remainder microperthite and orthoclase. The mi-
croperthite individuals are irregular to prismoidal in form and
show two perfect cleavage surfaces. The flesh-red color is found
to be due to disseminated microscopic particles of req hematitc.
The hematite dust is sometimes evenly distributed throughout the

PLATE VII-B.

THCS, 1. LGGLLST(N'S GRANIVIE GQUARRY AT GRANITE, SHOWING
STRONG, REGULARLY SPACED FRACTURES DIPPING TOWARD THE FACE
OF THE QUARRY.

feldspar, but it is also often concentrated along cleavage planes giv-
ing the feldspar a banded appearance. Often the hematite is found
n streaks and blotches scattered through the feldspar, probably
s a secondary deposit. In the more altered rock there is mucl.
‘ed hematite in the cracks and around the feldspar, giving it a deep
‘eddish hue.
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The quartz is found in irregular and rounded grains, whicl
are usually colorless or faintly smoky in color. In cases where
secondary deposition of hematite has taken place the quartz may
be coated with a film of this mineral giving it a brilliant red color

The hornblende is greenish-black and occurs in rough prismatic
crystals. It is usually altered badly, fornung chlorite, iron oxide,
~and quartz. :

- Magnétite"in-grains of rounded and subangular form are often
found associated with groups of hornblende anhedra. Occasiorn-
ally the magnetite is found imbedded in the feldspar and isolated
from the hornblende. The zircon is almost invariably associated
with the hornblende-magnetite clusters. Titanite is always assu-
ciated with the magnetite and in come cases is probably derived
from it. It is not uncommon to find it as a fringe around the mag-
netite grains. Fluorite is most often associated with the magne-
tite-hornblende groups, but has been found entirely surrounded by
feldspar. '

The sericite, kaolin, calcite, and chlorite are abundant only in
the altered surface rock. The sericite and kaolin when develope
in the Reformatory granite give it a pale pink color. Much of the
pink granite put on the market from this region is the altered rock
in which the feldspars have been partly altered to sericite and
kaolin. The hornblende is often partly altered to chlorite but the
quantity of hornblende is not sufficient to alter the color of the
granite. Later, as the chlorite breaks down, producing limonite,
the resulting yellow stain is sufficient to discolor the rock.

Chemical analyses of the Reformatory granite are shown on.

page 21 of this report. :

In texture the Reformatory granite is an even, medium-grained
rock. The feldspar.individuals:range from:about 2't6 15 mim.-aver-
age diameter, and in a broad way are -eventy distributed through-
out the rock. The quartz ranges from .05 to" 10 mm. in average
diameter for individual grains. Though the quartz and feldspar
are evenly distributed in this granite, the quartz grains have a
characteristic radiate grouping, which is clearly shown on the
hammered face. This granite because of its equidimensional min-
eral constituents and its content of quartz is a rather brittle gran-
ite. Small pieces when given a sharp blow with a hammer break
and often shatter to fragments because of the separation of the in-
dividual minerals. Cubes heated to 1000° F. and cooled slowiy
were distinctly weakened so that a few light blows caused them to
break up into incoherent masses of quartz and feldspar. The color
was also changed to a dull brick-red. When heated to 1000° F.
and cooled suddenly by immersion in cold water, the cube was
greatly weakened and changed to a dull brick-red color,
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When heated to redness for 10 minutes and permitted to cool
slowly, its strength is almost entirely gone.

Cubes tested in the University of Oklahoma crushing machine
showed a crushing strength ranging from 11,400 to 16,800 pounds
per square inch. The transverse crushing strength or modulus of
rupture was determined for one prism and found to be 2749 pounds
per square inch.

The apparent specific gravity was found to be 2.628, with the
true specific gravity of 2.633. The pore space was found to be
0.673 per cent.

The fresh stone takes a brilliant polish. The altered mag-
netite-hornblende groups usually give a slight irregularity of
surface. When the altered stone is encountered this difficulty will
be partly obviated. The hammered face shows a decided contrast
to the polished face, thus permitting satisfactory letteririg or carv-
ing. Worknien report it a satisfactory stone to cut and dress. °

. STRUCTURE.

Joints are strong and widely spaced, and cut the rock into ree-
tangular wedge-shaped masses. The vertical joints are spaced
from 3 to 30 feet apart, with an average of about 10 or 12 feet. The
sheet joints are spaced from 3 to 30 feet apart, with an average of
about 10 feet. The sheet joints usually diverge and converge
rather regularly so that the thick portion of one sheet lies over the
thin portion of the ones below. In most cases the sneet joints
dip from the granite hills.

Rift and grain are poorly developed but are observed and fol-
lowed at the Thos. L. Eggleston quarry. This granite splits with
considerable regularity and rather even surfaces so that dressing
for plane surfaces requires no great’amount of labor.

The weathering of the Reformatory granite is largely accom-
plished by changes of temperature and by chemical decomposition.
Its course, even-grained texture seems to favor physical disintegra-
tion. The usual method is for slabs of 1 to 4 inches in thickness
to exfoliate and then to break down into a mass of feldspar and
quartz crystals, which sometimes accumulate at the bases of steep
slopes. This material is used in macadamising the streets of
Granite. Plate VI1I shows examples of weathering by this method.
Weathering by chemical decay is best shown wherever by chance
a depression is formed which holds water for a short time. Such
basins are often greatly deepened and enlarged, apparently largely
by this process. (See Pl. VIII-B.)

HEADQUARTERS GRANITE.
‘ CHARACTER.

Unaltered samples of Headquarters granite show it to be a
fine-grained, often porphyritic, brownish-red granite which mega-
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scopically reveals dark flesh-colored to brownish clecavage sur-
faces of feldspar, rounded grains of colorless, vellowish, or slight-
ly smoky quartz, and. small. specks of a biack mineral which on
microscopic examination proves to be biotite or hornblende.

Microscopic examination shows that the predominating type oi
this granite is composed of the following primary minerals named
in the order of abundance: Microperthite and orthoclase, quartz,
biotite, albite, oligoclase, harnblende, magnetite, and hematite,
with minute quantities of microscopic zircon, titanite and Auorite
Estimates by the Rosiwal method on a thin section which seemed
to be an average for the Headquarters granite showed the follow-
ing mineral percentaces: Microperthite and orthoclase, 57.6:
quartz, 33; biotite, 5.2; albite-oligoclase, 3.7; hornblende, .30; and
magnetite .20. This is probably a little- below the average in
magnetite and a little above the average for biotite, but it re-
presents, as well as any single specimen can, the mineral composi-
tion of this rock in an unaltered condition. The hematite is
present in fine dust-like particles disseminated through the feld-
spars and its quantity cannot be estimated. . More or less sericite,
kaolin, hematite, muscovite, and chlorite have been developed in
the process of alteration. This granite alters very slowly and the
stone which has been put on the market shows very little of the
secondary minerals.

The orthoclase and microperthite which constitute the chief
part of the feldspar of this granite are usually in graphic inter-
growth with quartz. When not in this condition their grains are
roughly prismatic in form and stand out like phenocrysts in the
graphic intergrowth. .

The quartz, like the feldspar, consists of both individial grains
and graphic intergrowth with microperthite and orthoclase. It is
clear or slightly smoky in color and, except the larger individuals,
is not readily observed without a hand lens. Under the micro
scope it is observed that the larger individuals are rounded grains,
while the individuals of the intergrowth take various forms com.
mon to such intergrowths,

Some of the albite is'not intergrown with quartz and consti-.
tutes a part of the larger feldspar crystals. It shows the albite '

twinning striations and in some cases is twinned according to the
carlsbad and pericline laws. The biotite is found as flakes and
thin tabular masses of usuwally not over a millimeter in greatest
width. It is dark-brown to black and strongly pleochroic. The
magnetite is invariably in small rounded grains a fraction of a
millimeter in diameter. They are evenly-distributed through the
rock. S '

This may be classed as a fine-grained, inequigranular granite.

PLATE VIII.

A. LARGE BOULDERS ON THE SLOPE OF MOUNT SCOTT, SHOWING EXFOLI-
ATE WEATHERING OF THE GRANITE.

Cag I i

B. BASIN IN 1HE REFCRMATCRY GRANITL AT GRANITE, SHOWING EX-
AMPLE OF WEATHERING CHIEFLY BY CHEMICAL DECAY.
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The large individuals of quartz and feldspa1l are usually not over
1.5 mm. in diameter, but occasionally they are as much as 4 mm.

In certain phases of this granite there’is'a distinct porphyritic .

texture displayed, 1 to 5 per cent of the quartz and feldspat
individuals being distinctly larger than all the remainder. In
other phases it is one entire mass of graphic intergrowth without
any of the larger individuals. Still another phase shows a very
fine-grained granite, not intergrown, with only here and there a
phenocryst of feldspar 2 or more millimeters long. The most
common type, however, and the only one utilized commerciaily,
consists chiefly of a graphic intergrowth of quartz and feldspar,
making up perhaps 80 per cent of the rock, and the remainder of
individual grains of feldspar, quartz, and biotite of varying sizes
ranging up to 4 or 5 mm, in maximum diameter.

This granite breaks with a conchoidal fracture. It is medium
brittle, has a true specific gravity of 2.630 and an apparent specific
gravity of 2.627. Its porosity is 0.305. The one cube tested
showed a crushing strength in excess of 19,324 pounds per square
inch. The machine limit was reached before the cube was crushed.

Cubes when heated to about 1000° F. and cooled slowly were
weakened slightly on the edges, and the color changed to a dult
flesh-red. When, heated to the same temperature and cooled
suddenly by immersion in cold water the cubes appeared firm, but
a few slight blows showed that they were greatly weakened.
They broke with a rough granular surface. No sharp edges ap-
peared. The sparkle was all gone and they assumed a dull-
pinkish-red color. When heated to a red heat for five minutes the
cubes were greatly wealened but still retained their form and =z
considerable part of their strength. This granite stands the heat
test better than the Reformatory granite.

The Headquarters granite takes a good rolish, and the poliéhed
surface is in good contrast to the hammered face so that lettering
shows up well. (See P1. IX-A.). It is not a difficult stone to polish.

Weathering -is accomplished: chiefly- by chemical decay; there-
fore the weathered surfaces of the exposed boulders are smooth
and do not exfoliate. It weathers less rapidly than the Reforma-
tory granite.

] STRUCTURE.

The Headquarters granite is cut by many systems of irregular
fractures so that it generally is unfit for quarrying where large
dimension stone is required. In the NW. 1-4 sec. 16, and the SW.
1-4 sec. 9, T. 6 N., R. 21 W., there are considerable masses of this
rock with fractures spaced from 4 to 6 feet apart. Intrusions of
the Reformatory granite are o intimately mingled with this gra-
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PLATE IX.

WLOVCHEN Ry
"OUR PARENTS

B. MONUMENT OF THE REFGRMATORY GRANITE IN THE CEMETERY
NORTH OF INDTAHOMA. THIS SHOWS TIIE CONTRAST BETWEEN THE
POLISHED AND HAMMERED SURFACES OF THIS GRANITE.
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nite that it is impossible to ﬁ!ul an area composed wh('wtlé_v of llead-
quarters granite that is of suitable size for a quarry site.
DESCRIPTION OF QUARRIES.
RUGGLES’ QUARRIES,

les Compan has 'opened up quarries’ at two place-;:
aboI?eaRr;Ji%eg northw}:st }c,)f the town of Granite. On'e of Elhflsi(
openings, now abandoned, was in th(zSHeafilqu;r)ters granite, and the
i formatory granite. ee fig. 2. o )
Ot}’lI?}l;emRtlilgegiz 0quarry }i,ngthe Reformatory granite is located in
the SW. 1-4 NW. 1-4 sec. 27, T.6 N, R. 21 W.  There are hereltwg
openings 200 feet apart. At the west opening a face 100 feet kori:1
and 30 feet high has been made. The opening has be:en 1slun -
feet below the level working surface;. ’I_‘h_e rock here is a ds?rtgm
what altered. It is cut by two vertical ngt systems s(}s)ace70o o
6 to 20 feet apart and bearing N. 25° t0 30° E., and N. 60 tsoo S A:
There is also a poorly developed frgcture plane dipping 2 h. 'b 1:
the east opening a face 30 feet high and 50 feet long has ’f‘f
formed. Jointing is much the same as at the west ope}\lm%{ t'n:e‘
discolored sap rock has been the chief product so far. t the ti s(t‘
of visiting this quarry the deeper colored, unaltered rock rivagljuk
being reached toward the center of a large unfracture ol;:t.
Black segrégations 3 to,5 inches in diameter were observed }111
they are not sufficiently abundant to depreciate the value of the
quarry. ) ‘ -
ipment here consists of one derrick, one steam engine,
oneTa};: E(c)lrlillgp;ssor, one stone crusher, a work shed, and a black-
Sml’{"};l:hqotgrry is reached by a three-fourths mile spur of thg Chi-
cago, Rock Island & Pacific Railway, and stone is loaded directly
hipment.
o ?ﬁigaézi?;yswzs opened up in 1905 but had not been operated
from September, 1910 to Novembet:, 1915. ‘ . '
The product of the quarry consisted of @mensmn stomne, molr:u
ments, columns, rough stone for ballast, paving blocks, and crushed
ncrete and paving.
Stor’]l?hioé-hcaoracter and q%alit}gis the usual type of the Reformatory
granite, which is a suitable stone for monuments, co.lumns, foun-
tains, and dimension s‘coneil ;t tis too coarse and brlttlg for first
i locks, or crushed stone. ) )
CIas’i“I?:vllinuggEg)les Company has an opening in the Headquarters
granite located near the southeast corner of the NE. 1-4 sec. 28, T.
6 N, R. 21 W. A projecting point of the mountain was formerly
reached by a spur of the rail.road, but the track has been removed
and the quarry abandoned since 1910.

i i long.
The opening was along a face 50 feet high and 80 feet
The rockphere g;s the average red, fine-grained Headquarters gra-
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nite. It is intensely fractured and locally cut by dikes of Reforma-
tory granite so that few blocks as great as 5 feet in diameter are
left.

This stone was used by the Chicago, Rock Island & Pacific
Railway for ballast, and to a small extent by the Ruggles Commpany
for monumental work. Tt was dressed and polished at the main
Ruggles quarry. At present there is no equipment at this opening.

