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THE UPPER PALEOZOIC' ROCKS OF OKLAHOMA

STRATIGRAPHY AND AREAL GEOLOGY
B
Chas. N!., Gould

INTRODUCTION

Rocks of upper Paleozoic age, including the Mississippian,
Pennsylvanian and Permian, in Oklahoma are exposed on the sur-
face over ahout 80 per cent of the arvea of the State. The total
combined thickness of the outeropping formations as shown by
surface outerops approximates 40,000 feet. -

With the exception of certain granites and porphyrys, and
the carlier Paleozoic sedimentary rocks in the four mountain up-
lifts, a strip of Cretaceous roecks along the Red River, some Ter-
tiary and Pleistocene deposits in the western counties, and strips
of alluvium along the streams, practically all of the surface rocks
in Oklahoma are of upper Paleozoic age. Few states show such a
complete representation of rocks of each of the systems, Missis-
sippian, Pennsylvanian, and Permian.

The literature on the subject is bhecoming quite voluminous.
Beginning with the earlier work of Drake and Taff in the last de-
cade of the nineteenth century, various men at different times
have added to our knowledge. Only a few of the outstanding
workers? who have contributed to our knowledge of the subject
can be mentioned at this time. It is to the published reports of

suech men as Taff, Drake, Girty, Beede, Snider, Ohern, Morgan,

and Honess, that we are chiefly indebted for the information we
now have on the upper Paleozoic of Oklahoma.

A very large amount of information which has been secured
during the past few years by geologists working for various oil
companies throughout the State is not yet available for publica-
tion, being considered in the nature of confidential data. It is to
be regretted that for various reasons much of this data will prob-
ably never be liberated, and will be lost to secience. On the other
hand muech of it will some day be published and will add much
to our knowledge of the subject. One is safe in making the state-
ment that very few parts of the earth’s surface have been sub-
jeeted to such close geological serutiny as has the area oecupied

by the upper Paleozoic rocks of Oklahoma during the past decade.

Literally thousands of geologists have swarmed over the surfacc
examining ledges, plotting outerops and determining elevations,

1. It will be understood that in this paper the term, upper Paleozolc, 18 used to in-
clude the Mississippian, Pennsylvanian, and Permian,
2. See abridged bibllography, p. 45.
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while others have examined the logs of deep wells throughout
the State, so that the information is adequate, if and when it is
ever released for publieation. - :

The purpose of this report is not to make new contribution
to either the areal geology or the stratigraphy of Oklahoma, but
simply to present an outline of this information as it is now avail-
able in the literature, and to point out some of the more signifi-
cant problems which have developed as the result of the studies
carried on by various investigators during the past thirty years.

The earlier work of Taff and others in the coal fields in east-
ern Oklahoma revealed the presence of the vast beds of coal, esti-
mated by the United States Geological Survey at 79,000,000,000
tons. Some of the most prolific fields of high-grade, refinable oil
in the world are located in the upper Palecozoic of Oklahoma. - The
‘total amount of petroleum produced in this state to date approxi-
mates something over two billion barrels valued at above
$4,000,000,000.

The amount of natural gas and casing head gasoline both of
which are usually associated with petroleum is very great. In
addition there are contained in the rocks of upper Paleozoic age
vast deposits of stone, clay, gypsum, salt, and other valuable
mineral produects. :

While we are yet far removed from a complete solution of all of
the scientific and economic problems connected with the upper
Paleozoic of Oklahoma, the writers believe the time has come when
we may profitably set forth our present knowledge of the sub-
jeet, particularly of the stratigraphy, and the source of the sedi-
ments, and diseuss the bearing of these matters on some of the
vital economic problems. The map, Plate I, redrawn from the
Miser Geologic Map?® of Oklahoma attempts to show the areal ex-

posures of the rocks of the three systems as they occur in Okla-,

homa.

It will be noted from the map that the Mississippian rocks
are exposed on the surface in the larger part of the Ozark Moun-
tains. These rocks also oceupy large areas in the Ouachita Moun-
tains and occur as a fringe around the margin of the Arbuckle
Mountains.

The Pennsylvanian rocks are exposed chiefly in t.he great
structural trough known as the Arkansas Valley syn911n9 lying
hetween the Ozark Mountains and the Ouachita Mountains in east-

3. The Colored Geologic Map of Oklahoma, prepared by H. D, Miser has been
published by the U. 8. Geological Survey, Washington, D. C.
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ern Oklahoma, and in the area lying north of the Ouachita and
ArbucklelMountains as far west as central Oklahoma.

