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valuable information which should be of material assistance to the prospector.
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. C. W. Havxgs,
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PRELIMINARY REPORT ON THE GEOLOGY OF THE ARBUCKLE
AND WICHITA MOUNTAILNS.

By Josepur A. TAFF.

GEOLOGY OF THE ARBUCKLE MOUNTAINS.

INTRODUCTORY REMARKS.

The Arbuckle Mountains consist of a moderately elevated table-land or
plateau in the east-central part of the Chickasaw Nation, Indian Territory. The
plateau ranges in elevation from 1,300 feet above sea, in its contracted western
part, to 750 feet, at the east end, where it coalesces with the bordering plain.

Geologically the Arbuckle Mountain region consists of a great thickness of
rocks, composed chiefly of limestones, which range in age from middle Cambrian
to Devonian, and which are succeeded on the borders by an almost equal thick-
ness of Carboniferous conglomerates, shales, and sandstones. In the central part
of the district, unconformably beneath the Cambrian strata, there is a mass of
granite, granite-porphyry, diabase, and associated crystalline rocks. The uplift-
ing and folding of the region occurred previous to the deposition of the Permian
““Red Beds,” which were deposited across it on the west. The bearing of the
Arbuckle uplift is approximately N. 70° W.

Sixty miles to the northwest are the Wichita Mountains, in southeastern
Oklahoma, which are physiographically in marked contrast to the Arbuckle Pla-
teau, being composed of a range of rugged mountains and straggling peaks and
hills, set in a practically level plain. The Wichita uplift bears in approximately
the same direction as the Arbuckles, N. 70° W. It consists of a central mass
of igneous rocks which is partially surrounded, unconformably, by a thick section
of Cambrian and Ordovician sandstone and limestone. The stratigraphy is in
all essential respects a repetition of that of the Arbuckle uplift, as far as could
be determined from the rock exposures. The outline map (fig. 1, p. 12) shows the
geographic relations of the Arbuckle and Wichita mountains. Because of the
close stratigraphic, lithologic, and structural relations of the two regions dis-
cussions of their geology may with propriety be brought together in a single report.

11



12 GEOLOGY OF THE ARBUCKLE AND WICHITA MOUNTAINS.

The name Arbuckle Mountains, as used in this report, includes the elevated
country involved in the Arbuckle Mountains uplift. The name as it is used
locally is applied to the higher western part of the uplift, chiefly west of
Washita River. Full exposures of all the older Paleozoic strata which are found
in the more elevated western part occur also in the eastern part surrounding
a core of igneous rock. Devonian and Carboniferous rocks are involved in the
uplift, but lie chiefly in a lower plain bordering the mountainous district. Across
the northwestern part of the Arbuckle Mountains are late Carboniferous and
Permian strata, which are separated from the older rocks by a great unconformity.

100°

L el o= ‘ T
AYARY/RT G
| ]

YN g,

2
Q

2 o Scale g5 50 miles

F1e. 1.—Outline map of Indian Territory and Oklahoma Territory, showing locations bf Arbuckle and Wichita
mountains and boundaries of mapped areas.

Cretaceous strata also lap across the southeastern and southwestern sides of the
uplift. A brief discussion of the Carboniferous and Cretaceous geology is also
included in this report.

The geology of the Atoka and Tishomingo quadrangles has been studied in
detail, and the results have been published in folios 79 and 98 of the Geologic
Atlas of the United States. These quadrangles extend from longitude 96° to 97°
and from latitude 84° to 84° 80’, and include the eastern and central parts of the
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Arbuckle region. The remaining portions of the region, included in the southern
halt of the Stonewall and the northern three-fourths of the Ardmore quadrangles,
have been surveyed i special reconnaissances. In this work the formation
boundaries were traversed and mapped, and the rocks have heen studied in the
light of the classification already established in the survey of the adjoining
Tishomingo and Atoka quadrangles. :

Dr. G. H. Girty and Mr. E. O. Ulrich collected and studied fossils in cooper-
ation with the stratigraphic work. Without their assistance accurate mapping
could not have been accomplished in much of the area.

Large collections of fossils were made from all ‘the limestone formations
above the Cambrian. Less abundant faunas occur in the basal Cambrian sand-
stone, in the Sylvaﬁ shale of the Silurian, in the Devonian chert, and in the
Carboniferous rocks, yvet the fossils are ample for rock classification. These
collections are in hand for study preparatory to a monographic report. The
classification of the pre-Carboniferous Paleozoic rocks and faunas was made by Mr.
\Ulrich. Dr. G. B. Richardson and Dr. George I. Adams assisted in the survey
of that part of the Arbuckle uplift which is included in the Atoka quadrangle.
A large part of the survey of the Tishomingo quadrangle is the work of Mr.
Sydney H. Ball.

PHYSIOGRAPHY OF THE ARBUCKLE MOUNTAINS.
GENERAL TOPOGRAPHIC FEATURES.

‘When considered in a broad sense the Arbuckle Mountain district is
coextensive with the area in which rocks older than the Devonian are found.
So considered it forms a rudely triangular area approximately 80 miles upon
each side, with an arm extending westward from the southwest corner. It is
longest from northwest to southwest, which is the general direction of the
uplift. The boundaries of the region mark only in part the limits of the
uplift. Since the region was uplifted late Carboniferous and Cretaceous rocks
have been deposited across it and now conceal the older rocks by unconformable
overlap toward the northwest and southeast. The Cretaceous strata upon the
southeast dip toward the southeast, and the Carboniferous on the opposite side
dip toward the northwest. As erosion progresses these overlapping deposits
which once covered the region recede, giving a continually broader section across
the uplift. Previous to the deposition of the Cretaceous the older rocks in the
region of the uplift were worn down nearly to a flat plain. Since the Cretaceous
strata have been removed this plain has been preserved as a low plateau in the
harder rocks of the central part of the uplift, while the softer strata upon the
sides have been eroded to lower levels. Thus the central part of the uplift
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which is here termed the Arbuckle Mountain district remains as a low south-
eastwardly inclined plateau, with distinct escarpments facing northeast and
southwest. The western part of the Arbuckle Mountains reaches an elevation
of about 1,350 feet and is 400 feet above the plains on each side. The grade of
the Arbuckle Plateau toward the southeast is greater than that of the bordering
plain. As a result the two plains intersect along the Cretaceous contact on the
southeast side. On the northwestern side the thick deposits of Carboniferous
conglomerate and ‘‘ Red Beds” sediments continue away to the northwest, making
the broad plain which passes to and around the Wichita Mountains. The descent
from the Arbuckle Mountains westward to this plain is inconsiderable. Toward
the southeast the Cretaceous plain extends with slight change of grade from the
Arbuckle district toward the Gulf coast.

The minor topographic details of the Arbuckle Mountains are due chiefly to
the varying resistance of the formations, which has resulted in differential erosion
since the removal of the Cretaceous rocks. Bordering the mountains upon the
southwest side are five formations extending from the Ordovician to the basal forma-
tion of the Carboniferous, which are composed of hard limestones and soft shales
steeply upturned #nd dipping toward the southwest. The Sycamore, Hunton, and
Viola limestones, the first, third, and fifth formations, respectively, from above,
are hard rocks making level-topped narrow ridges with their crests nearly in
the level of the Arbuckle Mountain plain. Between these limestone ridges the
softer Woodford chert of the Devonian and the Sylvan shales of the Silurian
outcrop in wooded valleys. On the northeastern side of the district are similar
ridges made by the same formations, excepting the Sycamore limestone. Between
these belts of alternating ridges and valleys and toward the axial part of the
uplift the broad plateau proper of the Arbuckle Mountains is chiefly in the
truncated edges of the Cambro-Ordovician limestone and the reduced pre-
Cambrian granite and porphyry. In the more elevated part of the uplift the
small streams, because of their steep grades, have etched the border of the pla-
teau into a frill of deep, short gulches. This border erosion is especially marked
near the gorge of Washita River where it crosses the Arbuckle Mountains.
Washita River was, without doubt, imposed upon the rocks of the Arbuckle
Mountains from a former position in strata which are now removed. The expla-
nation of this river erosion in the Arbuckle Mountains as a part of the physio-
graphic history of the uplift will be discussed below.

HISTORY OF THE PHYSIOGRAPHIC FEATURES.

In the Arbuckle Mountains the rocks from the middle Cambrian, the lowest
known in the region, up to middle Carboniferous, which were formed previous
to and are involved in the uplift, are well exposed. The general physiographic
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historv is learned from the extensive Coal Measures conglomerate in the north-
west and southwest sides of the region, the later ¢ Red Beds” conglomerate across
the west end, and the Cretaceous sediments across the southeastern side of the
uplift. Only a brief discussion of this history can be given in this paper.

From Cambrian time up to middle Carboniferous the stratigraphic succession
is regularly conformable, showing that the rock beds remained practically flat
during successive periods. There were probably oscillations which brought the
sediments to the surface of the water at times, and gave occasion for slight
erosion, which will be described in the discussion of the stratigraphy. About the
middle of the Carboniferous period, near the beginning of Mississippian time,
the rocks of the Arbuckle Mountain region were uplifted and folded, and moun-
tainous conditions resulted. During and following the uplift and before the end
of Carboniferous time the mountains, so far as can be observed, were worn down
to moderate relief. During this time thick deposits of limestone conglomerates,
derived from the Silurian, Ordovician, and Cambrian rocks toward the heart of
the up]ift, were laid down in the bordering Carboniferous seas. As erosion pro-
gressed, during late Carboniferous time folding and faulting occurred, as is shown
by the infolding and faulting of some of the earlier Carboniferous conglomerates
with older Paleozoic strata. Remnants of this Carboniferous conglomerate occur in
the present Arbuckle Plateau in a number of places and conceal the whole north-
western extension of the uplift. The nearly flat limestone conglomerate, grits,
and clays of the basal portion of the ‘“Red Beds” rest unconformably upon the
Coal Measures conglomerate and across the extreme western end of the Arbuckle
Mountains. Between the Permian and the Cretaceous there is no record of sedi-
mentation, and it is presumed that land conditions prevailed.

Development of the Arbuckle Plateau.—The basal formation of the lower Creta-
ceous lies across the southeastern side of the Arbuckle uplift, on a nearly smooth
floor, composed of granite and interstratified with thick and hard limestone and
thinner limestone, sandstone, and shale formations. This formation, which is
slightly inclined toward the southeast, is composed of the beach and near-shore
deposits of the Cretaceous sea, which transgressed northward and most likely
beyond the region of the Arbuckle Mountains. The nature of these deposits of
the Cretaceous and of the flat floor upon which they rest suggests strongly that
the land upon which the Cretaceous sea advanced had been reduced to a low
peneplain. Whatever the condition of the pre-Cretaceous land, it appears that
the Cretaceous degradation reduced all the rocks from the soft shales of the
Carboniferous to the massive hard limestones of the Cambro-Ordovician and the
granite to a nearly flat plain. The basal Cretaceous formation was rapidly eroded
toward the south, in the direction of the drainage and of the dip of the strata.
After these sands were removed from the rock floor of varying hardness on
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which they had been deposited, differential erosion produced the topographic
forms of the Arbuckle Mountains and the bordering parallel hills and valleys and
etched plateau. The plain of the Arbuckle Mountains when projected southward
passes beneath the Cretaceous sediments, approximately in the Cretaceous floor.