SOUTHWESTERN GRANITE COMPANY’S QUARRY,

The Southwestern Granite Company, with headquarters at
Michigan City, Indiana, opened up a quarry on the south slope of
the granite hill in the S, 1-2 of SW. 1-4 sec. 2, T.6 N,R. 21 W.
The opening is approxim:tely 65 feet deep and 100 feet in dia-
meter cut into the side «f (1. hi]l which slopes south at about 15°.

The chief structural featireg of this quarry are the strong sheet
joints which dip to the couth at about 15°, These sheet joints
cut a large part of the granite in this quarry into large southward
dipping lenses of varying thickness. The surface sheet at its maxi-
mum is 14 feet in thickness. It thins to 7 feet at a distance of 100
feet down the dip, and at 100 feet up the dip it thins to 9 feet. Here
it begins to thicken again and then disappears beneath the over-
lying sheets. The next two sheets are somewhat thinner, while
the fourth is about 14 feet thjck, At the west side of the quarry
the granite is cut by four strong joint planes striking N. 30° E.,
and dipping 20° to the east. Along these joints the granite is
badly weathered and discolored.

The granite splits with fairly plane surfaces. A “cleavage”
or rift is recognized, which strikes N 20° W. and dips 85° W. This
is termed the “free way” by the quarrymen. The grain strikes
east-west and is called the “cleaving way.” The stone does not
split readily parallel to the sheet surfaces. :

This is the normal type of Reformatory granite composed
mainly of feldspar, quartz, hornblende, and magnetite.

The freshest, and therefore the most satisfactory Reformatory
granite yet put on the market came from this quarry. The color
is of a deeper, more uniform tlesh-red than the more altered rock.
It works well under the hammer and chisel, takes an excellent
polish, and exhibits a good contrast betwecn polished and hani-
mered faces. A few black segregations are present. Blocks of
any desired size may be procured. This is a desirable
monuments, columns, fountains, and dimension stone,

so satisfactory for road material or paving blocks because of its
brittleness.

The equipment consists of one 40-horsepower gasoline engire,
three air compressors yielding 600 cubic feet of air per minute, and

two derricks. Blasting was done with black powder.

Transportation was by cartage to the railroad one mile. Near-
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ly all the product was shipped to Michigan City, Ind., where
is was dressed and polished by convict labor.

The quarry was opened in 1905, but it has been in operation only
about 5 years since it started. In 1912, 10 men were employed.
It has been shut down since early in 1914.

The Post Office and the Odd Fellows Hall at Granite are cot-
structed partly of this granite. It was also used in the Abraham
Lincoln monument at Chicago.

THOS. L. EGGLESTON’S QUARRY,

This quarry is the property formerly owned by the Oklahoma
Rose Granite Company. It was taken over hy Thomas L. Eggle-

ston in 1915, but Had not been operated for some time previous to’

the transfer. There are two openings abont GO0 feet apart in the
S.1-2 NE. 1-4 sec. 26, T. 6 N., R. 21 W. Opening No. 1 lies at the
north end of Main Street of the town of Granite.Opening No. 2 is
about 600 feet northwest of No. 1. All the equipment except a
derrick is located at No. 1. This quarry is opened up on the south
slope of a hill 300 feet high. The quarry face which runs east-
west is about 150 feet long and 60 feet high at the highest point
At the base the quarry has been extended into the hill 50 to 60
feet. The bottom of the opening is about on a level with the base
of the hill where the shops are situated.

The granite is cut by a system of strong joints striking N
80° W., and dipping about 65° S. Another system a little less per-

sistent, and vertical, strikes at right angles to the former. A

third system of joints dips at an angle of 23°N., 50° E. (See
Pl. VII-B.) Besides these principal fracture systems there are two
persistent fractures at the east end of the quarry that strike N.
42° E. and dip NW. at 80°. The east-west vertical joints are
spaced 2 to 20 feet apart with an average of about 6 feet. The
north-south joints are spaced 8 to 25 feet apart, seldom less than
15 feet, and the third set dipping N. 23° are spaced 20 to 22 feet
apart. The jointing at this quarry is unusually favorable for
quarrying. The joint planes dipping gently to the north afford
excellent benches on which the quarrymen work. Blocks of any
dimensions that can be handled may be quarried here. The joint-
ing is so spaced that there is but little waste in cutting. No strip-
ping is required. TIn a rift striking N. 60° W., vertical and a hori-
zontal grain are observed and usually followed.

One riebeckite-aegirite granite dike averaging about one inch
thick and dipping N. 20° cuts the quarry face from east to west.
There are also a number of other dikes one-tenth to one inch thick,
which dip north at about 20°. They are inconstant both in thick-
ness and dip. They are somewhat darker than the granite, but are
composed chiefly of the same minerals.
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Objectionable segregations, toth of the fine-grained brown
granite similar to the dikes, and also of a fine-grained black rock
are present, but only in a small amount. They range in size from a
mere speck up to a foot or more in diameter. The brown segre-
gations, besides being very fine-grained, contain more hornblende
and biotite than the normal granite. The black segregations are
also very fine-grained and differ from the normal granite in con-
taining much more magnetite and hornblende.

The granite is the normal Reformatoery granite. Away from
the surface and joint exposures it is reasonably fresh. Weather-
ing in the upper part of the quarry is observable to a depth of 1 tc
6 inches along the joint planes, and in favorable localities to
greater depth.

This stone takes a good polish, works well under the hammer.
and chisel, and letters well on polished surfaces. It is suitable for
monuments, columns, and dimension stone, but not of the best
quality for paving blocks and road material because of its brittle-
ness.

The equipment consists of one steam boiler, one 35-horsepower
double drum steam hoisting engine, one 12-horsepower and cne 26-
horsepower gasoline engine, two air compressors with combined
capacity of 180 cubit feet per minute, one turning lathe for coi-
umns, one polishing lathe for columns, four polishing machines.
two surfacing machines, one 10-ton traveler, two tripod drills oper-
ated by steam, nine plug drills operated by air, three guy derricks
at the quarry, and one stiff leg derrick at the station for loading
Transportation is by cartage one-forth mile to the railroad.

At present the equipment is in charge of Baxter L. Smith, who

.is putting on the market some monumental stone.

Seventy-five per cent of the output has heen building stone, the
remainder being monumental stone and paving blocks., Among
the buildings which have heen partly or wholly constructed of this
stone may be mentioned the folowing: First story of Butler Bros.
store, Dallas, Texas; Street Railway Terminal Building, Oklihoma
City, Oklahoma; Court Houses at Altus, Enid, and Muskogee:
Bliss Building at Tulsa; Masonic Temple at Guthrie, and drink-
ing fountain at Hobart. Much stone also goes to Kansas and
Jowa for construction and monumental work. Kansas City uses
paving blocks from this quarry.

Opening No. 2, about 600 feet to the northwest, is on a west
slope of about 40°. The opening is 100 feet long and 25 feet high.
The rock is here cut by sheet joints into large flat-lying lenses
having a maximum thickness of 16 feet. Strong joints strike N.
60° W., and north-south. One large sheet joint dips 25° W.

The stone here is fréesh Reformatory granite. A few segrega-
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tions are present. A small granite dike about 1 inch thick cuts the
quarry face.

The equipment consists of a derrick only. Transportation is by
cartage one-half mile to the railroad.

OKLAHOMA GRANITE COMPANY’S QUARRY,

The Bennett Brothers of Chicago comnose this company and
own the property at the point of the mountain in the southeast
part of the NW. 1-4 sec 26, T. 6 N, R. 21 W. For the last year the
Pellow Brothers have held a lease on the quarry and have taken
out monumental and finished building stone. The opening shows
a face 100 feet long and 20 feet high. The granite is cut by a set of
fractures striking N. 80° W., and another set N. 15° W, both near-
ly vertical. These joints are spaced 6 to 20 feet apart and cut the
stone into favorably sized blocks for quarrying. No sheet joints
were observed. This is the normal Reformatory granite. The
equipment remaining consists of sheds, one steam boiler, two der-
ricks, one gasoline engine of 25-horsepower, one air compressor
with capacity of 130 feet per minute, one polisher, drills, and carv-
ing tools.

GARDNER'S QUARRY.

This quarry has been operated intermittently by local quarry-
men. The opening is near the southeast corner of sec. 22, T. 6 N.,
R. 21 W., about one mile northwest of Granite. The property is
owned by M. Gardner of Charlestown, West Virginia. The ex-
cavation is 40 by 20 feet long and 12 feet deep. Three sets of
strong, nearly vertical joint planes cut the granite into rectangula
blocks 10 feet square. One set strikes N. 20° E., another N. 55¢
E., and the third S. 18° E.

Sheet joints approximately parallel to the westward sloping hill
dip 20> W. The rock is normal Reformatory granite. The bottom
of the opening is now down to fairly fresh rock.

The equipment consists of a gasoline engine, air compressors,
one derrick and windlass, and sheds for polishing and cutting.
None of this equipment has been used recently, except the wind-
lass and derrick which are operated by horse power. Transporta-
tion was by cartage. The stone was used chiefly for building pur-
poses.

REFORMATORY QUARRY.

This quarry is located one mile southeast of the town of Gran-
ite, near the west line of the NW. 1-4 sec. 31, T. 6 N, R. 20 W., on
property owned by the State of Oklahoma. It is operated by the
State with convict labor from the Reformatory located at this
place.

The quarry is opened at the base of a southward sloping hili,
and stone is secured at four different points a short distance apart.
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The total length of quarry face now worked is about 400 feet. The
present maximum height of the quarry face is about 30 feet. The
largest opening has been extended into the hill about 75 feet. The
rock is cut by joint planes, very irregular in direction, and spaced
1 to 6 feet apart. The most persistent set slopes irregularly to the
south, with an average dip of 15° to 20°. The numerous irregular
fractures cut the quarry face so that much of the stone is secured
in small angular blocks, though some blocks as much as 5 by 5 by
15 feet have been secured.

This is doubtless a part of the same granite mass as that at th:
quarries north and west of the town of Granite, but it differs from
the usual Reformatory granite both physically and chemically. At
present there are two fairly distinct varieties of granite quarried,
one light and the other dark colored. The lighter colored variety
is essentially like the normal Reformatory granite, except the feld-
spar is largely gray and is tinged with red only along fruclures.
The quartz, which is less abundant than in some of the Reforma-
tory granite, is considerably discolored with hematite. The horn-
blende and maguetite are altered and occur rather sparingly in ir-
regular bunches. When observed at a distance of a foot or more

the rock in the rough appears medium-gray tinged with violet and
specked with black.

The darker colored variety is much finer-grained than the other,
and the feldspar and quartz are more colored with red and violet
and the magnetite and black hornblende are much more abundant.
The quartz is more evenly distributed through this rock than it is
in the normal Reformatory granite. When observed at a distance
of 2 feet or more this variety presents a violet-red surface specked
with black and light gray. ~ A polished sample of rock from this
quarry, less highly colored with iron than the average, appears dis-
tinctly speckled. The darker colored quartz and black hornblende
and magnetite are sharply in contrast with the light gray and

_slightly pinkish feldspar. It polishes with a smooth brilliant sur-

face and would make a handsome monumental stone.

The different varieties at this quarry appear to be merely Joca!
differentiation products of one granite body. Their contact is not
sharp, though the gradation from one to the other takes place in
the space of a few inches. At present the quarry face is made up
more largely of the coarser, lighter variety. The darker colored
variety is found only in irregular roughly vertical zones 6 to 15
feet wide.

As the quarry is extended farther into the hill different shades
of rock will probably be found. The red coloration along fractures
will diminish, but it is likely that the feldspar will be uniformly
darker colored. It is believed from observations in the vicinity of
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the quarry that the coarser-grained variety will continue to pre-
dominate and may entirely replace the other.

Both varieties of granite quarried here make handsome huila-
ing or monumental stone. The color in the rough is especially de-
sirable for large buildings. Though no tests have been made, the
composition and texture indicate a strong, durable stone,

As a monumental stone it is decidedly different from any other
variety yet put on the market from Oklahoma. It finishes with a

smooth surface which takes a superior polish. The darker colored

variety will letter well.

The ontput from this quarry has been used in the construction
of the State Buildings at the Reformatory as well as to supply the
trade i noarth Texas, Oklahoma, and southern Kansas. This
quarry puts out crushed stone, rip-rap and rubble, dimension and
‘monumental stone. '

The equipment consist of one air compressor of 800 cubic fect
capacity, one surfacer, one.polisher, one granite saw, one crusher
with 200 cubic yards daily capacity, drills operated by air, and five
derricks. All machinery is run by electric power supplied from &
central station. One hundred fifteen men are regularly employed
in the quarry, which is reached bv one half mile spur from the
Chicago, Rock Island & Pacific Railway.

NEW MONTELLO GRANITE COMPANY’S QUARRY.

During the summer of 1915 the New Montello Granite Com:-
pany leased 4 acres of quarry land in the SW. 1-4 of sec. 15, T. 6
N.. R. 21 W, situated about 2 miles northwest of the town ol
Granite. This company has been operating continuously and is
putting on the market rough stone for monumental work. Charles
J. F. Kraft is the local manager of the quarry. The equipment
consist of one gas engine, one derrick, one air compressor, an
drills. ‘ -

The granite quarried here is the usual medium-grained Head-
quarters granite. It takes a beautiful polish and very closely re-
sembles tlie Montello, Wisconsin granite. Without a direct coni-
parison, monument dealers would not recognize any difference be-
tween this and the Montello, Wisconsin granite.

Although the granite at this place is considerably fractured, the
spacing is fairly regular and blocks of sufficient size for ordinary
monumental work can easily be secured. The superior finish and
excellent lettering qualities should make this one of the most popti-
lar monumental granites secured in the State.

LUGERT AREA.
TOPOGRAPHY. _.

All of the granite in the vicinity of Lugeért, a small town on the
Kansas City, Mexico and Orient Railway, in the southwesi cor-
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ner of Kiowa County, and also the isolated outcrops stretching 10
miles or more to the northeast are included in the discussion of the
Lugert area. These outcrops for the most part consist of rounded
or dome-like hills of granite but are covered with large boulders of
badly fractu.red granite. These hills rise irom the Tevel Redbeds
!)]ams to heights varying from 5 to 600 feet. The greatest height
is reached on King Mountain and Soldier Mountain, (See n'?.ap
PL 1) Mount Tepee rises to almost 600 feet, while Quartz
Mountain has a nearly equal altitude, As a rule the granite hills
are too steep for soil to accumulate, and hence are essentially de:

PLATE X.