The Permian formations occupy practically all of the western
half of the State, except the Wichita Mountain area. In some of
the western counties the Permian is covered by Tertiary deposits
and by Quaternary sand hills. The latter deposits are not shown
on the map. '

In the following description of the three systems of the upper
Paleozoic* only the major characteristics are considered.

MISSISSIPPIAN

Rocks of this system are exposed in the Ozark Mountains, the
Ouachita Mountains, and the Arbuckle Mountains. In both the
Ozark Mountains and the Ouachita Mountains rocks of Mississip-
pian age make up-the major part of the surface exposures. In the
Arbuckle Mountains ‘Mississippian strata are exposed only around
the flanks of the uplift. In both lithologic character and strati-
graphie suceession, the rocks of the three areas differ widely inter se.

At the base of the Mississippian in all three mountain regions
there occurrs a formation composed chiefly of shale (and chert)
known in the Ozark Mountains as the Chattanooga shale, in the
Arhuckle Mountains as the Woodford chert, in the Ouachita
Mountains as the upper Talihina chert, and upper Arkansas nova-
culite. These formations, by whatever name described, have us-
ually been regarded by geologists as upper Devonian in age, but
Ulrich and others now believe the Chattanooga to be basal Missis-
sippian. Luther H., White,> who has studied the subsurface rocks -
of the region, says, ‘‘subsurface studies convinee the author that
the Chattanooga shale cannot be correlated with the Woodford
formation.”” It is mot our purpose at this time to attempt to set-
tle the exact age of these beds. - '

“Assuming, then, the Chattanooga-Woodford-Talihina-novacul-
ite base for the Mississippian of the State, let us examine briefly
the sequence of the Mississippian formations, and immediately
superjacent strata as exposed in the three mountain uplifts. -

MISSISSIPPIAN ROCKS IN THE ARBUCKLE MOUNTAINS

The Arbuckle Mountains of southern QOklahoma consist of an -
elevated, truncated dome, composed of a granite core flanked with
sedimentaries of Cambrian, Ordovician, Silurian, and Devonian

4. Brlef descriptlons of the varlous upper Paleozolc formations will be found In
“Index to the Stratigraphy of Oklahoma', Bull. 35, Oklahoma Geological Survey, pre-
pared by the senior author,

5. White, Luther H., Subsurface distribution and correlation of the pre-Chattanooga
{;;’gllcox" sand) series of northeastern Oklahoma: Oklahoma Geol. Survey, Bull, 40-B,



8 THE UPPER PALEOZOIC ROCKS OF OKLAHOMA

age. Lying above the Devonian, and exposed around the per-
iphery of the mountains, are the Mississippian strata. These form-
ations named in ascending order, are as follows:

Woodford chert; composed of limy chert and shales aver-
aging 650 feet in thickness. :

Sycamore limestone; hard, tough-slaty, blue, arenaceous lime-
stone, weathering yellow, often separated into thin beds usually
1 to 2 feet thick, averaging 150 feet in thickness.

Caney shale; lower part black shales and slates with lime-
storie lentils; upper part blue and light-colored shales, with sandy
members. Thickness 800 to 1,600 feet. There has been considera-
ble controversy regarding the age of the Caney. The basal part
of the formation is now thought by most geologists to be Missis-
sippian, while the upper part is assigned to the Pennsylvanian,
Succeeding the Caney on the south side of the Arbuckle Mountains
occurs the Glenn formation of Pennsylvanian age.

MISSISSIPPIAN ROCKS IN THE OUACHITA MOUNTAINS

Succeeding the upper Talihina chert, and the upper Arkan-
sas novaculite, as these rocks are exposed in different parts of the
Quachita Mountains of southeastern Oklahoma, there oceurs a very
thick formation known as the Stanley shale. This formation is
described by Honess as ‘‘thin-bedded, ripple-marked, fine-grained,
dark-colored, hard sandstone, and blue clay shales and slates, ir-
regularly inter-bedded in one vast series.” On account of meager
fossil evidence, there has been much controversy regarding the
age of the Stanley, but the present consensus of opinion is that
this vast series of rocks. 10,000 feet in thickness, is of upper Miss-
issippian age.