As the soft Cretaceous rocks above the Arbuckle uplift were removed the
streams which flowed in them without obstruction toward the south descended
and were imposed upon the hard rocks of the Cretaceous floor. Thus Mill and
Pennington creeks and Blue and Washita rivers were imposed upon the Arbuckle
Mountains. As Mill and Pennington creeks and Blue River are near the eastern
end of the uplift from which the Cretaceous was last removed, and do not flow
beyond the limits of the Arbuckle Plateau, they have wide, shallow valleys, extend-
ing southward in Paleozoic and Cretaceous strata with very slight increase in grade.
Washita River, however, flows in a lower plain for long distances in the soft
rocks before reaching and after its passage through the Arbuckle Mountains.
These soft rocks were worn down more rapidly than the hard limestones, and
the river was required to keep pace in cutting its deep and narrow gorge across
the Arbuckle Mountains. ‘

Peneplain of probable Tertiary age.—Toward the northeast and southwest there
is a descent of 100 to 400 feet from the plateau in the Arbuckle Mountains to
the general level of the plain formed upon the softer Carboniferous rocks. The
erosion which produced this lower plain has uncovered and obliterated a large
part of the marine Cretaceous plain northeast and southwest of the Arbuckle
district. Southeastward, in the general direction of the drainage toward the Gulf
of Mexico, this plain descends approximately with the grade of the rivers. Along
these river valleys there are elevated remnants of old channels slightly helow the
level of the plain. They contain deposits of gravel and sand, similar to the material
transported by the river at the present time.

These deposits occur upon the worn surfaces of Carboniferous, Cretaceous,
and early Tertiary rocks. Upon approaching the Tertiary border in southwestern
Arkansas and eastern Texas these gravel deposits become more abundant and
finally come to an end or descend beneath latest Tertiary deposits bordering the
Gulf coast. Farther toward the northeast these elevated shallow and wide river
channels lying nearly in the peneplain have been studied and mapped, along
Canadian and Arkansas rivers, from the western border of the Creek Nation to
the Arkansas line in Indian Territory. This peneplain stretches westward into
Oklahoma and northward across Indian Territory. It has a lower inclination
toward the southeast than the marine Cretaceous plain represented in the Arbuckle
Plateau. Northward the horizon of the latter plain projects above the land, while
the former continues nearly flat and is now preserved throughout southern and
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central Indian Territory in almost innumerable level-crested ridges and hills.
These ridges and hills are supported usually by beds of hard rock, and their crests
oceur at elevations approximating 850 feet. Outside the mountainous regions
there are few hills which rise above this general level. These are usually table-
like and are protected by flat and hard strata.

In the eastern part of Indian Territory the Ouachita Mountains rise above
this plain, as do also certain isolated mountains in Arkansas Valley. In the
Ouachita Mountains this peneplain is represented by wide, flat valleys which have
been produced upon the softer rocks. In Arkansas Valley the mountains
which rise above the plain are limited areas where the rocks occur in broad,
synclinal folds containing the harder and thicker sandstone strata. These moun-
tains rise above the plain, as monadnock-like eminences and peaks, to elevations of
1,700 to 2,500 feet above the sea. The wide distribution of the surficial deposits
connected with old river channels, but slightly depressed below the peneplain, their
relations to the more abundant gravel deposits near the Tertiary, as already
described, and the widespread degradation of the hard and soft rocks to the same
general level support the hypothesis that the surface nearly reached sea level
at the time of its reduction to the peneplain stage.

Recent  peneplanation in the broad valleys.—It would appear that since the
formation of the probable Tertiary peneplain the land has been tilted slightly
toward the southeast. In support of this it is observed that the larger streams
have descended in softer strata-to depths approximating 200 feet below the
general level of the Tertiary peneplain, cutting for themselves wide and flat
valleys. These wide valleys may be considered to form rudely a lower peneplain
representing the present stage of erosion. The smaller streams tributary to the
large creeks and rivers have steeper grades, especially toward their sources, and
occupy various levels between two peneplains. '

STRATIGRAPHY OF THE ARBUCKLE MOUNTAINS.
IGNEOUS ROCKS (PRE-CAMBRIAN).

Igneous rocks are exposed in three areas in the Arbuckle uplift. The
largest of these in the eastern portion is composed, for the most part, of granite,
of a small amount of rocks related to granite, and of intrusive dike rocks, chiefly
diabase. The other two areas, which are situated near each other in the western
part of the mountains, are composed of granite-porphyry and aporhyolite, con-
taining also basic dikes. The granite occurs in the extreme southeastern side
and is partially concealed by the lower Cretaceous sediments which lie across
this portion of the Arbuckle region. It occurs in a rudely triangular area
about 20 miles in length and 10 miles in width at its broadest part, near the

7800—No. 31—04—2 :
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western end. It is overlain across the western end and at a few points upon the
northern side by middle Cambrian, the oldest stratified rocks of the region.
Throughout the northern side, with two exceptions, the granite comes in contact
with the sedimentary rocks along lines of faulting.

The two porphyry areas occur in the Arbuckle Mountains proper, near the
western part of the uplift. Like the granite, the porphyry upon the western and
southwestern sides is overlain by the middle Cambrian sediments, and upon the
eastern and northeastern sides it comes in contact with the sedimentary rocks along
lines of faulting. :

In middle Cambrian time the granites, porphyries, and other associated or
included igneous rocks were eroded and their materials deposited as the oldest
Cambrian sediments, which here rest on them. Their approximate age, however,
can not be determined further than is indicated by their position beneath middle
Cambrian rocks.

GRANITE AND ASSOCIATED IGNEOUS ROCKS.

The granite is a reddish or pinkish rock moderately coarse in texture.
Associated with it are numerous dikes of gray to dark-blue or black basic rock,
besides less numerous dikes of pale-pink to white aplite, and rarely dikes of
granite-porphyry. These dikes of basic rock penetrate the granite in many
directions, though the largest number have a bearing generally toward the north-
west and southeast. The surface of the granite is nearly flat and is in large
measure concealed by materials resulting from its own disintegration and by
residual sands from the Trinity formation, so that it is not possible to locate or
trace many of the dikes beyond the immediate valleys of the streams where the
rocks have their best exposures. In the eastern part of the area the basic dikes
are few in number, though the granite is usually so concealed by surficial
deposits that satisfactory observations could not be made. Toward the west
these dikes increase in number, until in the vicinity of Tishomingo they are of
such frequent occurrence and have increased in size so greatly as to form a con-
siderable part of the igneous mass. In this part of the area they range from
thin stringers to dikes 40 feet in thickness. '

Quartz-monzonite has been found to occur in association with and apparently
as phases of the granite. In some ‘places it has a well-defined boundary, while at
others it seems to grade into the granite. .

Usually the exposures of the granite are such that its true relation to the
aplite was not accurately determined. In certain fresh exposures the aplite
occurs as dikes or stringers penetrating the granite. They are usually but a few
feet thick, and were not found in association with the basic dikes. :

The granite-porphyry was found in but two places. It occurs in granite in
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distinetly defined bands, 20 feet wide, trending toward each other. It is probable
that they belong to the same dike. The granite-porphyry is cut by a basic dike
which passes also into the ordinary pink granite. The granites and associated
igneous rocks in the Arbuckle region have been studied by Mr. Ernest Howe, of
the United States Geological Survey, and the petrographic descriptions of the
igneous rocks are from Mr. Howe’s report.

(Franite.—The typical granite is in general a biotite-granite, rich in micro-
cline and poor in ferromagnesian silicates. Associated ~with the granite are
pegmatite veins, which contain the same minerals as the granites, but in coarser
aggregates. The feldspars are principally orthoclase or microcline, with plagio-
clase, albite, and oligoclase almost always associated. Titanite, which occurs in
extremely perfect crystals, is, under the microscope, a noteworthy constituent.
Garnet, also, occurs in some specimens as an important accessory mineral.

Quartz-monzonite.—Quartz-monzonites are associated with the granite and
occur apparently as phases of it. As far as observations could be made, mon-
zonites occur in small areas. In most places where this rock was noted the
exposures are poor and the relations of the rocks could not be satisfactorily
determined. In all the specimens examined petrographically, plagioclase, ranging
in composition from oligoclase to labradorite, is almost as prominent as ortho-
clase or microcline; quartz, usually in the form of pegmatitic intergrowths, with
orthoclase, is always present, but never in abundance. With these minerals
biotite occurs almost invariably; in all but two of the specimens hornblende is
abundant. One of the rocks contains hornblende equal in amount to the plagio-
clase and alkali feldspar, and is remarkable in its very considerable development
of quartz. It is a middle type between granite and diorite. - From this intermediate
type the tendency seems in the majority of cases to lean toward the side of the
granites. One of the specimens is a nearly pure diorite, consisting largely of
plagioclase, feldspar, and hornblende, with a very little alkali feldspar and quartz.
These rocks indicate a very interesting series, worthy of more extended sﬁudy.

Aplite.—Aplite occurs also in association with the granite in a manner similar
to that of the diabase. In places the exposures are such that the true relations
between the aplite and the granite could not be determined. Where erosion had
removed the disintegrated rock the aplite appears as well-defined dikes. Speci-
mens examined petrographically are pale pink or nearly white in color, containing
no ferromagnesian silicates, and composed almost entirely of feldspars and quartz,
with very little magnetite or hematite. The texture of the aplites is even and
finely granular. Orthoclase, microcline, and plagioclase are present in all and are
slightly greater than quartz in amount.

Granite-porphyry.——Granite-porphyry occurs in well-defined bands, appalently
as dikes in the common granite. The only exposure of this porphyry noted is
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in a small tributary of Rock Creek in the western side of sec. 1, T. 4 S., R. 5
E. The granite-porphyries are fine textured and brick red. The phenocrysts,
distributed in a dense groundmass, are irregular in size and consist of orthoclase,
quartz, and some dark silicates, probably hornblende, which is now completely
altered to chlorite and the hydrous oxides of iron. The feldspars and what
remains of the ferromagnesian silicates are in large imperfect crystals, while the
quartz is in very much smaller, rounded and dihexagonal grains. The groundmass
is partly a finely granular aggregate of quartz and feldspar and partly a micropeg-
matitic intergrowth of these two minerals. Magnetite is an abundant AcCessory.

Diabase dikes.—Dikes of diabase are common throughout the granite, but
increase in abundance from east to west. Near the western end of the granite,
in the mass northwest of Tishomingo, they are so numerous as to form in places
a network of sheets and stringers. These dike rocks have considerable variation-
in texture, but are all to be considered as diabase. They vary from dense, finely
porphyritic contact facies to coarse rocks which might almost be considered
gabbro. Their compositidn is very uniform. Augite, labradorite, and magnetite
are always present; biotite rarely occurs; and in only one instance was olivine
found, or, more correctly, pseudomorphs of serpentine ‘after olivine. These
diabase dikes usually weather more rapidly than the granite, and as a result fresh
specimens in many cases can not be obtained. The secondary rhinerals-chlorite,
kaolin, calcite, muscovite, and epidote—are very abundant. In the dense rocks,
evidently near the contacts, the groundmass, although very fine grained, is still
distinetly ophitic. Delicate skeleton crystals of magnetite add materially to the
felt-like appearance. Phenocrysts are seldom perfect and never large. The
plagioclase laths average about one millimeter in length. The coarser specimens,
probably from the central portions of large dikes, show a tendency to assume a
granular structure, which, however, is never perfect; their structure would still
be described as ophitic.