ALLUVIAL CONE EAST OF' LUGERT.. THE AREA BARREN OF VEGETATION
IS COMPOSED OF GRAVEL AND SMALL BOULDERS.

void of vegetation. In part, the slopes are gentle .enough 1)r soil
to accumulate in the depressions between the boulders, so that
there is found a partial covering of grass. These hills all have
small summit areas excepting the larger outcrops to the south and
southeast of Lugert, and lying north of Red River, Here, at an
altitude of near 450 feet above the Redbeds plains there are con-
siderable areas that are gently sloping or flat and grass covered.
K_mg and Soldier mountains rise with steep rocky slopes 175 feet
higher.. Thes'e flat areas are undoubtedly remnants of a post Red-
beds peneplain.  Subsequent to the peneplanation, streams dec-
scending from this flat to the plain below deposited their loads at
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the base of the steep slopes forming, in a number of instances, im-
mense alluvial cones. (See Pl. X.) Another interesting feature
of this area are the ancient beach marks developed previous to the
deposition of the Redbeds. (See PL XI.) In a few places, notably
in the SE. 1-4 sec. 26, T. 5 N., R. 20 W, there are large areas of
barren, unfractured granite.similar to those in the Granite. City
area.

All the drainage of this granite area takes place through rather
steep canyon-like valleys with beds and slopes strewn with bould-
ers. These valleys are all necessarily short for, as the margins of
the granite areas are reached, the valleys give place to a shallow
ditch meandering across the level plain tc Red River or its iribu-
taries.

GEOLOGY.

There are two chief types of granite in this area: One a portion
of the Reformatory granite of the Granite area, similar in char-
acter to it; the other a younger, finer-grained red granite, which
varies locally in texture and mineral content and which has been
termed the Lugert granite. The latter granite is probably part of
the same mass as the granite in the Mount Scott and Navajoe
Mountain area farther east. The Lugert granite includes houlders
of a finer red granite, boulders of a dark gray granite, and in places
masses of gabbro. It is cut by a few fine-grained granite and dior-
ite dikes. A few large lenses of quartz have been found in the
Quartz Mountain area.

The granite areas in the western portion of secs. 16, 17, and 21,T.
5 N, R. 20 W, are but little fractured, and large surfaces of solid
granite are exposed. The remainder of the area is, in the main,
much more intensely fractured. The most intense fracturing oc:
curs in zones which often leave considerable areas with iracturcs
spaced 10, 15, or even 25 feet apart. ‘

TYPES OF GRANITE.
REFORMATORY GRANITE.

The area of Reformatory granite is indicated on the map, (Pl
I.) This granite is designated Reformatory granite because the
texture, mineral compositon, and physical properties, so far as
they could be determined in the main, are the same as the Reforma-
tory granite at the town of Granite.--*

In the northwestern part of the Lugert area a sharp, definite
contact can be traced between the Reformatory granite and the
Lugert granite. . In this area the Reformatory granite when fresh
is identical with the Reforamtory granite at the town of Granite.
It consists of flesh-red feldspar, quartz, green, and brown horn-
blende, magnetite, and traces of zircon. The feldspar, which pre-
dominates, owes its deep flesh-red color to disseminated hematite
dust. The quartz, which is second in abundance, occurs in round-

1
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PLATE XI.

A. A LARGE BOULDER TWO MILES SOUTH CI* LUGERT, SHHOWING PARAL-

/I;(I;Z’II:IOGI\}?OOVES ENCIRCLING THE BOULDER, PROBABLY DUE TO WAVE

GRANITE CLIFF WEST CF LUGERT. SHOWING ANCIENT BEACH MARKS.
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ed grains which are colorless or slightly smoky. The hornblende
is found in clusters asociated with magnetite. In secs. 20 and 2!,
T. 5 N., R. 20 W., the physical properties and mineral composition
are essentially the same as farther northwest, but the color changes
to a gray with occasionally a pinkish hue. The feldspars are also
more fractured. g

LUGERT GRANITE.

The prevailing type of this granite is fine, subequigranuiar to
equigranular red granite composed dominantly of feldspar and
quartz with subordinate amounts of augite, hornblende, magnetite,
biotite, and microscopic hematite, zircon, and titanite.

The feldspar is chiefly orthoclase and microperthite but oc-
casionally 1 or 2 per cent of plagioclase is present. Probably about
60 per cent of the rock is feldspar. The amount of quartz present
varies somewhat with the texture, but averages about 30 per cent.
The hornblende, biotite, and magnetite occur in their usual iorms
and seldom attain a combined total of over 5 per cent.

In texture the Lugert granite varies considerably. The pre-
vailing type, however, is a fine-grained intergrowth of quartz and
microperthite. In some places this graphic intergrowth constitutcs
almost the entire rock, while in a few places it is found where the
quartz and feldspar are not intergrown at all. An average sample
shows the non-intergrown feldspars seldom to exceed 2 mm. in
average diameter, and the quartz grains seldom exceed 1 mm. in
average diameter, the average grain of-the.-entire non-intergrowu
portion being about 1 mm.

There is associated with the usual type of Lugert granite a finer
grained phase which contains largely biotite in the place of horn-
blende. This finer. grained phase is sometimes seen as included
angular boulders and masses in the typical Lugert granite. Be-
cause of its limited occurrence and its similarity to the average
type of Lugent granite it was not deemed practicable to attempt to
map it separately.

Another variation from the usual type of Lugert granite 13
found in Little Bow Mountain in sec. 32, T. 5 N,, R. 18 W. Be-
sides some included bouldersrof early 'gabbro this mountain.cov-
sists of two types of granite. The older of the two is a fine-grain-
ed, medium dark-gray granite consisting of microperthite, ortho-
clase, quartz, plagioclase, hornblende, pyroxene, and biotite. The
plagioclase makes up 20 per cent or more of the rock, while there
are 4 to 6 per cent each of the hornblende and biotite. It breaks
easily, but is fresh and unaltered near the surface. It is found in
large boulders from 6 to 20 feet in diameter on Lhe northwest slope
of Little Bow Mountain and reaches a height of about 200 feet, or
nearly to the top of the mountain. On the northeast slope of the
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mountain it is found as included angular boulders and fractured
masses cut by pink granite dikes. The remainder of the hill is
composed of a type of granite much like the normal Lugert granite,
but slightly richer in albite, hornblende, and biotite. It will also
average a little coarser in grain. The fractures are, in places,
widely spaced, cutting the granite into large rectangular boulders

suitable for quarrying.
QUARRY SITES.

No granite has been quarried in this entire arca, though there
are several accessible quarry sites which would supply good com-
mercial grades of granite. (See Pl 1.)  Suitable sites for
quarrying the coarser grained Reformatory granite may be found
at various points in secs. 16, 17, 18, 20, and 21, T. 5 N,, R. 20 W.
The only difficulty is that transportation to shipping point is not
satisfactory. There are also large, unfractured masses of the fine
red granite in secs. 25 and 26, T. 5 N, R. 20 W, and in secs. 2 and
15, T.5N., R. 19 \WW. In secs. 25 and 26 transportation to a shipping
roirt would be very satisfactory.

The medium-gray hornblende biotite granite of Little Bow
Mountain in sec. 22 is of such quality and occurrence as to make it
a profitab’e quarry rrorosition if a shipping point were made ac-
cecsible.

NAVAJOE MOUNTAIN AREA.
TOPOGRAPHY.

This area includes the Navajoe Mountain 3 miles north of Head-
rick, and the group of a dozen hills immediately across Red River
to the northeast. Like the other granite hills of the Wichita Moun-
tains district, these hills rise from the level plains with steep and
barren or boulder covered slopes. The top of Navajoe Mountain
is about 500 feet above the surrounding plain. The hills to the

northeast.are not so high. but rise in several instances as high as

100 to 200 feet. :
GEOLOGY.

The prevailing type of granite for this area is a fine-grained,
grayish-red, hornblende granite, essentially like the prevailing
type in the Lugert area. On Navajoe Mountain there is a finer
grained phase of hornblende granite with a predominating micro-
pegmatitic texture. The northwest portion of the mountain and
the tops of the higher peaks to the south are made up largely of
this rock. Near the tops of the hills the coarser rocks cut the
finer in vertical, horizontal and inclined dikes of various sizes.
Angular boulders with sharp contact and no sign of absorption or
gradation are found in the coarse granite.

Besides these two slightly different granites no other types ot
igneous rocks were found. Fracturing has heen intense, especially
in the finer grained phase of the granite. There is a.zone about
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onc-fourth mile wide extending from the northwest corner of sec
6, T.2 N, R. 18 W,, northwestward across the mountain, in which
the fractures are widely spaced. The strongest system of joints
runs northwest-southeast with another system at right angles to
it. These fractures are spaced 6 to 20 feet apart. On both sides oi
this zone the granite is greatly fractured by closely spaced joints.
This is especially true of the southeastern portion of Navajoe

Mountain.
TYPES OF GRANITE.

The coarser grained phase of granite here is a reddish-brown.
fine-grained rock, mottled with gray and black. Megascopically
on the fracture surface it reveals cleavage surfaces from 3 to 5
mms. in length, of a tabular gray feldspar, irregular patches of a
slightly smoky quartz all imhedded in a mass of intergrows feld-
spar and quartz. The microscope shows the feldspar to be greater
in abundance than quartz, with hornblende. magnetite, and zircon
in subordinate amounts. Secondary kaolin, hematite, fluorite, and
chlorite are present. This granite weathers into rounded reddish-
gray boulders with rough surfaces on which the larger crystals of
feldspar stand out conspicuously. Quartz ic not noticeable on the
weathered surface, '

The fine-grained type is of light pinkish-gray color where ex-
posed, but it is probable that if fresher samples could be obtained
they would be a much darker gray. The surface reveals a few in-
dividuals of colorless quartz and gray to colorless feldspar 1 to 2
mms. in diameter imbedded in a groundmass of intergrown quart:
and feldspar. Microscopically the rock is found to be composed
chiefly of feldspar and quartz, the greater part of which is micro-
perthitic-micropegmatite, with traces of hornblende, zircon, and
titanite. The finer granite weathers into angular boulders with
pinkish-gray surface on which individuals of quartz and feldspar
<an be plainly seen.

QUARRY SITES. ,

Because of the intense fracturing in this region there is bu:
limited area that will afford quarry sites favorable for producing
granite for commercial uses. There is a zone about 80 rods wide.
beginning in the northwest corner of sec. 6, T.2 N, R- 18 W. and
extending northwestward for half a mile or more, which contains
the coarser grained variety in quantity and quality suitable for

quarrying. This region is accessible but would necessitate a haul-

of about 4 miles to Headrick for shipping.
MOUNTAIN PARK AREA.
TOPOGRAPHY,
Under this head are included all of the scattered granite hilis
within a radius of about 7 miles of Mountain Park, including Twin
Mountain on the northwest and Long Mountain on the southwest.
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The topography of this group is like that of the Navajoe group.
Granite hills with steep slopes covered with houlders rise from the
level plains to heights of 10 to 300 feet. \With few exceptions the
granite outcrops have small summit areas which are covered with
large blocks of granite and arc essentially harren of vegetation.
Brush Mountain, southeast of Snvder, is flat-topped and covered
with cedar. Sheet structure at the west end of Mount Radzminski
is responsible for large, steep, barren surfaces of granite. (See PL

X11.)

PLATE XII.

SOUTHWEST FACE OF MOUNT RADZMINSKI NEAR MOUNTAIN PARK, SHOW-
ING STRONG SHEET STRUCTURE.

Otter Creek, the only stream of any importance which crosses .
the granite, flows in a young canyon-like valley for a mile or more.
GEOLOGY.

The dominant type of granite in the Mountain Park area in-
closes irregular and often indefinitely bounded masses of a finer-
grained granite, which in turn includes boulders of a dark basic
rock.

The strongest fractures in the district have a northwest-south-
east direction. A northeast-southwest system is only a little less
strong.

TYPES OF GRANTTE.
Only one type of granite in this area is likely to. be of commniei-
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cial importance. Though this granite (lii"fel"s slightly in texture
and greatly in color from place to place, it is, when unaltered or
unaffected by circulating ground water, essentially the same type
of granite wherever found in this area. T_he prevailing type when
unaltered. iz a mottled pink and gray with a violet tinge to the
pink. The surace shows cleavage surfaces of a brownish-gray feld-
spar, very small individuals of yellowish and smoky quartz, and
an intimate intergrowth and mixture of pinkish feldspar and quartz.
Rarely small dark patches of hornblende are seen.

The microscope shows an average sample of this rock to be
composed of orthoclase and microperthite 57 per cent, quartz 3!
per cent, plagioclase 5 per cent, hornblende 5.5 per cent, magnetite
1.2 per cent, and titanite about .2 per cent, wnt.h a f.ew scattered
grains of apatite, augite, and zircon, and much disseminated hema-
tite in the feldspar.

The feldspar, excepting some of the larger crystals of plagio-
clase, are colored pink or red with disseminated hematite. The
albite is sometimes zonally arranged with another plagioclase,
probably oligoclase. The quartz occurs invariably in relatively
small rounded individuals which are often a yellowish or smoky
color. The hornblende is found in groups of brown and greei
roughly prismatic individuals which are strongly pleochroic. The
magnetite occurs in rounded grains associated with titanite.

The average grain of the samples studied was 042 mms. The
feldspars are often 2 mms. in length and occasionally 5 or 6 mms.
A part of the quartz is intergrown with the feldspars.

The apparent specific gravity was found to he 2.678, while the
true specific gravity was 2.68. The porosity or ratio of absorption
was .513 per cent. The crushing strength was 20,600 pounds per
square inch. The transverse crushing strength or modulus of rup-
ture was 4690 pounds. This latter figure is seen to be exceptional-
1y high. Cubes heated to 1000° F. and conled slowly were not ap-
preciably affected.- When heated to redness for five minutes and
allowed to cool slowly the cubes were materially weakened but
still retained a good measure of strength. Tests. show that the
Lugert granite of the Mountain Park area withstands high temper-
atures better than either the Reformatory or the Headquarters
granite.

On exposure to the weather this granite does not stain or dis-
color rapidly. The many firm boulders on the surface of the gran-
ite hiils show its resistance to weathering.

This granite works well under the hammer and chisel, and
takes a superior polish which exhibts a good contrast to the hani-
mered face. It is suitable for monuments, construction work, or
paving blocks.

