OKLAHOMA GEOLOGICAL SURVEY
Chas. N. Gould, Director

Bulletin No. 52

GEOLOGY AND PETROLOGY OF THE WICHITA
MOUNTAINS

By
Malvin G. Hoffman

NORMAN
October, 1930



CONTENTS

INTRODUCTION 7

Acknowledgments
Previous work

Location
Topography
Drainage
PHYSIOGRAPHY ... .
Generat description eeeeeeestebenasnt e et seeas 14
General distribution of igncous rocks e 1
TFahts and boulder formMations. ..o 14
Boulder slides
Jointing
Faulting v .
Quartz dikes and their relation to jointing ... 17
Stream directions and their relation to Jointing ... 17
Medicine Bluff 17
TEAVEES oot ee s e s e esse s sen s et s e bbb e et e r s s hna s s a e sa st 18
Pre-Pleistocene drainage ..o .20
STRATIGRAPHY . . .22

General geology e

Awmarillo Mountains ...
Wichita Mountain syste
Anadarko Basin o
Red River syncline
Arbuckle Mountains
Ouachita Mountains

STRUCTURID oo eeeeeeeecerssasasresessssess s e st et casssennas s e ese s saeas st sa e 25
HISTORICAL GEOLOGY e cvesass s scsssen s e 26
PrOtOrOZOIC €FA coonoieieeiieeeticeeaeeiens e e seessesesssreme st et s et ememene e anesaessasnanas st she e 26
Palcozoic era ... 26
Cambrian and Ordovician periods ..o 26

Silurian, Devonian, Mississippian and lower
Pennsylvanian periods SO 27

Late Palcozoic events ...

“Source of the Permian scediments 28
Source of the red coloring . . 29

Mesozoic events ... .30
Post-Mesozoic events 30




PETROLOGY

3
0 X1iI. A. Coniact between Proterozols porphyry and Reagan sandstone
Quartzites 31 B. Acrlal view of the Limestone WHs e
¢ A XII. A. Mount Sheridan from the northenst
Gabbro and anorthosite........oocoenee. 13. Northeastern slope of Mount Sheridan___ ... P 69
Northern areca XIV. A. Closer vlew of knob shown In XI11IB,
Rock forming mincrals B. Rtoad cut south of Meers... -1
Central Verk area......... XV. A. Hazel guarry, showing gabbro
Central area “C {.’lhn{mn:crngrup:l ull' q!:nrtzllto ane-half mile southwest of Meers
. ) arcd . wtomicrograph showing sgillimanite needles In quartzite .-
7 .
W r)lf-(,rf'.tk arca ... XVI A. [P’hotomicrograph showing granitic Inlrusion
Boggy Flat area . 1. I'hotomicrograph showing quartz gablLro
“UL’KY Hollow aiea f. "?,I:r:l‘(:h r;[ l‘holu;nl(-rogrnph shown in B
0 R . ). wtomicrograph of anorthosite
. rder of crystallization ... 38 12, Photomlerograph showing blades of titaniferous miea n labradorite
Granophyres oo 39 F. I’hotomlcrograph showing labradorite crystal o commaeo- 3
Davids , XVIIL . Photomlicrograph of granogabhro
Til(‘l Lg:‘l"m’ﬂll()_lill) r;‘ T 39 B. I’hofomicrograph of fractured labradorite crystal
ot on granophyre ... 39 Y) I'rotomlerogra xl} of r]hm g:‘nlnm‘ granophyre
Saddle Mountai - , . aph of Davidson granophyre
i untain granophyre 40 2. Photomicrograph of Ciriton granphsre
Lugert granophyre ... 41 F. Photomicrograph of Carlton granophyre showing quartz erystals_ .75
Qu:llmh granophyre 42 XVIIIL. A. P'hotomicrograph of Carlton granophyre showing corroded quartz
Summary of granophyres .. 43 B F'rl";:m:lnl rograph of Saddle Mountal )
. - . wlomicrograph of Sadidla Mountin granophyre
. Dike rocks C. l'Imlmnl('lr(lgr:lxll| of Saddle ‘Mountaln granophyre showing felty
- ™ corona about quartz
g)'?_"ltflft dl"tcs - 1. Photomlcrograph of Lugert granophyre
Al.lrv‘.lstir;(l (] B. I'hlt;unillcrogrnph of Lugert granophyre showing carlshad twin of
plite dikes arthoclase
Quartz dikes . Photomicrograph of Lugert granophyre showing radial arrange-
Hist > | ment of mleropegmintite - aem il
vvl.- ;)!’llca' Sc(lllltncc XIX. A. l'I;nll)n;lurn-ur:\ph' of Lugert granophyre showlng ferromagnesian
ichita intrusives Dl SREreBa e
B. Photomlerograph showing oligoclase surrounded hy orthoclase
BIBLIOGRAPILY 49 (“ %:}'”}""‘:cmgml':' s}_m(\!\'lng |In.'11.:n¢l.llri~ surrounded by titanite
............................ i wlomtcrograph o uanah granophyre
o 12, Photomicrograph of kaolinized lcroperthite
PLATES e 57-83 F. Photomicrograph of Quanah granophyre
XX. A. I’hotomicrograph showing rtiebeckite crystal
J‘!. I'hotomicrograph showing intergrowth of magnetite and quarlz
. Photomlerogeaph of Quanah granophyre
}‘) }::m:mn}crogrn1::1 o{‘ acldic dike from lazel quarry
2. rotomicrograph of acidic dike south of Meers
. Photomicrograph of acidie dike showlng sapenite web In biotite__.81
INlustra XXI. A. Photomlerograph of diahase dike south of Meers
tions 35 {:;lu:mn!(:rngr:l|1=| of dlabase dike In Lugerlt granophyre
Plate * Uhotomicrograph of granophyric texture of aplite dike cutlh
Pago Quanah pgranophyre ! ' ! e '®
I. A. Wlichita Mountalns from the west, show Do Photomderograph of aquartz dike
plad showlug abrupt rise from the B l'hul:nnlcrogrnph showing quarta crystal surrounded by dike
B. Generad view of northwestern portion of the Wichita Mountaly quartz 83
foolting north ... .. R _________________________'_“_'__ XXII. Map and cross-sectlons showlng geology of the Wichita
H. A. Luoking notthy H Lincolny Mountaln Mountains _ - SoTmemTTTooosTmemsTmomommoTees At Back
1. Quannh Mounialy from the northo_____ .. __ . . . ... Hs ’
HEL A, North slope of Mount Seolt showlng well defined jolnts
< J 3
B, Novthenstern fiee of Mount Sherldan
e e e 9
1V, A. 'Tarhone Monotalbs as oo fuon g Flgure age
13, Weslern slope of Sipnal HIL . -
V. A Medicine Bluff composed of Guriton 1. Index np of ()kl.lhnll!.l ahowlng locatlon of the Wiehita Mountalna___.._ 9
B, Lumert Granophs re. Intensely sh 2. Geologie man of the Wichlta Mountains, after Taff and Gould __._..._. 11
VL A. i 3. Northern gabbro-anorthoslte area e 13
3. M. ) I|:i\r|",‘_:n'(||' (i,"'l” 4. Central gabbro-anorthosite area e 36
cikvinley ountain
VIIL 1'\' Quanah granophy showlng exfollation
VILI. A
i,
IX. A, Medlekne RBlotr
I, Vertleal and eross Joint In the Carlton grann g
H phyre, top of
Medicine Blaff . N
e e e 4 e e e e e e cmmc———— Gh
X. A« vel vldge, two mdles nocth of Mount Sherldan "
B Gravel In romed cul one-haldf mle east of Meers o __ 66
XL A, Grooves fn gesnophsie 6 mlles southwest of Hobart

3. Solutlon cavities In granophyre 6 mlles southiwest of Hobart_______ 67




GEOLOGY AND PETROLOGY OF THE WICHITA
MOUNTAINS

By
Malvin G. Hoffman

INTRODUCTION

Tntermittent perinds hetween 1920 and 1928 were spent in a studv
of the sedimentary beds of central and western Oklaboma and the arl-
joining arcas of Texas. This region survounds the Wichita Mountains
in southwestern Oklahoma.  In the Fall of 1928, these mountains
were visited on several occasions and each time samples of the general
tvpes of rocks were collected.  During the Spring and Summer of
1929, a detailed geological survey was made.  Wark was limited al-
most entirely to the castern divisions of the range known as the
Wichita, Quanah, and Carlton Mountains.

Iixcellent topographic maps covered most of the area. The Armiy
Reservation survey included the Carlton Mountains, and the map of the
Yorest Reserve covered most of the Quanah Mountains and more than
half of the Wichita Mountains. "These maps made it possible to lo-
cate casily many points so that it was not necessary to carry sight
traverses more than a mile or two.

Systematic work was hegun at the castern end.  Samples were
collected at regular intervals usually less than one-half mile apart, and
particularly at every point where a contact was found. All of these points
were accurately located and detailed descriptions of each became a
part of the field notes.  Tn this manner, the arcal geology was mapped
from Medicine Bluff to 1laystack Mountain.

The igneons rock was found to be greally weathered and in many
instances was inaccessible due to the covering of talus.  In general,
fresh specimens of gabbro were more easily obtained than samples of
granite in a similar degree of preservation.  The weathered shell ex-
foliated more readily from the basic than from the acidic rocks.

Where blasting had heen done for road or structural work, fairly
fresh samples were obtained.  Some good specimens were also collecterd
from the Tazel Quarry on the eastern slope of Mount Sheridan.  The
prospect pits were a disappointment.  Many of them still remain. hut
only a few furnished good material.  Dost of them did not go below
the weathered zone and many were dug in talus slopes.

The quarries between Cooperton, Snyder, and Granite were vi-
sited several times. Iliach contained very good exposures. Only a
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short time could he devoted to their study. but even this aided ma-
terially toward bringing out the general relationships of the various
kinds of rock to the entire mass.

ACKNOWLEDGMENTS

The writer wishes to acknowledge his indebtedness to Professor
Albert Johanusen, of the University of Chicago, under whose direction
this work was done, for many helpful sugpestions.  Credit is also due
to Professor idson S. Bastin, and other members of the department of

geology of the University of Chicago, for their friendly criticisms and .

advice.

The writer is also grateful to Dr. Chas. N. Gould, director of
the Oklahoma Geological Survey, for letters of introduction to men in
official capacity in the Wichita’ Mountains arca which made it easily
possible to obtain entrance into restricted arcas; to Dr. C. L. Taylor,
for a ficld conference; to Mr. Durward B. Greene, staff photographer
of the Fort Warth Star-Telegram, for many excellent photographs;
to Licutenant \Wm. 12, Bleakley and Teclmical Sergeant Wm. M. Brees,
of the 84l Ohservation Squadron, Post Field, Fort Sill, Oklahoma,
for the admirable acrial views which are included in this report.

Through the kindness of General Dwight 15, Auttman, Major G.
M. Peck, and Major Louis I1. Brereton the writer was enabled to
make airplane flights over the mountains.

PREVIOUS WORK

The early expeditions and geological surveys were made by
George G, Shunmiarde, T, B. Comstock and V. E. Cununinsz, R, T,
Hille, T. Wayland Vaughans, and 11, F. Bains. The work of these
men has been reviewed by JA. Taffe. e with the assistance of C.
N. Gould and 1. O). Ulrich? completed the first map and general re-
port of the Wichita Mountains. “The distribution and relationship of
the major types of igncous and sedimentary rocks were described. The
micropegmatitic character of the acidic rocks was noted. These were

1. Shwnard, George G, Remorks on the reneral geology of the country pasacd
over by the exploring expedition to the sources of the Red River: U. 8. 32n
Cong. 2t Sess., Sen. 1x. Daoe, 54, pp. 179-196, 1853,

2. Comstock, T. 1. and Cumming, W, F., A prellininary report on the reology

of the cenfinl mineral reglon of Texas: Texas Geol. Survey, 1st Ann. Rept., pp.
319-128, 1889,

3. 1011, Rohert T.. Notes on n reconnalssance of the Ouachita System In Indlan
Territory: Am. Jour. Scl, 3rd ser. vol. 42, pp. 122-123, 1891.

4 Vaughou, T. Wik, (aolocle notes on the \Clehltn Mountains, Oklahoinn
and the Arbuckle Iy, Indian Territory, with report on the igneous rocks by
br. A, L Spencer: Am, Geologlst. vol. 21, pp. 41-15, 1899,

f. Dain, . Foster, (leology of the Wichitn Mountaing: Bull. Geol. Soc. Amer-
fea, vol. 11, pp. 127-144, ta00,
6. Caff, Joreph AL, Prelhnlnary report on the pgeolopy of the Arhuckie and
Wichita Mountalns In Indian Territory and Oklahonia: 1. S. Geol. Survey, Prof.
Paper 31, pp, 61-51, 1904, (Oklnhoma Geol. Survey Bull. 12)

7. Idem., pp, §3-97.

INTRODUCTION 9

classified as granites of plutonic nature rather than hypabyssal grano-

phyres.

In 1915 C. H. Taylor® published a report on the igneous rE)cks of
the Wichita Mountains. He contributed some further details o strucE
ture and physiography and was the first to report the (}c_cnllrrﬁ:(i?no)_
quartzite near Meers. The arca south of Mount Scott{ w n'ct|i i, l,l;tla
ped as quartzite is not a metamorphosed sedimentary formatio
fine grained granophyre.

Samuel Weidman® and O. F. Evanste published several papers
on physiographic studies in this region.

LOCATION

The Wichita Mountains are located in southwestern leah;nna.
Their axial direction is N 70° W, and they extend north\\lest” tronfl
Fort Sill for a distance of 65 miles to a point 4 nnl_es "”lﬂln-\(-s nt
Granite. The greatest width is across the central part, ane ;grc ”illlt-;
lving hills, which are included in the mountain groul_),l are Ml ml'il.l
apart. The entire range will be referred to as the Wichita Mounta

System.

COLORADO ]

Ris>0URE

i

erwapeen | .

| T X A 5

HEW_ MEXICO

Figure 1. Map of Oklahoma showing the location of the Wichita Mountains.

) i ragely groups of hills. The

The western half is composed of straggly !
cluster near the town of Granite is called .thc.lloadqlmrtcrs J\lmll\lllganl\
Group. About 10 miles southeast of Granite, in the bend of the North

8 T;—v—l;:—(‘ 11, Granltes of Oklahoma: Oklahoma Geol. Survey, Bull. 20,
. 1) , O 1L

pp. 1-88, 1915, . T Jvanlan-'ermian glaclation In the Ar-
. . & 1. Was there ‘Pennsylvanian & N 66-489,
!l".ucl\(‘lghll\':l‘clll"'\VTcll“l;z]le Mountains of Oklahomi?: Jour. Geol. vol. 31, pp. 466

}323}5‘\"|n'~‘ 0. ., Some obspryvations on erosion and transportation in the Wichita

] : TT-79, 1022,
« Proe. Oklnhoma Acad, Sci, vol. 2, pp. 77-70, .
I\lo-u:l_n_lg nfﬁﬂ'lfn&?ﬁ. markings in the western Wichita Mountains: Jour. Geol,

Yo, 37, pp. 76-82, 1929,
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Fork of the Red River, is the Devils Caovon Group.  Just west of
the middle of the range are the Raggedy Mountains.