PORPHYRY AND ASSOCIATED BASIC DIKES.

The porphyry of the Arbuckle Mountains occurs in two areas, known as the
East and West Wooded Hills, which rise slightly above the general level of
the Arbuckle Mountain table-land. These igneous masses have the same relations
to the surrounding stratified rocks as the granite above described. The rela-
tions are graphically shown on the geologic map (Pl I). These igneous rocks,
of pre-Cambrian age, consist of granite-porphyry and aporhyolite of various
shades of pink, red, and brown. In so far as could be determined by a general
survey the aporhyolite is intrusive through the granite-porphyry. In places the
aporhyolite, like the granite-porphyry, is strongly porphyritic and shows large
clearly defined phenocrysts of pink feldspar in a reddish and darker fine ground-
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mass. In other places it is even textured, without porphyritic character, and
shows a beautifully banded structure. In thin sections o fluidal, vesicular
structure is shown. The base is generally devitrified, but certain bands show
perlitic structure.

Like the granite in the eastern part of the uplift, the igneous mass is pene-
trated by numerous dikes of diabase, which are themselves older than the middle
Cambrian, since sediments of that age rest uncomformably upon them. These
dike rocks vary somewhat in character and in color, from very dark blue to
gray, but in general are of the same nature as those occurring in the granite area. -

SEDIMENTARY ROCKS.

In pre-Cambrian time the region of the Arbuckle uplift was submerged and
the Reagan sandstone, the lowest Cambrian sediment, was laid down upon the
eroded surface of the granite and porphyry as a beach and off-shore deposit.
The pre-Cambrian land, composed of igneous rocks, possessed some relief at the
time of the submergence, as is shown by the uneven contact of the igneous rocks
with the Reagan sandstone and also by the variable nature of the sandy deposits.
The land in the immediate vicinity of the uplift was soon submerged, however,
as is shown by the presence of fossiliferous horizons representing the same- mid-
Cambrian time in the upper member of the Reagan sandstone wherever it is
exposed. '

CAMBRIAN ROCKS.

Reagan sandstone.—This sandstone is a variable formation, as regards both
its thickness and the nature of its materials. In the eastern part of the uplift,
in contact with the granite, it varies in thickness from a few thin beds to
approximately 500 feet, with an average thickness of about 300 feet. In its
thickest portion, at the western end of the granite, the lowest beds are com-
posed for the most part of coarse arkose grit. The following is a record of the
thickest section of the Reagan sandstone as it occurs at the western end of the
granite area, beginning at the base:

Section of Reagan sandstone.
Feet.

Quartzite and arkose conglomerate, composed of poorly sorted granitic materials ............. 30
Coarse grit and sand, with some clay and green sand in upper part, generally well stratified. 370
Thin-bedded and laminated sandstone, becoming calcareous in the upper part ......._...... 60

This section is followed by generally thin-bedded siliceous limestone and
shaly strata through several hundred feet to the top of the middle Cambrian.
The calcareous beds at the top and above the Reagan contain numerous fossils
of well-defined middle Cambrian forms.

The Reagan sandstone overlying the porphyry in the southern sides of the
East and West Wooded Hills has a section similar to that in contact with
the granite. The coarse materials which make lentils of conglomerate near the
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base, however, are here composed of porphyry and associated dike rock. In the
upper part of the formation greenish clays are probabiy more abundant, and the
green sand continues higher up into the more calcareous beds. As in the occur-
rence near the granite, here the calcareous rocks contain numerous middle Cam-
brian fossils.

CAMBRO-ORDOVICIAN ROCKS.

Arbuckle limestone.—The Arbuckle limestone, with the exception of thin,
shaly strata and occasional siliceous and cherty beds, is composed entirely of
light-blue and white limestone and cream-colored to white crystalline dolomite.
The section ranges in thickness from 4,000 to 6,000 feet, and includes the whole
of the upper Cambrian and the Calciterous of the Ordovician. From the base
of the formation upward to the top of the middle Cambrian the rocks are
composed of thin-hedded and, in part, intraformational conglomerate and shaly
limestones. While pursuing stratigraphic field work in connection with the study
and collection of the fossils, Mr. E. O. Ulrich noted the occurrence of what
appeared to be shaly lentils at the top of the middle Cambrian, indicating to his
mind an unconformity between the upper and lower Cambrian.

Beginning with the upper Cambrian the rocks are composed of massive and
hard, pink to yellow crystalline limestone and dolomite, which weather to various
shades of brown and almost black. Rocks of this character have a thickness of
500 to 600 feet, and are followed by lighter-colored massive dolomite and 'lime-
stone, without any indication of time interval, up into the Ordovician. Beginning
approximately 450 feet below the top of the Arbuckle formation the limestones
become more thinly bedded and are associated with thin and, in places, shaly
strata. Very near the top occasional sandy beds occur. :

“In the massive beds in the central part of the formation fossils are found,
but not in great abundance. Near the top, however, where the rocks become
argillaceous, fossils are more common. Fossils of the following genera, mostly
undescribed, occur in the upper 1,250 feet of the Arbuckle limestone.

Fossils of upper portion of Arbuckle limestone.

Billingsella, 2 species. Hormotoma, 2 species, one very near H. artemesia
Polytoechia? Billings. d
Stromatocerium. Trochonema.

Calathium, 2 species. Orthoceras.

Maclurea. Trochoceras.

Ophileta. Leperditia.

Eccyliomphalus. % Isochilina.

Eceyliopterus. Primitia.

Raphistomina. Bathyurus.

Leiospira (? Helicotoma). Isotelus canalis?

Euconia (near E. ramsayi Billings). ;
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On account of its thickness and its position the central part of the uplift
of the Arbuckle formation, though generally steeply upturned, occurs over broad
areas, and forms a large part of the table-land of the Arbuckle Mountains. It
extends from the southeastern end of the Arbuckle Mountains, where it is over-
lapped and concealed by Cretaceous strata, to the northwestern end, where it
passes beneath Pennsylvanian and ‘‘Red Beds” conglomerates.

ORDOVICIAN ROCKS.

Simpson formation.—After the Arbuckle limestone was deposited there was
a general change in the nature of the sediments. The top of the limestone
seems to have been slightly eroded locally and upon the surface were deposited
beds of pure sand. At other places the Arbuckle limestone is overlain hy shaly
and impure lime—the basal beds of the Simpson formation. On these local sandy
beds at the base there were deposited greenish shales and thin crystalline and
shelly limestones interstratified with a number of beds of sandstone, making a
total thickness ranging from about 1,200 to 2,000 feet. Following is a general
section of the Simpson formation on the south side of the Arbuckle uplift west
" of Washita River, the beds being given from above downward.

Section of Simpson formation on south side of Arbuckle uplifi, west of Washita River.

Feet,
1. Thin limestone with green shales interstratified .................... s e . 400
In the lower part the limestone is subcrystalline, resembling beds lower in the for-
mation, while higher it becomes fine grained and argillaceous, resembling that of
the succeeding Viola formation.
D ASEDTAREOTID, & i oronei e 5 et P e o e o b emmin i et B e S S gl e bt 55 90
3. Limestones and shales interbedded. ... ... . ... .oooiiiieii.ooo.o... 400
Some of the limestones are highly fossiliferous: Orthis tricenaria, O. deflecta, Monti-
culiporoid Bryozoa, highly ornamented cystid plates, and species of Céenodonta.
. IBAIARIOIE - fovs B il Tl bt ol s i o Bt o it B erie o W P Tt s A Sttt L ool L o 100-200
5. Shaly limestone ........ S S R B S B S 4 N S S RA e AR AR & R S @k S5 195
The lower 50 feet highly fossiliferous, containing Ostracoda with numerous Bryozoa
and bases of crinoid columns, making a fauna sufficiently peculiar to be easily
distinguished. -
G BANATEOTB & s o miin £ 505 5 S8 S A 5 i 2 m mrmom m it o spirmint o e s e o b raginin st wiente ' i  Fmtmt 33
7. Thin-bedded limestone and shales interstratified... .. ......_.... R R o P 295
Contains fossils in great abundance, chiefly Ostracoda of large and small species, and
numerous gasteropods, pelecypods, brachiopods, and trilobites.
8. Greenish shales with few thin limestone layers ... . ... ... ... . ... ... 245
Thin sandstone.
9. Granular crystalline limestone in thin beds ...... ks D WD R B LS 350
Contains an abundance of Ostracoda (Leperditia chiefly) and other fossils so rare as
to appear wanting. v
10. Thin limestone and shales interstratified with occasional thin sandstone.............. 29

11. White to light-brown sandstone, occurring locally . ... . .. .. .. ... .. ..... 0-100
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The sandstone bed No. 4 in the section is more persistent in its character-
istics, including thickness, than the others, and serves as a convenient datum for
reference. It also separates the formation into two divisions of nearly equal
thickness.

In the northern portion of the region, and especially on the northern side
of the Arbuckle Mountains west of Washita River, the Simpson formation is
found to be much thinner than in the southern portion. This is due chiefly to the
absence of the lowest beds, which have an aggregate thickness of several hun-
dred feet. The upper division of the formation is found to become thinner
northward, owing to the decrease in the quantity of lime and clay. With the
decrease in amounts of lime and clay northward there is a general increase in
the abundance of sand, the whole formation becoming more siliceous. '

On the northern side of the region the Simpson formation is exposed much
farther east than on the southern side, where it is found in its typical thick-
ness and consistency. Near the east end, in the valleys of Blue River and
Delaware Creek, the structure is so variable that accurate estimates of thickness
could not be made. It is approximately 1,200 feet thick, and the sand is
relatively more abundant than in the northern part of the Arbuckle Mountains
farther west. In all places noted the sand is fine grained, and in many cases
is completely separated from clay and lime sediments.

The Simpson formation contains a very abundant fauna. ILarge collections
of fossils were made by Mr. Ulrich, especially from the district west of
Washita River. Only a preliminary study of this fauna has been made, but it
is sufficient for accurate classification and general correlation. Below are lists
of readily recognized forms, separated according to the two divisions of the

. formation.
Fossils of lower Simpson formation.
Plates of cystidian (? Glyptocystites). 7 Bucanella sp. undetermined.
Siphonotreta sp. undetermined. Maclurea sp. undetermined.

Orthis costata. Leperditia sp. near fabulites.
Leperditia bivia White.

Leperditella of several undetermined species.

Crania sp. nov. y l‘ Eccyliopterus sp. undetermined.
Orthis (Dalmanella) pogonipensis Walcott. ’
Orthis sp.? nov. (near holstoni Safford). \

i

Ctenodonta sp. nov. (of C. nasuta type). This division is particularly characterized by

Cyrtodonta sp. undetermined.