67

DESCRIPTION OF QUARRJES.
C. JECK'S QUARRY (ABANDONED).

This opening is near the St. Louis and San Francisco Railroad
on the east point of the hill one mile northwest of Mountain Park.
The property is owned by C. Jecks. The rock here is about the
average type of rock for this area. There is an opening 15 feet
high and 25 feet long on the side of the hill. The rock is cut by a
system of vertical east-west fractures spaced 4 to 8 feet apart, and
by another system dipping 25° E. The quarry has not yet been
opened beneath the zone of weathering and open joint planes. It
is what is termed a boulder quarry.

The rock is the normal mottled pinkish-gray, medium-grained
granite for this area. On long exposure to weathering it has here
become a.pinkish:color with'a shade of gray.

At present there is no equipment here, the quarry having been
abandoned for two years. The stone was hauled to Mountain Park
for shipment. A monument in the Snyder cemetery made of stone
from this quarry shows a smooth grayish-red surface with an ex-
cellent polish. '

PARSONS BROTHERS GRANITE COMPANY’S QUARRY.

This quarry in August, 1911, was operated and worked by
Parsons Brothers. In August, 1912, the equipment had been part-
ly moved away and the quarry temporarily abandoned. The prop-
erty controlled by this company is the W. 1-2 of NE. 1-4 sec. 22,
T.3 N., R. 17 W. The quarry is about 40 rods from the east side
of the property.. The quarry is opened about 300 feet from the
base of a gentle eastward sloping hill. The opening is not over 3
feet deep and covers an area 20 feet east-west by 30 feet north-
south.

One system of joints dips S. 75° W. at 10°. There are also two
vertical systems which strike N. 30° W. and S. 70° W. ‘The in-
clined fractures are spaced from 6 to 20 feet apart, with an average
of about 15 feet.

The granite produced here is a fine-grained rock of blood-red
or mottled red and pink color which from field and quarry obser-
vations and microscopic examination is known to be the normal
type of granite of this region discolored by alteration and the fot-
mation of hematite.

When it was first observed that the color of the rock was due
to the hematite in the cracks and surrounding the minerals it was
thought that secondary iron may have been introduced by circulat-
ing waters so that such zones contained above the normal percent-
age of iron. Chemical analysis, however, shows that the reverse
is likely to be the case. Analyses by J. G. Fairchild of the United
States Geological Survey, show that the normal granite of this
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area contains a total of 3.01 per cent of iron oxides, while the high-
ly colored variety from the Parsons’ quarry contains a total of
only 2.58 per cent of iron oxides.

The deep-red color is due apparently to the abundance of hema-
tite rather than the total amount of iron oxide present. The change
in color is hrought about largely by changing the black iron oxide
to red hematite.

It appears from investigation that the first change that takes
place in the normal rock is the formation of epidote and chlorite,
which gives the rock a uniform olive-green color. Later, by the
breaking down of the epidote and chlorite and the oxidation of
magnetite, red hematite is formed. This changes the rock coni-
pletely from an olive-green to a deep-red co'or. Later, on exposure
and weathering, the red changes first to yellow because of hydra-
tion and later to gray, much of the' hematite being removed and
the feldspars altering to sericite and kaolin. In support of this
thf:ory it was observed at the Parsons Brothers’ quarry that the
olive-green phase of the granite was never found at the surface o1
near the joint planes at a depth of 6 feet. The green rock is found
in the middle of the larger blocks which do not afford channels of
water circulation or ready exposure to the air. In depth the green
becomes more abundant because of this fact.

At other points in this mountain the sanie red rock was studied
and in all instances the granite was found to be cut by one set of
closely spaced fractures dipping with the slope of the hill and an-
other set dipping steeply toward the hill. Water was seeping out
along the zones of discoloration. It was further observed that the
red rock was found only at points well toward the bases of long
slopes where the circulating ground water might readily be de-

gt_zlclted upward along the inclined fractures dipping toward the
BRI

If the foregoing theories are correct we may safely draw the
following conclusions with respect to the occurrence of this gran-
ite: (1) The red granite will be found in quantity only on the long
slopes of the larger granite hills, (2) it will be found only locally
where there are suitable channels for vigorous water circulation,
(3) it will be found only near the surace, (4) it will not be uniform
in color for any considerable distance, but will chance to olive-
green with depth, and remote from channels of water circulation.

This granite works exceptionally well under the hammer and
chisel, polishes easily with a brilliant surface. The polished face
is in marked contrast with the hammered surface.

The deep-red granite from this quarry showed a crushing
strength of 20,600 pounds per square inch. Its true specific gravity
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is 2.635 and the apparent specific gravity is 2.631. The p0r051tyl ot
1.108 per cent is the highest of any Oklahoma gramte yet tested.

It is suitable monumental, building, or paving granite.

The quarry equipment in August, 1911, cqnsisted of one 6—(1110rse(;
power gasoline engine, one-pghsher, 2 derricks, a work she i)an‘
blacksmith shop. Transportation was by wagon to-Mountain Park,
a shipping point, 2 miles away. _

Mpopst ;g)fpthe stone produced has gone to dealers in Ok.lahoma.
Considerable granite in the rough state has been sent to Winterset,
Iowa.

JOHN M. HAZEL QUARRIES.

Opening No. 1.—During the summer of 1912, Mr. JOhl’l‘h[. 11az§l
started an opening on property in the SW. 1-4 sec. 23, T.3 N, R.
17 W, leased from C. Jecks. .

At this place the granite is cut by two systems of vertical Ira.c—
wures, one striking northwest-southeast and the ot}'\gr nor‘tlleabt-
southwest. Another system dips 25° southwest. Ihere is also
one strong horizontal fracture. All the fractures are 1rregula.r' 11(;
direction. They are spaced from 1 to 12 feet apart. Large size
blocks can be secured but there is much waste stone, No str1{)~
ping is required. The average thickness of the sap ‘I‘OC‘k..lS only
2 to 3 inchcs, though occasionally along incipient joints it pene-
trates a foot or more.

There are at present two fairly distinct yarieties of stonu here.
One is essentially like the prevailing granite of the arca, or the
granite from the abandoned quarry described above, while the other
is more even grained and is of a rather t‘mlfor{n flesh-red color
specked with black hornblende and magnetite. The average ‘gram
of the flesh-red variety is about the same as that descrilied above,
but there is less of the intergrowth of felcl‘spar' and quartz and th'e
large gray feldspar crystals are absent. The mtrlgatcly 1.1|tello}::.11\-
ing red feldspar constitutes about 65 per cent of this granite, whi E
the small round quartz grains and irregular bodies of hornblends
and magnetite make up the remainder.

The composition and texture ind‘icate 1hat. this will be an c;(-
ceedingly strong, durable granite. The color is a good clear fleshi-
red to brownish-red specked with black, and polishes with a su-
perior finish. The contrast between the polished and hammered
face is strong, permitting effective lettering or carving.

Development has not gone far enough to show how much ?f t.he‘
quarry is of this type. At the time it was visited the_ two varieties
were about equally abundant. At one place they were sharply sep-
arated by a band of quartz one—srxteentl.l of an inch thick. Tt is
thought that they will be found to grade into each other.
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The equipment consisted of one derrick, one 13-horsepower
gasoline engine, one air compressor with a capacity of 75 cubic
feet per minute, and two drills operated by air. Only rough stone
was produced, which was shipped to Chicago and points in lewa.

Opening No 2—During August, 1912, quarrying operations were
begun in a boulder quarry on the W. A. Mitchell property 1 1-2
miles northwest of Mountain Park. This property is located on
il;evs\;)uth slope of a 400-foot hill in the SW. 1-4 sec. 22, T. 3 N., K.

At this place there is a large barren granite surface in which is
developed a strong sheet structure dipping south and southeast at
from 25° to 40°. The slope of the hill is the same as the dip of the
sheet joints and appears to be determined by them. Large masses
of granite have moved down this slope and accumulated at its base.
Many of the boulders range from 20 to 40 feet in diameter.

Equipment similar to that installed at the Hazel quarry No. 1
was installed here for a time but was removed in November, 1915,
Operations were confined to work on one boulder 25 feet in di-
ameter. The granite in this boulder in texture and composition is
essentialy like the gray variety at quarry No. 1, but here it is of a
med.lum-gra_v color specked with red. It may be classed as a
mediumn-textured, slightly inequigranular gray granite, composed
of gray feldspar, colorless and smoky quartz and rarely grains of
magnetite or hornblende. The feldspar is prevailingly a medium-
gray color but is occasionally specked with pink. Other boulders
were noted where the pink spots were abundant and as much as 5
mms. in diameter. They are irregular to prismatic in form and range
In average diameter from a fraction of a millimeter up to 4 or 5
mms. The quartz occurs in small rounded grains usually less than
a millimeter in average diameter.

i The abundance of feldspar and quartz and the intricate

in which they interlock should make this a strong, durabléngzirifif
ing stone. The rather dull gray of the feldspar would likely not
present a ple;asmg appearance when polished. The gray color of
this boulder is undoubtedly due to the leaching out of the iron and
the alteration of the feldspars to kaolin. A quarry extended into
the bluff beyond the zone of active weathering would undoubtedly
secure a red or grayish-red granite. The stone splits well and
would make a very desirable building stone.

Th OTHER QUARRY SITES.

ere are a number of good quarry sites in the south half of
sec. 22, T. 3 N., R. 17 W. The fractures are widely spaced, mak-
ing the stone favorable for quarying. The granite is in places dis-
colored by secondary hematite. At one locality the normal gray-
ish-pink granite was spotted with light red, producing a very
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pleasing combination of red and gray. It is not known how much
there is of this, but it appears to be in considerable quantities and
should prove a valuable stone for monumental work. The stone is
accessible and not far from a shipping point.

COLD SPRINGS AREA.
TOPOGRAPHY.

The granite hills of this area rise with moderate grass-covered
slopes from the flat plains. But few of the hills are above 200 fect
in height, and the highest is the Gabbro hill in sec. 5, T- 4 N., R.
17 W., which rises to a height of about 300 feet above the plains.
The gabbro is less resistant than the granite, and where the two:
are in contact it generally appears on the lower, level land sur-
rounding the granite. In several cases granite and gabbro dikes,
which are more resistent to weathering than are the surrounding
rock, stand out:as:tidges:” The~diabase-diorite «dikes ustrally givei.
rise to depressions or valleys.

_ GEOLOGY.

The igneous geology of the Cold Springs area is the most com-
plex of any in Oklahoma. The oldest and most abundant igneous
rock of this area belongs to the gabbro family. It is in part au
olivine gabbro, in part augite gabbro, and in part anorthosite.
During the second period of igneous activity the gabbro was cut
by quartz, diorite, and diabase dikes and irregular masses. Later
the Cold Springs granite, which is near to a quartz monzonite
but has a more basic marginal phase; was intruded into the gabbro
and diabase-diorite. Included boulders of diabase-diorite and
gabbro are abundant, espegially near the margins of the granite
masses. (See Pl. XII1.) Subsequent to the intrusion of the grani-
tic masses the region was fractured and all rocks of the region were
cut by granite dikes and sills which were followed by the intrusion
of quartz diorite dikes. These later granite dikes are much more
abundant in the region of earlier intrusions, though they are not
entirely absent in the gabbro area to the eastward.

In secs. 13, 14, 23, and 24, T. 4 N, R. 17 W/, the older gabbro
is cut by a gabbro sill and a granite sill, as well as by several
strong gabbro dikes.

The entire region is cut by strong joints, trending in various
directions and spaced from 2 to 20 feet apart. The prevailing
directions for-the major joints are east-west and north-south

The gabbro and anorthosite in places have assumed a distinctly
schistose structure but the other rocks are not metamorphosed.

TYPES OF GRANITE.
COLD SPRINGS GRANITE.

The only granite of commercial importance in this area has been

termed the Cold Springs granite. Although it varies considerably
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in texture and mineral comgosition in the different parts of the
area, it is everywhere a fine-grained gray hornblende-biotite gran-
ite very similar to quartz-monozonite in composition.

The light gray surface on close megascopic inspection reveals
specks of dark hornblende and biotite uniformly distributed
through the fine-grained white and gray f2Idspar and quartz.

PLATE XIII.

VIEW WEST OF COLD SPRINGS, SHOWING DIABASE BOULDER CUT BY GRAY
GRANITE, BOTH OF WHICH ARE CUT BY PINK GRANITES.

Microscopic examination shows it to contain the following
minerals in varying proportions in the different quarries: Ortho-
clase, albite, oligoclase, andesine, quartz, hornblende, biotite, mag-
netite, pyrite, apatite, titanite, and secondary chlorite, hematite,
sericite, and kaolin.  Feldspar is alwavs the most abundant of all
the mincrals found in granite. Evtimates Ly the Rosiwal method
on four different samples show that feldspar composes from 57.3
to 64.4 per cent of the rock. The oithoclzse is formed with irregu-
lar and prismatic outlines ranging from about .05 to .60 mms
maximum diameter. The individuals are nearly always less than
twice as long as broad. The larger grains often entirely inclose
crystals of plagioclase. The orthoclase is relatively free from in-
clusions and is always colorless to light-gray in color.

The plagioclasc individuals are nearly always prismatic in cut-
line and range from about .03 to .50 wims, in length. They are
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usually from 2 to 4 times as long as broad. The plagioclase grains
often penetrate or are completely inclosed by the orthoclase and
quartz, giving the rock a somewhat poikolitic texture. The plagio-
clase, like the orthoclase, is colorless or light-gray- Albite twin-
ning striations are usually present and are sometimes combined
with Carlsbad twinning. In composition they are chiefly andesine
with borders of oligoclase.

Quartz constitutes 17.6 to 20.5 per cent of this granite. The
individuals are usually irregular or rounded in outline, and rang-
from .03 to .60 mms. in greatest diameter. The quartz is color-
less and relatively free from inclusions.

Brownish-green and green hornblende compose from 9.7 to 12.5
per cent of this granite. The individuals are roughly prismatic ia
outline and usually range from .1 to 1 mm. in length, and project
into or*throtgh-all-the-other-chief: minerals*which’ must have cry-
stallized later. In some specimens the hoinblende is in part
altered to chlorite. :

Biotite composes 5.3 to 10.5 per cent of the Cold Springs gran-
ite. It is found in tabular masses .05 to .50 mms. thick. It is
brown to black in color.