The eastern half is separated into two massive divisions which are
clongated N. 60° W.  On the northeast are the Limestone Nills, and
on the southwest are the Wichita Mountains.  The latter are much the
larger and cover about three times the area of the former.

Even though the Wichita Mowntains form a physiographic unit,
parts have been given separate names.  The eastern portion is called
the Carlton Mountaing, and the sonthern range of hills is called the
Quanah Mountains,  The term Wichita Mountains also includes the
Carlton and Quanah Mountains.  This is the area to he described in
this paper. It extends from Fort Sill to Haystack Mountain. Tt is

23 miles long and from 8 to 12 miles wide, and covers approxinately
250 square miles.

TOPOGRAPHY

The Wichita Mountains rise rather abraptly  from the hroad,
gently rolling plains of southwestern Oklayhoma, They form a range
of hills which at the castern end have smooth, rounded slopes, and in
the central and western portions have rugged bouldery slopes.

The top of Mount Scott, at the castern end of the Forest Re-
serve, is the highest point and has an elevation of 2480 feet ahove
sea devel. The lowest point is in Medicine Bluff Creek helow Medi-
cine Bluffs and is approximately 1,140 feet ahove sca level.  These
two points, which have a vertical difference of about 1,340 feet, mark
the greatest reliel in the area. )

Within the Forest Reserve a number of peaks approach the cle-
vation of Mt Seott. A few of the highest are Baker Peak, 2,105 feet,
and Mount Pinchot, 2158 feet, in the northwestern part s Mount Mar-
cv 2,393 feet, is elose to the central point; and Tarbone Mountain
2382 feet, and Mownt Lanramac 2,390 feet are in the north central
portion.  The average heipht for the central and southern hills is

less than that of the northern hills, maost of the highest peaks, as noted,
being found in the northern arca.

Throughout the central aned western areas the hills are for the
most part quite rugged. Their stopes are covered with talus composed

to a large extent of howdders.  These rnn;]'c in size from picces large
etiough to be called a houlder up to rounded or semi-rounded masses
of rock 100 feet long and 40 to 50 fect high.  The largest are found in

the Quanah Mountains particularly on and around Bat Cave Moun-
tain, Mount Lincoln, and Elk Mountain. In other parts of the moun-
tains the boulders are not usually more than 15 or 20 feet across.

Only the highest peaks rise above these t

alus slopes.  “The castern
and northeastern sides of Mount Sherid

an exhibit bare rock surfaces
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extending 300 to 400 feet down from the crest.
examples of this feature arc the eastern face of Tarbone Mountain
and the northern slope of Mt. Scott. These walls descend in steep
step-tike fashion and have verlical faces sometimes as much as 60 or

70 feet high.

Other well known

The southeastern group of hills, known as the Cariton Mountains,
are low rounded hills with smooth slopes.  The highest point is Signal
Mountain which is 1,770 feet abave sca level and 570 feet above the
surrounding plains,  In the Military Reservation, at the eastern end
of the mountains, is a bluff 400 fcet high at its middle point. Medicine
Bluff Creck here makes a bend convex to the southwest cutting against
the high rock wail. The biuff grades from nearly vertical at its upper

portion to a dip of about 40° at its lower part where it mmerges with
the talus slope along its basc.

The interior of the mountains is marked by several low areas.
They all radiate from a central zone much like the spokes of a wheel.
The central low extends from Fern Mountajn on the southwest to the
foot of Mount \WVall on the northeast, and from the base of Central
Peak on the northwest to the porphyry hills east of Blue Beaver Creek.

Extending due south from the southw
two miles long and one-hatl mile wide,
the southern passes and is used by the ro

mountains.  From the southwestern corner west-northwesterly to Dead
Man Mountain is a depression about eight miles long and from one to
two miles wide. At the northwestern end s another depression also
extending in a west-northwesterly direction. 1t is three iniles long
and from three-fourths to one mile wite, of which Graham Fiat forms
the western part. Extending northeasterly from the northwestern
corner of this interior low is a trough two miles long and varying from
one-half to one mile wide. This is the northern pass and is used by the
road Jeading north to Meers. Extending eastward for about four
miles is another one of these low areas. It occupies the region just
south of Mounts Wall and Scott. It is rather narrow, averaging less
than one-half wile wide. At the eastern side of Mount Scott it broad-
ens very quickly and merges with the plains surrounding Lake Law-
tonka. The valley of the Blue Beaver Creck is the southeastward ex-
tension of the central low region. The average width of this valley is
slightly more than one-half mile. 1t s ahout five miles long and
merges with the plains south of the mountains.

estern corner is a low area
It is the most accessible of
ad north from Cache into the

Excepting the region occupiced hy the low group of hills which
form the Carlton Mountains, the valley depressions are deeper in the
castern and central portions than they are farther west, The relicf
in general increases from northwest to southeast.  Mount Pinchot, the
lighest point in (he western group, rises 660 fect ahove the valley at
its southwestern hase, while Mount Scott at the castern end of the
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i These two

R ve rises 1,130 fcet above l.ake antonk:}: | e

l;:arlg:tlm\?:ez: difference of elevation of only 22 fect. _lhe valley de-

lpres:;ions fall from 1,800 fecet at the foot. 9[ Mount Pinchot to 1,140
feet in Medicine Bluff Creek below Medicine Bluff.

Very few canyons and ravines still remain. The only noﬁnble
ravine is the one which descends very rapidly down tl;\e[ lzortfut:lr‘lé
slope between Tarbone Mountain and Mount Sheridan. 0s (i o
canyons are found in the southern range of hills, as for examp e, let
depressions cut by West Cache and Panther fcr(:(gks. Py élot ]too grgils

i inati the valley of Quanali Creek acros
a strelch of the imagination : ' !
Quanah Mountain and the valley between McKinley and Cross
mountains might be regarded as canyous.

Nearly all of the valleys and many of the hillsides carry a (,Icn;:c
growth of trees. The trees are almost entirely jack oak and cedglr,lt e
former heing by far more numerous than the latter.  In the Carlton

Mountains the woods are confined largely to the valley bottoms.  The

rock is intensely shattered and weathered out in small. angular plccl(-s
most of which are less than an inch across. Ihese wash r:m\n the
hillsides very readily, so vegetation has little opportunity to take root.

The slopes in the Quanah Mountains are also «||.nte lmxr]rcn[. l)ut'
from different causes. Here the rock is the least t'mcturuI nl l.'l.l-l_\
in the Wichitas.  As a result it weathers out in cnor|||m\|1s -)OUH}IIS(;
The only soil accumulation is found in the vnllcysl anc th{\ are n‘(i
places of abundant vegetation. The remainder ot tTI moun mn.T.(laon
by far the larger part, is timbered throughout the valiey 'arel:l_s ane o
most of the slopes as well. Many of the hills are comp ;‘}e) cove
by trees. The rock breaks into sizes ranging from medium 'tn f\(t;_\
small.  Trees take hold and prosper exceedingly well as many of the
slopes are covered with dense woods.

DRAINAGE

The general direction of the drainage in the Wichita l\[nun!mns
is to the southeast. This also conforms to the direction of the regional
drainage in southwestern Oklahoma.

The northern slopes are druned by dedicine Bluff Crcg\l; \;"h!ch
flows in a southeasterly direction from North Mountain ]mﬁt Er icine
Bluff. A large part of the central arca is drained by ]“ue' cmﬁlr
Creek. It heads in the western end of Graham Flat and flows south-
easterly across the interior lowlands.

The west central region is drained by West Cache Crcc|l<).:mlr! I:_S
tributaries. West Cache Creck heads in the northern end of l'hc I,”f(l u -
falo Pasture and flows a little cast of south across the Qu.m]n\ | ()Bmt
tains. Panther Creek is the first tributary to the cast. It eads l]us'
south of Cedar Mountain and joins West Cache in the canyon along
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the eastern side of Fagle Mountain.  “The next tributary to the cast
is Quanah Creck. It heads a short distance west of Central Peak
and flows in a southerly direction across Quanali Mountain, Crater
Creek is the Iast trilmtary to the east. Its head is north of Indian
Tl From here it flows south across the eastern end of the Quanah
Mountains and joins the West Cache two miles south of the town of

Cache. . To the west is Rack Creek which heads in the CQuanah Moun-
tains, flows south from B It

- bat Cave Mountain and joins the West Cache
a mile southwest of the town of Cache.

_The southwestern portion of the mountains is draine
Creele and Post Oak Creek.  Botl
northwestern group of hills the streams radiate outward
north they flow northward, on the northwe :
and so on around.

d by Sandy

On the
st they flow northwestward,

PHYSIOGRAPHY
GENERAL DESCRIPTION

The topugraphy of the Wichita Mountaing has reached
A few sharp peaks and narrow vallevs still remain as evidences of
youth but they are minor in extent and carry little weight toward de-
termining the age of the regional topography.  In L{(';ICI':[I the hills
ﬂlll( rounded.  The vallevs are wide and the entive aren is well drained.
“Ull(l\qf((:»[ ).ul(':.:q found tn the mowntains and along its edges are all

aturity,

GENERAL DISTRIBUTION OF IGNEOUS ROCKS

Al of the higher hills are

sinooth hills and ridges which

phyry.  The northern slopes

as is the interior lowland from
Spring,

composed of granophyres.  The lower
form the Carlton Mountains are of por-
and foothills are underlain by gabbro
a ile west of Elm Island to Sulphur

TALUS AND BOULDER FORMATIONS
~ The entire area is marked by joints.
tams arc more fractured than others,
best noted in the Carlton group.,
so shattered that most of the fr
apart. This rock weathers out
readily down the slopes
these hitls.

5. Some parts of the moun-
he Fhis evidence of crushing is
e porphyritic rock of these hills is
ritclure planes are less than an inch
into sl angular picces which wash
and cause the smooth rounded appearance of

] Ihe medium grained granophyre, which 1orms most of the hills
in the central, northern, and western areas is less intensely fl"lCtlll'(’(li
than the porphyry.  Laocal zones are shattered  but lhll‘()l;qh();lt the
major portion of it the joint plancs are separated by distances of a few

take a southerly course. ™ In the
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inches to four or five feet.  In some localities they are 10 to 20 feet
apart but the gencral average is about four feet. The size of the
boulders scems to be dependent upon the width of the joint planes.
Small angular pieces are found where the rock is shattered and large
rounded boulders where the joint planes are several feet apart. The
rounding is produced largely by exioliation of the isolated masses.
The edges and corners more readily shell off than do the sides since
they expose more surface per unit of rock, and so suffer greater tem-
perature changes.

The least fractured rock is found in the Quanah Mountains.
These hills are composed of a very coarse grained granophyre.  The
joint planes in a few local areas are several inches apart hut through-
out most of this range the distance between the joints varies from 20
to 100 feet or more.  The largest houlders in the Wichita Mountains
are found here. The boulders ‘on Elk, Lincoln, and Bat Cave Moun-
tains are typical and many of them are 100 fect long and 50 fect high.

The gabbroic rock, which is found in the low intertor from Fim
Island to Sulphur Spring and along the lower northern slopes. is hroken
aud fractured to about the same extent as is the medium grained grano-
phyre in the high northern hills. [t is more susceptible to weathering
than the granophyre and as a result breaks down more readily.  Bould-
ers are not found in great abundance and those that do exist are quile
well rounded.  The inability of this rock, as well as the granophyres,
to resist erosion, is perhaps, the most important veason why it docs
not form any of the higher hills. 1t readily disintegrates to form a
gravwacke and gabbroic boulders are rarely found i the gravels in
and around the mountains.

Generalizing it might be stated that the distance hetween frac-
tures and the size of the boulders in the acidic rocks varies with the
size of the crystals. The porphyry, which is intensely fractured, is
composed largely of microcrystalline material.  Boulders of inter-
mediate size are found in the medium grained granophyres. The rock
in the Quanah Rauge is the least fractured and is also the coarsest
grained. Its boulders are the largest in the mountains.

BOULDER SLIDES

On many of the steeper slopes there are great accuinmlations
of houlders in the drainage depressions.  These are found particulariy
associated with the medium grained granophyre.  The hest examyples
can be seen on the southern side of Mount Scott and the western nnel
northwestern sides of Mount Wall. Thev are compnsed of rounded
and semi-rounded granitic masses three to six fect across.

No crushed material and very few cobblestones are found in the
interstices.  They are kept open by the drainage from the slopes which
finds its way quite freely between and around the boulders. The rush
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of water through this highly porous mass sounds very much like a
large stream going over steep rapids.

JOINTING

There are four sels of major joints, twe of which are the
stronger.  Of the stronger, one runs almost parallel with the axis of
the range. It varics hetween 69 and 78° west of north. The second
set is almost at right angles to the first and its direction is about 12°
cast of north. The third and fourth scts cut diagonally across the first
two and intersect them at angles of approximately 45°. ‘The general
directions for these are 55° cast of north and 35° west of north.

TFhere are many sets of minor joints which do not appear to ap-
proach any constaucy of direction.

The dip of most of the joints is vertical or nearty so.  But two
fairly well defined sets were noted that had north dips of approxi-
mately 407 and 60° respectively, aned two scts which dipped to the
south at approximately 11° and” 35° respectively.

FAULTING

Several faulls were seen, hut the displacement of only one could
he measured. This one is the fault in Sheridan Mountain described
hy Taylor. 1 is seen on the eastern slope where the crushed gran-
ite in the fault zone has heen weathered out and washed away leaving
a steeply dipping narrow trench fram 10 to 20 (eet wide. The trace of
this fault cuts across Mount Sheridan and can he plainly scen from an
airplane.  Hs general direction of N. 76" W. conforms to one of the
major sets of joints.  As nearly as can be determined the fault plane
is vertical.  The displacement is 68 feet.  Granite overlies the gahbro
m"hif point and the vertical offset of the contact can be ¢ adily deter-
mined.

Another fault was found in the hottom of Headquarters Creek,

a mile west of Buffado Lodge.  The dlisplacement could not be ea-
sured.  Some excellent slickensides were observed, hut not an ahnormal
amomnt of shatteving. Tt is prohabile that the movement was not large,

perhaps even less than in the Mount Sheridan fault. The dip was 82°
S. and the direction N, 627 |5,

A fault very prolably exists at the CNI.. SE.19 see. 16, 1. 3 N,
ROI3 W, (See 'L VILiny, Here the porphyry and medim grained
granite ave sepavated by a narrow trench two to four feet wide which is
filled with crushed rock of hoth types. Scarps facing this trench ap-
pear to be weathered slickenside surfaces.  The tronch has vertical
walls and trends N. 707 W, There was no way of deternining the
amount of displacenent.