The Stanley is succeeded by the Jackfork sandstone which’

is composed of heavy-bedded, massive, medium to fine-grained
sandstones. The thickness is usually given as 6,000 to 6,600
feet but Honess would include in addition several thousand feet
more of superjacent sandstones and shales on the grounds that the
entire series is lithologically a unit and should be considered as a
single formation. A Morrow (lower Pennsylvanian) fauna has
recently been discovered by Honess near the middle of his Jack-
fork, and the formation has been divided by him into a lower
Jackfork and an upper Jackfork. The lower Jackfork (Jackfork
as originally defined) is supposed to lie beneath the Caney shale
and therefore would be Mississippian in age, but the Caney shale
does not occur in northern McCurtain County where Honess meas-
ured his Jackfork succession, or, at least, it has not been recog-
nized there, and he has not therefore come to a final conclusion
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regarding. the age of his lower Jackfork in McCurtain County, but
on faunal evidence the upper Jackfork is correlated with the
Atoka (lower Pennsylvanian).

The Wapanucka limestone, eontaining approximately the same
lower Pennsylvanian fauna as the Morrow and middle Jackfork, is
exposed along the north-slopes of the Arbuckle and Ouachita
Mountains. The Wapanucka is a massive white to light-brown
limestone, with white, cherty, sandy and shaly beds, sometimes
oolitic, becoming sandy eastward. The thickness averages 300
feet. This ledge usually forms a long narrow ridge, dipping steeply
northward away from the mountains. The Wapanuecka is now be-

lieved by Honess to represent.the deep sea phase of the middle
Jackfork,

MISSISSIPPIAN ROCKS IN THE OZARK MOUNTAINS

In the Ozark Mountains of northeastern Oklahoma, strati-
graphic conditions of the Mississippian are quite different from
those in either the Arbuckle or Ouachita Mountains. - Instead of a
single seéries of clastic sediments comprising a thick formation®
as in the Ouachita Mountains, one finds in the Ozark Mountains
a succession of several rather thin formations which have been
named, in ascending order, as follows: ' ‘ ,

Chattanooga shale; is a black, slaty bituminous.shale of uni-
form texture, 25 to 50 feet thicl, usually non-calcareous, contain-
ing a lenticular sandstone member. the Sylamore at the base.
Luther White® considers the Sylamore to represent pre-Chatta-
nooga dune sands, the material of which was derived from the un-
derlying formation.

Boone limestone; interstratified éherty limestone and chert,

with St. Joe limestone member at the base, average total thickness,
300 feet. - .

Mayes limestone; dark gray to black limestone, lying uncon-
formably on the Boone, becoming shaly and composed of beds that
are assigned to the Moorefield shale and Batesville sandstone of
Arkansas. The average thickness of the Mayes is 40 feet, The
name Mayes proposed by Snider’” has not been aceepted by the U.
S. Geological Survey, and therefore neither the name nor the out-
crop of the beds appear on the geological map of Oklahoma.

. Tayetteville shale; dark bituminous shale, with sandstones
and thin limestones, 150 feet thick; a lenticular sandstone, the

6. White, - Luther H., Op. cit,

N 2?. I%ril:]er, L. C., Geology of Northeastern Oklahomn: Okla. Geol, Survey, Bull. 24,
P. , 5. . .
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Wedington sandstone member sometimes occurs in the middle por-
tion.

itkin 1i ich i i £ the Mississippian
The Pitkin limestone which is the highest of 1
formations in the Ozark Mountains, varies in thickness up tl(_) 80
feet and is of Chester age. It is succeefled by the Morrow lime-
- stone and Cherokee shales, both of which are Pennsylvanian in

age.
CORRELATION

i i lation of the various

The present interpretation of thg, correls S

sedimentspineluding both those of ‘Mlss1s_s1pp1a? &nds?:'fsl al:eillrlle

ranian age in the three mountain reglons ol the Siate, he

:ZE\S Iilsa?mvg understood by geologists most familiar with the sit
nation, is shown on the following table:

Tentative Correlation of the upper Paleozoic Rocks
: of Oklahoma.

(approximate thicknesses given)

Arbucklie Mts. QOuachita Mts. Ozark Mts.
Glenn (18,000) upper Jackfork-Atoka (6,000)
anucka (300)
upper Carveip lower Jackfork-upper Caney
(800-1,600) (6,000)
Mississippian-Pennsylvanian Cont;;;:kin 30
Fayetteville (150)
Batesvlille

niey-lower Cane (107000) l\layes ( 40

Cherokee-Winslow  (1100)

Morrow (100)

Lower Caney

Sycamore (200)
Woodford (600)
CONDITIONS OF DEPOSITION OF THE MISSISSIPPIAN

Upper Talihina-Arkansas Novaculite Chattanooga (60)