Magnetite occurs in rounded grains from .0l to .25 mms. in
maximum diameter, and composes from .31 to 3.2 per cent of this
granite. It is usually fresh, seldom ever showing any traces of al-
teration to hematite.

Apatite occurs only in traces as slender prismatic crystals im-
bedded in other minerals. Titanite is often present associated
with magnetite.

The average grain for each of the four specimens was computed
and found to range from .14 to .27 mms. None of this granite with
a grain about .20 mms. has yet been put on the market.

The only available chemical analysis of the Cold Springs granr-
ite is given on page 21.

Tests of crushing strength of Cold Springs granite show that
it compares favorably with other well known granites. Cubes
tes‘;}ed showed a crushing strength of 21,569 pounds per square
inch.

The apparent specific gravity is 2773 and the true specific
gravity'is 2.776. The percentage pore space was found to be .590
per cent.

Cubes heated to 1000° T. and allowed to cool slowly showed
no appreciable change. When heated 1000° F. and cooled sud-
denly by immersion in cold water there was no apparent change.
Cubes heated to redness for 5 minutes and allowed to cool slowly
were duller in color and considerably weakened though they were

n
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still quite firm and resistent.  This granite stands high tempera-
tures better than any other granite yet put on the market [rom
Oklahoma.

This granite takes a superior finish with a meditm-giay to
dark-gray shade, but is said to be a difficult stone to polish. The
hammered face shows a good contrast to the polished face.(See
Pl XIV.) It spiits regularly with smooth plane surfaces. 1t is
suitable for monumental, construction, and paving work.

PLATE XIV.

MONUMENT OF COLD SPRINGS GRANITE, SIHHOWING CONTRAST BETWEEN
’ HAMMERED AND POLISHED SURFACES.

ROOSEVELT BLACK GRANITE.

The other type of commercial granite in the Cold Springs area
is a gabbro-anorthosite known to the trade as a blue or black
granite. The rocks of this class found in the Cold Springs area
vary considerably hoth mineralogically and texturally, and ticlude
anorthosite, gabbro, olivine-gabbro and norite. In the field there is
apparently a gradual transition from one kind to the other.

The gabbro varies in color from medium-gray to black. The
unaltered rock is almost black. In zones of fracturing and meta-
morphism the gabbro and anorthosite become much lighter gray.
Megascopically the surface reveals large cleavage surfaces of a
dark-gray feldspar often coarsely striated, and occasionally a cleav-
age surface of a dark-gray to hlack auecite In several limited arens
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olivine and magnetite hecome important constituents, but ordinarily
they cannot be detected with the naked eye. Microscopically the
gabbro is found to he composed of plagioclase feldspar, augite,
magnetite, olivine, and titanite. The feldspar which composes
50 to 100 per cent of the rock is largely labradorite with sometimes
subordinate amounts of andesine and bytownite. The prevailing
short thick sections of the feldspar are often roughly rectangular.

Broad twinning lamina, twinned according to the albite and
pericline laws are always present. This feldspar is filled with very
minute brown needle-like inclusions of a mineral taken to be
augite. The longest one found measured only .22 mm. in length.
and it was perhaps 10 times as long as the average. They have a
parallel dimensional arrangement conforming to the planes of the
twinning lamina.

The augite when in small quantities fills the space between the
fcldspar crystals. When in larger quantities it takes on a roughly
prismatic form. When fresh it is brown to almost black in color, but
on alteration it becomes a light-green color, due to the formation
of green hornblende or chlorite.

The olivine usually occurs in rounded grains which are light-
green to colorless. Magnetite and titanite are found in rounded
grains associated with the augite. :

This rock is not very hard, but tough. It works easily under
the hammer and chisel, and polishes easily with a smooth glossy
surface of dark, bluish-gray color. It has a true specific gravity
of 2734, an apparent specific gravity of 2.733, and a porosity of
259 per cent. It is a suitable building and monumental stone but
not very satisfactory for paving blocks.

DESCRIPTION OF QUARRIES.

OKLAHOMA GRANITE AND MONUMENTAL COMPANY’S QUARRY.

This company has an opening in the gray hornblende-biotite
granite in the NE. 1-4 of NW. 1-4 of sec. 20, T.4 N, R. 17 W. The
quarry opening is on a north slope of a low hill about 400 feet
from the St. Louis and San Francisco Railroad track, and about 700
feet south of the railroad depot. (See Pl. XV.)

From the opening, which has been worked intermittently for a
number of years, the loose and more or less altered boulders, to a
depth of 5 to 8 feet, have been stripped over an area about 60 feet
square. Beneath these surface boulders the solid granite is
reached. Much of the surface material furnishes unaltered stone
of a good quality, especially at the west side of the quarry. (Sez
Pl. XV.) The largest factors in quarrying here are the sheet
joints which dip north at an average of 12° They are spaced 1 tu
5 feet apart at the present working surface, but may change witl

PLATE XV.
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On the east side of the quarry the sheet joints ate
more closely spaced and more irregular than on the west. Much
ol the rock Trom the cart side is waste, while on the west the shect
joints arc persistent and regular, and permit the (1uar1‘ying“0f large
hlocks, The most important vertical joints are those striking N.
45° \W.. and dipint &0° E. These are well developed fracturces,
and are spaced from 1 to 15 feet apart. At the west side of tae
uarry another set of joints less well developed than the ahove
strike S. 18° W. with a dip of 80° k. while at the cast side the
same system strikes 40° W. These joints are S]zaced, on an aver-
age, about 6 feet apart, hut in places they are 25 to 30 feet apart.

Near the east side of the opening there is a (uartz monozonite
dike, 1 inch across, striking N. 12° W. and dipping 83° W. Be-
sides this dikelet there are still smaller stringers or veinlets com-
posed chiefly of white quartz, which traverse the granite in alt
directions, but most abundantly in directions parallel to the prom:-
nent joint planes. They are both vertical and horizontal, and vary
greatly in direction and size. but are scldom over onc-eighth of an
inch thick. Where the joints are more closely spaced, the vein-
lets are more abundant.

The granite from this quarry is a dark-grayv, very fine-grained

hornblende-biotite granite. The finest grained specimen of the

Cold Springs granite examined came from this quarry. The fol-
lowing is the estimated percentages:

grcater depth.

Estimated mineral percentages of finc-grained granite from Cold Sp-ings.

FeldSpar —c-—wocommmm—mmmmmmmmmmmm—mmm—mo oo 64.4
QUATEZ o omeooemmmmmmmmmmmmm s —mmmmemmm oo 189
Hornblende oo 9.81
BiOtHe oo comem e cmmemmmmm e —mm e 5.31
Magnetite: — oo omm—mmmmm—mmmm-mm—mmsoommoooo 1.6
PYIite oo oo mmmmmmmmmmmmmmmmmm——m—mmommoosos trace

The estimated grain was .14 mm.

When exposed for several months it takes on a vellowish-green
tinge, which, though slight, can be detected easily when compared
wilh a fresh fracture. The rock within 5 feet of the original hili
surface is discolored by alteration along the joint planes to a depth
usually less than half an inch. The change in color is due chiefly
to the developmient of a yellow iron oxide and the alteration of
hornblende to chlorite, which gives a greenish-yellow hue to the
weathered surface.

The granite polishes with a very smooth dark-gray finish, which
is in marked contrast to the light-gray hammered surface. Tt
letters exceptionally well.  'When free from veinlets this is a first-
class monumental stone. It is a good building and paving stone, and
makes excellent concrete or road material when crushed.

7Y

FEquipment at this quarry consists of one 175-horsepower steam
engine, one 40-horsepower steam engine, one air compressor with a
capacity of 40 feet per minute, one polisher, one surfacer, one disc
crusher having a daily capacity of 30 cars, air plug and steam tri-
pod drills, also workshed and shops. It is equipped to produce
crushed stone and building or monumental stone in any quantity
desired.

The quarry was idle during the greater part of 1911, but began
operations in July. 1912, and continued for a year. It has been
idle <ince the summer of 1913, on account of financial troublcs.

Stone from this quarry has been used chiefly for monumental
purposes, facing. and crushed stone for concrete. Some difficulty
is experienced in securing stone free from quartz veins, but when
secured it makes a high grade monumental or trimming stonc. Az
a crushed stone for concrete or road material it is unexcelled by
any other granite in the State. Tt is hard, fairly tough, and breaks
easily into sharp angular fragments.

COLD SPRINGS GRANITE COM PANY'S OUARRY.

This quarry for a number of years was operated by Pete John-
son on property leased by him in the NW. 1-4 of SW. 1-4 scc. 21,
T. 4 N.. R. 17 \V., one-half mile northeast of Cold Springs. This
property was recently sold to Higdon & Son and is now operated
by them. The opening is on a gentle westward slope which is
parallel to well defined sheet joints dipping westward at 10°. No
stripping is required, the surface layer of houlders being nsed with-
out appreciable waste. The sheet layer now being used is the
first continuous laver at the surface. Tt has heen removed over an
area about 33 feet square. At the east end of the quarry this
sheet has it maximum thickness of 5 feet hut thins to 2 feet 6
inches at about 20 feet down the slope to the westward. Tt is
probable that the shects beneath are also lenticular in shape.

The strongest and most persistent set of joints are vertical and,
on an average. strikes S. 80° \W., but they vary considerably. They
are spaced from 3 to 12 feet, and blocks 10 feet thick are not un-
common. Another less persistent vertical system strikes N. 20°
W. Those which continue across this hill are spaced from 35 to 40
feet apart. Torty feet north of the quarry the gray granite is cut
by a light-gray to pink granite dike 4 feet thick, which strikes N. 70°
W. and dips 80° S, All of the granite in this section ix crt by
granite stringers and masses variable in direction and thickness.
They are pink near the surface and in places constitute 10 per cent
of the rock., Desides these there are many branching irregular
quartz veinlets, the majority of which extend in an east-west dirce-
tion. The immediate quarry site is relatively free from quartz
veinlets.
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The granite here is a fine-grained gray hornblende-biotite gran-
ite. Estimates by the Rosiwal method on a sample from this quar-
ry give the following mineral percentages:

Estimated mincral percentages of finc-grained gray hornblende-biotite granite
from Cold Springs.

Feldspar oo oo e 61.2
Quartz oo e e e 18.3
Hornblende ______________ L ___ 97
Biotite _ e mcccaan 10.5
Magnetite e __ 3
Apatite trace

It will be noted that there is less magnretite and more biotite
than the average of the Cold Springs granite. The average grain
is .165 mm. This rock is a considerably lighter shade of gray than
the granite from the Oklahoma Granite and Monumental Com-
pany’s quarry. When polished it becomes a medium-gray with a
very smooth surface. The polished face letters and carves well.

At this quarry the granite splits very regularly in a north-south
vertical plane, but splits most easily in a horizontical plane. It
works well under the hammer and chisel, though it is said to be a
stone that cannot be worked rapidly.

The equipment here consists of one derrick and a small shop.
All work is done by hand. Most of the stone is shipped unfinished,
for monuments. A few pieces have been hauled to the Parsons
Brothers’ quarry at Mountain Park for polishing. All the cutting
and lettering is done at a finishing plant in Cold Springs. This
quarry has been operated intermittently and has never worked
more than four men, consequently the output is small. Most of
the stone goes to Texas, Kansas, and Oklahoma dealers. The
material is transported by wagons over good roads to Cold Springs,
one mile away. '

ROOSEVELT BLLACK GRANITE COMPANY’S QUARRY.

The Roosevelt Black Granite Company quarries two kinds of
stone—one a typical Cold Springs. granite, and .the other black
granite or gabbro. This quarry is on the St. Louis and San
Francisco Railroad, near the center of sec. 18, T. 4 N, R. 17 W.
Lenartz & Schwartz, owners and operators, control 140 acres in
the center of the section.

The quarry face is on the east side of a 40-foot bluff above the
railroad. In testing the'stone an excavation 18 feet deep had been
made but later was filled, it was said, in the process of working
down the bluff to get more room. At present there is hardiy
room for a derrick between the main track and the bluff. The
granite is cut by east-west and north-south systems of verticai
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joints, spaced 5 to 8 feet apart. A third system of almost horizon-
tical joints, spaced 5 to 10 feet apart, cuts the granite into rectangu-
lar blocks. Rift is recognized in a horizontal plane. No stripping
is required to secure building stone. Twenty feet above the base
of the quarry face a horizontal tabular mass of gabbro cuts the
gray granite. * Pink granite and white quartz stringers are numer-
ous and run in all directions. Occasionally a good sized block is
found free from these materials.

The granite is of the same character as that at the leahoma
Granite and Monumental Company’s quarry at Cold Springs.

Equipment consists of one 80-horsepower boiler, one 50-horse-
power engine, one air compressor with a capacity of 150 cubic
feet per minute, five drills operated by compressed air, one derrick,
and 400 feet of switch. Cars are loaded from the derrick.

The quarry has been idle since 1911. When in operation 10
men were worked. The output has been used chiefly as riprap
for the St. Louis and San Francisco Railroad.  Some stone frr
monuments has been shipped in the rough to points in Oklahoma
and Iowa. The plan is to begin operations when trade conditions
are improved.

GABBRO QUARRY.

Some years ago gabbro was quarried from the bed of a creek
in the west-central part of sec. 28, T. 4 N,, R. 17 W, about 1 mile
southeast of Cold Springs. The owner of this property has moved
from the region and it could not be learned who operated the
guarry or how much stone had been removed.

The opening was in the bed of the creek, on a rock surface’
sloping 10° \W. The gabbro is cut by two strong systems of
vertical fractures, one striking north-south, and the other east-
west. A third and weaker system strikes northwest-southeast.
The joints are spaced from 5 to 10 feet apart. Joints cutting the
gabbro into sheets dip 10° W. No stripping is required.

The gabbro here is a medium to coarse-grained dark-gray to
black rock composed of labradorite, feldspar and augite, with a
little magnetite and titanite. In places the augite is almost en-
tirely lacking, while in others it constitutes almost one-hali the
rock. The greater part of the gabbro, however, contains but a
small per cent of augite. This rock has a slight schistose structure
developed parallel to the sheet joints and along this plane it splits
most easily. It has a specific gravity of 2.734 and a pore space of
259 per cent.

The stone containing small amounts of augite would make a
good monumental stone. It works easily and takes a good polish.
Most of this stone which contains augite, discolors rapidly on
exposure to the weather. No equipment other than a small der-
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rick has ever heen installed here. Tt is not a favorable place for a
quarry, as the stone must he lifted 15 feet out of the crcc!\' bed for
loading, and in times of high water the guarry will fill with water
and debris.