117 Tayier, C. IL, op. cit., p. 86.
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A small fault was noted on the south bank of Little Medicine
Creek three-fourths wile south of Mount Scott.  Some good slicken-
side surfaces were present, but here too the displacement could not
be measured. The fault plane appeared to be vertical and was oriented

N 12° )i,

QUARTZ DIKES AND THEIR RELATION TO JOINTING

Throughout the mountains many quartz dikes were seen. They
vary in thickness from one-sixteenth inch to three feet. In most u-
stances their lincar extent could not be traced more than 20 to 30
feet. Dractically all of them are parallel to the four major joint
systems.  The greatest nunber, as well as most of the larger oncs,
were found to bear approximately N 72° W.  The larger part of the
remainder are directed approximately N 12° E.  The rest are about
equally divided between the other two sets of major joints.

STREAM DIRECTIONS AND THEIR RELATION TO JOINTING

Stream directions within and ou the outer flanks of the moun-
tains are controlled to a large extent hy joints. Medicine Bluff Creck
has many right angled turns.  The small sireams flowing north and
south from the divide between McKinley and Cross Mountains fol-
low a major joint line. Jointing greatly aided West Cache Creek and
its tributaries to cut valleys across the Quanah Mountains.

MEDICINE BLUFF

Medicine Bluff at the castern end of the mountains appears 1o
be the result of stream erosion.  The porphyritic rock: which forms

“this hill is cut by strong vertical jointing as well as northwest-south-

cast and northeast-southwest sets of joints.  Medicine Bhuff Creck
makes a south bend along the base of the cliff.  Stream erosion pre-
vents the accumulation of a large talus slope which would eventually
protect the bluff.  Due to well defined jointing the upper part of the
chilf has a rude colummar structure in which the colunms are aAppProx-
imately vertical.  The columns of porphyry hreak off and slide down to
the stream where they are broken into smaller pieces by weathering
and finally carried away.

On the north side of the creck is a low hill which appears to be
the northeastern remmnant 61 the Medicine Bluff. “The creek hrst swings
to the sonth and then back cast again, and so would have acted lees
ou the castern portion of the northern slope than on the western por-
tion. The castern remmant attests to this fact. By projection, the
otiginal Medicine Bluff 115ll can be recoustructed.  The development
of this physiographic feature is largely the result of a superimpnsed
stream course, aided by jointing. This problem is discussed below
wnder pre-Pleistocene drainage.
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GRAVELS

Within the mountains there are numerous isolated patches of
qravels.  The roads cross these gravel beds at various points, viz,,
one mile cast of Central Peak., one mile north of Fern Mountain,
from Indian Hill to the south side of QQuanah Mountain, north end
of Timber Hill, south of Lost Lake, one mile west of Buffalo Lodge,
and southwest of Buffalo Gap.  These unconsolidated clastics can
also he found at a great many points surrounding the onter cdge of
the mountains.  They can best be seen in the road cuts north and
northeast of the range and in a continwous belt along the southern
base of the (Juanal Mountains.

The gravels ave composed almost entirely of rounded and semi-
rounded granitic houlders in sizes from three feet in diameter to small
pebbles. “Uhe major portion of them are from six to ten inches across
in which the interstices have heen filfed with smaller matervial.  Gab-
broic rock forms a very small part of these clastic reminants.

The gravel patches now form low hills and ridges which have
smooth pentle slopes, Many of them are covered with a dense
growth of jack oak.  The gravel ridge southwest of Buffalo Gap
reaches an clevation of 1,780 feet.  This is the highest point in the
mountains at which gravels were found.  The hill sonthwest of Eagle
Maountain is entirely composed of gravels.  They attain a thickness of
at least 250 feet and reach a height of 1,685 feet.

It is very probable that the gravels are only renmants of a layer
of clastic material that once Glled all of the lower areas in and around
the momntains. 1, by projection of the highest points of the remain-
ing gravels the original beds were reconstructed, they would form a
layer having a gentle dip to the southeast.

Undoubtedly the gravels originally were higher than t||(~_\' are to-
day.  1low much higher it is difficult to say, but certainly they were
above 1,800 feet in the southwestern portion of the mountains, and
above 1,700 feet in the south central arca. At this rate of decline their
clevation in Blue Beaver Creek west of Carlton Mountain would have
been something over 1,550 feet.

Gravels deposited at clevations similar to those describied above
would have heen sufficient to fill all of the low and intermediate de-
pressions in the mouutains.  Many of the old drainage channels would
have been completely wiped out. The development of new.drainage
would in many instances he quite different from what it was previous
to the deposition of the pgravels.

South of the mountains some of these gravel heds have bheen
traced for a numiber of miles.  T'he most distant one known is located
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one niile north of Frederick, Oklahoma, which is about 30 miles south
of the Wichitas'z. Here the gravels were laid down in an old river
chaimel which was cut in the Permian red clays and shales.  They are
composed of the same granitic material as that found in the deposits
farther north, but on the average are of much smaller size,

A large number of Pleistocene fossils have heen found in the
pit north of Frederick.  On this basis a 'leistocene age has heen
assigned to it.  This not only dates the gravels in the pit a mile north
of Frederick, but also dates as Pleistocene the gravel remmants in and
arowd the Wichita Mountains,

The large percentage of rounded and semi-rounded pebbles and
boulders indicates that this material has been water worn to a con-
siderable extent.  "The flow of water necessary to produce deposits
similar to those, which most likely once existed. mst have been much
larger than anything known today.  Since the granophyres crode very
slowly the mountains could not have been much higher in Pleisto-
cene times than they are at present.  Greater drainage arca and
greater declivity cannot therefore reasonably he presented as an ex-
planation. A large amount of water was nccessary at the time of
the formation of the gravels.  Conditions today are entirely inadequate
to produce deposits similar to those indicated by the present renmants.
These gravels perhaps record a more Tnimid climaie than that of the
present.  Rock waste, which had accumulated under an earlier aridity
as slope debris, was rapidly removed.

The grooving found in the granophyres in the western, portion
of the Wichita Mountain system has heen regarded by Weidman® as
evidence of glaciation.  These grooves were first described by Tavlop
who called themt “ancient heach marks™,  That they are levels at
which the water remained for short periods of time appears 1o he
the correct explanation as pointed out by Ivaus's.  Series of parallel
grooves in places run back into reentrants in the rack as much as
six fcet. Some of them are lined by scalloped depressions which are
clearly solution cavities.

Weidman has stated that these markings were formed during
Permian time.  This scems to be correct, since they are now being

1 nid,” Chns, N, On the recent finding on another flint arrow-head in the
Ilelstocene deposit at Frederbek, Oklanhoma: Jour. Washington Acad. Scl., vol.
9, no. I, np, GR-KR, 1929

Conk, Harold .|:, New trails of early man in Awmerica: Sclentific American
p. 114, Angrust, 1927,

]-‘h:glns, J. ., The antiquity of man In America: Nat. Hist., vol. 27, no. 3,
. 240, 1927,

Spler, leslle, A nole on reputed anctent artlfacts from Jrederick, Okia-
! Scicnee, vol. 6S, no. 1766, p. 184, 28,

v, Ollver 1, On the atlgulty of relies of man at Frederlck, Oklahoma:
vol. 67, no. 1739, . 4412, 1928,

Cook, Harold [, Further evidence concerning man’s antiquity at Frederick,
Oklahoma: Sclence, vol, 67, no. 1786, p. 371, 1928,

13, Weldman, Samuel, op. elt,
14, Taylor, C. ., op, elt, pp. 60-61,
16. Evans, O, F.,, op. cit.
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exposed through the recent erasion of red Permian clays and shales.
The sedimentary protection must have occurred shortly after their
formation, or they would not have heen” preserved.  “The  parallel
markings may indicate oscillating lake or sea levels, but the general
trend indicates a rising strand line.

Since these groovings are of Permian age they cannot be related
to the genesis of the gravels in the mountains, which are Pleistocene.

PRE-PLEISTOCENE DRAINAGE

Many features of the present drainage in the interior of the
Wichita Monntains are not the result of normal stream development.
Among these, the most notable are the courses followed by West Cache
Creek and several of dts tributaries.  These streams have cut steep
walled vallevs and canvans across the Quanah Mountains.  They could
casily have avoided this arduous task hy following the interior trough
sontheastward, passing north of Indian Hill and  joining the Blue
Beaver Creek north of Cross Mountain, The present stream courses
are quite evidently superimposed upon an older topography.

The headwaters of Cedar Creek appear to follow unusual courses.
They first flow south-southwesterly in Mount Reosevelt, then turn
sharply castward at the southern hase, finallv swinging around to the
northeast to join Medicine Bluff Creek.  Fhe waters in their journey
practically reverse their direction. Their ravines in Mount Roose-
velt appear to be the normal headward development of a southeasterly
flowing stream.

Little Medicine Creek has clected a difficult  course  around
Davidson 11l 1lere it has cut a steep-walled valley between David-
son and Pratt Hills, The normal divection for this stream would
have heen westerly to Mount Wall and then southwesterly discharging
its waters into the Blue Beaver Creek.

Southeast of Mount Sherman, Blue Beaver Creck  changes
from its southeasterly to a southwesterly course and avoids a low pass
along the southwestern side of Carlton Mountain,  FFrom the locality
north of Crass Mountain to the point at which this change of direction
is made, the stream follows closely the contact between the Lugert and
Carltom granophyres.  On leaving the contact it assumes a more diffi-
cult course. :

An inspection of field conditions indicates that the principal
stream of the earlier drainage had its head approximately at the noeth
end of Auntelope Flat.  From here it flowed southeasterly down the
trongh-like area passing north of Indian Hill to the valley of the
luce Beaver, continuing southeastward along the southwestern side
of Carlton Mountain,  This course follows a line less resistant to
erosion than any other in the mountains.  “The area, from a mile west
of Ll Island to Sulphur Spring is underlain by gabbroic intrusions
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which arc the most easily eroded of the igneous rocks. From the
northern base of Cross Mountain the course bears close to the Lugert-
Carlton contact. The Carlton is here intensely shattered, and afforded
the easiest means for the development of an outlet.

A stream of this size had a very decided advantage over any
others in or on the flanks of the mountains. It drained a much
larger area, contained a greater flow of water and wore rapidly cut its
valley to a lower elevation. These conditions, especially that of greater
declivity, greatly assisted the work of its tributarics. Normal head-
ward erosion carried the tributaries back into Graham Fiat and Mount
Roosevelt on the north, and to the base of Mount Scott on the north-
east. 'The drainage from the western group of porphyry hills flowed
westerly.

I the valley depressions, which exist today in the above described
drainage arca, were fillerd, the earlier stream pattern would be recon-
structed.  The divides, which prevent the present streams from fol-
lowing their earlier courses, are all low and in several instances com-
posed of ridges of gravel. ’

The carlicr streamy system was very probahly disrupted by the
deposition of the gravels.” At the close of the Pleistocene this mater-
ial must have filled the depressions to elevations higher than those at
which they are found today. Ranging from above 1.800 feet in Bul-
falo Gap to perhaps a little less than 1,600 feet at Carlton Mountain
these deposits were stilficient to crase most of the then existing val-
leys. The streams would naturally be consequent on the new topogra-
phy.  In some cases they followed the old courses and in many in-
stances new directions were taken.  Since the gravels were more
easily eroded than the solid igneous rock the old drainage lines were
largely uncovered before a completely changed system was developed.
In the meantime many of the stremms which followed new conrses
across the gravels were superimposed upon a topography for which
they were not adjusted. ’

[f these new channels contained streams large enough to main-
tain their new directions, and were aided by such conditions as joint-
ing, they would not be found to revert back to their earlier conrses,
That this has occnrred is witnessed by the fact that the Blue Beaver
has Jost most of its headwaters and has even developed a new valley
southeast of Mount Sherman.  The western waters are now carried
south by the West Cache Creck and its tributaries. Crater Creek,
which was probably a northward flowing tributary, now flows south
through DcClelland Pass.  Some of the northern headwaters have
been pirated by Cedar Creek, and the northeastern tributaries now
flow castward through Little Medicine Creck. Deer Creek and the
West Branch Wolf Creek have captured some of the castern tributarics.
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STRATIGRAPHY
GENERAL GEOLOGY

The mountains in sonthwestern Oklahoma mark the axis of a
regional high, which extends from the Criner Hills, at the southeastern
end, across the huried Amarillo range in the Panhandlie of Texas, at
least as far as northeastern New Mexico.  This is a distance of ap-
proximately <400 miles.

AMARILLO MOUNTAINS

The Amartlo Mountains, in the Texas PPanhandle, have been
bricfly described by Prattre and Bauer'r. These are a buried range
of hills compased of igneous rocks and  extending in a northwest-
southeasterly direction approximately N. 70" W. “Their known ex-
tent is at feast 125 miles from the sontheasternt corner of Wheeler
County to the southwestern corner of Moore County. Thev probably
extend mueh farther, continuing southeastward into Oklahoma and
northwestward into New Mexico.

The highest peaks that have been reached by the drill are about
500 feet above sea level. The overlving section, whicly is approximalte-
v 3,000 feet thick on the crest of the range, is composed of a series of
arkoscs, sands, shales, clavs, dolomites, and salt heds.  The oldest hed
in the sedimgntary column is a dolomite.  This has been tentatively
assigned to the Cisco in the upper Pennsylvanian™. The remaining
section, excepting the uppermnst 300 to 400 feet, is of Permian age.
The upper 400 feet are Triassic, Tertiary, and Recent. '

WICHITA MOUNTAIN SYSTEM

The Wichita Mountain system is composed of a range of hills
of igneous rocks surrounded by sedimentary formations.  The igneous
rocks are pre-Cambirian, vet younger than a quartzite which they have
intruded.  The sedimentary section is entirely Paleozoic except for
the small palches of Pleistocene and recent material - found  strewn
about on the surface. The hills rise ahove the plains to a maximum of
1,100 feet, the highest point reaching an elevation of 2,480 fect above
sea level. The igneons rock dips both to the northwest and southeast
hencath younger formations. The highest peaks in the Amarillo dis-
trict are 500 feet above sea level, whereas in the Mannsville area gran-
itic rock has not heen reached by wells drilled 1,500 feet or more be-
low sca level.

Early Palcozoic rocks form a ritn around the southeastern end of
the mountains.  They extend from McKenzie Hill, on the south side

1L Ol and gas In the Texas Panhandle: Bull. Am, Assoc. Pet.

7. pp. 207-219,

b , . Max, OIl and gas fields in the Texas Panhandle: Bull, Am.
Assoc, 'at, Geol,, vol, 10, pp, -746, 1926,

18, Pratt, W, i, op. clt. p. 242,
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of the Carlton Mountains, around the castern end. and then north-
westward as far as Rainy Mountain Mission. The formations involv-
ed are the Reagan saundstone, Arbuckle limestone, Simpson formation,
and the Viola limestone. They all outcrop prominently except the
Simipson, which is exposed only in two small arcas south of Goteho near
Rainy Mountain Mission. The sedimentaries dip away [rom the ig-
neous core and form a southeasterly plunging anticline.