Ctenodonta sp. nov. (large, ovate species). ’ these Ostracoda, many of the limestone layers
| being crowded with large and small species.
|

Modiolopsis sp. nov. Bathyurus sp. undetermined.
Modiolopsis sp. nov. Ceraurus of two undetermined species.
Bucania sp. undet. (small, with flat dorsum). Amphion nevadensis? Walcott.
Bucania sp. undet. (larger, with subecarinate

dorsum). |
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Fossils of upper Simpson formation.

[Most of these species known only in the upper 300 feet. Those occurring also in the lower part of the subdivision
are distinguished by an asterisk.]

Receptaculites sp. nov. *Orthis tricenaria Conrad.
Protarea sp. nov. (hassive-laminar form), * Dalmanella perveta Conrad.
Archeeocrinus sp. undetermined. * Dinorthis near pectinella Emmons.
Platycystites (?) sp. nov. * Orthis (? Dinorthis) deflecta Conrad.
Amygdalocystites sp. nov. Orthis (? Dinorthis) sp. nov.
Glyptocystites sp. nov. Hebertella bellarugosa Conrad.
* Numerous monticuliporoid Bryozoa. Triplecia sp. nov. (striated).
Stomatopora proutana-pertenuis Ulrich. Zygospira (Hallina) nicolleti W. and 8.
Phylloporina sublaxa Ulrich. Zygospira (Hallina) sp. nov.
Rhinidictya nicholsoni Ulrich. Clionychia lamellosa Hall.
Arthroclema sp. nov. Ctenodonta contracta Salter.
Pachydictya cf. foliata Ulrich. Eurymya plana Hall.
" Lingula coburgensis Billings. Tetranota obsoleta ? Ulrich.

Schizambon (? Siphonotreta) minnesotensis~ H. | Pterotheca attenuata Hall.

and C. Ampyx sp. undetermined.
Crania granulosa Winchell. Harpina sp. undetermined.
Craniella ? ulrichi Hall. | Platymetopus sp. nov. near bicornis Ulrich.
Pholidops trentonensis Hall. Platymetopus sp. nov. near cucullus M. and W.
Plectambonites sericea (Stones River variety). Pterygometopus near schmidti Clarke.
Strophomena filitexta Hall. Numerous undetermined small Ostracoda of the
Rafinesquina minnesotensis Winchell. families Cypridee and Beyrichiidee.

|
Scenidium anthonense Sardeson. I

The fauna of the lower division of the Simpson formation is decidedly similar
to that of the Chazy of New York and Canada and of the Pogonip formation of
* Nevada. Considering these east-and-west connections, it is surprising to note
that the lower Simpson fauna, so far as known, contains none of the prolific
fauna of the lower division (Murfreeshoro limestone) of the Stones River group in
middle Tennessee, which is believed to be of equivalent age. As a whole, the
fauna of the upper part of the Simpson is closely related to the upper division
of the Stones River group in Tennessee and Kentucky and the equivalent beds
in the upper part of the Mississippi Valley.

Viola limestone.—There is a gradual transition from the top of the Simpson
formation up into the basal part of the Viola formation. The top layers of the
Simpson are usually argillaceous, are thinner, darker, and more evenly stratitied
than those at the base of the Viola, and in places contain partings and beds of
clay. The rocks at the contact on each side, however, vary somewhat in different
parts of the field.

The Viola formation is a continuous but slightly variable deposit of lime-
stone 500 to 700 feet thick, which usually appears massive on very fresh expo-
sures. Upon weathering, however, the bedding is pronounced, showing layers
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rarely more than a foot in thickness. In the middle and lower parts especially
there are occasional bands and nodular masses of chert.

I'he Viola limestone is divisible into three members, distinguished by varia-
tions in bedding, in texture, and to a less extent in the color of the limestone.
The upper and middle members are approximately 300 feet thick. The lowest
member is somewhat thinner and more variable than the others. The lowest
member consists of light-colored, coarse-textured, and usually roughly bedded
limestone. It probably will not exceed 100 feet in thickness anywhere, and in
places is much less.

The middle member consists of white to light-blue and generally even- and
thin-bedded limestone. On account of the abundance of fossil trilobites of the
genus 7rinucleus in certain layers it might be known as the 77inucleus member.
It is characterized by white surface where weathered and even bedding.

The highest member resembles in part the lowest in essential physical char-
acters. In its lower part the beds are thicker, more earthy, and more uneven
than those of the middle part. In the middle part the beds are thin and more
argillaceous. The limestone at the top of this member resembles very much the
lowest beds in character of bedding. It is more crystalline and usually lighter
in color, being light gray and occasionally pink.

On the whole the Viola limestone varies but slightly in thickness ana gen-
eral characteristics throughout its occurrence in the Arbuckle Mountain region.

An investigation of the fossils by Mr. Ulrich, who collected and studied the
rock section, shows that there are three faunal divisions, which correspond to the
three lithologic members above described. The most fossiliferous development
of the hasal member was noted at the extreme northern occurrence, in the region.
at the base of Double Mound, 6 miles northeast of Roff. A prellmmary study of
the fossils collected shows the following-named forms:

Fossils of lower member of Viola limestone.

Streptelasma profundum var. Dinorthis pectinella Hall.
Tetradium columnare Hall. Platystrophia sp. undetermined (small).
Homotrypa intercalaris Ulrich. Rhynchotrema increbescens Hall.
Bythopora subgracilis Ulrich. Zygospira recurvirostris Hall.
Phylloporina reticulata Hall. Vanuxemia gibbosa Ulrich.-
Rhinidictya mutabilis Ulrich. Technophorus subacutus? Ulrich.
Rhinidictya mutabilis major Ulrich. Cyrtolites retrorsus Ulrich.
Escharopora subrecta Ulrich. Protowarthia pervoluta U. and 8.
Pheenopora incipiens Ulrich. Lophospira bicineta Hall.
Arthropora bifurcata Ulrich. Strophostylus textilis U. and S.
Plectambonites sericea var. Holopea obliqua? Hall.
Strophomena filitexta Hall. Pterotheca attenuata Hall.
Rafinesquina deltoidea Conrad. Bumastus trentonensis Emmons.

Dalmanella hamburgensis? Walcott.
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Nearly all of the above fossils occur in the Phylloporina and Clitambonites

beds of the Ordovician section in

latest Black River and earliest Trenton.

Minnesota.

These beds are correlated with
Many of the species occupy these

horizons in New York and Canada and what are regarded as equivalent positions

in middle Tennessee and Kentucky.

As a whole the middle member or 7rinucleus bed of tﬁ@{'Vibla limestone

is not abundantly fossiliferous.

The organic remains occur chiefly in three hori-

zons, one near the base, another above the middle, and the third near the top.

The first and second contain an abundance of graptolites.

Next to the Zrinucleus

the graptolites are the most characteristic and commonest fossils of the middle

member.

Fossils of middle member (Trinucleus beds) of the Viola limestone.

Hall.
Climacograptus typicalis Hall.

Diplograptus pristis?

Schizotreta minutula W. and S.

Conotreta, sp. undetermined (? rusti Walcott).
Rafinesquina deltoidea Conrad.

Conularia trentonensis Hall.

Trinucleus concentricus Eaton.
Trinucleus sp. undetermined.

Proetus parviusculus var.

Pterygometopus (near callicephalus Hall).
Nileus vigilang Meek and Worthen.

These fossils indicate that the Zrinucleus beds were deposited during the latter

half of the Trenton age.

The upper member of the Viola limestone is approximately 300 feet in thick-

ness, but only in the upper 25 feet is it abundantly fossiliferous.

feet yielded no fossils.
poorly preserved.
feet of the formation:

The lower 50

In the middle portion the fossils are not only rare, but
The fossils in the following list occur only in the upper 50

Fossils of upper member of Viola limestone.

Bead-like joints of the stalk of an undescribed |

crinoid or cystid, one-quarter inch in thickness.
Pachydictya gigantea Ulrich.
Ptilotrypa obliquata Ulrich.
Plectambonites sp. nov. (with denticulate hinge).
Strophomena wisconsinensis Whitfield.
Lepteena unicostata M. and W.
Rafinesquina sp. nov. (near camerata).

Orthis kankakensis sweeneyi Winchell.
Dinorthis subquadrata Hall.

Dinorthis proavita W. and S.
Hebertella insculpta Hall.

Dalmanella macrior Sardeson.
Platystrophia acutilirata Conrad..
Rhynchotrema capax Conrad.
Parastrophia divergens H. and C.

These are all species characterizing the upper divisions of Richmond age in

Minnesota, Wisconsin, Illinois, Indiana, and Ohio.

In northern Arkansas the

same fauna occurs in the Polk Bayou limestone and in middle Tennessee in the
Fernvale formation. This is one of the most widespread horizons, and certainly
the easiest to recognize, of the Ordovician rocks.
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SILURIAN ROCKS.

Sylvan shale.—The Sylvan shale and the succeeding Hunton limestone are
comparatively thin formations, and because of their narrow outcrop they are
necessarily mapped together. While these formations present strong contrasts,
lithologically they belong to the same system.

The nearly pure lime deposits laid down at the close of Viola time were
succeeded by dark-blue to black and green clay in apparently conformable
succession. The deposition of the greenish Sylvan shale continued without
interruption until it reached a thickness of from €0 to 300 feet, when it was
succeeded abruptly by the Hunton limestone. :

The Sylvan shale increases gradually in thickness westward. At the east
end of the uplift its thickness is estimated to be 60 feet, while west of Washita
River it is approximately 300 feet. Being a soft clay shale and bounded above
and below by hard, ridge-making limestone, it invariably makes smooth swales or
valleys, which are protected by forests. As a result fresh exposures of the rocks,
especially at the contact with adjoining formations, are rare.

Only one exposure of the shale at its base was noted; this is about 2
miles northwest of Dougherty. At this place from the base upward through
several feet the rock is a compact, dark-blue to black calcareous and bituminous
shale, containing an abundance of graptolites and shells. Elsewhere in the shale
fossils are exceedingly rare. This basal bituminous shale is harder than the
succeeding greenish shale and is distinetly stratified. The greenish shale higher
in the formation is homogeneous and massive and shows usually but slight
indication of lamination, particularly on weathering.

A preliminary study of the fossils occurring in the dark basal shale shows
the following forms: ;

Fossils of the lower part of the Sylvan shale.

L

Diplograptus sp. undetermined. Leptobolus? sp. nov. (has six strong radiating
Climacograptus sp. near typicalis. plications).

Leptograptus sp. -undetermined. Conularia sp. nov., with surface sculpture very
Lingula; short, obtuse form. similar to that of the Trenton C. papillata Hall.
Lingulops? sp. nov. (platform obsolete). Conodonts of forms resembling those referred by
Leptobolus sp. near insignis. Hinde to Prioniodus and Polygnathus.

The fauna of the Sylvan shale as far as known is generally remarkably
similar to that of the Utica. The specific differences, however, are such as to
distinguish them; yet a study of the fossils convinces one that the fauna of the
Sylvan is a direct development from the much older fauna of the Utica shale
and not of the intervening faunas of the Cincinnati group. From this evidence
it would seem that the position of the Sylvan shale in the time scale is problem-
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atical. The highest known fauna of the Ordovician, that of the Richmond group,
occurs at the top of the Viola limestone, beneath the Sylvan shale, and the Clinton
occurs immediately above the Sylvan, in.the base of the Hunton limestone. Accord-
ing to the present classification, therefore, the Sylvan shale should be correlated
with the Medina, and the line separating the Ordovician and Silurian in the Arbuckle
Mountains should be placed between the Viola limestone and the Sylvan shale.