From the time of the first studies in the region, the problem -

] -elati 3 i Mississippian and lower
e and inter-relations of the various i : i
OPfe;}rllz;l%anian formations in the three mountain regions of east

ora and southern Oklahoma has been a matter of much friendly

: ne seologists. This controversy has begn dug, to a
10;)(?1:13; (iaflsg)r?:;;io%l gon tl?e subject rather than to deﬁ'm:t‘e opnu;)lr];\(s;
based on complete data. The pr(;)'}i%gmia;'g lsz)grc ;‘(; mpﬁ;bn(gjyfacts

ve been ver ifficu C . v
ﬁgfrgul?(}gnZ?g:vl};'aagcumulatedynew interpretations haye colristan(';ly
become necessary. We are indebted to Taff, Ulrich, Girty, I 01111n :(;
David White, Miser, Snider. Morga_n, Mathc.r, and esplecm y b
Honess, for our present understanding of this extremely compli-

cated problem.
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The present interpretation of the origin of these sediments
as derived from a study of the exposures in the three mountain
uplifts, is as follows: The land mass usually known as Llanoris8
(sometimes spelled Llanoria), which was evidently the source of the
greater part of these sediments lay somewhere to the south of the
present Ouachita Mountains, probably ocecupying much of eastern
Texas and adjacent parts of Louisiana. During Mississippian
times the region ocecupied by the present Ouachita Mountains was
an area of deposition known to students of paleogeography as the
Ouachitaic embayment in which the clastic sediments were accumu-
lating from the above described eroding land mass. In this area
of deposition, perhaps a gradually subsiding trough, the 10,000 feet
of Stanley shale and sandstone with the overlying 10,000 to 12,000
feet of Jackfork sandstone and shale were laid down. The great
thickness of the deposits and the predominance of clastic materials
in this Mississippian section is explained by the nearness of the

area to the source of the sediments, the land mass Llanoris, to the
south.

As would naturally be expected, all of these sediments appear
to thin northward. The Caney is not known to oceur in the south-
ern part of the Ouachita Mountains, and it is Honess’ present be-
lief that the Stanley represents the Caney in that region. -He also
suspects that wedges of sandstone projecting northward from the
Jackfork sandstone mass proper ‘‘might interdigitate with shales
of typical Caney sedimentation to make it appear as if the Caney

lay on top of the Jackfork, as has been thought by various geolo-
gists.”’ ’

Regarding the origin of the Stanley-Jackfork series, Honess?
has very concisely stated:

““the...e succession is thought to be a delta deposit, washed
down from an ancient continental mass which lay to the south. It
is presumed that this old land (Llanoris) lay fairly near at hand in
southern McCurtain County, but in northern MeCurtain and south-
ern LeFlore counties one should expect to find incursions of more
typically marine conditions. In the Stanley, fossils are very searce
indeed, but in the Jackfork several horizons of marine inverte-
brates occur. The depauperate condition of all the faunules thus
far diseovered is an indication unhealthful living conditions of
the times, and these conditions may have maintained because of
the presence of delta sediments and river waters. At any rate
the marked and sudden thickness of the Stanley shale toward the
south, the passing of the Atoka formation in a southerly direetion

8. Miser, H. D., Llanoria, the Paleozoic land area in Louislana and Eastern Texas:
Am, Jour. Scl, 5th ser. Vol. 2, pp. 61-84, 1921,

9. Honess, C. W, Geology of Southern LeFlore and northwestern McCurtain countles,
Oklahoma, Bureau of Geology, CIr. No. 3, p, 22, Jan. 1824,
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into brown sandstones which are indistinguishable from typical
lower Jackfork sandstone, and the occurrence of depauperate
faunas in the Jackfork, are certainly in accord with the delta
theory for the origin of these formations and bear out the evidence
presented formerly.”’ : »

The authors of this paper are in substantial agreement with
these conclusions. .

On passing northward from Llanoris, the source of the sedi-
ments, the Mississippian formations gradually become thinner and
the clastic materials become non-clastic. The Mississippian beds
pass beneath the Arkansas Valley syncline, north of the Ouachita
Mountains and do not again appear until the Ozark Mountains
are reached. Here the Mississippian is composed, not of a single
thick clastic formation like the Stanley, but, as has already b'egn
shown, of a succession of relatively thin beds, largely non-clastic.
This would seem to indicate that the Ozark Mountain region, which
had emerged during Ordovician time, had been .bas_e-lev.el'ed and
had ceased to be a positive element before Mississippian time.

This condition would also be interpreted to mecan that during
Mississippian time the Ozark region was not si;able, but was sub-
jected to frequent periods of oscillations, during the. oceurrence
of which, several thin veneers of various kinds of sediments were
deposited. As corroborative evidence it may be stated that deep
drilling in certain parts of the Mid-Continent oil field of east-
central Oklahoma, has shown that the Boone chert, the ‘‘Mississip-
pi lime’’ of the driller, gradually loses its calcareous character
and becomes more shaly as one leaves the Ozark Moun.talns and
approaches either the Arbuckle Mountains or the.Ougchlta Moun-
tains, and in the vicinity of the Arbuckle Mountains it appears to
grade into the lower Caney.