The best exposures of the sedimentary rocks are found in the
Limestone Hills. The oldest of the scries is the Reagan sandstone
which rests uncomformably on the pre-Cambrian porphyvry and is Up-
per Cambrian in age.’8 1t is described by Talf* as follows:

The Reagan sandstone is the lowest Cambrian formation in the
Wichita region, and it rests on the eroded uneven surface of the
granite porphyry, from which most of its materials have been
derived.

The Reagan sandstone is approximately 300 feet thick and
is composed of hard and soft sandstone, grit, conglomerate,
shales, and siliccous shell fimestones . . . . The conglomerale oc-
curs invariably near the base as local beds or lentils, while the
calcarcous sandstone and limestione beds are without exception
in the upper part of the formation.

Overlving the Reagan sandstone with apparent conformity is the
Arbuckle limestone, which has an estimated thickness ol at least 6.0}
fcet in this arca. This formation is briefly described by Gould.2°

In the Wichita Mounntains the Arbuckle limestone is exposerd
as rugged limestone ridges trending parallel to the main axis of the
range, dipping northeast, in the northern Comanche, southwestern
Caddo, and castern Kiowa counties, and dipping south, in iso-
lated limestone hills northwest of Lawton . . . . Fossils in the
basal Arbuckle iundicate Upper Cambrian age. The upper part
of the limestone has been assigned to the Beckmantown (Lower
Ordovician).

.Three small limestone outcrops near Rainy  Mountain  Mission
have been correlated with the Viola and Simpson found in the Ar-
buckle arca.  The Simpson formation occurs below the Viola, and
above the Arbuckle limestones. Tt does not outcrop prominently in
the Wichita region, but has been found by the drill.

The total thickness of this Cambro-Ordovician series is ahout
8500 feet, approximately equivalent to the corresponding scction in
the Arbuckle Mountains.

The Silurian, Devonian, Mississippian, and Lower Pennsvlvanian
periods are not represented in the Wichita arca.  The regional his-
tory indicates that this portion of Oklahoma lay dormant during that
1%, Dercker, Chas. 12, Letter dated September 23, 1930,

19. Taff, J. A., op, cit, pp. 68-69,

20, CGould. Chas. N, Index to the stratlgraphy of Oklahoma: .Oklahoma Geol.
Survey Bull. 35, p. 13, 1925,
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time.  Evidence of orogenic movements is not known. Nothing but
regional warping, and gradual vising and sinking of the lands, and
basins of the ¢peiric scas, are indicated.

‘The next youngest sediments resting on the Ordovician heds are
of Upper Pennsylvanian age.  These do not outcrop around the
mountains and are only known from well-log data.  They thicken very
rapidly to the castward.  North of the Criner Hills exposures of these
beds total more than 7,000 feet in thickness?.

Beds of Permian age overlap alt of the older rocks, concealing
most of them.  They are gently dipping to flat-lving and Gl the
troughs and depressions in and around the hills and ridges of older
racks.  Some of the peaks of igneous rock are completely surrounded
by Permian strata.

Overlying the Permian are patches of gravels, sands and clays
of Pleistocene age and younger.

ANADARKO BASIN

North of the Limestone Hills is the Anadarko Basin.  This de-
pression accupies the greater part of western Oklahoma and its axis
runs northwest-sontheast. 1t was first  naned  aned  deseribed by
Gould®  Later Greene™ published a structure map of this area,
drawn on the base of the Enid formation, which illustrates its general
character.  Northward into the trough the Permian beds thicken very
rapidly.  Near Canute, 25 miles” from the nearest granite outcrop
these beds were found in drilling to micasure over 4,500 feetzs. '

RED RIVER SYNCLINE

The Red River syncline is located south of the Wichita Moun-
t:nins.‘ The sediments which (il this basin are composed largely of
Permian beds. A section 4.700 feet thick was found to rest on Ordo-
vician limestone. 1t is entirely Permian, except a small amount of

surface material, and the lower part, which was found to be Upper
Pennsylvanian.=»

ARBUCKLE MOUNTAINS

o the castward the next major geologic feature is the Arbuckle
Mountain uplift.2e  Its structure is anticlinal, and the general axis of

207 ombinson, € W The Pennsylvanlan sys ¥ :

l:'(:"”: ”“I"||- Surver T e “‘2‘;'_. ¥ system In the Ardmore Basin: Okla-
22. Gould, Chas. N, A new classificatlon of the Permian red beds -
westera Olkldahoma: Gull, A, Asvoe. I'et. Cicol, vol. 8, pp. 2\22-3!;..‘ l")ﬂn{ south

S Greene, Frank L Subuanpfaes ateatleraphy f w J : .
!‘mmu Geol, Survey, Dull. 40, vol. 1. pp. 4)-4'!\‘.“1!):.:'8. vestern Olduhoma: Olda-

Powers, Sidney, Ape of  foblipe . R .
Soe, Amerle, vel, 39, . 1.0!’-7,"1‘958". of the Okiahoma Mountalng; DBull, Geol.

20, Jdem, .o g.050,
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the folding is approximately N. 65° W.  The oldest rocks exposed are
of igneous origin. The sedimentary scction is much thicker here than
in the Wichita Mountains. 1ach period in the Palcozoic era is rep-
resented by one or more formations, and the section varies in thick-
ness {rom 22,000 to 32,000 fect. depending upon where it is measured.
Post-Paleozoic beds are of minor importance.

OUACHITA MOUNTAINS

Eastward from the Arbuckle Mountains the Paleozoic sediments
thicken rapidly. Their total amount is not known, but the Carbon-
iferous scction alone measures over 23,000 fect. Pre-Cambrian rocks
are not cxposed, and the only igneous rocks known are a few sills and
dikes which have been intruded into Paleozoic beds.  The rountains
have been formed by inténse crumpling, folding and thrust faulting.
The thrust originated southeast of the mountains.  Great blocks and
masses of sediments were sheared and thrust northwestward.2r

STRUCTURE

The Wichita-Arbuckle-Ouachita Mountain systems are all anti-
clinal. The greatest thickness nf sediments is found in or adjoining
these uplifts; away from the line of these folds the =ediments thin
rapidly both northward and southward. This feature indicates that the
folding has occurred in or very close to the geosynclinal axes of dep-
osition. .

The outstanding featurcs are as follows:

1. The vary marked unconformities at the hase of the upper
Cambrian and at tlie base of the upper Pennsylvanian.

2. The igneous core of the Amarillo Mountains is covered by
a thin section of upper Pennsylvanian, which in turn is overlain by a
thick series of Permian beds.

3. The Proterozoic rocks of the Wichita Mountains are uncon-
formably overlain by Cambrian and Ordovician sediments.  These are
followed by upper Pennsylvanian beds, which are overlapped by the
Permian series.

4. The sedimentary secries is much thicker in the Arbuckle
Moumntains than in the Wichita Mountains.  Beds of each Paleozoic
period are represented, with hreaks indicated by unconformities dur-
ing the Lipalian interval, and in late middle or carly upper Penunsyl-
vanian.

5. The Ouachita Mountains contain the greatest thickness of

sediments known in Oklahoma.  The pre-Cambrian unconformity has
not been found, but the Pennsylvania hreak is known.

27,7 Hioness, €. WL, Geology of the southern Ouachita Mountains of Oklahoma:
Oklahoma Gecol. Survey, Bull. 32, 1923,
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HISTORICAL GEOLOGY
PROTEROZOIC ERA

At the morthern hase of Mount Sheridan along Medicine Bluff
Creek, and nml;qu:lrtcr mile sonthwest of the old Meers townsite, is
an outerop of Juartzite. which has heen intruded by grabbroic rock.
Fhis exposure of quarizite was first described by Taylorss. It can be
seett over an arca about a quarter mile in width,

An exposure of quartzite, not previously described, was found at
the top of the hilt in the SW1 SEW sec. 36, 1.4 N, R 4AV. The
outerop is small, being only 200 feet long by 50 feet wide. Near the
top of the Will is an old prospect pit 6 feet deep where fair samples of
this rock were ablained.” The quartzite is here intruded by the Lugert
H':;lllllﬂpll.\'l'(‘. 'l'h(-s!- exposures of melamorpliosed  sedimentary rock
will be referred to in this paper under the name of Meers quartzite,

bl oL 40 L,

T'he area south of Mount Scott, which Taylor marked quartzite,

was found to be not a quartzite, but a fine grained grauophyre, which
is described in the chapter on petrology.

] I'lc igncous rocks comprise o series of intrusions beginning syith
the basic and ending with the acidic. They are closely related in ."u:c.
In many instances the grain ‘size is not much smaller along the con-
tacts than in the interior of the masses, indicating that one instrusion
followed the other hefore the preceding bad cooled. Coincident
with the igneons activity there occurred some folding and uplift, This
is .<|ll:i'\:'l! by the presence of “porphyry pebbles and included  basic
rocks "III the lower portion of the Reagan. 1 erosion had not taken
place with at least some moderate degree of rapidity, weathering would
have disintegrated these pebbles.

The time of this serics of events is regarded as_Proterozoic, con-
forming to the widespread vuleanism whiclfii:llip;'m—-(i—ﬁlt-iil(:_éi(')sc of
the Algonkian,  Upper Cambrian beds now are found resting uncon-
formably on these carlier rocks, indicating that any uplift must have
heen reduced by the end of middle Cambrian.  The fapatian interval
along with the lower and middle Caunbrian intervals, would have l)ccl;
sullicient time for the accomplishment of these changes.

PALEOZOIC ERA

CAMBRIAN AND ORDOVICIAN PERIODS

JInthe Wichita area deposition began in the upper Cambrian and
rontinued through Ordovician times, No momentous diastrophic move-
wients are recorded. From the Reagan sandstone to the Viola lime-
stone the beds rest upon one another with apparent conformity.

.-:-i. Tavier, C. 1., op. it o 32,
29. Taff, J. A, op. clt, p. 69.
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The Reagan conglomerate grades upward through sandstone into
limy strata. These are overlain by a great series of limestones 7.000
or more feet thick” hroken only in the upper part by a sandy horizon,
the Simpson formation. The character of the sediments indicates that
adjacent uplands were reduced before the close of the upper Cam-
brian epoch. The succeeding history is one of widespread, quict seas.
They may have been shallow seas, but certainly were not bordered by
high land arcas.

Formations of these periods are known to extend westward as
far as Rainy DMouniain Mission. Several outerops in this locality have
been corrclated witlt the Viola limestone. The greatest westward ex-
tension of the Cambrian and Ordovician seas can only he inferred.
Well records indicate that these early Paleozoic formations thin rapidly
westward, and in western Oklahoma and the adjoining Texas Pan-
handle area, they have not knowingly been logged. It scems reasonable
to suppnse from the change in the character of the sediments, that the
Ordovician scas were more widespread than the Cambrian. and that
beds of the lalter were overlapped to the westward by the former.
Ordovician beds, very much thinner than those knowvn in central Okla-
homa, were probably laid down in the western and southwestern por-
tions of the State, but most likely did not extend very far into the Texas
Panhandle.

SILURIAN, DEVONIAN, MISSISSIPPIAN AND LOWER
PENNSYLVANIAN PERIODS

Foward the close of the Ordovician period hroad regional warp-
ing brought western Oklahoma above sea-level. Deposits of Silurian,
Devonian, Mississippian, and lower Pennsylvanian time are absent from
this area. There is nothing to indicate that they were deposited and
eroded. Since the area over which they are absent is so large, it is
more reasonable to assume that they were never laid down. On the other
hand, the amount of uplift was not great. No large amount of crosion
is recorded. In the Arbuckle region, where sedimentation continuerl
throughout the Paleozoic, the break at the base of the Silurian is
represented principatly in the fossil sequence.

IZast of the Wichita area serlimentation is recorded in all of the
periods of the Palenzic ern. The deposits thicken castward.  The
largest amount of sediments is now found in the Ouachita Mountains.

LATE PALEOZOIC EVENTS

Degimming in mid-Pennsylvanian time and continuing to the cod
of this period and possibly into the Permian. Oklahoma was in the
throes of a gigantic diastrophism. The Ouachita, Arbuckle, and Wichita
mountains arose. The orogeny began at the castern end in the Oua-

30 Decker, Chas. B, and Merritt, . A, Uhysieal eharacteristics of the Ar-
buckle limeslone: Okinhoma Geol. Survey, Clirc. 15, 1928.
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chitas and continued westward. The Amarillo Mountains most likely
folded as the westward extension of the Wichita System.

Coincident with this tremendons mountain folding, most of Qkla-
homa,  especially the middle and western parts, was tilted a little
south of westward.,  This regional warping, along with the mountain
building, initiated a westward dipping trough which later became en-
closed to form the Anadarka basin, “The upper Pennsvivanian and low-

er Permian seas encroached (rom the southwest and retreated in the
direction from which they came.

From upper Pennsylvanian through Permian, the seas were shal-

low as indicated by the cross-hedding, ripple. marks and leusing of

the beds. Some of these formations may cven have heen delta or river
deposits.™

During Permian time the seas were rather widespread, hut shal-
low. Their deposits are now found over a large arca, and their shallow-
ness s shown by the marked changes in sedimentation which resulted
in slight 1o negligible unconformities. At tines the basins were cn-
closed and salts and gyvpsum were deposited. Then at a fater date the
areawas connected with the sea and a marine fauna left its imprint,
This was fullowed by shallow-water deposits  part of which were
perhaps terrestrial,

The Wichita Mountains  formed an archipelago in the early
L PR -' - g . . . . . oy .
Permian sea. “They were heing rapidly reduced while the surrounding

sedimentary deposits were hecoming thicker. I the laer Permian de- -

posits did not completely cover the momntains they left verv little ex-
posed. The level of the red beds today at the hase of the Headguarters
Mountain group northwest of Granite, if extended southeastward,
would nat fall short more thau 200 or 300 feet of completely covering
the Wichitas.

SOURCE OF THE PERMIAN SEDIMENTS

The mowntain ranges  in zouthern Oklahoma Turnished the ma-
terial for the conglomerates, smdstones. aned shales in the upper Penn-
sylvanian as noted by the great series of clastics of this age adjacent to
these bigh T arcas. Sedimentation continued from these same sources
into the following period. Novthward from the mountains, thick for-
mations of red sandstones, sandy clayvs, and shales of Permian age
grade into thinner sections of nonred clays and limestones. Southwest-
ward from the Wichita system, the same gradation prevails. That the
Wichita ranges were the upland  regions  from which  the princi-
pal part of these sediments were derived is shown by (1) the known
high areas in latc Pennsylvanian and carly Permian times, and (2)
the characteristic change in sedimentation.

BUTTBNAN, B, 1L Triasste-Jurascle “red beda™ of the Rorky Mountaln re-
glon: Jour. Geology, vol, 35, wo. 7, pp. 607-630, 1927,
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SOURCE OF THE RED COLORING

The reddish color of the rocks begins in the upper Pennsvlvanian
in south-central Oklahoma and grades upward into the Permian. To
the castward it forms roughly a large semi-circular area around the
Wichita Mountains as a center.  Close to the center the reddish seetion
is thicker and more completely red than it is farther out toward the
periphery. At the outer edges the red beds are interstratilied with
non-red beds.