SILURO-DEVONIAN ROCKS.

Hunton limestone.—The green clay shales of the Sylvan are succeeded
abruptly by hard, white to light-blue limestone of the Hunton formation.
Usually the contact rock at the base of the Hunton is a massive bed of oolitic
limestone. Locally hard bluish limestone beds are found at the base, with rarely
a thin layer of brecciated limestone or limestone conglomerate in contact with
Sylvan shale. At the eastern end of the Arbuckle uplift the thickness of the
Hunton limestone is estimated to be about 160 feet. It increases gradually
westward on the northern side of the uplift, until it reaches nearly 200 feet in
- the' vicinity of Franks, where it is concealed by overlap of Coal Measures con-
glomerates. On the southern side of the uplift, east of Washita River, the
formation thins out and is absent for a distance of about 10 miles. Where
it is thinnest the beds are more or less siliceous. Farther west, beyond
Washita River, the formation increases until it is nearly 800 feet thick on the
southern side of the Arbuckle Mountains where it passes beneath the ‘‘Red
Beds” conglomerate, northwest of Woodford. On the northern side of the
Arbuckle Mountains south of Washita River it is about 170 feet thick.

The Hunton formation is composed of hard, thick crystalline limestones, thin
earthy limestone, and marls. It may be separated into three fairly distinct
members according to lithologic characteristics, and to a less extent according to
color. Except where the formation is very thin, as on the southern side of the
uplift east of Washita River, the three members can always be distinguished.
_ An average section of the formation on the south side of the Arbuckle Mountains
west of Washita River is approximately as follows:

Section of Hunton limestone.
UPPER MEMBER.

Feet.
Semicrystalline limestones, in places cherty, interstratified with occasional thin marly
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MIDDLE MEMBER.

Marly limestones and calcareous clays, with some hard limestone layers, more abundant in
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LOWER MEMBER.
4 Feet.

Thick-bedded crystalline limestone succeeded by hard thin limestone with occasional marly

layers. At the base of this limestone is an oolite, 4 to 5 feet thick, which locally is
siligified feossostemn o e B L e S L e s e TR T e L R B e 35-40

The upper member contains locally, at the top, beds of crystalline and very
cherty and flinty limestone. While the thickness of the formation becomes greater
westward, that of the individual members does not increase in the same propor-
tion, as the greatest variation in thickness of the formation is due to the middle
member. West of Washita River the upper member has a thickness of 10 feet
on the northern side of the Arbuckle Mountains and 30 feet on the southern side.
East of the same river it increases northward from a thin bed on the southern
side to 35 feet on the northern side of the uplift near Franks.

The lithologic differences by which the members are distinguished are accom-
panied by faunal changes which afford a basis for age distinctions. The more
massive crystalline beds in the lower part of the basal member, ranging in thick-
ness from a thin bed to 25 feet or more, contain the following forms, which are
distinetly Clinton. The four Bryozoa and the 7riplecia ortoni are characteristic
of the Clinton limestone of Ohio, and their horizon occurs in the St. Clair lime-
stone of northern Arkansas.

Fossils of the lower member of the Hunton formation.

Favosites favosus Goldfuss. Hemitrypa ulrichi Foerste.
Rhinopora verrucosa Hall. Orthis flabellites Hall, var.
Pheenopora magna Hall and Whitfield. Triplecia ortoni Meek.

Pachydictya bifurcata (Van Cleve) Hall. Atrypa marginalis Dalman.

The hard thin limestone beds in the upper part of the basal member contain
the fossils listed below, which indicate Niagara age.

Fossils of the upper layers of the lower member of the Hunton formation.

Thecia swinderiana Roemer. Strophostylus cyclostomus? Hall.

A
Orthothetes subplanus Hall. Orthoceras sp. undetermined; very slender.
Atrypa reticularis var. Calymene niagarensis Hall.

Platyceras niagarense Hall.

The middle member of the Hunton limestone as a whole is abundantly
fossiliferous, the Camarocrinus horizon especially, near the middle of the member,
being remarkably persistent. The fossils listed below are some of the easily
recognizable forms:
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Fossils of the middle member of the Hunion formation.

Streptelasma waynense Safford.
Favosites conicus Hall.
Camarocrinus ulrichi Schuchet.
(Camarocrinus stellatus Hall.

" Orthostrophia strophomenoides Hall.
Dalmanella subcarinata Hall.
Rhipidomella oblata Hall.

Bilobites varicus Hall.

Strophonella punctulifera Hall.
Strophodonta varistriata.

Spirifer cyclopterus Hall.
Anastrophia verneuili Hall.
Gypidula galeata Dalman.

Rhynchospira formosa Hall.
Meristella arcuata Hall.
Megambonia lata Hall.
Orthoceras rude Hall.
Dalmanites pleuroptyx Green.
Phacops logani Hall.

Rensselaeria aequiradiata Conrad.

31

Uncinulus nucleolatus Hall. Phacops hudsonicus Hall.

Delthyris perlamellosus Hall. Proetus protuberans Hall.

With a list of species like the above there can be no question as to the
Helderbergian age of this member of the Hunton formation.

The uppermost member of the Hunton formation is probably lower Oriskany
in age and equivalent to the Camden chert of Tennessee. The fossils secured
from this member are not now at hand, so it must suffice for the present to say
that they consist chiefly of Gasteropoda and large crinoid colurins. According to
the classification of the Paleozoic rocks at present in vogue, this member should
be called Devonian, but it is so intimately united, both faunally and structurally,
with the underlying Helderberg member, that, for this region at least, it would be
doing a violence to the natural classification of the rocks to draw a line of systemic
importance between them. According to a classification taking into account both
the life history and structure of the strata, this divisional line should be drawn
either between the flinty beds at the top of the Hunton limestone and the base of
the black shale and chert of the overlying Woodford formation, or between the
Niagara and Helderberg members. In the latter case the lower member only would
be Silurian, and the two upper members Devonian.

DEVONIAN ROCKS.

Woodford chert.—Excepting the flinty Oriskany limestone occurring locally at
the top of the Hunton limestone and possibly the Helderberg member of the
latter, Devonian rocks in the Arbuckle region are limited to a single formation
of chert and black  shale, known as the Woodford chert. While this chert is
apparently conformable with the limestone below in any single locality, it appears
that this is not true in a broad sense. The Oriskany beds at the top of the
Hunton limestone, consisting of several feet of cherty limestones, are present
in one place but do not occur in another. « In the northeastern part of the uplift,
notably near Franks, cherty limestones are present at the top of the Hunton.
Near the western end of the uplift, on the southern side of the Washita Valley,
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this upper member of hard limestone is absent and the thickness of the entire
formation is reduced to a little over 100 feet. In all places there is an abrupt
change in sedimentation from the top of the Hunton limestone to the chert or
shale of the Woodford formation.

The Woodford chert has an estimated average thickness of 650 feet. It varies
somewhat in lithologic character. In places massive chert rests upon the lime-
stone; in other places black shale occurs at the base of the formation. As a
rule, however, the formation becomes less cherty from the base upward. It is
usually even bedded, occurring in layers from a few inches thick to thin laminz.
In places, especially in the northeast side of the uplift, the formation is composed
almost entirely of thin, fissile, siliceous and distinctly bituminous black shale. In
this part of the region, a few miles west of Hunton, lentils of almost pure flints
were noted interstratified with the black shale near the base. In the western
part of the region bluish shales were seen interstratified with the black shale in
the upper part of the formation. At various positions in the section, especially
in the more cherty beds, are small, rounded, marble-like concretions of a cal-
careous nature. In places there are large segregations of a similar character,
concentrically bandeél, which oceur intersecting several layers of cherty shale.

The Woodford chert is present throughout the Arbuckle region wherever its
horizon reaches the surface. In the southern part of the uplift massive beds of
Sycamore limestone occur above it, and the equally prominent Hunton limestone
beneath it, and since these rocks are steeply tilted the Woodford chert crops in
gullied valleys and rough hilly land between the prominent ridges of limestone.
Elsewhere it occurs as gullied slopes and rough woodland bordering Hunton
limestone ridges.

" Fossils are very rare in the Woodford chert, and those found are not well
preserved. In the lower part of the formation in the western part of the region
a small ZLingula of the type L. spatulate Hall and a few conodonts have been
observed. In the shales of the upper part the only recognizable fossils seen are
two concentrically plicated species of Productella, one of which seems referable
to P. concentrica Hall. Fragments of fossil wood were found on the surface in
many places, but with one exception it could not be determined whether they
belonged with the chert or with the Cretaceous beds which are considered to
have extended over the region. In one instance, however, in the southern side
of the uplift northwest of Norton, a tree trunk approximately 15 inches in
diameter was found embedded in the chert in the lower part of the formation.
The chert here is steeply upturned and ,the fossil tree rests parallel to the bed-
ding. Thin sections of the wood have been studled microscopically by Mr. David
White, of the United States Geological Survey, and determined to belong to a
species of Dadoxylon, a form common to the Devonian.
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This formation is believed to be of the age of the Chattanooga formation of
Tennessee, the Ohio shale of Ohio, and the Portage and Chemung of New York.
At the top it doubtless includes strata corresponding in age with the Noel shale
of northern Arkansas and the basal shale of the Tullahoma formation of Ten-
nessee, which are believed to be of Kinderhook age, or, according to the present
classification, earliest Carboniferous.

At present it is not possible to determine the exact parting between the
Devonian and Carboniferous, since there is no clear stratigraphic distinction in
the shales, and fossils are rare.

CARBONIFEROUS ROCKS.
MISSISSIPPIAN SEDIMENTS.

Sedimentation continued through lower Carboniferous time without apparent
cessation. With the exception of a limestone lentil occurring near the base on
the southern side of the Arbuckle uplift, the whole section of Mississippian rocks,
approximately 1,600 feet thick, consists of black and blue clay shales. The black
shales contain argillo-calcareous ard limestone concretions and segregations, and
the blue shale carries small ironstone concretions, occasional local sandstone strata,
and small lime septaria.

Sycamore limestone.—The limestone outcrops very near the base of the Carbon-
iferous throughout the southern side of the uplift. It occurs also on the northern
side of the main Arbuckle Mountain and extends eastward into the central
part of the uplift almost to the granite. It is mapped and described in the
Tishomingo folio under the name Sycamore limestone. This rock is a light-
bluish to yellow and probably argillaceous massive limestone. Upon weathering
it separates into thin beds, a foot and less in thickness, and changes to shades of
yellow. Near the extreme western end of the Arbuckle Mountains it has a thick-
ness of nearly 200 feet. Near Washita River in the central part of the Arbuckle
uplift the limestone has a thickness of about 50 feet, but it thins out eastward
near the granite in the northeast corner of T. 2 S., R. 3 E. Elsewhere in the
uplift, toward the northeast, it is absent or represented by local thin siliceous
limestone strata at the top of the Devonian chert. No fossils have been found in
this limestone.