Small amounts of gabbro have been taken out at ditferent
places in and mnear Cold Springs. This quarry has, in part.
supplied the local demand for foundation stone and a small amount
has heen used for monuments. At the present time John M. Hazel
is quarrying a small amount of gabbro about one-half mile north-
east of Cold Springs. A 15-horsepower gasoline engine and one
derrick have been installed. DBut little stone has as yet been put
on the market.

QUARRY SITES. )

Satisfactory sites for quarries are hard to find in the Cold
Springs district. The gray granite is all near the railroad and
fairly accessable, but it is so cut by veinlets and filled with dia-
base boulders that good quarry sites are rare. The gabbro. while
relatively frée from inclusions, is cut by.many veinlets. and small
dikes. Though much of the gabbro outcrops near the railroad it
appears on gentle slopes and is badly weathered at the surface. In
the higher hills, some miles from the present railroads. good ex-
posures of unaltered gabbro dre plentiful. In some cases these
are accessable for wagon transportation. In secs. 10, 14, and 15,
T. 4 N., R. 17 E., there are large exposures of gabbro which might
furnish suitable quarry sites.

COOPERTON AREA.
TOPOGRAPHY.

In this area we shall include, for convenience of discussion, al:
of the northwest portion of the main range, embracing the scat-
tered granite outcrops northwest of Cooperton, anl all the area
between Haystack Mountain and Saddle Mountain on the north
and Military Tass on the south. The ¢ranite hills northwest of
Cooperton, and the somewhat detached Haystack and Saddle
mountain .groups are topographically similar to the granite hills

- already discussed. -They. consist of boulder .covered hills pising
abruptly 50 to 300 feet from the level Redbeds plains. The
remainder of this area consists of a maturely dissected granite
plateau, characterized by broad grassy intermontane valley: with
a number of sparsely vegetated hills rising 1C0 to 400 feet al:ove the
broad valleys. The drainage from these intermontane vallcys at
the west and north borders of the mountain range descends
rapidly, often through boulder-filled channels to the plains 100 to
200 feet below. It is a characteristic feature in this area th-.t the
highest peaks, Bear Mountain and Mount Baker, are on the margin
of the granite area. To the east and southeast of Mount Baker flat
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or gently rolling arcas are more extensive, the difference being due

10 the fact that in the interior of the range the granite has heer:

intensely fractured causing more rapid and uniform weathering.
GEOLOGY.

\We have in this area the border zone between the gabbro-
anorthosite and the later red granite which is correlated with the
Lugert granite. On the south side of Bear Mountain, on the north
of Mount Baker. and on other intervening points the gabbro is
found lving beneath the red granite. The more rapid weathering
of the gabbro has given rise to cliffs on each of these mountains
on the side of the gabbro exposure. South of Mouunt Baker this
granite is found including boulders of a gray granite very much
like the Cold Springs gray granite. The red Lugert granite also
includes boulders of diabase-diorite. Trom this evidence it appears
that the early gabbro was cut by diabase-diorite dikes. Later
there was intruded a more silicious magma forming the gray horu-
blende-biotite granite. Following this was the intrusion of the red
hornblende granite magma. As an aftermath of this intrusion
there folowed first the intrusion of a few granite dikes of variable
form and size and later strong diabase dikes.

CHARACTER OF GRANITE.

The prevailing igneous rock of this area is a medium fine-
grained dull grayish-red, hornblende granite, which varies some-
what in texture in the different parts of the area. Nortnwest of
Cooperton’ it is in places found to include a finer-grained "variety
of the same tvpe, in other places nearby it is found grading into this
fine-grained variety. In sec. 36, T.5 N, R. 15. W, and sec. 31, T.
5 N., R. 14 \V'., a porphyritic rhyolite with spherulitic base is found.
In the western part of sec. 8, T. 4 N., R. 15 W. the red granite is
found overlying the older gabbro and sending apophyses into the
gabbro. Near the contact the granite includes masses of diorite
and itself becomes darker colored and apparently more basic.

AMicroscopic examination shows that the granite is composed
of approximately 63 per cent feldspar, 30 per cent quartz, 4 per
cent hornblende, 1 per cent magnetite, and 1 per cent biotite,
titanite, zircon, and apatite combined. The feldspar and quartz
are largely intergrown. The hornblende is partly a deep green
variety with low birefringence. Titanite borders much of the mag-
netite and becomes more abundant near the granite-gabbro contact.
Microscopic examination shows that at the south side of Bear
Mountain a large portion of the feldspar and quartz are graphically
intergrown. The hornblende shows a number of fairly good pris-
matic forms and the magnetite is found in rounded and irregular
grains. Two miles farther north the graphic intergrowth is even
more intimate, with a marked tendency for the individuals to
orient themselves with respect to well defined crystal faces. The
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hornblende outlines are less definite. On the south slope of Saddle
Mountain all of the feldspar excepting a few well defined crystals
is very intricately intergrown with quartz. In most cases the
graphic intergrowth is oriented with respect to the f.eldspar grains.
Hornblende occurs partly in poorly defined prismatic crysta.s, and
partly as rough or branching rods and feather forms.  On the
north side of Saddle Mountain there are a few definite feldspar
crystals, while the remainder or base is a mass of spherulites and
very fine granular quartz and probably feldspar. The hornblende
and magnetites occur chiefly as groups of rods and branching
feather-like forms. The spherulites vary greatly in size and form.
Many show perfect radiate extinction. Some of the larger omnes
have quartz or feldspar grains as neuclei.

This granite and the rhyolite toth weather into subangular and
rounded reddish-gray boulders. Weathering is largely by chem-
ical decay, and from the freshness of the loose boulders appears
to be taking place very slowly. Cubes from surface boulders on
this mountain showed a crushing strength of 38,247 pounds per
square inch, the highest yet recorded for Oklahoma.

‘ QUARRY SITES.

There are no good quarry sites easily accessible for even wagon
transportation. There are, however, several good exposures of
slightly fractured granite on the west side of Bear Mountain and
southwest of Mount Baker, which could be reached with little
expense. Suitable granite for ordinary construction work can be
secured anywhere from the granite northwest of Cooperton, or
in this part of the main range.

ELX MOUNTAIN AREA.
TOPOGRAPHY.

We shall include in this area that portion of the main range of
the Wichita mountains south of Military Pass and west of West
Cache Creek of which Elk Mountain is the center and highest
point. In the Elk Mountain area rounded dome-like hills prevail.
Barren and little fractured granite surfaces and immense boulders
are common. With the exception of Elk Mountain the higher
elevations have but little summit area. West Cache Creek and its
tributaries drain the area through valleys with steep side slopes
and high gradients. All are intermittent excepting West Cache
Creek.

GEOLOGY.

A limited study of this area indicates that with the exception
of a few dikes there are found here two types of granite, each
varying somewhat in texture. The dikes are composed of a
granite containing blue-green microscopic hornblende, These dikes
are small, usually vertical and have a prevailing east-west di-
rection. Elk Mountain is cut by two systems of strong frac-
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tures. One set of fractures striking N. 15° to 40° E. with dip of
88° W. are spaced 4 to 30 feet apart. The other, vertical and at
right angles to the former, are spaced from 30 to 200 feet apart.
Boulders 150 feet long and 30 feet in diameter are found on the
very summit of the mountain. Sheet joints on the south slope of
Elk Mountain dip at 35° to 50° with the slope of the hill. To the
south of Flk Mountain there are zones 200 feet wide of closely
spaced fractures alternating with zones of widely spaced fractures
striking N. 10° E. and dipping 85° to 90° W. (See Pl V-A.)
To the northwest and also to the east of Elk Mountain the granite
becomes finer-grained and fractures are more closely spaced.

CHARACTER OF GRANITE.

The chief type of rock in the Elk Mountain area is a medium-
grained flesh-red hornblende granite termed the Quanal :ranite
from Quanah Mountain. On a fresh fracture surface it shows
cleavage surfaces of a flesh-colored feldspar up to a centimeler or
more across, rounded grains of clear and slightly smoky quartz up
to 4 mms. in diameter, and prominent irregular patches of green-
ish-black hornblende. Many of the smaller quartz grains are in-
cluded poikilitically in the feldspar crystals.

Microscopically this granite is found to consist chiefly of ¢rtho-
clase, microperthite, albite, and quartz, with subordinate amounts
of hornblende, zircon, and magnetite, Feldspar constitutes about
65 per cent of the rock. The albite is in part intergrown with the
orthoclase and in part inclosed in it. Some of the quartz is inter-
grown with feldspar but a large part is merely inclosed, without
regular orientation.

The hornblende occurs as small fragments with a prismatic
outline. Magnetite in rounded grains is rare. Several good
crystals of zircon were noted. The feldspar, especially, and to a
less extent the quartz, are filled with disseminated, hematite dust.
The feldspars are somewhat altered to kaolin."

No physical tests were made on this granite, but its composition
and texture suggest that in every way it is a most excellent
building and monumental granite. It is a medium flesh-red color,
of good clear tone. Its poikilitic texture makes it unique among
Oklahoma granites.

QUARRY SITES.

Both the southern and eastern sides of Flk Mountain are acces-
sible by wagon road and could be reached by railroad. (See PL
XVI1.) There are here numerous quarry sites where without
stripping, unaltered granite can be secured in blocks of any size
desired.
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MOUNT SCOTT AREA
TOPOGRAPHY.

In this area is included all of the igneous rocks lying ea-: of a
line running from Cache on the south to the eastern part of Saddle
Mountain on the north.. Three types of topography are included.
First, the mature rolling topography of the gabbro areas is seen in
the Medicine Creek valley on the north of the range and in the
intermontane valley extending from the northeast base of Elk
Mountain about 6 miles to the eastward. Second, Mounts Scott,

Wall, Sheridan, Marcy, and Lauramat rise to an altitude ot over

2000 feet. On the north they rise from the rolling gabbro plain
with almost perpendicular cliffs. On the other three sides they
rise with steep boulder-covered slopes. (See Pl. VIII-A)) Third, as
we pass to the southeast from this range of hills to the Carleton
Mountains there is, along with a change in texture and structure
of the granite, a rapid transition to rounded grassy hills of uniform
slopes with broad open valleys between. Embayments of sedi-
mentary rocks extend, in the open valleys, well into the granite
range. ’
GEOLOGY.

Excepting the diabase and granite dikes the igneous rocks of
this area appear to represent but two distinct periods of igneous
activity. The earlier period is represented by gabbro and the later
period by granite and rhyolite. Subsequent to the solidification
of the granite and rhyolite the region was fractured and invaded by
granitic and diabase-diorite dikes. The granite dikes are the
earlier and less abundant of the two.

The granite later was again intensely fractured and faulted.
The dominant direction of fracturing was N. 75° to 85°W., essen-
tially parallel to the granite-gabbro contact on the north side of
the range. One fault with a throw of 25 feet was observed near
the northeast side of Mount Sheridan.

The finer-grained granite and especially the porphyritic rhyolite
is so intensely fractured that for large areas it is difficult to find
an unfractured piece a foot in diameter. The intensity of the latet
deformation is suggested by the intense folding of the sedimentary
rocks to the north of Mount Scott, as shown in the accompanying
plate.

CHARACTER OF GRANITE.
LUGERT GRANITE. ..

The red granite of this area is, in its coarser phases, almost
identical to the red granite of the Cooperton and Mountain Park
areas. Samples taken one-fourth mile south of Mount Sheridan
were fine-grained pink to red specked with black. Cleavage sur-
faces of feldspar rarely as much as 4 mms. across are observed.
Quartz shows in gray and colorless rounded grains much less con

PLATE XVL

ELK MOUNTAIN AREA FROM THE SCUTH, SHCWING THE EASY APPROACH TO THE MOUNTAINS FROM THFE SCUTIL
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spicuously than the feldspar. The microscope shows in thes:
samples chiefly microperthite with some plagioclase, maguetite,
and zircon. Much of the hornblende is of a greenish-brown colos.

The feldspar and quartz are little intergrown. Samples taken
on the south slope and at the top of Mount Scott are much the
same hut the feldspars and quartz are largely graphically inter-
grown. The feldspars always contain much disseminated hema-
tite dust.

The chemical composition of a specimen of this granite collect-
ed from west of Mount Sheridan is shown by analysis (p. 21) to
"¢ a normal granite,

The porphyritic rhyolite in Canyon Creek and southeast of
Mount Scott is dark brownish-gray in the least altered samples
collected. It shows phenocrysts of feldspar up to 3 mms. in d-
ameter. On weathering it becomes brick-red in color. The ground-
mass at present is composed of fine, granular quartz and feldspar.

The granite takes a fine polish and should be a desirable monu-
mental and structural stone.

GABBRO (BLACK GRANITE).
Most of the gabbro in this area.is essentially identical with the

normal black medium-grained gabbro found so abundantly in the.

Cold Springs area. To the northwest of Mount Sheridan near the
granite-gabbro-contact the gabbro.assumes a.speckled pinkish ap-
pearance due to the presence of quartz and orthoclase. This rock
when polished makes a beautiful decorative material.
OUARRY SITES.

Suitable sites for quarries are rare in this district, because of
the intense fracturing of much of the granite and the difficulty of
access to that not so greatly fractured. - '

ARBUCKLE MOUNTAINS DISTRICT.
GEOGRAPHY AND TOPOGRAPHY.

The granites of this district are located in Murray, Johnston,
and Atoka counties, in the south-central part of Oklahoma. All
of the commercial granite of this district is found on the south-
eastern flank of the exposed portion of the Arbuckle uplift. The
district is far from being mountainous for the granite outcrops are
found on a gently rolling plain which slopes to the south at u low
angle. , ) o

Blue River, Pennington, Rock, and Mill creeks flow southward
across the main granite area. These streams all flow in open val-
leys with moderate gradients. Besides these chief streams there
are a number of tributaries which, in open valleys, flow in a south-
erly direction until they join the main :streams.

Outcrops of granite are frequent along or near the stream val-

89
PLATE XVIL

2F)

A. LIMESTONE HILLS NORTH OF MOUNT SHERIDAN, SHOWING THE IN-
TENSELY FOLDED ARBUCKLE LIMESTONE.

B. MOUNT SHERIDAN FROM THE EAST, SHOWING NOTCH IN THE MOUN-
TAIN CAUSED BY FAULTING, STEEP GRANITE SLOPES ABOVE, AND THE
GENTLER WOODED GABBRO SLOPES BELOW,
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leys Lut in the interstream arcas the outerops are small and wide
ly scattered, for on these gentler slapes the granite is covered with
a residuum of weathered granite and remnants of the Trinity sand-
stone.