The interpretation of the conditions of sedimentation during
Mississippian times in the Arbuckle Mountains, as shown by tl'le
succession of strata, would indieate, first a relatively deep sea in
which the Sycamore limestone was deposited, succeeded by grad-
nally shoaling waters characterized by thick beds of shale and thin
limestones during lower Caney time, and by still shallow.er waters
during upper Caney, when many sandy beds, interstratified with
shale, were deposited. The absence of massive sands:cones‘ and
conglomerates and the presence of limestones and clays in the Ar-
buckle section may well be construed to mean that the source of
these sediments, probably Llanoris, lay at some distance from the
present mountains.

14
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PENNSYLVANIAN

It has. already been stated that the work of Honess has shown
that the upper Jackfork as exposed in the Ouachita Mountains
is correlative with the lower part of the Atoka. The Wapanucka
which underlies the Atoka is now believed to represent the middle
Jackfork. The Wapanucka and superjacent Atoka have hereto-
fore always been considered to be the base of the Pennsylvanian
coal measures as the latter formations occur in the Arkansas Val-
ley syncline north of the Ouachita Mountains. - Following the
Atoka in regular sequence there occurs a’series of sandstones and
shales, with interbedded coal, totaling about 4,000 feet in thick-
ness. To these formations, the following names  (in -ascending
order) have been applied by.Taff: Hartshorne sandstone, McAles-
ter shale, Savanna sandstone, and Boggy shale. These beds have
been folded into a great series of anticlines and syneclines through-
out the greater part of the area of their surface exposure in eastern
Oklahoma. To the north these formations grade into the Winslow
formation which lies along the south flank of the Ozark Moun-
tains in western Arkansas and. eastern Oklahoma, They are also
the time equivalent of part of the Cherokee shales which forma-
tion demarks the Ozark Mountains on the west,

. Lying unconformably above the Pitkin limestone, which is
the highest Mississippian formation, as the latter is exposed
around the western margin of the Ozark Mountains in northeastern
Oklahoma, occurs the Morrow formation of Pennsylvanian age,
100 feet thick, consisting typically of three members, a lower
sandstone, a middle limestone, and an upper shale member. As
has already been said the fauna of the Morrow formation indicates
that it is of the same age as the Wapanucka limestone and middle
Jackfork sandstone of the Ouachita Mountain region.

Next in succession, and lying unconformably above the Mor-
row occurs the Cherokee shale, which formation also outerops in
areas in southeastern Kansas and western Missouri. At the Okla-
homa-Kansas line the thickness of the Cherokee is approximately
450 feet, the formation consisting of shales with several beds of
coal and interbedded sandstones. The most conspicuous of these
sandstones, the Bluejacket, is shown on the- Miser Geologic Map
of Oklahoma. Farther west, where buried by superimposed Penn- .
sylvanian strata, this bed with associated sandstones constitutes
the very prolific Bartlesville oil sand. To the south the Bluejacket
is provisionally correlated with the Savanna sandstone. On pass- -
ing southward the Cherokee formation thickens, At Pryor-it is
960 feet thick, and the thickness increases gradually but persist- -
ently toward the south. In the region of the Arkansas River in
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Wagoner and Muskogee counties, the lower part of the Cherokee
grades into the Winslow formation. To the south the Cherokee
is believed to be correlative with the series of beds including the
Atoka, Hartshorne, McAlester, Savanna, Boggy, Thurman, Stuart.
Senora, Calvin, and Wetumka formations. However, at the pres-
ent time there are several details comnected with the correlation
of the Cherokee-Winslow-Atoka to Wetumka beds not clearly un-
derstood.

The Pennsylvanian of southeastern Xansas and northeastern
Oklahoma has suffered through an overabundance of names. These
formations were first studied in southern Kansas by the fathers of
Kansas geology, and by these men certain names were applied to
the different beds. Later, other geologists studied the same form-

ations and in many cases made different groupings and often ap- -
plied other names. Geological formations are no respectors of

state lines, and consequently many of the Kansas names were used
by the first men working in northeastern Oklahoma. As early as
1910 Ohern, Hutchison, and the writer!® attempted to classify,
the Pennsylvanian rocks of northern Oklahoma. Unfortunately
some of the very excellent work of Dr. Ohern in the region, ac-
complished from 1909 to 1912 still remains unpublished.