The igncous rocks of the Wichita Mountains carry a relatively high
percentage of magnetite. The gabbroid rocks comtain from 1 to 6 per
cent, the average being about 3 per cent. The granophyric rocks are
very acidic and are composed largely of quartz and feldspar.  They are
guite unusual, however, in that they carry an ample supply of magne-
tite. The amount varies hetween nothing and -+ per cent, hut most of
it contains an average of | per cent. It is evident that the supply of
iron oxide for coloring matter is quite sufficient.

Twenhofel” states that red beds may be arkoses produced through
the disintegration and partial decomposition of red granitic rocks . .
Iowever, as most of the red heds do not appear to contain a greal
deal of feldspar, the hypothesis has little application.  \With this argu-
ment Gonld™ eliminated the igneous rocks in southern Oklaboma as
the source of the red color. These statements disregard the fact that
an igneous rock can undergo complete katamorphism and still produce
sands and clays with a reddish color. 1f weathering is complete, cor-
tainly no feldspar would he present.  Leith and Mead® make the fol-
lowing statement, under, “Qualitative consideration of mincral altera-
tion of a granite.”

In the progress of katamorphism the feldspars and the fer-
romagncesian constituents lose their bases and by hvdration. he-
come kaolin. In the absence of iron stains, this canses a whiten-
ing or bleaching of the rock. The iron in the ferromapnesian
minerals under surface conditions may be oxidized in place, be-
coming hematite or limonite, giving yellowish and reddish colors to
the altered product. Under reducing conditions part of the iron
may be laken iInto solution, to he later precipitated as iroi
carbonate or hydrous oxides, commonly limonite. The silica
leached from the rock is deposited as chert or quartz. The small
amomnis of magnesia and the lime taken from the granite are
principally deposited as ealelte and dolomite, either in Hme-
stone or dolomite formatlons, or mixed wHh the fragmental
formations. Seda largely goes to salt in the sea, although
some  sodinm  ealts may be precipliated under appropriate
conditions of desiccatlon. Polash remains larzely wilth the
clay in more or less doubtful combination. The ulthnate mineral

35 T:;;llt_v[cl, 1. H., Treatlse on sedimentatlon: Willlams & Wilkins Com-
rany, p. 178, 1926,

33, Gould, Chas. N. and Wilson, Iloy A., The upper Paleozole rocks of Okla-
homa: Oklahomma Geol, Survey, Bull, {1, p. 21, 1927,

3. Lelh, C. K, and Mende, W. J., Metamorphle geology: Henry Holt & Co.,
p. 4, 1916,
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products of the alleration of a prantte. therefore, are clay or
kaolin, quartz, iron oxide, calcile, dolomite, and salts in the
seq.

IFrom a consideration of the above it is scen that the complete
weathering of the igneous rocks in the Wichita Mountains could pro-
duce the identical conditions found today.  The character of the
Permian red heds indicates that they were deposited in widespreacd
shallow seas or as river or delta beds, or a combination of hoth,
Deposits formed umder conditions such as these 1ypes would igdicate
could casily have heen weathered nearly to completion.

Probably not all of the red beds in this general area were formed
thus.  The weathering of the igneous rock could account for the red
beds of the upper Pemnsvlvanian and lower Permian, during which
time the Wichita Mountains were wndergoing rapid erosion.  Later
Permian heds probably covered mueh of the Wichita Mountains. At
this stage the sediments were furnished by the land areas of low or
maderate clevations surrounding these shatlow seas and basins.  As the
scas retreated the shore lines were composed of the red  sediments
formed catlier in the period. The later red beds may to a large degree
be the redeposited sediments of late upper Pennsylvanian and early
Permian age.

MESOZOIC EVENTS

Following the Permian, the area was subjected to erosion.  The
principal drainage (lowed southwesterly.  No important movements
are recorded in southwestern Oklalioma until the Laramide revolution.
The folding of the Rocky Mountains altered the geography cast of it.
Regional tilting 1ook place in Oklahoma, changing the  general slope
from sonthwesterly to southeasterly.  The major drainage, similar to
that existing today, was initiated at this time.

POST-MESOZOIC EVENTS

During the Pleistocene perind a bed of coarse gravels and bould-
ers was deposited in and around the Wichita Mowntains.  This has
heen suggested as evidence of a more humid climate than that of the
present. Rock waste, which had  accumulded  wnder an earlier
aridity as slope debris, was rapidly removed during this time.

PETROLOGY

The rocks of the Wichita Mountains will he described approxi-
mately in the order of their ages,—quartzites, gabbros and anortho-

sites, granophyres,™ and dike rocks,—the quartzites being the oldest,

nophyres are hypaty e
vtz e atkali febdsp:
pegmatitic texture Is common,

1l or extruslve rocks of eranitle composition n
rs are, o a large extent, Imtergrown. Micro-
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Their modes have been determined by the Rosiwal method.-

The acidic rocks are granophyres and not granites as they have
usually been regarded.  These were intruded as thick sills, and not as
parts of a bhatholith or a combination of several batholitic masses.  \
discussion of this problem will be taken up following the rock de-
scriplions.

QUARTZITES

Three small exposures of quartzites, which have been named the
Meers Quartzite. were found in the north central portion of the Wich-
itas. ‘Two have been intruded by gabbro and the third by granophyre.

One of the exposures southwest of Meers is a small, roughly
circular area abaut_one-fourth mile wide. 1t is found along the hanks
of Medicine Bluff Creek aned also in the creek hottom.  This is the
ontcrop referred to by Taylor®, and is included entirely within the
gabbroid rocks.  The other is a small mass which cuts across the road
iamediately south of the

A specimen which was taken from the creck hed was examined
microscopically. Tt comtained the following minerals: quartz grains
91 per cent, sillimanite needles 5 per cent. hiotite 3 per cent. magne-
tite 1 per cent, many small grains of zircon, and a few small graine
of apatite.

The quartz grains (PL XVn) are sub-angular to rounded amd
average from 0.2 to 0.3 mm. in diameter.  They contain many minute
granular inclusions and also an abundance of extremely fine needies.

Most of the sillimanite, biotite, and magnctite is clustered to-
gether.  The sillimanite is present as slender needies up to 0.5 mm. in
length (PL XVc). The biotite forms small grains most of which are
chioritized.  The magnetite occurs in small irrcgularly shaped grains.
Most of the zircons have an average diameter of about 0.05 num.

The third outcrop of guartzite was found on top of the hill in
the SEY SWi4 SE4] Sec. 34, T4, N R 14 W, tis a small ex-
posure clongated northwest-southeast and is about 50 feet wide and
200 feet long. This area is included completely within the grano-
phyre. 1t is unlike the mass included within the gabbro for silliman-
ite and biotite are absent. There is an abundance of small magnetile
grains.  Apatite and zircon are present in moderate amounts, hut
mostly in grains less than 0.03 . in diameter.

The quartz grains vary from 0.7 to LO mm. in fength.  They de-
part from a rounded form and fit closely against one another.

35. Taylor, C. H., op. cit,, p. 32.
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The rock is cut by thin dikes of granitic material (PI. XVIa)
which have an average thickness of about 1 mm. These are composed
of quartz with a small amount of sodaclase™ and orthoclase,

GABBRO AND ANORTHOSITE

Gabbroic rocks are exposed in several isolated areas. three of
which are Jarge and seven are small.  They can be readily located on
the map accompanying this report.  These will be desceribed in order
beginning with the northeastern mass, then continuing south and west-
ward.

NORTHERN AREA

Flanking the northeastern side of the Wichita Mountains is an
clongated siip of anorthesite and gabbro.  Its orientation is approxi-
mately paraliel to the axis of the range which is N. 60° W.  This ex-
posure i< 12 miles long and varies from a narrow wedge at its south-
castern dimits 1o 237 miles across its middle portion and 1'% miles
across its novthwestern extremity. “These basic rocks are hounded by
granophyres on all sides except along the northeastern cdge. Here it
is limited by sedimentary rocks. Sonth and southwest of Meers two
small arcas of yuarlzite occur as inclusions.

The gabbroic rocks vary from dark gray to black in color. Some
of the specimens carry siall greenish patches which are chloritized or
uralitized zones of ferromagnesian minerals.  The grain is from med-
i to eoarse and uneven. The plagioclase faths which form the

major portion of the rocks range in length from 2 mm. to 14 mu. or
possibly cven more, i

The general character of the rocks is anorthositic rather than
gabbroic.  The greater portion of this entire exposure carries more
than 80 per cent kabradorite.  Much of it can he classified as an anorth-
osite as it carries as high as 96 per cent labradorite.

Without exception the anorthosite is found along the northeastern
edge of the mass where the adjoining rocks are sedimentaries.  “I'he
distinetly gabbroic types, in which the ferromagnesian minerals com-
prise from onc-third to one-half of the rock, are found adjacent to
the granophyres along the southwestern side and at the northwestern
end. “Throughout the central portion of mass, transition types, which
carry not less than 72 per cent labradorite, were found.

In two Jocalities the specimens collected were quartz-gabbros,
At the northwestern end in the NIE cor., SI314 SWi14 Sec. 8, T. 4 N,

=4

R. 14 W., one specimen was examined which contained 7 per cent

K. mmnen, Albert, Esqentials for  the wlevoscapls  determination of rock-
forming suinerels and rocks: Univ. of Chleagn I'resg, 2nd. ed, 1928,

Sodaclage s a new term fntroduced by Albert Johannsen for the soda end
of the plagioclase serlex, and replnces the mineral name nlblte.
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quartz.  This rock should really be classificd as a granogabbro since
it also contained 16 per cent of microperthite and orthoclase.  The
other quartz-hearing rock was obtained from the Hazel quarry (DL,
XVin. ¢) on the eastern slope of Mount Sheridan. It comtained a
few grains totaling 3 per cent of the rock, filling the interstices he-
tween the other constituents.  The gabbro in this locality is cut by
many aplite, diabase, and quartz dikes.

‘The texture of the mass varies from ophitic, through hypidio-
morphic-granular, to schistose.  Some of the gabhro is characterized
by ophitic texture. A few varictics of gabbro, anorthosite-gabhro and
anorthosite  are  hypidiomorphic-granular,  the  schistose  texture
('L XVIp) is confined entirely to the anorthosite.  arallel tex-
tured anorthosite forms a band along the outer edge of the gabbroie
intrusion, 1t is present in a hett No o0 WL ane extending novilhiwest-
erly for five miles from a point about a nile northwest of the old
Meers townsite  (lig. 3).

Although the rock appears to he a schist it is more probable that
the parallel texture was developed at the time and as a result of the
intrusion. It is present in a belt N, 607 W, and extending northwest-
margin which is the contact of the gabbro with granophyre. 1 the
parallel arrangement of the crystals was induced by metamorphism it
should he found along this zone where the granophyre is known to be
younger and to have intruded the gabbroic rocks.  The northeastern
cdge is hounded by sedimentary rocks.  There is no evidence present

lo suggest any agency which might have produced  recrystallization
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along this belt.  Furthermore the small amount of dinllage (4-6 per
cent), which fills the interstices between the labradorite laths, shows
i parallel orientation nor crystal outlines.  Rather it seems to he
the final product of crystallization which was still liquid at the
time of the intrusion. It solidilied witls little regard to compressional
directions.

ROCK FORMING MINERALS

The most abundant mineral is labradorite. It varies from 96
per cent in the anorthosite along the northeastern edge, to 72 per cent
in the central portion of the mass. and drops to 55 per cent in the
quartz-gabbro of the Hazel guarry and 49 per cent in the grm.m-g.'ll)l)rf)
at the nortlneestern end.  The plagioclase content is lower in the vi-
cinity of the granophyre than along the outer edge. but the feldspar
pereentage along the contact varies considerably:  Some of the speci-
mens collected were more of the anorthesite-gabbro type than true
gabbros. At the northeastern foot of Mount Scott, I;\hra(lm'lt'c‘ forms
86 per cent of the rock, and at the northwestern foot of Tarboue
Mountain it forms 87 per cent.

The labradorite ceystals vary in size from stout tablets, which
are as wide as they are long, to slender erystals four to six times as
tong as they are wide. The clongated forms are found il.l .the rocks
which bhave paraliel  texture.  They are nearly !»mmlmmorpluc
(PL XVin). The only minerals which do not exhibit almost com-
plete crystal forms are the ferromagnesian constituents.

In the gabbro and anorthosite-gabbro the grain sizes vary from
medinmm (o very coarse,  The texture s usually  hypidiomorphic-
granular, but is somectimes divergent-granular.

The labradorite is almost alwavs stained a grayish brown.  This
coloring varies from a very pale tinge to a rather intense shade. .lt
is best seen in the rocks which carry the higher percentage of plagio-
clise.  The amount of pigment gives the anorthosite its color, which,
miegascopically is of all shades from gray to black.

The coloring of the labradorite is due to inclusions hoth of l}nc[_v
dissetminated granular waterial and small thin black blades of titani-
ferous mica ('L XVIe). Most of the crystals contain three sets of
these blades oriented paraliel to three lines at G0° to cach other.

The Ebradorite in the anorthosite is quite fresh and shows very
fittle fracturing, 1o the anorthosite-gabbro and normal ;::lhl)r(}‘ihc
feldspars are very wnch fractured, sometines even slm’ll_orcd. They
are also altered, particularly along the fracture plancs. The principal
product of alteration is white mica but a small amount of kaolin is
also developed.
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The usual albite twinning is well defined and common to nearly
all of the crystals of labradorite. Carlshad twins are abundant, as
are also twins developed according to the pericline law. Al three
forms are often developed in a single crystal (I’l. XVIr).

Of the ferromagnesian minerals, diallage is the most abundant,
1t shows typical cleavage and has a maximum extinction angle of 30°.
It is usually altered to chlorite, epidote and uralitic hornblende. The

greatest degree of alteration was found in the gabbros wnd the lcast
in the anorthosites.

Hornblende and biotite also occur as prinafy constitients. They
are of insignificant amount except in the quartz gabbros. In these
cach may form as much as 745 per cent of the rock.  The hornblende
is green, strongly pleochroic, and with well defined amphibole (110)
cleavage. The biotite varics from golden brown to a very deep brown,

In the granogabbro at the northwestern end. the pyroxene is
surrounded by rims of hornblende and biotite. A few examples were
noted where the hornblende forms a rim around the diallage, and this
is surrounded by a rim of biotite (Pl XVIla).

Hypersthene was found only in the quartz-hearing gabbros. It
is most abundant in the rock from the Iazel quarrvy and here it
amounts to about 5 per cent.  This rock also carries 3 per cent
quartz. some of which is graphically intergrown with a small amount
of kaolinized orthoclase.  The granogabbro carries 7 per cent quartz
and 16 per cent of kaolinized orthoclase and micropherthite. D'art of
the quartz occurs as large irregularly shaped grains while the re-
mainder is micrographically intergrown with the alkali feldspar.