Where the granite is not concealed by this residual mantle it
appears as low mounds or as large oval or flat-topped boulders
standing a few feet above the plain, Near the major streams and
especially along Pennington Creek, the granite is cut by vertical
joints into immense boulders which on wcathering stand out as
conspicuous local features. (See I'l. XIX-B.)

The granite area embraces about 80 square miles of territery, a
large portion, perhaps one-half, of which is still covered by a
growth of native timber and is used only for pasture.

GEOLOGY.

All of the igneous rocks of the Arbuckle Mountain district are
older than the middle-Cambrian Reagan sandstone which lies un-
conformably above them. They were, however, uplifted inio es-
sentially their present position during the Carboniferous period as
is shown by nearly horizontal position of the post-Carboniferous
rocks. On the western and northern margins of the main granite
area they are usually found in fault contact with the younger sedi-
mentary rocks.

There are here two varieties of granite of commercial import-

ance which constitute the chief portion of the igneous rocks of this
district. One, a coarse-grained gray granite known as the Tisho-'

mingo granite, and the other a medium to fine-grained gray gran-
ite which has been termed the Troy granite.

DISTRIBUTION OF GRANITE,

The larger portion of the commercial granites of the district
are found in Johnston County, an area of a few square miles only,
being situated in Atoka County to the east, The map, Plate
XVIII, shows the distribution of the two types of granite. The
coarse-grained variety occupies a north-south belt in the central
part of the main area, with the finer-grained variety to the east and
to the west. The only quarrying on a commercial scale has been
done on Pennington Creek north of Tishomingo and-at Troy. Small
quantities of granite have also been taken out at Mill Creek, and
Ravia.

VARIETIES OF GRANITE.
TISHOMINGO GRANITE.

Commercially there are two distinct types of granite in this dis-
trict, though they are probably parts of the same intrusive hody.
In the central portion, bounded roughly by the Blue River on the
cast and Rock Creek on the west, there is a coarse-grained pinkish-
gray biotite granite. The remainder of the main granite area 13
composed chiefly of a fine-grained pinkish-gray biotite granite.
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PLATE XIX.

A. TISHOMINGO GRANITE NORTH OF TISIISMINGO, SIIOWING LARGE

DBARREN UNFRACTURED MASSES OF GRANITE,

B. LARGE GRANITE BOULDERS OF TISITOMINGO GRANITE
TON CREEK NORTH OF TISHOMINGO.

ON PENNING-
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These two varieties are much alike except in texture. The finer-
grained variety, contains usually more biotite than the other. The
transition from the coarse-grained variety tc the fine is rapid, and
though it could not be traced completely because of lack of ex-
posure, enough evidence:was secured to indicate that the transition
was affected through the decrease'in the number of large feldspar
individuals, and the increase in the number of small quartz and feld-
spar individuals. As a consequence of these changes the rock in
the transition zone becomes distinctly porphyritic.

Examination of five thin sections of granite from the Harris
quarry neighborhood 2 miles north of Tishomingo, and of three

thin sections of granite from “Ten Acre Rock” on Rock Creek.

east of Troy, shows the coarse-grained granite to contain the foi-
lowing minerals: Orthoclase, microcline, albite, quartz, biotite,
hornblende, magnetite, titanite, apatite, rutile, zircon, and pyrite,
and secondary epidote, sericite, chlorite, and kaolin. The amount
of orthoclase varies considerably. It probably nowhere makes up
more than half of the feldspar of this granite. At the Harris quar-
ry north of Tishomingo microcline is far more abundant than or-
thoclase. At “Ten Acre Rock” there is little microcline but crtho-
clase and albite are the chief feldspars. Oligoclase is present in
small amounts at both places. Quartz constitutes 30 to 35 per
cent of the coarse granite. Biotite makes up 3 to 5 per cent, while
magnetite, pyrite, and titanite are found together and are always
present in small amounts. Hornblende and zircon were found only
in one instance in a basic segregation. Apatite is usually present
in traces. Rutile in needle crystals in quartz is often present. The
secondary minerals, epidote, sericite, and calcite were usually pres-
ent in the sections examined.

In texture this granite is coarse-grained and decidedly inequi-
granular. The marked features of its texture is the presence of
large feldspar crystals often more than 2 cms, across, surrounded
by smaller feldspars, quartz, and biotite. Though the feldspars
vary in size from .5 cm. to more than 2 cms. there are enough o
the larger ones which are several times as large as the quartz and
biotite crystals to give the granite a somewhat porphyritic texture.
The quartz-and biotite.are seldom-over.5 cms. in diameter.

When fresh thé feldspars are gray with a slight pinkish tint,
which combined with colorless quartz and black biotite gives a
light pinkish-gray rock specked with black. The hammered face
gives a light gray effect.

This granite is somewhat brittle and does not readily polish
with a smooth surface on account of the biotite scaling off. It has
a true specific gravity of 2.701 and a pore space of .345 per cent.

Cubes heated to 1000° T. and cooled slowly were only very
slightly cracked and weakened. When heated to 1000° F. and
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cooled suddenly by immersion in cold water it was somewhat
weakened by cracking, the color remaining the same. On heating
to redness for 5 minutes and cooling slowly the cube fell to an in-

- coherent mass of quartz and feldspars, which shows it is not well

suited to withstand high temperatures. It is suitable stoue for
structural work and large columns, though its coarse texturc
makes it undesirable for monumental work.

TROY GRANITE.

When unaltered this granite is colored medium-gray specked
with black. Megascopically it shows cleavage surtaces of a gray
feldspar usually less than .5 mms. broad, with occasionally a pitik-
ish individual more than 1 cm. across, rounded grains of colorless
quartz and many small black specks of biotite evenly distrit uted.

Microscopic examination of 10 thin sections shows that per-
haps 55 per cent of this rock is feldspar, chiefly orthoclase, micro-
cline, and plagioclase, ranging from oligoclase to andesine. Quartz
composes about 35 per cent, with biotite about 9 per cent, and mag-
netite, pyrite, apatite, and zircon making up the remainder. Epi-
dote, calcite, sericite, and chlorite often appear as secondary min-~
erals. The approximate average grain of this granite is 2 mms,,
but the individuals vary from 1 mm. up to 15 mms. as a maximum.

This granite has a true specific gravity of 2.663 and a porosity
of .091 per cent. One trial showed a crushing strength of 15,869
pounds per square inch. Cubes heated to 1000° F. and cooled
slowly were not appreciably affected. When heated to 1000° F.
and cooled suddenly by immersion in cold water they were appre-
ciably weakened. but not cracked or discolored. When heated to
redness for 5 minutes and cooled slowly the cube lost most of its
strength and fell to fragments when struck by a slight blow.

This. granite takes a good polish and will letter fairly well. Tts
composition and texture indicate that it is a strong and durable
building stone, '

STRUCTURE OF GRANITE.
JOINTS.

Everywhere in the main granite area there are at least two
strong systems of nearly vertical joints spaced from 2 to 40 fecti
apart, usually at right angles to each other. They vary in direction
in the different parts of the area, but commonly strike N. 40° to
70° \.V., and N. 20° to 50° E. A third system was noted at the
Harris quarry striking N. 30° W., and dipping 65° SW., tnough
these joints are mnot persistent. Strong sheet joints are
found parallel, or nearly parallel, to the slopes of the granite hills.

These seldom dip more than 10° to 15°, and are usuallv spaced 10
to 25 feet apart. )
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RIFT AND GRAIN.

Rift and grain arc roted parallel to the two main systems of
vertical joints.

ASSOCIATED ROCKS.
PORPHYRITIC-RHYOLITE MASSES. .

There are two small arcas of porphyritic rhyolite in the western
part of the Arbuckle Mountain district known locally as East a:rl.ll
West Timbered Ilills. This is a hrownish-gray to red porphy_ntui
rock of which 10 per cent is quartz and feldspar phenocrysts, and
the remainder finely granular quartz, feldspar, and other undeter-
mined material, resulting from the devitrification of glassy ground-
mass. Though isolated from the main granite area it appears 1o
be of approximately the same age and to have the same strati-
graphic relations to the Cambrian sediments as the granite. Its
relation to the granite of this district is not certainly known but the
marked similarity of this rhyolite to a dike on Rock Creek east of
Ravia indicates that it is the youngest known igneous rock qf this
district. . The dike in question is 25 feet wide, strikes northwest
and cuts all other rocks of that area. Though both of these rocks
are badly altered, they now appear to be identical in composition
and texture. .

Fast and West Timbered Hills do not promise to be of any
commercial importance, because of the badly fractured an.d .vs./eath-
ered condition of the rock and because of their inaccessibility to
market.

DIKES. o

Diabase, gabbro, quartz diorite, aplite-granite, and porphyritic
rhyolite dikes cut the granite of this district. As a whole, dikes
become more abundant from east to west in the main granite area.
The greater number have an approxim:te east-west dl!‘c(:thl:A,
though in a number of instances they vary as mnch as 50° from this
direction. .

DIABASE-GABBRO DIKES.

The most common dikes found in this district consist of a fine-
grained grayish-black to black rock composed of plagloclasc_t feld-
spar, augite, magnetite, olivine, apatite, and titanite. The indivi-
dual minerals. usually range in size from a fraction of a mm. to
about 3 mms. in length. -Rarely the borders of the dikes become
glassy, in which case they become basalts. In the coarser-grained
portion they are often decidedly porphyritic in texture. The medi-
um and coarser grained portions have an ophitic texture. .

These dikes usually are vertical, have a general east-west'stl'lke
and range from a few inches up to 40 feet in thickness. Their pre-
valence is apparently independent of the type of _inclos.mg granite.
As a rule they weather more readily than the inclosing granite,
perhaps largely because they are more fractured. Stream erosion
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is often less effective in cutting them away (han the granite, and as
a consequence they stand out as ridges in some stream channels,

QUARTZ DIORITE DIKES,

Only one true quartz diorite dike was observed in the district.
It occurs as a vertical 40-foot dike striking S. 70° W, and cutting
the fine-grained granite at the excavation along the Chicago, Rock
Island & Pacific Railway in sec. 2, I. 3 N, R. 8 FE. 1t is cut bv
aplite dikes. Megascopically it is a gray-biack, medium fine-grain
ed rock which shows gray feldspar and biotite. Microscopic ex-
aminations show it to be composed of oligoclase, andesine, horii-
blende, biotite, quartz, titanite, magnetite, and apatite. Titanite is
exceptionally abundant. :

APLITE DIKES.

Aplite dikes, though in places somewhat numerous, are nevet
large or persistent. They usually are found ranging from 2 to &
inches in thickness, and often pinch out or grade into country rock
in short distances. Their direction is variable but they usually
strike east-west. They are fine-grained and pink-gray in color.
Jiotite is sometimes present. Albite is an important constituent.

PORPHYRITIC-RHYOLITE DI1KES.

Jut one dike of this type was found. Tt is located on Rock
Creek west of Tishomingo. The dike is 25 feet wide, vertical, an §
strikes N. 65° W. The weathered, exposed portion has a hrick-
red to rusty-brown color and shows small phenocrysts of fcidspat
and quartz in a fine groundmass. The base is composed of fine
granular quartz, probably feldspar, and other undetermined ma-
terial. Tt is unlikely that the unaltered rock would be a hrownish-
gray corresponding to similar rocks in the Wichita Mountains.

SEGREGATIONS.

At several localities in both the fine and the coarse-grained
granite basic segregations were noted- Sometimes these take the
form of sheets or schlieren as at the Harris quarry, and again they
are rounded boulder-like masses 10 to 15 feet in diameter. The
latter form is found on Rock Creek southeast of Troy, and one-
half mile below the reservoir dam on Pennington Creek north of
Tishomingo. These differ from the normal granite, it being finer-
grained, and more basic. Especially titanite, albite, biotite, mag-
netite, and apatite are greatly increased. At the Harris quarry con-
siderable hornblende was found in a segregation, the only occur-
rence of hornblende noted in the district except in the quartz dio-

rite mentioned above. These segregations approach quartz mon-
zonite in composition.



96
INDIVIDUAL QUARRY AREAS.

TISHOMINGO AREA.
GENERAL DESCRIPTION.

The chief available outcrops of granite in this area occur alony
Pennington Creek from Tishomingo to the northern horders of the
granite area. (See map, Pl. XVIIL.) A few good outcrops are
found on the west side of Blue River. Outcrops as a rule are in
the form of large, gently sloping barren surfaces, or immense
boulders as along Pennington Creek. A few like exposures are
found away from the streams, but they are limited in area. The
greater part of the granite is now covered by residual material.
No attempt has been made to open quarries where stripping is
necessary. Some good exposures are found west of Blue River,

PLATE XX.

R. M. HARRIS QUARRY TWO MILES NORTH OF TISHOMINGO, SHOWING
FRACTURES N THE MAIN QUARRY FACE.

northeast of Tishomingo, but with present conditions for transpor-
tation they will not be utilized.

The granite is a coarse-grained gray to pinkish-gray biotite
granite. It is cut usually by two systems of fractures into rectangu-
lar blocks of large size.

Diabase and granite-aplite dikes having a general east-west
strike are prevalent. Several masses of fine-grained granite, some
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a few acres in extent, are found in the coarse-grained granite and
are thought to be textural varieties of one original magma.
DFSCRIVTION OF UARRIES.
HARRIS QUARRY.

This quarry is situated about 2 miles noith of Tishomingo. The
auarry site is owned by R. M. Harris. The opening is made on the
northeast side of a small ravine. The quarry face is now about 60
feet long and 18 feet high, but at the time it was visited the bot-
tom of the opening, which is several feet below the hottom of the
small ravine, was filled with boulders and water so that the lowel
part of the quarry face could not he seen. The quarry is terminat-
ed on the northwest by a diabaze dike 14 feet thick, striking 5. 5G°
W., and dipping 8° NW. The strongest joint system strikes S.
50° W., and at the northwest end of the quarry the joint plancs
dip 85° NW',, while at the southeast end they dip 55° NW. Other
directions of jointing are N. 55° and 30° W. The former dip 65°
S\V. Besides tiiese systems of strong joints there is at the north-
west end of the quarry a poorly developed fracture system dipping
NW. at 153°. Al of the joint systems arc spaced from 6 to 25 feet
ap art with a usual range of irom 8 to 10 leet. No place was seen
where ‘hey were closer than 6 feet.