At the time of the compilation of the data included in the
colored geologic map of Oklahoma by Miser in 1924-25, a revision
of the former classification was made, using some of the names in
current use, and other names first employed in the Ohern manu-
seripts. The names now used for the Pennsylvanian formations in
northern Oklahoma on the Miser map and described in the Index
to the Stratigraphy of Oklahoma compiled by the senior author,
follow in ascending order: Morrow formation, Cherokee shale,
Fort Scott limestone, Labette shale, Pawnee limestone, Bandera
shale, Altamont limestone, Nowata shale, Oologah limestone, Lena-
pah limestone, Coffeyville formation, Hogshooter limestone, Nelly
Bly formation, Dewey limestone, Ochelata formation, Nelagony
formation, Elgin sandstone, Pawhuska formation, Buck Creek
formation, Sand Creek formation, and Elmdale formation.

In east-central Oklahoma, the various Pennsylvanian forma-
tions received entirely different names from those in the northern
part of the state. Taff, in his descriptions of the rocks exposed
in the Coalgate quadrangle, Folio No. 74, U. S. Geological Survey,
has given us the names for the following thirteen Pennsylvanian
formations, named in ascending order: Atoka formation, Harts-
horne sandstone, McAlester shale, Savanna sandstone, Boggy shale.

10. Gould, Chas. N., Ohern, D. W., and Hutchison, L. L., Proposed (leology of Penn-

sylvanian Rocks of Eastern Okizhoma. Unlversity of Oklahoma. Research Bulletin No. 3,
March 1910,
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Thurman sandstone, Stuart shale, Senora formation, Calvin sand-
store, Wetumka shale, Wewoka formation, Holdenville shale,
and Seminole conglomerate.  Morgan, in his description of the
formations in the Stonewall quadrangle has added six names, as
follows: . Franecis formation, Belle City limestone, Vamoosa form-
ation, Ada formation, Vanoss formation, and Stratford formation.

Now the formations deseribed by Taff and Morgan-in south-
ern Oklahoma consist almost entirely of sandstones and shales,
while the formations of the Kansas geologists, Ohern and others

“in the northern counties are chiefly shales and limestones. ‘Almost

no formations have been carried across the State from north to

south, connecting the rocks as exposed in northern and in south.

central Oklahoma. While the general correlation of the beds in the
two regions has been worked out, the stratigraphy is so different
that it has rarely been found possible to trace any single formation
or member from the vicinty of the Arbuckle Mountains north to the.
Kansas line. ‘A possible exception to this statement is the Belle
City limestone of south-central Oklahoma which Miser believes
to be correlative with the Dewey limestone in the northern region.

CONDITIONS OF DEPOSITION OF THE PENNSYLVANIAN

In studying the Pennsylvanian formations of Oklahoma as a
whole two essential facts should be kept constantly in mind. First,
the materials composing the various beds are more clastiec toward
the south, and more calcarecous and less clastic as one approaches
the Kansas line. Relatively few limestones are found south of the
Arkansas River, while sandstones are generally rare north of that
stream. Shales are present in both regions, but the shales of the
southern region are more likely to be arenaceous and those north

- of the Arkansas. River are more caleareous. Second, it should be

noted that the combined thickness of the Pennsylvanian beds de-
crease from approximately 13,500 feet in the region north of the
Ouachita and Arbuckle mountains in southeastern Oklahoma to a
thickness of approximately 3,500 feet along the Kansas line. s

Taking into account all observed phenomena, including the
gradual thinning of the formations to the north as well as the
transition from clastic to non-clastic materials in the same di-
rection, it would appear that the most logical interpretation  of
these facts indicates that the chief source of the Pennsylvanian
sediments of eastern Oklahoma lay to the south. Whether the
ultimate source of these deposits was from the land mass Llanoris
or from the Stanley-Jackfork beds is not now definitely known.
While it.is not possible at this time to write the final word on the
subject it would seem most reasonable in the light of our present
knowledge to assign the .origin of the beds partly to Llanoris,
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and partly to the truncated Stanley-Jackfork beds, the depos1t10n
taking place in a retreating sea.

From a study of the map (Plate I) it will be noted that after
leaving the vicinity of the Ozark Mountains and the intensely
folded area in the great intra-mountain syneline in eastern Okla-
homa, usually spoken of as the Arkansas Valley Trough, all the
formations lying above and west of the thick Cherokee-Boggy shale
beds, are exposed on the surface in long, ribbon-like zones, strik-
ing northeast-southwest. The dip of these beds is to the north-
west away from the mountains, averaging from 1 to 3 degrees.
It naturally follows that the formations dipping northwest are
concealed by successive younger or higher beds. Throughout this
part of the State erosion has eut away the various formations un-
til today-the whole series of westward-dipping Pennsylvanian
rocks exhibit a stair-step arrangement, with the harder sandstones
and limestones forming the summit ‘of the east-facing searps, as
well as the long western dip slopes, while shales between these
harder beds outecrop along the lower part of the scarp slopes
and in the valleys.