The accessory minerals are magnetite, apatite, titanite, zircon, and
pyrite.  They are listed in the order of abundance. Their quantity
in the rock in general varics inversely with the amount of labradorite.
Maguetite is found in very insignificant quantitics in the' anorthosite
and as high as 6 per cent in the gabbros. That it is titaniferous js
shown by its partial alteration to leucoxene. A few of the partially
altered grains have surface striations closcly resembling sagenite, in-
dicating an intergrowth of ilmenite and magnetite. Apatite forms a
common accessory of the gabbros, particularly in those which are
quartz hearing. It occurs in medium sized prisms, needles, and hex-

agonal grains.  Titanite is found occasionally while zircon pyrite
arc but rarcly present.

CENTRAL PEAK AREA

A small exposure of gabbro forms the saddle helween the cen-
tral and northeastern hills of Central Peak. The outcrop is roughly
circular in shape and not over one-cighth mile across.
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The rack is dark gray, medium grained, and speckled with small,
black, shinv crvstals of magnetite. 1t has an ophitic texture il s
composed Targely of labradorite and augite.  About 14 per cent of
the rock is composed of chlorite and uraditic hornblende.  According
to the vempant structures still present the aralite apnears 1o Jave
come from the pyroxene, and the chlorite from hiotite. It is not now
possible to determine the separate percentages of these two mincrals.

The mode of this rock is as follows: Labradorite, 51 per cent,
augite, 30 per cent; chlorite and wnralite, 14 per cent; magnetite, 5
per cent.  Aceessory minerals are apatite, titanite, and zircon.  There
“are abundant needles and prisms of apatite. Titanite and zircon are
rare.

CENTRAL AREA

The interior lowlwnd, extending from a mile west” of Ruffalo
Fodge on the novthwest 1o Salphur Spring al the southeastern end,
is underlain by anorthosite and gabbro-anorthosite. This area s six
miles long and ranges in width from three-fourths mile to 1342 miles.

The rocks are darlk gray (o black and medivm (o coarse grained,
Their textures range from hypidiomorphic-granular to parallel.  The
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Figure 4, Central gabbro-anorthosite area. Shading indicates areas in which

parallel texture occurs.  Figures show the per cent of tabradorite in the rock
collected at those localitics.
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latter type is confined to the northwestern portion of the mass. The
anorthosites at both the western and eastern extremities are cut by

thin dikes. of granitic material, which are composed of small spheru-
lites of quartz and orthoclase.

The schistose texture in this instance. just as in the northern
arca, is regarded as a paralled arrangement induced at the time of the
intrusion and not by subsequent metamorphism.  Granitic  dikes
(PL XViln) have intruded the gabbroid rock at hoth the western
and the castern ends, while parallel texture is present only in the
western portion. These dikes must have been intruded about the
time when the adjacent granophyre was injected and crvstallized. That
both ends of the gabbroid mass were subjected to approximately the
same kind of contact activity and still have soch unlike fabrics in-
dicates that their textures were fully developed before the granophyric
intrusion.

Labradorite is the principal constituent,  OF alf the specimens
examined none carried less than 91 per cent. The appearance of this
mineral is the same as the labradorite in the northern area.

The outstanding difference between this and the northern area is
that the ferromagnesian mineral which composes most of the remainder
of these rocks is horubende instead of diallage.  Only one exception
was found.  The specimen collected near the comtact in the cen. S15
NI gsec. 7, T. 3 N., R. 14 W, was an anorthosite which contained
about 4 per cent augite.  The hornblende in these rocks is targely
altered to chlorite and pistacite. Most of it bas wedge shaped ont-
lines which conform to the interspaces hetween the plagioclase laths.

Magnetite forms an important accessory, sometimes totaling 113
per cent. Apatite is found in abundance as stont needies, prisins aned

grains.  ‘Fitanite oceurs in slightly greater amount than in the north-
ern area.

WOLF CREEK AREA

A small isolated gabhro outcrop occurs in the south central part
of section 28 and the north central part of sec. 33, . 4 N., R.I51V.
It is approximately one-third mile across.

This exposure occupies a
relatively low area along Wolf Creek.

The rock is a gabbro, dark gray, coarsely grained, azd of hypidi-
omorphic granular texture.  Its mode is labradorite 68 per cent; dial-
lage 18 per cont, biotite 7 per cent, hornblende 4 per cent, magnetite
2 per cent and titanite 14 per cent. The labradorite 5 very mnch
fractured. It is altered along the fracture planes to kaolin and white
mica.  Much of the diallage is changed to uralite, epidote, and chlor-
ile.  Practically all of the biotite is chloritized.  Titanite is rather
abundant.  Apatite is also an accessory mineral but of minor amount.
The magnetite is titaniferous and is partially altered to leucoxenc.
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BOGGY FLAT AREA

From the cast cide of Grace Mountain to the west side of Mount
Pinchot is an elongated quartz-gabbro exposure. 1t is two miles long
and averages one-fourth mile wide. 1t occupies the low area in
Boggy Iilat.

The mode of this rock is approximately as follows: labradorite.
G0 per cent, hornblende 19 per cent, diallage 2 per cent, quartz and
micropegmatite 11 per cent, biotite 5 per cent, magnetite Z per cent,
apatite ¥z per cent.

The labradorite is similar to that atready described.  The horn-
blende is quite (resh but some of it is altered to chlorite.  Wherever
diallage is found it is survounded by a rim of hornblende.  “The sepa-
rate amounts of quartz and micropegmatite vary considerably while
their total docs not.  Sometimes as much as 7 per cent quartz may be
present, and again there may be no individual quartz grains but as
much as 1} per cent micropegmatite.

The biotite is fresh and strongly pleochroic from light tan to
golden hrown.  Within the magnetite grains are included some crys-
tals of apatite and titanite.  Apatite is quite abundant. Pyrite oc-
curs in small amounts.

BOGGY HOLLOW AREA

A Targe gabbroid area adjoins the Wichita Mountains on the
west.  This rock forms many of the hills in the Raggedy Mountain
group.

An edge specimen from SE cor. SW4 NI see. 19, 7T, 4 N,
R. 15 W., was found to be an anorthesite which contained 93 per
cent lahradorite. The feldspar contaius numerous inclusions of grains
and needles of magoctite and ilmenite which give the rock its dark
grav to black color, A small amount of calcite is formed as an altera-
tion product.

The remaining 2 per cent is magnetite and horablende.  The
greater part of it is amphibole which is alnost completely altered to
epidote and chlorite,

No apatite or titanite was found in this rock.

ORDER OF CRYSTALLIZATION

The sequence of cryvstallization in these rocks in general followed
the normat order. The first to cotne out were the accessories such as
apatite, titanite, ilmenite, and pyrite.  “These were followed by mag-
netite. Next cume hypersthene to he followed by diallage or augite.
Iorublende amd biotite then appeared, succeeded by plagioclase.  The

PETROLOGY 39

last to form were the alkali feldspars, quartz, and micropegmatite.
Considerable overlapping was noticeable. The hornblende and biotite
were simultancous to some extent, the hornblende usuvally  starting
carlier. The greatest amount of variation was scen in the labradorite.
In the anorthosites it crystallized entirely or to a considerable extent
even before the diallage.” In general, the higher its percentage in the
rock, the carlier did its crystallization begin.

GRANOPHYRES

The greater part of the Wichita Mountains is composer of grano-
phyres. It is especially noticeable that all of the high hills are of
these rocks.  Several types are distinguishable and will be describerd in
the order in which their relative ages have been determined.

DAVIDSON GRANOPHYRE

The Davidson granophyre outcrops on the western half of
Davidson Hill and northwest along Little Medicine Creek for ahout
one-half sile. Tt ean also be seen over a small arca south of Mount
Scott, as an inclusion at the top of the northeastern hill of  Mount
Wall, southeast of Mount Sheridan as a long strip one-quarter mile
wide and 14 miles long, and as an included mass on top of Mount
Tarbone.

This rock is very fine grained to dense and varies in color from
light pink to dark gray with blackish streaks. In only a few instances
dnes it show a tendency 1o become porphyric and in these the ortho-
clase crystals appear larger than the rest. Tt is usually shattered and
breaks up into small sharp angular picces less than an inch across.

Microscopically these rocks are compnsed of very fine grained
micropegmatitic masses 04 to 0.6 mm. wide.  The feldspar is ortho-
clase and microperthite.  Much of it has heen altered to kaolin or seri-
cite, and quartz, and it is usnally stained reddish with iron oxide.
Sericite-is found in greater amounts than kaolin.  The rock is filled
with numerous small grains and-shreds of secondary muscovite. Some
chilorite is present which appears to he an alteration product after bin-
tite and, to some cxtent, possibly hornblende.  The grains are =o
stadl that the original mineral structures conld not be delinitely de-
termined.  Grains of magunetite are about evenly distributed.  Titanite
is usually present, and zircon rarely.

CARLTON GRANOPHYRE

Nearly all of the Carlton Mountains is of a porphyritic grano-
phyre.  In'the NW cor. see. 9, 1. 2 N., R. 13 W, a mass is included
within the Lugert granophyre. The Carlton resembles the Davidson
type. The outstanding difference is that it carries phenocrysts  of
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quartz, and orthoclase ('L X\V'Hi) or microperthite, or both,  These
comprise ahout 11 per cent of the rock. The groundmass is colored
purple when fresh, and weathers to a tan.

The quartz crystals are quite fresh and clear.  Inclusions are not
especially abundant, and these that are present are arranged in lines
or streaks.  Many rectangular and six-sided Tortus are still present
(L. XVIF). The edges show some mingling with the fine grained
quartz anel orthoclase of the groundmass.  Some of the crystals are
very markedly corraded ('L XVIEIA).  The groundmass is richer in
quartz immediately surrounding these phenocrysts than it is away from
them.  “The feldspars are completely altesed. and colored with ferric
oxide. Sccondary products are scricite and kaolin.

The groundmass is a line grained granophyric aggregate in which
the feldspar is also altered to kaolin and sericite and stained reddish.
Magnetite is distributed in grains of various sizes up to those of ir-
regular outline 0.2 mm. in diameter. Some snall grains of  zircon
were noled and also a few small crystals of titanite.

SADDLE MOUNTAIN GRANOPHYRE.

Near Saddle Mountain and centering in and around sec. 36, T,
5 N, RO 15 W, is another type of granophyre which is named for the
locitlity,  Several miles south a mass of this rock occurs as an inclu-
sion in the Lugert granophyee. It is about 200 feet wide and is lo-
cated in the NW 4 SW1i4 NW Y, see. 30, T. 4 N, RO W,

This granophyre is very dark gray, dense and porphyritic. Red
orthoclase crystals 1 to o nu long, are set in a dark gray dense
groundmass.  The rock is quite fresh and rings like an anvil when
struck with a hanwner.

The phenocrysts total about 20 per cent of the rock.  They are
orthoclase and sodaclase $3 per cent, quartz 4 per cent, hornblende 3
per cent. The feldspars arve altered to sericite and kaolin, and stained
with ferric oxide.  Some of the orthoclase crystals poikilitically en-
close quartz grains, minute aggregales of micropegimatite, and many
siiall needles of acgivite (1L XVHIEg). The quartz crystals are of in-
termediate size, usually about 0.2 to 0.4 mm. across.  They have cor-
roded cdges bhut are clear and quite fresh. ’

The hornblende is found closely associated with the magnetite and
biotite.  The amphibole is considerably attered and stained with iron
rust. Much of the biotite is altered to chlorite, and the magnetite
shows an appreciable amount of oxidation.  Accessory minerals are
zircon, titanite and apatite.
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Granite west of Mowni Sheridan, Wichita Mowntains
(Collected by J. . Iddings. Analysis by G. Steiger™)

Sil 73.61 Ha0 above 105° 0.35
AlaOg 11.97 Ti0. An
Feally 2.34 Doty 15
Fe0 1.51 . Mnl) on
M0 10 Ba0 Ki2]
Cal 1.38 S .02
Nau0 376 Zr02 00
Kat) 432 C04 00
H.0 at 105° 32 _
100.51

The groundmass is spherulitic-granophyric. It is  composed
largely of feathery spherulitic sheaves and needles.  In addition there
are smalt masses of very line grained micropegmatite, and groups of
minute grains of quartz and orthoclase.  Many of the feathery micro-
lites are arranged radially about the phenocrvsts (Pl XVIIe). A
considerable number of acgirite needles are distributed throughout the
gromdmass.  In the coronas these take the radial arrangement of the
microlites.  Most of them are very small, usually 0.1 . fong, hut
others attain a length of 0.3 mm.

LUGERT GRANOPHYRE

The term Lugert granophyre is here used for the rocks referred
g ,.. : . i
to by Taylor™ as Lugert granite.  All of the high hills in the northern
range are of this rock.

The Lugert granophyre is salmon pink and medimm grained. It
is speckled with little dark gray to black spols of ferromagnesian min-
crals.  Microscopically it has a porphyritic appearance due to the -
evenness of the grain.  The largest crystals are orthoclase and micrn-
perthite 2 mne to 4 mm. long. These are surrounded by quartz grains
of smaller size which grade into micropegmatite. Some masses of the
latter are arvanged racially about the feldspars (P XVITe). The
dark minerals are hornblende, magnetite, and a small amount of hiotite.
These are usually grouped together (Pl X1Xa).

The average mode is micropegmatite 60 per cent. microperthite,
orthoclase. and sodaclase-oligoclase 26 per cent: quartz 11 per cent ;
and ferromagnesian minerals 3 per cent.  Accessories are titanite and
Zil‘(‘l?ll, with an occasional grain of fluorite, and rarcly a few grains of
apatite,

The micropegmatite is largely microperthite-micropegmatite. s
amount is variable heing usually higher near the edges of the mass and
less toward the center. Some of the periphery specimens contain ais
much as 87 per cent micropegmatite, and in many of the interior sam-

37, Slelger, G0 U0 S0 Geoll Survey, bull, 100, po 41, 1910, Thly 18 undoubtedly an
annlysls of o speeimen of the Tagert granophyre. ’
38. ‘Taylor, C. H., op. cit, p. 60.
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ples it is as low as 20 per cent. The feldspar in this mixture is usually
very much altered, the products being kaolin and a lesser amount of
sericite. The quartz is fresh and clear, and contains only a moderate
awount of inclusions,

The feldspar in the phenocrysts is very much like that intergrown
with the quartz.  The greater part of it is microperthite. About one-
third is orthaclase and usually 1 or 2 per cent is sodaclase to sodaclasc-
oligaclase.  The principal aiteration product is kaolin.  Sericite is
formed only in small amounts.  One thin section of a specimen from
the northern edige of Grannne Flat contained a erystal of oligoclase
which was surrounded by a zone of orthoclase (Pl. XI1Xs). -

The ferromagnesian mineral content seems to vary inversely
with the micropegmatite. \When the latter forms about 80 per cent of
the rock the ferromagnesian mincrals drop to 1 or 2 per cent. and
when it falls to 20 per cent the ferromagnesian minerals increase to
about 8 per cent,  The dark minerals are hornblende and magnetite
with a very small amomnt of biotite.  The average is hornblende 2
per cent and magnetite 1 per cent. The hornblende is stightly altered
to epidote and chlorite.  “Fhe magnetite is titaniferons and in some
cases is partinfly altered 1o lencoxene with sagenitic surface structure,
Some of these black crysials are rimmed with small grains of titanite
(Pl XIXe). Many snmll crystals of titanite and zircon are present
in the rock. A few grains of apatite and fluorite occur, the latter as
cavity fillings.