Caney shale.—The remaining Mississippian strata above the limestone are
mapped as the Caney shale in the Atoka and Tishomingo folios. This formation
consists in the basal part of black bituminous clay shale containing limestone and
argillo-calcareous segregations. This black shale grades upward into bluish shale
containing small clay ironstone concretions and occasional lime septaria. The
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whole formation is estimated to be about 1,600 feet thick. The limy concretions
and segregations in the black shale in the lower part of the Caney formation
contain a number of fossil shells. The fossils of the Caney shale were collected
and studied by Dr. G. H. Girty, who concludes that the fauna is peculiar and
that many of its species are new. Associated with a species of Leiorynchus resem-
bling L. quadricostatum, and a small undetermined Posidonomya, which at certain
horizons is extremely abundant, are found Productus hirsutiformis, Seminula sp.,
and a number of Goniatites, related to G. subcircularis, G. crenistria, G. striatus,
and Gastrioceras kingi. The age of this fauna can probably safely be placed as
post-Devonian, and evidence thus far obtained is favorable to correlating it with
the upper portion of the Mississippian series.

PENNSYLVANIAN SEDIMENTS.

Franks conglomerate.—At the close of the Mississippian epoch the Arbuckle
region, especially the western part, was uplifted into land and remained so during
a large part of Pennsylvanian time. In the western part of the uplift the
sediments from the top of the Mississippian well down into the Ordovician, and
probably to the Cambrian, were subject to erosion, and lower Carboniferous lime-
stone conglomerates derived from them were spread across their worn edges. The
westward extension of these older rocks, now concealed unconformably by the
lower Cariboniferous and ‘‘Red Beds” (Permian) conglomerate, most probably
formed the larger part of the uplift, since the lower conglomerate especially
increases both in volume and in coarseness westward. The Carboniferous conglom-
erate varies greatly in thickness as well as in coarseness of materials. In the
western part of the region the conglomerate with associated shale and sandstone
is many hundred feet thick. On the northern side of the uplift it decreases
in thickness eastward, and changes from complete unconformity upon the edges
of the Mississippian, Devonian, Silurian, and Ordovician strata to apparent
conformity above the Caney (Mississippian) shale. In the Tishomingo folio this
conglomerate is mapped in detail and described as the Franks conglomerate.

Wapanucka limestone.—From the vicinity of Franks southeastward the Franks
conglomerate rapidly decreases in thickness and coarseness, giving place to lime-
stones, sandstones, and shales. At the northwest corner of the Atoka quadrangle,
north of Hunton, is a thin oolitic limestone which is believed to represent the
Franks conglomerate, in part at least. This limestone has been mapped here
and farther east, and is described as the Wapanucka limestone in the Atoka
folio. It is the lowest Pennsylvanian sediment known in Indian Territory. This
limestone continues eastward beyond the limits of the Arbuckle uplift, increas-
ing in thickness to nearly 400 feet in the central part of the Choctaw Nation.
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Still farther eastward it decreases and comes to an end near the ArkansaS—Indlan
Territory line north of the Ouachita Mountain range.

Sandstone, shale, and coal.—Above the Wapanucka limestone and the Franks
conglomerate, northward from the eastern part of the Arbuckle uplift, known
Pennsylvanian sediments aggregate a thickness of 10,000 to 11,000 feet. The
rocks of this section, comprising many formations of the sandstones and shales,
have been mapped in-detail and described in the Coalgate and Atoka folios.
The lowest coal-bearing rocks occur approximately 3,000 feet above the Wapa-
nucka limestone, and outcrop in the extreme southeast end of the Choctaw
coal field, against the east end of the Arbuckle uplift. These rocks consist
entirely of sandstones, shales, and coal. The coal-bearing strata comprise approxi-
mately 8,000 feet of sandstone and shale, with eight to ten workable beds of coal,
besides many thin coal seams. These rocks outcrop across the Choctaw Nation
and northward to Kansas. Continuing westward these Coal Measures rocks,
especially in the lower part, are overlapped unconformably and concealed by the
later ‘“ Red Beds” of the late Pennsylvanian and Permian. In the same direc-
tion the coal seams become thinner and decrease in number, so that no coal of
importance is known west of the Vlclmty of Stonewall, north of the central part
of the Arbuckle uplift.

The Pennsylvanian deposits south of the Arbuckle Mountalnb differ consid-
erably from those north and east of the uplift. They occur only south of the
Arbuckle Mountains proper, being concealed by overlap of the Cretaceous rocks on
the east and south, and of the ‘“Red Beds” on the west. They consist of shales,
sandstones, thin limestones, and limestone conglomerate. Unlike the rocks of the
same age north of the Arbuckle region, the thick deposits of limestone conglom-
erate do not occur at the base, but are found at various positions in the section
up to the coal-bearing strata in the vicinity of Ardmore. These limestone-con-
glomerate beds are relatively thin and appear as lentils interbedded with shale
and limestone. Coarse conglomerate deposits occur in contact with the older
rocks in the north side of the Criner Hills southwest of Ardmore. On account
of the excessive folding the thickness of the Pennsylvanian sediments in this
district can not now be estimated.

PERMIAN?
N

“Red Beds.”—Rocks of very late Pennsylvanian or early Permian age have
been deposited across the western end of the Arbuckle uplift. The unconformity
of these sediments with the lower rocks in the western part of the uplift has
been discussed under the heading ‘‘Physiography.” They lie in a nearly flat
position across the eroded edges of several thousand feet of the Pennsylvanian,
all of the Mississippian, Devonian, Silurian, and a large part of the Ordovician



36 GEOLOGY OF THE ARBUCKLE AND WICHITA MOUNTAINS.

rocks. These older formations were sharply folded and eroded prior to the
deposition of the ‘‘Red Beds.”

Near the base the ‘‘Red Beds” deposits consist of local limestone conglomerate
composed of well-worn limestone pebbles in a calcareous and usually red clay
matrix, red and bluish clays, grit, and sand. The limestone conglomerate occurs
only above and in the vicinity of the Silurian and Ordovician limestones and
Carboniferous limestone conglomerates from which its limestone pebbles were
derived. Westward, away from the source of the deposits, the limestone
conglomerate changes gradually to a bed of massive, tough argillaceous limestone.
In the vicinity of the outerop of the Devonian chert a large part of the basal
deposits of the ‘‘Red Beds” consists of fragmental chert, sand, and clay. Above
the Carboniferous strata of sandstone and shale the basal deposits are composed
‘of gritty sandstone, sand, and bluish and red clay.

These ‘‘Red Beds” deposits are exposed on the plain from the Arbuckle
Mountains westward to and around the Wichita Mountains, and are described more
fully in the discussion of the geology of the Wichita Mountains (pp. 72-76).

CRETACEOUS ROCKS.

The relations of the Cretaceous sediments to the older rocks of the Arbuckle
region have been explained under the heading ‘¢ Physiography of the Arbuckle
Mountains” (pp. 18-16). The Cretaceous rocks rest upon a nearly flat floor, slightly
inclined southward from the southern edge of the Arbuckle region. The basal
formation of the Cretaceous is known as the Trinity. It hasa thickness approxi-
mating 240 feet and consists of sand with.local conglomerate at the bottom. The
Trinity sand is followed by a nearly pure limestone formation, 20 to 30 feet in
thickness, known as the (zoodland limestone. Succeeding the purer limestone there
are blue clay marls, white limestones and marls, ferruginous clays with thin shell
limestones, and finally a thin fossiliferous limestone at the top of the lower
Cretaceous. These formations, known as the Kiamitia clay, Caddo limestone,
Bokchito formation, and Bennington limestone, respectively, aggregate nearly
840 feet in thickness. Each is conformable with its contact formations, and all
dip toward the south-southeast at a grade approximating 40 feet to the mile. At
the close of the lower Cretaceous the sediments were lifted above the sea, but
not folded. Slight erosion was followed by depression and the deposition of
the extensive ferruginous sand and clay which constitute the basal formation of
the upper Cretaceous. This basal formation of the upper Cretaceous is known
as the Silo sandstone, and is in part at least of Dakota age. These Cretaceous
formations have been carefully mapped and are described in detail in the Atoka
and Tishomingo folios. South of Red River above the Silo sandstone is a thick
formation composed of blue clay shales. These are succeeded by white, chalky
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limestones, and these in turn by blue marls, which extend to the top of the upper
Cretaceous in southeastern Choctaw Nation and northeastern Texas, beyond the
limit of the area shown on the accompanying map (PL I).

STRUCTURE OF THE ARBUCKLE MOUNTAINS.

In discussing the physiography of the region it was necessary to make brief
mention of the orogenic movements involved in the Arbuckle uplift. The history
of the geologic structure will be described more fully in the following pages.

In discussing the stratigraphy it has been shown that the formations remained
in an approximately flat position from the earliest Cambrian to the end of Missis-
sippian time. That there were oscillations of the ocean‘bed, and probably eleva-
tions of the sediments into lowlands at times, is shown by the varying nature of
the rocks. A study of the fossils by Mr. Ulrich has shown without much doubt
that comparatively short intervals of nondeposition and probably of slight erosion
have occurred. The first change in sedimentation, and probably slight erosion,
occurred between lower and middle Cambrian time, when argillaceous limestones,
intraformational conglomerates, and clays were succeeded by massive limestone.
Another change occurred at the end of the Arbuckle limestone deposition, as there
is an abrupt transition from Arbuckle limestone to the basal sandstone of the
Simpson formation, which is of Chazy age. Other breaks occurred at the close of
the Simpson formation, where there is a change from siliceous to purer limestone
sediments; at the top of the Viola formation, where there is an abrupt change
from limestones to clays; and at the close of the Sylvan, where there is an equally
abrupt return to limestone of the Hunton formation, which was introduced locally
by deposits of conglomerate. The rock bedding, however, remained practically
parallel, and the sediments, with the exceptions noted, are finely divided and evenly
distributed, showing that the oscillations of the sea bottom were of broad extent
and that if erosion occurred it was in very low and flat land. It is neither impossi-
ble nor improbable that a break in the fauna accompanied by a change in sedi-
mentation may be due to marine conditions, a prominent part being performed
by ocean currents. A belt of shallow sea bottom swept by an ocean current, it
is considered, would receive neither the fauna nor the sediments being deposited
in a district of more quiet waters.

Near the beginning of the Pennsylvanian or near the close of the Missis-
sippian, the rocks of the Arbuckle region were folded and the western part
was elevated into land, probably into mountains. The formations involved in
this uplift are 8,000 to 10,000 feet in thickness, and are composed chiefly of
massive limestone. Faulting on a large scale also occurred, involving the whole
Paleozoic section below the top of the Mississippian, besides the pre-Cambrian
granite and porphyry. After the elevation into land there was extensive erosion,
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which exposed the rock section down to the Cambrian in the western part of
the Arbuckle Mountains. Either by erosion or by erosion and subsidence com-
bined the western part at least of the uplift was submerged and large deposits
of Carboniferous conglomerate were spread across the edges of the older faulted
and folded strata. At a still later time, before the close of the Carboniferous,
the sediments were again folded and elevated into land. This folding affected
the recently formed conglomerates as well as all the rock previously deposited.
Faulting occurred also after the deposition of the conglomerate. Near the
close of Carboniferous time another period of subsidence occurred and the ‘‘Red
Beds” sea encroached upon the region from the west. The extent of this encroach-
ment eastward is not now determinable beyond the vicinity of the present
occurrence of the deposits. These deposits have not suffered deformation to any
appreciable extent. At a later period, between Permian and earliest Cretaceous
times, the whole region was elevated into land. Following this regional elevation
there was depression and a reduction of the surface to a relativély flat plain.
Then followed a submergence and the deposition of the Cretaceous sediments.
After Cretaceous time the region was broadly uplifted into land, without deforma-
tion, and has so remained to the present time.