What has just preceded applies only to the main body of the
Pennsylvanian as exposed in eastern and northeastern Oklahoma,
in the region lying between the Ouachita and Arbuckle Moun-

tains on the south, and the Kansas line on the north. Another-

exposure of Pennsylvanian rocks of smaller areal extent, but of
great thickness, occurs in southern Oklahoma in the region south
of the Arbuckle Mountains chiefly in Carter County.

This is the Glenn formation, first named by Taff, and since
studied in more detail by Goldston and others. According to
Goldston!! the Glenn consists of a thickness of 15,000 to 18,000
feet of sediments composed chiefly of blue shales, with beds of
massive sandstones and some limestones. Goldston has divided
the Glenn into five following members, named in ascending order
Springer, Otterville, Cup Coral, Deese, and Hoxbar.

The upper Peunsylvanian of central and northern Oklahoma

is generally believed to grade conformably into the Permian. The-

line of Pennsylvanian-Permian contaet in the central part of the
Statc is still a matter of controversy, Beede placing it at the Neva
limestone, the United States Geological Survey placing it at the
base of the Cottonwood limestone, while other capable geologists
would place the line of contaect as high as the Herrington lime-
stone. The senior author prefers to follow Beede, our best au-
thority on the Permian, who places the contact at the base of the
Neva whieh is about 50 feet below the Cottonwood.

11. Goldston, W, 1 Jr., The Dlt‘t‘erentiutlon and structure of the Glenn Formation: Bull,
Am. Ascn, Pet. Geol. Vol, G No. 1, pp. 5-23, 1922.
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With the exception of the granites and certain lower Paleo-
zoics in the Wichita Mountains, beds of Permian age occupy all of
western Oklahoma, extending westward from the line of the Penn-
sylvanian-Permian contact to the western border of the State, In
some of the western counties the Permian has been covered by Ter-
tiary and Pleistocene deposits.

In general, the Permian of the State consists of a great mass
of red clay shales, reaching a thickness of 3,500 feet in certain
parts of western Oklahoma. Inter-stratified with these red shales
are certain heavy beds of sandstone with several ledges of gypsum,
dolomite, and rock salt.

However, not all the Permian rocks are red, nor are all the
Pennsylvanian rocks non-red.. The line of color change between
the red and the non-red rocks does not coincide with the strike
of the rocks, as the. line of the Pennsylvanian-Permian contact, '
but cuts this contact at an acute angle. Entering Oklahoma from .
Kangas in northeastern Grant County, this color-change line passes
in a southeast direction across Kay, Noble, and Payne counties"
about as far as the Cimarron River, and thence trends.south
across eastern Lincoln and western Seminole, across northwestern
Pontotoe and ecastern Garvin counties to the region of the Ar-
buckle Mountains. The approximate location of this line is shown
on the map (Plate I). However, it should not be imagined that
this change of color is abrupt. Rather it is a gradation from non-
red below to red above, through sevelal hundred feet of strata
exposed on the surface along a zone 5 to 10 miles in w1dth

It will be noted that in northern Oklahoma there is a trian- -

~gular area of non-red Permian rocks occupying parts of Kay,

Osage, and Pawnee counties. In this region the rocks are chiefly
limestones and gray shales, which are the southern extension of
the Kansas formations which make up the Flint Hills. In Kansas
these non-red Permian rocks inelude the following formations,
named in ascending order: Neva limestone, Eskridge shales, Cot-
tonwood limestone, Garrison formation, Wref01d limestone; Mat.

field shale, Plorence flint, Fort Riley hmestone Doyle shale, ‘Win-
field limestone, Luta hmestone Dntelpuse shale, Herrington lime-
stone, and Peall shale. -On commg south these Various limestones
begm to thin out in the region of the Arkansas River; and along
the eolor-change line the color of the shales changes from gray to
red. Some of the limestone ledges persist for a number of miles
into the area .of red rocks but all of them finally thin out and
d1sappea1 and their place is usually taken by a ledge:of sandstone,
so that in east- central Oklahoma the facies of the rocks is entlrely
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different. The name Stillwater!? formation has recently been pro-
posed for the Oklahoma red beds equivalents of the rocks from
the Cottonwood to the Herrington inclusive.