Large smooth fracture surfaces on the quarry face show that
the vertical northwest-southeast plane is an easy direction of split-
ting. Other directions of easy plitting are parallel to the other
two strong joint systems. No sheet joints are developed here.

Along the joint planes weathering has extended to the hettom
of the cut, but in some of the larger masses there is unaltered gran-
ite almost at the surface. Near the surface the weathered or saj
rock is usually 2 to 3 feet thick, but at the bottom of the quarry it
is much thinner.

The granite:here is the normal type of coarse-grained pinkish-
gray biotite granite described in detail above. A few lense-shaped
basic segregations were noted. Bands of fine-grained dark basic
minerals 2 to 6 inches thick are occasionally shown on the quarry
face. This irregularity in color and texture is sufficient to dis-
qualify that part for any use except riprap and rubble. The waste
from this source is not great. On weathering the biotite is leached
of its iron and this deposited on its surface stains the granite 4
dirty greenish yellow.

This quarry when in operation was equipped with one 20-horse-
power engine, one air compressor, one surfacer, and one derrick.

Transportation is by wagon over a lilly road 2 miles to Tisho-
mingo as a shipping point.

Stone from this quarry has been used in the construction of the
R. M. Harris bank buildings at Tishomingo, and the first story of
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the government buildings at Ardmore, Guthrie, and Oklahoma
City. This quarry has been idle for more than 3 years, excepting
a short while during the early part of 1911, when stone was secur-
ed for the government building at Oklahoma City.

Altered surface rock from an outcrop 200 yards southwest of
the Harris quarry was used in the Johnston County coqrt.house at
Tishomingo. A few bright fresh blocks used in this building show
their superiority over the weathered, dirty yellow stone used in
the remainder of the building.

RAVIA AREA.
GENERAL DESCRIPTION.

The granite in the vicinity of Ravia outcrops in small, badly
fractured masses along the small creeks east and northeast of
town. The area is well wooded and has a rolling topography.

A small amount of granite has been quarried for local use but
because of its fractured condition the granite will probably never
be quarried on a large commercial scale. The rock is a fine-grained
gray biotite granite, composed of orthoclase, microcline, albite,
quartz, biotite, titanite, magnetite, and apatite, with commonly
secondary epidote, sericite, and kaolin. On weathering some of the
feldspars become pink. This granite has an even, granular, texture.
Quartz is more abundant than in the coarse-grained variety. Num-
erous fractures with variable strikes cut the granite into irregular
angular blocks seldom over 5 feet broad.

TROY AREA.
GENERAL DESCRIPTION.

The town of Troy is situated on an almost flat plain lying be-
tween the broken country along Rock Creek on the east and Mili
Creek on the west. Along these creeks there is much timber.

There are a few outcrops of granite on the level plain but most
of the granite is found near the creeks. Fractures are not so numer-
ous as in the Ravia area. Along Mill Creek diabase dikes are
abundant. Some large unfractured masses may be found on both
creeks. In the area west of Troy small irregular dikes of granite
or aplite are very numerous, and the chief difficulty in finding quar-
ry sites will be in getting stone free from these dikes. They are
about the same color as the inclosing rock but the texture is finer.

All of the granite west of Rock Creek is the fine-grained gray
biotite granite, similar to that of the Ravia area. There is a small
area of Tishomingo granite east of Rock Creek which is most
easily reached from Troy.
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DESCRIPTION OF QUARRIES.
CAPITOL QUARRY.

The large barren mass of Tishomingo granite outcropping
about 2 miles east of Trov, known as “Ten Acre Rock” has furnish-
ed a small amount of the coarse-grained gray hiotitc granie for
local use, and granite for the new State Capitol Building at Okla-
homa City is now being quarried here- The outerop of 5 or 6 acres
stands 15 to 25 feet above its surroundings. Tt is cut by two sys-
tems of joints spaced 100 to 200 feet apart. At a small opening on
the south side of the mass the granite appears to be fairly fresh ai
a depth of 2 feet beneath the surface. Segregations in the form of
thin lenses of biotite are numerous. The texture is inequigranular
and roughly porphyritic. The larger feldspar crystals are often 2
cms. broad. The finer quartz and feldspar are not evenly distributed
but have an irregular bunch arrangement. Microscopic examina-
tion shows it to contain the same constituents as fonnd elsewhere
in the district, but albite feldspar is more abundant than is usual
for the coarse-grained granite. Derricks and drills were installed
during the fall of 1915, to quarry rough stone for the Stae Capitol
Building. No finishing is done at the plant.

In secs. 19,29, and 30, T. 2 S, R. 5 E,, there are masses ot stight-
ly fractured fine-grained, gray, biotite granite which are easily ac-
cessible, and should furnish good sites for opening quarries. The
rock is fine-grained gray with rarely a large crystal of pinkish feld-
spar. Very little of this granite has been put on the market, but in
certain respects it is superior to the Tishomingo granite as a struc-
tural stone and, besides, is suitable for monumental and paving pur-
poses.

WAPANUCKA AREA.
GENERAL DESCRIPTION.

Though Wapanucka is not situated on the granite area it is at
present the logical shipping point for all the granite area east of
the Blue River. This area at present has no granite quarries. There
are two good reasons why this will not soon become an important
granite producing area. First, the granite is so closely fractured
that no good site for a quarry is likely to be found. Secornd, the
granite outcrops are so far from shipping points as to make hauling
prohibitive. '

The granite is a fine-grained gray biotite granite composed of
orthoclgse, microcline, albite, quartz, and biotite, with accessory
magnetite, titanite, and apatite.

The grain is not entirely even for there are a few widely scat-
tered crystals of pinkish feldspar which are much larger than the
remainder of the constituents.

The rock here is about the average type of Troy granite. The
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composition, color, and texture indicate a granite of good quality,
which should repay working on a small scale to supply local de-
mand.

SUMMARY.

Tn summarizing the economic data collected in this bulletin sev-
eral facts should he brought cleatly to the attention of the reader
The variety of granite with respect to color and texture is probably
of first importance. The colors of the commercial granites of Ok-
lahoma are: flesh-red, rose-red, reddish-brown, light-gray, pinkish-
gray, and bluish-black to black. In texture they are classed as:
very fine-grained, fine-grained, medium-grained, and coarse-grain-
ed, all of which are more or less even-textured. Judged on the basis
of color and texture, there are at least a dozen commercial varieties
of good granite to be found in the State

Tests of direct crushing strength and transverse crushing
strength show that Oklahoma granites rank very favorably with
other commercial granites of the United States. The tests of di-
rect crushing strength range from 15,000 pounds per square inch up
to 38,000 pounds per square inch for representative samples of the
chief granites of the State. The granites having the most desirable
color and texture for menumental and building stone usually have a
crushing strength from 16,000 to 21,000 pounds per square inch.

Large quantities of granite of good quality are easily accessible
to transportation facilities. In most cases little or no stripping is
required to secure marketable stone. The spacing of vertical and
horizontal joints is usually favorable to securing well-shaped
blocks of stone of any size desired. There are a few varieties of
granite which are so much fractured that large dimension stone
cannot be secured, but monumental stone of superior quality some-
times is secured from such quarries.

Granites from Oklahoma have been put to a considerable va-
riety of uses. The rose-red and flesh-red medium-grained granites
quarried at the town of Granite have been used largely for monu-
mental stone, rough building stone, paving blocks, riprap, and crush-
ed stone. The brownish-red fine-grained granite quarried north-
west of the town of Granite has been used chiefly for monumental
stone and riprap. The gray and pinkish-gray medium-grained
granite quarried at the Reformatory southeast of the town of Gran-
ite are used for monumental. stone, rough and finished building
stone, riprap, and crushed stone. The very-fine-grained dark-gray
granite quarried at Cold Springs has been used largely for monu-
mental stone, paving blocks, riprap, and crushed stone. The blu-
ish-black medium-grained granite quarried at Cold Springs has
been used for monuemntal and rough building stone. The brown-
ish-red and pinkish-gray fine-grained granites at Mountain Park
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have been used for monumental and building stone, The coarse-
grained gray granite quarried at Tishomingo and Troy has heen
used for large columns, and for rough and finished building stone.

The greater part of the monumental stone quarried in Oklaho-
ma has gone to the dealers in Oklahoma, northern Texas, southern
Kansas, and to Michigan City. Indiana. The granite for the new
State Capitol Building at Oklahoma City is being secured two
miles east of the town of Troy. The granite for the post-office
building at Oklahoma City was quarried two miles north of Tisho-
mingo. A number of other buildings in Oklahoma and adjoining
states have been constructed in part of Oklahoma granite.

The lack of capital for the purchase of equipment, and a general
lack of information concerning the quality of Oklahoma granite ap-
pear to be responsible for the s'ow development of the oranite re-
sources of Oklahoma. "It is believed that this industry gives prom-
ise of becoming one of the most important in the State.

Malue of granite produced in Oklahoma, 1901-1913.

Year. Value.
1901 ] e $12.000(e)
1902 11,970
1903 e 9,020
1904 L 32,082
1905 20.720
1906 e 18,847
1907 (e 24,550
1908 e 23,239
1909 e 67,584
1910 102,566
1911 20,244
1912 14,460
1913 30,678

e. Estimated.
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List of Oklahoma quarries, with brief statement of the character of the granite quarried at cach.
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GLOSSARY OF SCIENTIFIC AND QUARRY TERMS.

ACCESSORY MINERALS in granite are original constituents of the rock, found only

in small, often only in microscopic quantity.

ANTICLINE. A term applied to granite sheets or sedimentary beds that form an
arch,

Aruite,  Fine-grained granite, usually occurring in dikes and containing little
mica and a high percentage of silica.

Basic. A term applied to rocks in which the iron- magnesia minerals and feld-
spars with lime and soda predominate, such as diabase or basalts.

BouLper cuaRry. One in which the joints are either so close or so irregular
that no very large blocks of stone can be quarried.

CHANNEL. A narrow artificial incision across a mas¢ of rock, which, in the case
of a granite sheet, is made either by a series of continuous drill holes or
by blasting a series of holes arranged in zigzag order.

CLEAVAGE, when applied to a mineral, designates a structure consequent upon the
- geometrical arrangement of its molecules at the time of its crystallization.

CLOSE-JOINTED. A term applied to jomts that are very near together. '

CRUSH-BORDER. A microscopic granular structure sometimes characterizing ad-
jacent feldspar particles in granite in consequence of their having been
crushed together during or subsequent to their crystallization.

Cut-0oFF. Quarrymen's term for the direction along which the granite must be
channeled, because it will not split. Same as “hard-way.”

Dike. A mass of granite, diabase, basalt, or other rock which has been erupted
through a narrow fissure. )

DIMENSION STONE. A term applied to stones that are quarried of required dimen-
sions

Dir. The inclination from the horizon, given in terms of degrees, of a sheet,
joint, heading. dike, or other structural plane in a rock.

Exosion. The wearing away of portions of a rock by such natural agencies as
stream or ice action.

ExroLiaTioN. The peeling of a rock surface in sheets owing to changes of tem-
perature or other causes.

Favrting, The slippage of a rock mass or masses along a natural fracture.

Frow strucTure, The parallel arrangement of the minerals in granite or other
igneous rock in the direction of its flowage during its intrusion.

GRAIN. A quarryman’s term to denote the direction of splitting only less easy
than the rift, the rift being the direction of easiest splitting.

HemaTiTE. The red iron oxide, Fe, O, often widely disseminated in red granite
and often formed in the weathermg of the magnetite.

IeNEOUS. A term applied to rocks that have formed by the solidification on cool-
ing of a mass of molten rock material.

JoinTs. Strong, more or less continiidus natural fractures cutting the granite
at various angles. o

KaoLiN. A hydrous aluminium silicate, usually formed in the weathering of the
feldspars.
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LimoniTE. A hydrous iron oxide, yellowish to brown in color and formed in the

weathering of minerals containing considerable amounts of iron.

MiiLimerer. The French decimal linear measure, the thousandth part of a
meter, the tenth part of a centimeter. It is equivalent to nearly .04 inches.

MICROPERTHITE. An intimate intergrowth of orthoclase and albite.

OrmiTic. A rock texture in which well formed elongated crystals of feldspar are
enclosed in imperfectly developed crystals of pryoxene.

PrGMATITE. A very coarse granite, found in dikes or lenses.

PLAclocLASE. A term applied to all the soda-lime feldspars.

PorkiLiric. A rock texture in which numerous small crystals are evenly dis-
tributed in a larger crystal.

PoLarizED LIGHT. Light which vibrates in only one plane.

POLARIZING MICROSCOPE. A microscope that polarizes the light used in the iden-
tification of minerals.

PorpuyriTic. A rock texture in which some large crystals occur in a mass
(groundmass) of finer material,

Rirr. A quarryman’s term for an obscure microscopic fracturing in granite
.which facilitates quarrying. '

Sap. A quarryman’s term for the partly altered and discoloted rock at-the sur-
face or along joint planes.

Schist. A thinly laminated, metamorphic rock which splits more or less readily
along certain planes, approximately parallel.

SECONDARY MINERALS. Minerals which have formed through the alterztion of
original minerals.

SEDIMENTARY. A term designating those rocks whicl: are composed of particles
that have been deposited by water or wind. :

SEGREGATION. In a rock, a mass of mineral matter unlike the surrounding ma-
terial and which has been gathered in from adjacent material.

SericiTE. A fine, flaky form of muscovite formed in the alteration of the feld-
spars or other minerals.

SLickENsIDES. The polished grooved surfaces along a fracture, the result of
motion and friction. '

Spreiric craviTY. The weight of a hody compared with the weight of an equal
volume of pure water at 4° C.

STRATIFIED. A term applied to rock consisting of beds or strata.

Strike. The direction at right angles to the direction of maximum inclination
of a plane of bedding, dike, or joint.

STrRIPPING. The removing of the sand, gravel, and disintegrated granite from the
surface of the firm granite in the quarry.

WeaTHERING. The decomposition of a rock owing to the action of the weather.

BIBLIOGRAPHY.

The following includes a number of the more important publi-
cations relating in part or wholly to the economic geology of gran-
ites. The list also includes the more important articles relating to
the general geology of the Oklahoma granites.
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