Lugert granophyre is vounger than the anorthosite-gabbros, and
younger than ali the granophyres described above.  The granophyre
phug which rises ahove the Hazel quarry on the castern side of Mount
Sheridan is completely surrounded by gabbro. ‘This is interpreted as
an intrusion through the hasic rock. At the coutact, granophyric dikes
are seen to cut the gabbros.  Ounly along the contact are these acidic
dikes known.  NXenoliths of the Davidson, Carlton, and Saddle Moun-
tain granophyres are found in the Lugest.

The grain size in the Lugert rock along the anorthosite-gabbro
contact is little different from that in the central portion of the mass.
Fvidently the intrusion took place while the basic rocks were still very
hot.

QUANAH GRANOPHYRE

Practically all of the rock of the Quanah Range is coarse grained,
many of the crystals being as much as 1 em. in length. This rock is
light pink when fresh and weathers to a buff color.

Tn thin scetion the texture of the Quanah granaphyre is hypidio-
morphic-granutar.  The mineral content is nearly all quartz and alkali
feldspars. The average norm is microperthite 53 per cent, orthoclase

PETROLOGY 43

14 per cent, quartz 32 per cent, and richeckite and magnetite 1 per
cent. The accessories are titanite, zircon, fluorite, and rarely a {ew
small grains of apatite.

Crystal outlines are rare. The quartz and feldspars have em-
bayed margins (Pl. Xi1Xp), Coarse grained icropegmatite up to
28 per cent occurs as an interspace filling in the central and along
the northern portion of the mass (Pl. XIXg). "The quartz is fresh
and moderately clear, while the feldspars are kaolinized and slightly
stained with ferric oxide,

The ferromagnesian mineral content varies from almost nothing
up to 2 per cent. Throughout the northern half, magnetite is found,
Riebeckite is wanting or present as an accessory. In the southern half
richeckite is the niore abundant. 1t totaler 112 per cent at the south-
western edge (Pl XXa).  The hand specimen appeared to carry
about 6 per cent, but the thin section showed the lesser amount, Mag-
netite is here a minor accessory and largely oxidized to hematite. ’

At only a few places could the contact hetween the Quanah and
Lugert granophyres be recognized.  Along the southern side of Sun-
set Peak small blocks of Lugert are included in the Quanah, and a few
apophyses ol the fatter extend into the former. These indicate that
the Quanah is younger than the Lugert.

SUMMARY OF GRANOPHYRES
The five types of granophyres can be briefly sununarized.

They are all poor in ferromagnesian minerals, the greatest amount
being found in the Lugert, and in that rock it rarely reaches 8 per
cent.  They are composed almost entirely of quartz and alkali feld-
spars. ‘The principal distinguishing feature in each case is the texture.

L. Davidson granophyre: fine grained intergrowth of quartz and
alkali feldspar. : .

2. Carlton granophyre: porphyritic: quartz and alkali feldspar

phenocrysts, in a fine grained granophyric groundmass whicli resem-
bles the Davidson rock.

3. Saddle Mountain granophyre: porphyritic; small crystals of
alkali feldspar and quartz surrounded by a spherultic and very finely
grained micropegmatitic groundmass.

;

4. lLaugert granophyre: medium grained, hypidiomorphic-gran-
ular; mediwm and large sized grains of quartz and feldspar surrounded
by smaller grains of the same material, and medium to coarse grained
micropegmatite.  This rock also carries a very small amount of oligo-
clase, some of it in zonal growth.
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S. Onanah granophyre: coarse grained, hypidiomorphic-granu-
lar; quartz, micropegnudite in varving amounts up to 28 per cent,
microperthite and orthoclase ; ferromagnesian mineral content very low,
maximuim 2 per cent.

DIKE ROCKS

Several types of dikes oceur in the mountains.  Those which are
common along the contact hetween the Lugert granophyre and the
northern basic area are ordinarily referred to as nphth These differ
somewhat from typical aplite dikes such as are seen in other parts of
the arvea and will be described helow under the heading of contact
dikes.  In addition to these, diabase and quartz dikes also occur.  All

of then will be deseribed in the relative order of their ages begiuning
with the oldest.

CONTACT DIKES

In the basic rock near the contact with the Lugert granaphyre, but
particutarly in and around the locality marked by the Hazel Quarry,
are a number of light pink acidic dikes.  Fhey vary considerably in
grnin size and 1o some degree in testure, A few of them are peguna-
titic in character and carry large quartz and orthoclase crystals, and
long rods of altered .unplnlmlu. A microseapic study indicates that
they are very much like the Lugert granophyre (Pl XXb, i),
which they are closely related, with the difference that the dark min-
cral in the slides is biotite instead of hornblende.

The average mode for this rock is micropegmatite 55 per cent,
microperthite and sodaclase 31 per cent, quartz 12 per cent, biotite 1
per cent, magnetite and other accessories as titanite, zircon and apa-
tite | per cent. Alb ol the feldspar is kaolinized.  Quartz grades into
the micropegmatite which varies from fine to coarse grained.  Biotite
is lavgely altered to chlorite. Some epidote is present which may have
been derived from hornblende, A few sagenite webs are developed
in the altered hiotite (V. X X¥).

Deeper into the gabbroid area these dikes beconme very fine grained
to cryptocrystalline.

DIABASE DIKES

Severanl diabase dikes were seen in the Lugert granophvere in the
ceutral and northwestern area, and in the northern  gabbroid  area

('l XX1Ia, n). None was found in the Carlton or Quanali Moun-
tains.

These intrusions are of dense black rock and vary in width from
a fraction of aninch ta 11 feet. The grain is alwavs finest at the con-
tact, which is usually very sharp, and becomes coarser towared the cen-
ter. The rock in the middle of the larger dikes is medium grained.
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The texture is ophitic.  The made is labradorite 52 per cent,
titanangite 29 per cent, uralitic hornblende and chlorite 16 per cent,
magnetite 3 per cent. The accessories are a few grains of apatite,
titanite and zircon.  The uralite is an alteration product of the augite,
and the chiorite of the biotite.

These intrusions are doubtless younger than the contact dikes
since they cut the Lugert granophyre which is the parent of the latter.

APLITE DIKES

Dikes of light pink finely grained rock were found in all of the
rocks from the anorthosites and gabbros to the Quanah granophyre.
None was found which cut the diabase dikes. but they are regarded as
vounger since they are present in the Quanah granophyre which is of
later age than any rock which contains the diabase dikes.

These aplite dikes are fine grained granophyres composed of mi-
cropegmatite and small grains of quartz and alkali feldspars (1l
XXlIc). About 1 to 2 per cent of biotite is usnally present and
small amount of magnetite.  "I'he feldspars are kaolinized.

QUARTZ DIKES

(uartz dikes from a small fraction of an inch to three feet in
diuneter. cut all the other rocks.  They are unquestionably igncous and
the last intrusion in the area.

A specimen from the sontheastern end of Medicine DBluff is Tight
bluish gray. 1t has a porphyritic appearance. Small clear grains of
quartz 2 1o 3 mmin diameter are set in o cherty appearing gronnd-
mass.  Microscopically it is entirely crystalline.  “The clear grains are
surrounded by crystals of quartz which dovetail into one another and
have a gray to dark gravish color due to inclusions.  Some of the
material forms rims around the clear grains and is oriented in the
same nanner. The inclusions are numerons smadl grains of titanite,
leucoxene, magnetite, hiotite, and kaolinized feldspar.  Some ol the
hiotite grains contain sagenite webs.

HISTORICAL SEQUENCE

The oldest rock in the region is the Meers quartzite. Tt has heen
intruded by both the anorthosite-gabbro and the Lugert granophyre.
The next in order of age are the anorthosite and gabbros.

The Lugert granophyre intrudes the basic rocks: but it also in-
trucdes the Davidson, Carlton, and Saddle Mountain granophyres. The
latter three are not found in contact with the gabbros and anorthao-
sites, so they cannot be definitely placed as either younger or older.
In this report they are considered younger.  They perhaps are not
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much older than the Lugert. The granophyres are so much alike,
varying principally in textore, that they are in all probability succes-
sive intrusions of the same magma at different depths.  The fine
grained Davidson and Saddie Mountain granophyres came close to
the surface, followed in the eastern section by the Carlton at slightly
greater depth, and these in turn siteceeded by the wide-spread Lugert
at still greater depth. The Quanah intruded the Lugert.  The former
is much coaser grained than the latter and so must have crystallized
deeper.

The contact dikes in the zone where the Lugert and gabbro meet
were coincident with the Logert intrusion.  The diabase dikes per-
haps preceded the Quanah since they are not found in it but do pene-
trate the rocks just alder.” "The aplite dikes are present in the Quanah
granophyre and are therefore younger than the diabase dikes. The
quartz dikes were the fast to appear. They intersect all of the other
rocks.

WICHITA INTRUSIVES
The acidic rocks of the Wichita Mountains are composed to a
large extent of quartz and alkali feldspar intergrown in micropegima-
titic fashion, This is the (ype of rock referred to by Rosenbusch™ as
granophvre.  Rocks of this texture are typically hypabyssal.  Rastall”
has noted that:

* ¢ % true deepseated ptulonie rocks, which have consolidated
under a great thickness of rock-cover, do not show much graphic
structure. On the other hand, this structure is very well marked
in wany rocks which appear, from independent evidence, to.have
consolidated under a comparatively thin covering, although oc-
curring in large masscs.

It is moreover noteworthy that the usual order of intrusion is
first the hasic followed by the acidic.  This is shown in the descrip-
tions of sills and laccoliths in various parts of the world.  In most in-
stances the gabbro grades from a very basic type to a less hasic and
even to an acidic phase containing micropegmatite as an interstitial
flling between the plagioclase and ferromagnesian minerals. A hrief
statement about several occurrences of granophyric rocks will show their
similarity to the Wichita Mouutain types.

The Moyie sills in the Purcell Range of British Columbia have
heen described by Daly.®  These vary in thickness from 135 feet or
less up to 1,050 feet and cover an arca measured by hundreds of
square miles.  The intruded rocks are Algonkian quartzites.  The

N, 1, Nuticymere nnd Ennerdale granophyre: Geol. Soc. L.ondon,
Quart. Jour, vol. 62, p. 271, 1904
41. Daly, R, A, Geology of the Notrth American Cordlllera at the 49th paral
lel: Canadn Geol. Survey, Mem. 38, pp. 247-265, 1912,
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as due to gravitative dif ferentiation after intrusion and to some extent
assimilation of the overlaying quartzite.

The gabbro sills of the Marysville Mining District, Mantana,
have been described by Joscph Barrell.”  They grade upward from
a basic to an acidic phase. The rocks are intruded into the Grevson-
Spokane formation which is a series of argillaceous and arenaceous
beds of Algonkian age.

The Duluth laccoliths® hear a close resemblance to the Wichita
intrusions.  The basic rocks grade from a magnetitic gabbro through
olivine gabhro to true gabbro and anorthosite. These are intruded by
granophyres.

The gabbro and associaled rocks at Preston, Connecticut” have a
similar refationship.  The gabbro has the usual gradation from bhasic
in its lower portion to acidic in its upper portion. I.aughtin interprets
this as a dike rock which is cut by later intrusions of granitic sills.

The Pigeon Point rocks of Minnesota® arc sills of gabbro fol-
lowed by sills of granophyre.  The hasic rock grades upward into a ker-
atophyre. These sills intrude quartzites and argillites of Animikie
age. Bayley suggests that the acidic phase of the gabbro iy be par-
tially due to assimilation of quartzite.

The siﬂs of southern Rhodesia have heen described by Frederick
P. Mennell.*  They are gabbros intruded by granophyres.  The upper
layers of the gabbro carry micropegmatite as an interstitial Hlling.

In the English Lake District” basic dolerites and quartz dolerites

have heen intruded by granophyres. According to Rastall, these are
hypabyssal rocks.

One of the earliest and the most important interpretations was
that of Alfred Harker in regard to the granophyres of Strath (Skve).*
Gabbros were followed by granophyres. Tlarker explains them as if-
ferentiates of a deep-scated magma which were intruded as sills into
the overlying sediments. .

The igncous rocks of the Wichita Mountains  have . intruded
quartzites. ‘The high quartz content of the granophyres, and the i’
cropegmiatite in the gabbros, can lave been only slightly affected by

17, ell] Joseph, Geolegy of the Marvavill | : g R

(:'("ol.‘Snr\‘{e,\l' Trof. Faper 87, pp. 46-19, 10075, e minlng district, Mont.: 11, §,
3. Van Hise, C. R, and Lelth, ¢, ¥, Geology of the L : :
18, Geol, Sureey Non, 52, pp. 335.338, 1911 e Lake Suverior regin:
. stughling, G. C.,, The gabbhros and associate kg Pres :

ﬁ_- G;nl. 'Sur\ii-y 492‘ e d rocks at Preston, Conn.: U.
5. nyley, W, 8. The eruntlve and sedimentary rocks on Pige > A

and thelr contact phenomena: U. S Genl. Survey Rull. l’;ll!', ISF’!:.{" Point. tinn.
[T -Ick : -

:4“5’ lfl'Ll,'r:."e"' Frederick P., Geol. Soc. London, Quart, Jour.. vol. 66, pp. 3533-

47, lastall. R 1L, op, eft, pp. 230.274,
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this circumstance.  Iarker has shown that the xenoliths in the igneous
rocks of Skye were barely altered.  N. L. Bowen" agrees that assimi-
lation is of small importance.  He further describes the manner by
which a hasaltic magma can differentiate into a series of rack types
grading from ultra-basic to highly acidic. It is unnecessary to call
upon assimilation of silica rich sedinents to explain the occurrence o

quartz-rich rocks. '

Both the basic and acidic intrusions in the Wichita Mountains
may be the differentiates of a deep seated gabbroic magma.  They are
closely related in age as indicated by the lack of chilling phenomena
along the contacts. The granophyres followed the gabbros while_they
were still quite hot.