The deformation of the rocks now exposed in the Arbuckle region commenced
near the beginning of upper Carboniferous time and ended before its close.

CHARACTER OF FOLDING AND FAULTING.

The Arbuckle uplift includes a number of low, wide anticlines and corrugated
faulted synclines, which together make a broad geanticline, the borders of which
are flexed steeply downward. As explained in discussing the stratigraphy,
erosion has removed the rocks down to the heart of the uplift, exposing all the
sedimentary rocks as well as the pre-Cambrian granite and porphyry. In the
faulted syneclinal folds in the central part of the uplift, which have depressed and
preserved later softer and thinner formations, there are indications of more
complicated folding than occurs in the massive Cambro-Ordovician limestones.

The geologic sections accompanying the map (Pl. I) show the broad as well
as the detailed structure of the Arbuckle uplift. ~The central part of the uplift
east of Washita River is composed of several broad, shallow folds. In the axial
parts of the anticlines great thicknesses of massive Cambro-Ordovician limestones
are exposed and are generally but slightly flexed. The thinner and softer Silu-
rian, Devonian, and Carboniferous rocks in the intervening synclines have been
crumpled into many small folds. These synclines are broken, in general longi-
tudinally, by many faults. Since the faulting erosion has so removed the strata
that only parts of these numerous small folds in the broader ‘synclines are now
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preserved. The essential features of the foldihg and, faulting will be described,
beginning with the north side. ,
Hunton anticline.—On the northern side of the Arbuckle uplift, beginning
in the vicinity of Hunton and extending northwestward, the rocks have been
bent into a broad and low upward fold, which is sharply flexed and faulted on
the northern side and faulted throughout the southern side. In its western part
it is 15 miles in breadth and extends over almost half the width of the Arbuckle
Mountain district. Eastward the fold grows gradually narrower for 20 miles,
where it is contracted more abruptly by the axial pitch of the rocks and by the
oblique faulting. The faulting upon the northern side of this fold is local, the
fractures bearing generally east and west at various angles to the axial trend of
the main anticline, but in most cases across or oblique to the strike of the forma-
tions. The longest of these faults, however, follows the strike of the beds in
the northwest side of the fold. The displacement of the beds due to this fault
decreases northwestward. ~Near the southeastern end the whole of the Simpson
formation is displaced, bringing the succeeding Viola limestone against the
Arbuckle. Some of these local faults extend from the thick Ordovician limestones,
across Silurian and Devonian strata, into the Carboniferous shales, and the rocks
upon the north are generally depressed with respect to those upon the south in
the direction of the dip of the strata. In T. 2 N., R. 6 E., near the extreme
northern limit of the uplift, there is a triangular basin of Carboniferous lime-
stone conglomerate resting unconformably across older Paleozoic rocks. The beds
are steeply upturned upon the northwestern and southwestern sides, and faulting
has occurred at the contact of the conglomerate with older rocks, so that the
rocks are depressed by faulting as well as by folding. The faulting upon the
southern side is more exténsive, with downthrow toward the south. The rocks on
the southern side of the Hunton anticline are inclined at low angles except
locally near the faults, where the dips are usually increased. In the axial part,
and near the western end of the anticline, where it is overlapped and concealed
by later Carboniferous strata, there are local shallow basins, and at the extreme
western end a local basin containing rocks of the Simpson formation has been
faulted down as a triangular block in the Arbuckle limestone. For the most
part the faults bordering this depressed block bear east and west, with displace-
ments toward the south. A single fault bearing northeast intersects the. faults
in the axial trend and displaces the rocks downward toward the west.
Wapanucka syncline.—A flat and eastward-pitching syncline occurs immediately
south of the Hunton anticline. In the broad, flat valley of Wapanucka Creek,
from which it has received its name, its axial part is occupied by Mississippian
shale. This fold becomes broader and flatter eastward, until it is lost in the Coal
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Measures northeast of the Arbuckle uplift. Toward the west it contracts by
faulting upon each side until it practically ceases as a fold in the northern part
of T. 2 S., R. 7 E. Parts of the syncline may be said to occur along the fault
which extends through the uplift on the south side of the Hunton anticline. The
south limb of the Wapanucka syncline is intersected by many faults, which have
strikes varying from transverse to directions parallel with the trend of the folding.
A striking characteristic of the faulting is that the older and harder rocks,
including the granite, are displaced to a greater’ extent than the soft Carboniferous
shales. On the southern side of the Wapanucka syncline the faults are more
numerous than on the northern side, and with the exception of a local transverse
fault west of Wapanucka the depression of the strata due to faulting is in all cases
toward the axial part of the syncline.

Excluding the transverse fault referred to, the faults may be considered in two
classes, viz, those which bear nearly east and west, and those which trend in
northwest-southeast directions, more nearly with the strike of the rocks. These
two classes of faults, however, coalesce, and by their junction augment the displace-
ment of the strata. Many of the larger faults have vertical displacements of
several thousand feet, and, where two such approach, the throw is doubly great.
Two nearly parallel faults approach each other south of Wapanucka, and their
combined throw brings Devonian shales almost in contact with the granite,
concealing 8,000 feet of Cambrian, Ordovician, and Silurian strata.

The faulting in the northern side of the syncline bears nearly N. 70° E.,
intersecting the older rocks almost at right angles to their strike, and the rocks
in all cases are depressed southward toward the axis of the syncline. The
displacement due to faulting in the northern limb of the Wapanucka syncline is
less than that on the southern side, and as a consequence the resultant throw
west of their junction is downward toward the north, along the axial trend of
the fold.

Belton anticline.—The elongated granite area which extends from the south-
east end of the Arbuckle uplift northwestward beyond Belton occupies the axial
part of a poorly defined anticlinal fold. Both sides of this fold have been faulted
in such manner that the rocks represented in it occupy only the axial part. The
stratified rocks now in this fold above the granite consist of massive Cambrian
and Ordovician limestones which are folded only to a moderate degree and
which strike toward the fault at various angles. Near the faults on either side
of the fold the beds are usually more steeply inclined toward the fault or locally
folded. In places, however, only a slight increase in dip is all the disturbance
to be noted on account of the fault. The contacts between the granite and lime-
stones, with the exception possibly of that at the west end, are marked by faults,
and on both northern and southern sides the stratified rocks are depressed
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with respect to the igneous mass, and the dip near the fault is usually toward
the downthrow. The faults marking the limits between the granite and the
limestone at the east end of the articline extend westward and bound the long
block of Arbuckle limestone which constitutes. the axial part of the fold. The
rocks upon each side of this faulted anticlinal block have been depressed with
respect to the rocks within. The Belton anticline is concealed by Cretaceous
deposits toward the southeast and by Carboniferous conglomerates toward the
northwest.

Mill Oreek syncline.—The district of most intricate folding and faulting in
the Arbuckle region is a narrow strip of country immediately south of the
Belton anticline in the central part of the Arbuckle uplift. The belt varies from
one-half mile to 3% miles in width and is as a whole synclinal. The town of
Mill Creek, for which the syncline is named, is located near its center. The
syncline consists of parts of many subordinate folds, bearing generally northwest
and southeast, in the trend of - the Arbuckle uplift, and is bounded upon each
side by well-defined faults. These bounding faults, as well as most of those in
the interior of the syncline, trend generally parallel with the main folding of the
uplift. In no case, however, do the faults follow straight lines for any consider-
able distance. While the fault lines take the general direction of the major
folding, the beds usually strike against them on one side or the other, and in
places on both sides, at angles bétween 30° and 90°.

The rocks occurring at the surface and involved in the folding and faultmg
include the entire section from the Cambrian to the Coal Measures and have a
thickness approximating 10,000 feet. The rocks exposed in the smaller folds are
for the most part the thinner and softer formations of the Silurian, Devonian,
and Carboniferous. It is probable that these folds in the higher rocks are minor
crumplings which were developed in the axial part of the syncline, above the
broader trough of the thick and hard deep-seated limestone, before the faulting
occurred. These massive limestones exposed in the eastern part of the fold are
for the most part gently inclined, approaching the faults upon each side at wide
angles. The faulting, especially in each side of the fold, is very extensive, and
in places brings the Carboniferous rocks in contact with the Ordovician and the
upper Ordovician strata against the granite, showing displacements of several
thousand feet.

For the most part the folding and faulting occurred before the deposition of
the Carboniferous conglomerate which extends across the western end of the fold.
Certain faults in the vicinity of Mill Creek and near Buckhorn, however, occurred
since the deposition of the conglomerate, which is involved in the disturbances.

Parts of folds in Cambrian and Ordovician limestone occur faulted against
the granite at the extreme southeastern end of the uplift. So large an area is
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overlapped and concealed by Cretaceous strata that the relations of these parts
of folds to other structures can not be determined. Parts of two flat irregular
synclines are represented and the faulting appears to follow their axial trends.
Near the east end of the limestone exposures the 5,000 to 6,000 feet of Arbuckle
limestone is cut at right angles to the bedding and brought against the granite.

Tishomingo anticline.—South of the Mill Creek syncline and forming the southern
part of the Arbuckle Mountain region is a broad, flat fold called the Tishomingo
anticline. The large granite area lying northwest of Tishomingo occupies the
axial part of this anticline. Above the granite and upon its western side the
whole section from lower Cambrian to Carboniferous is exposed, pitching west-
ward at an angle of about 10°. The northern limb of this anticline is for the
most part displaced and concealed by faulting. A large part of the southern
limb of the fold is also concealed by faulting from the vicinity of Wyatt east-
ward. Bordering the granite on the south side, this fault cuts the whole section
of stratified rocks from Cambrian to Carboniferous, and displaces them in such
manner that the formations rest consecutively against the granite. North of this
fault, which extends along the strike of the.rocks from the granite westward to
Washita River, the rocks dip generally at low angles toward the west and
southwest. On the southern side the rocks strike approximately with the trend
of the fault and dip steeply toward the southwest. Northeast of Dougherty the
Tishomingo anticline contracts and separates into two minor folds, the north-
ernmost of which pitches rapidly downward toward the northwest and is lost
beneath late Carboniferous conglomerate which overlaps older sediments. The
second fold is the western extension of the central part of the anticline. The
rocks in the axial part pitch northwestward at an angle of about 20° east of
Dougherty, and rise again at about the same angle northwest of the same place.
This fold continues northwestward, expanding slightly, until it also is concealed by
late Carboniferous and recent river deposits.

Two to 5 miles northwest of Dougherty, and south of the western contracted
end of the Tishomingo anticline, is a peculiar dome-like anticline less than a mile
in width, with north-south axis. The occurrence of this local fold deflects the
Tishomingo anticline slightly northward. On the northwestern and southeastern
sides of this dome-like anticline there are small synclines, and their sharp north
ends rise in the south side of the Tishomingo anticline. The southern part of
this dome-like anticline is concealed by the sand and silt deposits in the valley of
Washita River.