The figst to be intruded was the gabbro. It was apparently an
anarthositic phase of the deep seated source as il is feldspar rich.
Some farther differentiation took place after the injection which tend-
el to acernmlate the anorthosite in the upper portion of the mass and
the gablro in the lower, Shortly afterward the granophyres were in-
truded as a series of sills iu more or less rapid suecession. The David-
son, Carhton, and Saddle Mountain were perhaps extrusive or near
sucface phases of the Lugert. They are all closely related in enmpo-
sition but the first three are fine grained to porphyritic. The diabase
dikes were intruded after the Lugert. The Quanah was Jast, and deep-
er thin the preceding. It is more coarsely grained than the other
granophyres. Fhe aplite dikes which interseet the Quanah and ofder
rocks were formed considerably later, most likely after the rocks had
time to cool. They are fine grained and cut the Quanah which is
very coarse grained,

The thickness of the sills could not he measured.  Only siall
rempants_of the Proterozoic quartzites, which they intruded;. ace stiil
present. These do not give any indication of the dip.  The entire
series was base leveled by upper Cambrian time and unconformably
overlain by the Reagan sandstone. The Pennsylvanian folding and
tilting raised the south side of the mountaing more than the north side,
suggesting a thrust from the south.  The coarse grained Quanah,
which is the lowest of the hypabyssal instrusions, is exposed in the
southern range of hills.  The overlying  Paleozoic beds dip at all
angles up to 507 P aceept any one of these as an average for the
dip of the intruded sills would he but a guess and of little value toward
determining the thickness of the igneous intrusions.  The only indi-
cation to be derived is that the thickness of the sills is of the order of
thousands of feet.

I'J_lln;u-:l_N L., The cevolution of Igneous rocks: P'riuceton Unlv. Press, 1928,
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il

Wichlta Mountalns from the west showing abrupt vise from the plains,
. I3 Greene)
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BB. Genernl View of northwestern portion of the Wichita Mountalns,
north. (U. 8. Army Alr Service.)
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Fae At a b

A. Looking northwest aeross Lineotn  Mountiin, Massive rock in forezround A - :

Ii_llhu i-ulur.-«- !irnll_u-ll 8 u{\_nuh ;:lv":nan|-l|_\'_u-.. Itock n hacekground Is medhnn ’ m:’:.'},’ (’_"".'“ﬂ‘l‘m'él;.ll\l":.un}i Scott showhig well defined joints.  Mounlal

grafned Lugert granophyre.  ¢1' 8. Army Alr Service.) wnderinin by mml!‘u::)”‘;i{2‘_3:![‘:‘)-')'_'|.40\\'("il1' l!é-n!;'\n,l_\' w(/,\.;;lé.] slopes in '1!“‘.'_(.';”_:;“:""""
’ . L8, Army r Service.)

1t Quanah Mountaln Liom the north, Looking across Interior Jowland which =
' ! . A e é * B. Northeaster Lo
underlain by anorthogite. (1 18 Greene. peasiern fiace of sher >
irecenc.) 350 feet high, \\'uu(létl mgl‘::|ixfs'l|-fi.-4|l‘(‘-":,:'wku|{{J “é "\"L’“.t fragerhyre about
asie k. . 8. Army Afr Service.)

S8
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PLATE IV

BULLITIN 52

ORKLAIOMA GROLOGICATL SURVEY

Medicine 1Inft composed of Carlton granophyre. Maxtmum helght of

A.
(U. 8. Army Aflr Service.)

Stec sastern fuee abont 350
RS '"‘;.:)l\\'lzr wooded slopes \
cliff 400 feet.

arth, i
t pranophyre, )
(. 8. Army Alr Serviee))

‘Tarl . AMountaln s veen from Lhe
& }4‘-::1 ”l’l“l;!ll. Maountain composed of Luger
underlain by gabbro and anorthosite.

e SRR Thad )

e

the B, Lugert Granophyre intensely shatiered, 0 mlle soulhwest of Mount Pinehos
(. B. Greene)
ni

e P le of general appearance of
Spstern slope of  Slenal UL I.:fm.np‘ .
B &:ﬁ::rh'pnrph.\'r_\. (. 8. Army Alr Service) |

ol)
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OKLATIOMA GROLOGICAL SURVIEY BULLETIN 52 IPLATE VI

A Typleal weatherbge of Lugert Granophyee. (1) 1. tireene.) - A, Close-up of Quanah granophyre showing exfoliation. Locality same as VI-B

T R R
T ;

Y
y

B. Wealhedtng of Quaah granophyre on southenstern slope of  MaeKinley I
Mountaln. N

02 03

Weathering of gabbro in Ilnzel guiarry on eastern slope of Mt. Shepidapn



OKLANOMA GROLOGICAT, SURVEY RUTLLETIN 682 PLATE VI OKLAHOMA GROLOGICAL SURVEY BRULLITIN 52 PLATE IX

*‘(4’:

A. Generad view of western portlon of the Wichitn Mountaing,  The lues of alle .
dense woods mark the jolnts, (U, 8. Army Alr Service.) {:lltnlll,l(r}g llgimsglree(:lllxle“): 100 feet high. At lower right Is remnant of orlginat

[ A \l‘.',t"g‘gr:"( ::\kﬁg}}/wj' s s ~
A

AT gt

.“‘1 -

1. Condact of Lauagert pranophyee and Carlton porphyay ol CNL SPY osee, 16,
N NG I 1 W CTrenel orlented NOT07 W, geanophyre on the left, por- 1B, Vertical and cross arpe .y .
phaey on e Flsht (0 B Greene) crosy Jolnts In the Lmlvlnn granophyre, top of Medicine bHiuff
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OKLAHOMA GROLOGICAL SURVEY BULLITIN 62 PLATH X OKLAIIOMA GEOLOGICAL SURVEY RULLETIN 52 PLATE X1

B Sy F LA A AN
ok SRR
> AL by

. " A, Grooves granophyre six ntler southwest of obart. The
Ao Gravel ridge two mites north of Mount Sherldan, be folluwed back into teentrant, (L. 1B. Greene.)

grooves can

. B, Solutlon eavities n granophyre which have been recently uneovered, six
3. Gravel in road eut one-lialt mile cast of Meers. mites zouthwest of Mobart. (1) 1. Greene.)

66
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AN E . wee y 'y : : phyry and
“altey al the left marks the contacg between the Proterazole porphy
A |\I|:-Il'i\t1}:::::|nm.-::‘uulsiun--. Limestone 1HIs, wnortheast Wichitn Mountains,
(U. S. Ariny Alr Servicee))

B Acriat view of the Avboekle Hhimestone, Limestone Hills, (U, S Ay

Alr Sevviee))
(13

ORLANOMA GEOLOGICAL SURVEY BULLETIN &

52 PLATID X1
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pihepet TR
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o) "'J.;, e A
oy N

Quartzite in the foreground, Lugert

A. Mount Sherldan from the borthenst,

granophyre forming ridge In background, and gabhrole rock between. (.
1. Greene,)

DA

B

i Y’w"*“"‘%:}fﬁ S

B. Northeastern slope of MU Sherldan, Knob at the Teft 1s of Lugert grano-
phyre, completely surrounded by gabbro. (D, B. Greene,)
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S LY ke

A. Closer view of knob shown in XHI-B. Quarry on slope Is In gabbro. A Mozl Quarey.

Light streaks are acldic dikes cuttlng the gabbro. (D, I3.
(D, B. Greene,) Greene.)

L. Photomterograph (x85) between crossed nieols, Quarizite included in the
cabbeo, from hed of Medlcine Blugr Creck one-ledf mlle southwest of old
Meers townsite, Needles between the quartz gralns are silHmanite.

Dialuse and actdic dikes culting C. Uhotomicrograph. Locatlon same as B. Slmanlte needios in quarizite,
aleree § i A F

B, Bonsd eut 3h mile south of Mecrs townslte, (X85)

decomposed  gabibro: llnbase  dike at left of pleture; and ncldic dlke at
right. (1. BB, Greene)) )
70



72 THIE WICHETA MOUNTAINS OKLAIOMA GEOLOGICAL SURVEY BULLETIN 62 PLATE XVI

EXPLANATION OF PLATE NV

Ao Quaartzite with granitie bitvusion; from top of Wil one mie

northwest of
Mt Laurimae,  Crossed nicols,  (x63).

Photomberopraph of quartz gabbro from lHazel quarry on eastern slope of
ML Sherldan, (x26).

. Sketeh of rock shown In B A, nuglte; B, blatite: L. tabradorite; Q

. quintz;
and solld black, magnetite,

Photomierozraph of anorthosite showlng parallel texture; Inthg ure Inbrad-

orlte, the Interstitial inerad Is dinthge: from SW cor, see 14, T. 4 N.,
It 1 W, Crossed nleols (x26).

B Photontleragraph showing small blades of teaanbferous miben e inbrador lte.
The Wlades are arvanged In three sets orlented 607 to each other. (81314,
NI SWIHL sees 16, T, 3 N, 1L 14 W (x500).

I, Photomierogeaph showing  labradorfte eryatal in

anorthoslte-gabbro  at
northemstern base of M1 Seotd; It

I twhimed In three dlvectlons, accord-
Ing lo Carlsbad, aibite and pericline Inws., Crossed nleols (x856).
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OKLAHOMA GLEOLOGICAL SURVEY BULLETIN 52 PLATE XVIL

EXTPLANATION OFF PLATE NVIL

Photamlerogeaph of granocabbro front northwestern edge of northeen gabh-
Brod:l aren, Ceytal oof dinllage; upper rhin b hornblende; lower rhin 1is
hornblende outsbile of which Is a rlm of blotie (x85).

R Uhotomteropraph of  hendovite erystal Tranctured,
veln, Norlthastern odge  of  contral
nicols (x85).

amnde ent by granitie
nnorthostte-gabbro area.  Crossed

Co Uhatomleropraph of fine gralned geanophyre from northwestern slope of
bacvidson UL Crossed nleods (xRG),

Do Photomlerogeapl of tine gentoed chavidson) geanophyre, one mile south
of Ceditr Creek planting. Crossed nleoly (x856),

) A

Hou pranophyee, Kaolblzed orthoelase, amlb seoverat etz evystala I

wravophyrle gronndimnss. Northeastern el of Jones 1tdge. Crossed nleoly
(x16).

10 Carlton grinophyre, Angzublin quartz erystals in granophyrie groundinass,
Bastern end of Medicine BIuff.  Crossed uleols (x16).

~1
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THE WICIHIITA MOUNTAINS

EXPLANATION OF PPLATE XVIII

Phistonderopraph of Carltog granophyre, shoewlne corroded quaetz crystal,
Northern hase of Cavlton Mt rag<ed nleoks (x86).

Paotomblerograph of Saddle ML, pranophiare from NAW. 19 NW.IY wee. a8, T 5

3
N 1L 16 W Opthoelase ery=tal palkititleally including smnll pratng of
quartz, micropepmatite, and o

Ilte needle s suerounded by o felty corons
which grades Inlo mleropegmatite: neetdles fn the corona are nephrite.  Be-
tween erossed nlcols (x53),

Photomicrograph of Ssddle Maounlain fHnnophyre, oty
quavtz. Bk nestles aoee aeglrbie,
Carner. Crossed nleols (385),

corann sthoad
Location, one mlle west of Saddle Mt

Logert pranaphyre from soultheusstorn nose of Wetsh HIIE ot northen tern
end of mountains, Crossed nicols (x o),

Photomberapraph o Carlshad twln of oty

hase murrounndoel by leropeg.
matile.  Lngert pranophyre, from novtheastern flank of Grace Monntain,
Cronzed nicols (x26),

Photomleropraph show by radinl areangement of micropegmatiie.  Luogert
pranophyre from extreme northwestern edse of mountnins,
{x53).

Crossed nleols

OKLAHOMA GEOLOGICAL SURVEY BULLBTIN 52 PLATE XVILL
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THE WICHITA MOUNTAINS

EXPLANATION OF PLATE XIX

Phatomicrograph of Lupert pranophyre from soatheastern end of g Four
Mt.  Ferromaznesinn mineral agpresale; magnetlte (black) surronnded by
rimg of {tunite mt cwbudided bn hornblende and Botite; sinall lght pgeay
and whilte gradna ave Incluslons of quartz and orthocluge (x26).

Photomleropraph of Luzert granophyre. from northeastern edge of Gramme
Flat, Olpochiisze swrronnded by orthochiize o mleropegnntitic groundmass.
Crossed nleola (xBi).

Phatonderograph of Lagert gronophyre.  Magnetite (black) surrounded by
gralns of titanlte, ‘Fwo mlles =outh of Mt. Sherman (x53).

Photomlberopgraph of Quanah g

mophyre from smntl exposare gouthwost of
Granlte Mountaln,  Qulz (zmoolh grayy and  kaolinlzed mieyroperthite
(mottled gray) showlng pecullar outlines of feldspar,  Crossed nicols (x26).

Thotomderapgraph chowihnez kaotinized aleroperthite eryvalals suevounded hy
mteropegmatite. Quanal granophyre near contact with the  Lugert, from
southern edge of Subsel P'eak.  Crossed nleols (x26).

Quannh granophyre from southeastern edize of Charong Carden Mta,  Light

gray s quartz, mottled gray s mleroperthite.  Carlsbad twin of microperthite
al the left. Crossed nleols (x16),

OKLAHOMA GEOLOGICAL SURVEY BULLETIN 52 PLATE XIX
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THIE WICHITA MOUNTAINS

EXPLANATION OF IPLATIS XX

Chetomleragrnph of Quannh pranophyre. Locatton snme asx NIN-I, Rle-
becklte crystal surrounded by quartz and kaollnlzed feldspar (x26).

Photomlcrograph of Qoanah pranophyre, from wonlhwestern glope of Me-
IKintey Mt Magnetlte  (thiack), guartz  (smouth prny),

Intergrown  with
knollnlzed feldspar (nottied pray) (53).

Photomicrograph of Quanah rranophyre from jocallly one mlle southeast
of Bat Cave Mountnlne, Crossed nleols (x26).

Photondlerograph showing granophyrle texture of aeldic dike which cuts
the gabbro In Hazel quarry.  Crossed nicols (X26).

Phatomicropraph showing: granophyrle texture of achlle dike In road cut
I mlle south of Mecrs townsite,  Crossed nleols (xdn),

Phatomtberoraph showiug snpenite web In blotite, in acidic dike.

Locatlon
smme s 1 (x856).

OKLAHOMA GEOLOGICAL SURVEY BULLETIN 52 PLATI XX
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THE WICHITA MOUNTAINS

EXPLANATION OF PLATIS XXNI

Photomlerograph  of  diahase  dlke cutting the pabbro 3% wlle south  of

Meers townsHe, Labendorlie Inthy In auglite: black mineeal 1s magnetite,
Crossed uleols (x10),

'hotomicrogeaph of dlzxlase dike by Lugert granophyre north of Haystnek
M, Laths ave Inhendorite: of ey mhireval f= angtte partally altered to uralite
il chlorlte. Retween erossed nlceols (x10).

Photomicragraph showing zranophyrice texture of aplite dike cutting Quanah
rramophyre on western siope of Quannh Mountaln,  Crossed nicols {(xhH3).

Photomlerogeaph of quartz dike from southeastern end of Medicine Bluff.
Crossed mceols (x26).

Phatowlerograph of quartz erystal surronnded by dike quartz. Optlcal orlent-

ation of both alike. Crosusced nleols (x85). Lcallty zame ns D,

OKLAINOMA GEOLOGICAL SURVIDY

BULLETIN 52

PLATE XNI
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