Washita syncline.—dJust south of the Tishomingo anticline, near the point
where Mill Creek crosses the large fault, is a faulted southern limb of a syncline.
It is also a part of the northern limb of a narrow anticline which trends toward
the northwest and approaches and is cut by the fault east of the center of T. 5
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S., R. 4 E. This broken anticline is probably a part of the Arbuckle anticline
described below. A local narrow synclinal fold occurs on the northern side of
the same fault in sec. 2, T 8 S., R. 8 E., and its southern limb is faulted
downward and concealed. These two parts of synclines are similarly related to
the Tishomingo anticline and trend in the same direction, but the fault conceals
their true relations. The second small syncline rises toward the west and then
descends near the western side of*T. 2 S., R. 3 E., becoming a part of the deep
Washita syncline, which lies beneath the valley of Washita River northwest of
the gorge in the Arbuckle Mountains.

The southern limb of the Washita syncline is qteeply upturned. The beds
exposed south of the river valley dip toward the northeast at angles varying
between 40° and 70°. In the northeastern side of the fold, east of the dome-like
anticline described in connection with the Tishomingo anticline, the rocks are
inclined toward the southwest at angles of about 30°. Northwest of the dome-
like fold the dips are steeper. It is believed that the southern extension' of the
dome-like anticline does not pass beyond the axis of the syncline, since the
exposed rocks in the southern limb show no indication of transverse stresses.

The sand and silt deposits of Washita River conceal the axial part of the fold,
which contains a thick section of Carboniferous shale. The northwestward extension
and probably a large part of the Washita syncline is covered by overlap of late
{arboniferous conglomerate, which conceals the westward extension of all the
large folds of the Arbuckle uplift.

Arbuckle anticline.—South and west of Washita River is a broad end steep-
sided anticline which is occupied by the Arbuckle Mountains proper. The fold
converges practically to a point east of Washita River, and pitches steeply eastward
between converging faults. Northwestward the fold expands until it reaches a
width of 15 miles at the western end of the mountains, where the rocks involved
in the folding are overlapped and concealed by Pennsylvanian and ‘‘Red Beds”
conglomerate. Section AB on the map (Pl I), drawn across the west end of the
fold, illustrates the character of the structure.

The rocks near the northern and southern borders dip at angles of 80° to 70°,
while in the axial part of the fold, especially through the broader western portion,
the inclination of the thick Cambro-Ordovician rocks is usually much lower,
though locally variable. In the eastern part, near the Washita River gorge, the
folding has been more intense. Only the general features of the structure have
been worked out and shown on the accompanying small-scale map.

In the axial part of the anticline, near the center and the western end, are
two unsymmetrical dome-like structures in which pre-Cambrian igneous rocks are
exposed. The rocks in the northeastern sides of these domes are more steeply
inclined, - besides being faulted. The more easterly of these elevations, known
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locally as the East Wooded Hills, is the smaller, and is bounded on the northeast
by a curved fault, giving the igneous area a rudely crescent-shaped outline. The
massive Cambrian limestone on the east side dips away from the igneous mass
in the direction of the downward displacement.

The more westerly dome-like elevation of the strata in the Arbuckle anti-
“cline, known locally as the West Wooded Hills, is broken on the northern side
by a number of faults which have approximately the same direction as the
trend of the fold, and on the southwestern side by a single fault near the
western end. Four faults have been located on the northeastern side. The two
faults which border the granite are gently curved or fluted and the Cambrian
limestone is displaced downward toward the north. The vertical throw can not
be accurately estimated, but it is probably not less than 500 feet where the
Reagan sandstone is concealed. The second two faults have caused greater dis-
placement of the strata. They are near together, are nearly parallel, and con-
verge at the western side of sec. 12, T. 1 S., R. 1 W. Between these faults a
narrow wedge of the Simpson formation is thrown down between massive strata
in the lower part of the Arbuckle limestone. A fault in the strike and south-
east of the depressed wedge of Simpson limestone cuts the southeastern lobe of
the igneous mass, throwing the Cambrian limestone down on the southwestern
side of a tongue of porphyry. It is presumed that this is the southwestward
extension of the more northerly of the two faults above referred to. The fault
on the southwestern side of the West Wooded Hills has a more easterly bearing
than those on the northeastern side. Toward the east it enters the granite and
is lost to view. Toward the west it passes into the thick Cambro-Ordovician
limestone and probably beneath the overlapping Carboniferous conglomerate.
The bearing of this fault is oblique to the strike of the rocks, and the displace-
ment of the strata is downward toward the south, concealing the Reagan sand-
stone. The” beds on each, side, especially those near the base of the section,
strike against the fault at high angles. :

Local folding and faulting have occurred near the border of the Carbonifer-
ous conglomerate east of the West Wooded Hills. A strike fault in this district
separates the Viola limestone from older formations on the west. It is evident
that the displacement of the rocks on the northeast side is downward with respect
to those on the opposite side. Southeastward the fault passes beneath an area
of Carboniferous limestone conglomerate, which was deposited on eroded edges
of the Cambrian and Ordovician rocks after the folding and faulting in this dis-
trict occurred. Farther toward the southeast and extending to Washita River it
is believed that the same fault continues in the strike of the Simpson formation.
Its exact location, however, is difficult to determine. The displacement appears
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to increase southeastward, since the Simpson formation becomes gradually thinner
in this direction by the loss of lower beds, until only a remnant of its thickness
is present where its outcrop approaches Washita River. In the river valley the
fault cuts across the Washita syncline, bringing successively Silurian, Devonian,
and Carboniferous rocks in contact with the Cambro-Ordovician Arbuckle forma-
tion. East of Washita River the throw decreases, and practically ceases near the
southeast corner of sec. 29, T. 2 S., R. 3 E. From approximately the same
place a fault already described extends through the south limb of the Tisho-
mingo anticline. The displacement of the rocks of this fuult, however, is down-
ward toward the south. ‘

A second fault occurs in the rocks north of the East Wooded Hills. It joins
the first near the western side of sec. 24, T. 1 S., R. 1 E., and bears toward
the west, with downthrow toward the south. Thus between the two faults there
is an obtuse wedge of older rocks which has been elevated with respect to the
formations that occur on opposite sides of the faults.

It has been explained that the Arbuckle anticline near the crossing of
Washita River and beyond toward the southeast is much contracted and strongly
folded and faulted on both sides. The faults on the northern side have hbeen
described. On the southern side the disturbances are more complex and are difficult
to interpret. Two and possibly more faults cross Washita River nearly in the
trend of the folding, and converge toward the southeast near the southern side
of sec. 31, T. 2 S., R. 3 E. The resulting displacement, when they converge, is
such that Carboniferous shales are thrown down on the south and brought in
contact with Ordovician limestones. In sections 82 and 83 of this township
the same shales are faulted against Ordovician rocks, but on the northern side.
A fault transects the fold obliquely to its trend, bearing southeast from the
northern side, and approaches and seems to join the above-named converging faults
near the southeast corner of section 32. Here it turns eastward in the south
side of the narrow pitching end of the Arbuckle anticline, dividing Carboniferous
rocks lying on the north from Ordovician limestone on the south.

Near the southern side of section 84 a narrow fragment of massive Arbuckle
limestone a half mile in length is apparently projected into the Mississippian
shales. The limestones are steeply upturned and the shales in exposures near by
are intimately crumpled and slickensided. An attempt at explanation of the
forces which produced the disturbances of the rocks would not be satisfactory
without further detailed work, but it appears that there have been movements
of the strata along the fault planes in the trend of the folding and that the
long and narrow wedge of limestone referred to above has been thrust into the
Carboniferous shales.
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The rocks in the southern limb of the Arbuckle anticline have been
crumpled to a small extent, apparently by forces acting in the direction of the
trend of the fold. Local transverse folds occur in the strongly tilted southern
limb of the anticline, and two of these are faulted. One instance was noted near
Woodford and the other 6 miles east. The trend of the one is toward the north-
east, while that of the other is toward the northwest. In each case the faults are
traceable from the Carboniferous shales on the south into the thick Ordovician
limestones on the north by means of the discordant contacts and local crumpling
of the strata, due to the lateral drag on either side. Between these faults, which
approach each other almost ‘at right angles, the triangular block of strata has
moved southward, or upward, with respect to the rocks on. the opposite sides of
the faults.

NOTES ON THE OCCURRENCE OF ORE DEPOSITS OR PRECIOUS METALS
IN THE ARBUCKLE MOUNTAINS.

It has been shown in the discussion ,of the stratigraphy of the Arbuckle
Mountains that all of the igneous rocks, including the dikes, were formed in
early Cambrian or pre-Cambrian time, and that they probably suffered long
erosion before the oldest sedimentary rocks were deposited. The various classes
of igneous rocks, including the dikes, show no indication of faulting, fissuring,
or shearing along their contacts with one another. On the contrary, there is every
indication that the intrusions of granite-porphyry, aplite, or diabase as now exposed
occurred at great depths, and that no occasion has been given for the passage of
meteoric waters which would cause replacement or mineralization of the rocks along
their contacts.

It is true that the igneous rocks, as well as the stratified rocks, of the Arbuckle
region have been extensively faulted, but these faults occurred long since the
formation of the igneous rocks, and they have nothing to do with the relations
of the different kinds of igneous rocks with one another. All the fault contacts
between the igneous and stratified rocks have been carefully traced, but no indi-
cation of the mineralization of the rocks or the occurrence of ore deposits of any
consequence along them have been noted. There is nothing in the topography to
aid one in tracing lines of faulting in the igneous rocks, and they are so deeply
weathered or concealed by soil or surficial sand that a structural feature can not
be traced for any considerable distance.

Many of the dikes, chiefly those of diabase cutting the granite, have been pros-
pected at various times for the precious metals without any show of profit, and
the sum of all information obtainable gives no assurance that ore or metal deposits
of any value can be found in the region.
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NOTES ON THE GEOLOGY OF THE CRINER HILLS.

Fifteen miles south of the Arbuckle Mountains and 6 miles southwest of
Ardmore is a small uplift, locally known as the Criner Hills, in which are exposed
all the formations occurring in the Arbuckle uplift except the pre-Cambrian
igneous mass, the Reagan sandstone, and the lower part of the Arbuckle

limestone.
STRATIGRAP:IY.

The formations occurring in the Criner Hills include a complete section from
near the top of the Cambrian up to the Carboniferous, and they are found to
contain in all respects the characters appearing in the same formations in the
Arbuckle Mountains, described above. A detailed description of their lithology,
therefore, is not considered necessary in this place. The location and areal extent
of the formations may be seen on the map.

TOPOGRAPHY.

Physiographically the Criner Hills are the Arbuckle Mountains in miniature.
Composed of the same formations steeply folded and exposed to erosion in early
Cretaceous time, the district was reduced to a low plain and submerged. In com-
paratively recent geologic time the Cretaceous deposits were removed, again
exposing the older rocks to the action of erosion. It will be observed that the
Criner Hills lie in an angle formed by Hickory Creek and its tributaries, and
are bounded on the northeast and southwest by Cretaceous sand, the base of
which, if continuous, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>