The Wellington, with which for purposes of mapping is in-
cluded the subjacent Pearl shale, has been trnced south across
the color-change line and tentatively mapped as far as the region
of the Arbuckle Mountains. :

On the map also may be noted an area averaging 10 to 15
miles wide and about 100 miles long, extending from the Arbuckle
Mountains north to the Cimarron River in eastern Payne County,
where the rocks, although of upper Pennsylvanian age, are red
in color.

The Permian beds of central and western Oklahoma have been

named and described as follows, beginning with the oldest: Still- -

water formation, red shales and sandstones, 800 feet thick; Well-
ington shales, red shales and sandstones, 600 feet thick; Garber
sandstone, red sandstones and shales, 600 feet thick; Hennessey
shale, red and banded shale, 400 feet thick; Duncan sandstone,
red to gray sandstone and shales, 100 feet thick; Chickasha form-
ation, red shales with gypsum, 200-400 feet thick; Blaine gypsum,
massive gypsum and interbedded shales, 75-100 feet thick; Dog
Creek shales, red clay shales, 150 feet thick; Whitehorse sandstone,
massive to shaly sandstone, 400 feet thick; Day Creek dolomite,
massive white dolomite, 4 feet thick; Cloud Chief gypsum, mas-
sive gypsum, with interbedded clay shales, 100 feet thick; Quar-
termaster formation, red shaly sandstone, 300 feet thick. The
thicknesses as indicated above are not constant, but represent the
general average throughout the region.

For many years, on account of lack of data, it was not found
possible to trace any single formation of the Permian red beds

from Kansas across Oklahoma into Texas. Several attempts were

made at the correlation of these beds, but all were in error. The
difficulty has always been that until recently no one had ever
recognized the presence of a great structural trough, now known
as the Anadarko Basin, which lies north of the Wichita Moun-
tains in southwestern Oklahoma and the Panhandle of Texas. The
presence of this syncline was established during a field confer-
encel!® held in December 1924. Since this syncline has been recog-
nized many extremely baffling problems of stratigraphy and cor-
relation have become plain and the various parts of the problem
now fit together like a puzzle picture.

12. Aurin, F. L., Officer, H. G., and Gould, Chas, N, The Suhdivision of the Enid
Formatlon: Bull. Amer. Assn. Pet. Geologists, Vol, 10, No. 8, p. 786, et. seq., August, 1926.

13. Gould, Chas. N.,, A new classificatlon of the Permian red beds of southwestern
Oklahoma : Bull. Amer., Assoc. Pet. Geol., vol. 8, No. 3, p. 340, 1924.
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As the result of investigations carried on during the past few
months, it has been found possible to trace several formations
in the three states mentioned. The Blaine gypsum usually serves
as a key ledge but the Duncan-San Angelo sandstone, below the
Blaine and the Whitehorse-Lake Trammel sandstone above it, may
also be followed across the region. It has been shown that all
the Permian formations of Oklahoma from the base of the Duncan
to the Quartermaster sandstone are corrélative with the Double
Mountain formation of Texas. It has also been shown that the
so-called ‘‘beds of uncertain relations’’ in the region of the Wich-
ita Mountains and between those mountains and Red River are in
reality the Wichita-Clear Fork beds of Texas and are of approxi-
mately the same age as the sub-Duncan part of the Enidl.

The source of the Permian  sediments is not at this time thor-
oughly understood. For many years certain geologists looked
for the source in the Arbuckle and Wichita mountains, but since
the presence of the buried granite range known as the Amarillo.
Mountains has been discovered, many geologists believe that the
material derived from the erosion of these mountains contributed
to the formation of the red beds. Others would go partly to the
Ancestral Rocky Mountains or to the Ozark Mountains for the
source of a part of the red beds material. It is altogether possible
that all these regions, and even others. not now suspected, were
drawn upon for source material for the Permian sediments.

Another of the unsolved problems connected with the Permian
is the matter of the change of color. By studying a map show-
ing the Permian of Kansas, Oklahoma, and Texas, it will be seen
that the color-change line which transgresses the strike of the
beds is located about the same distance north and south of the
region of the great structural features, namely the Anadarko Ba-
sin, the Arbuckle Mountains, the Wichita Mountains, and the prob-
able northwestern extension of the Wichita Mountains, the Amarillo"
Mountains. It is the location of this line of change of eolor that furn-
ishes one argument to those who look to the Arbuckle Mountains,
the Wichita Mountains, and the Amarillo Mountains, as the source
of the Permian sediments. This is a problem for the paleogeo-
grapher and one which probably awaits the acquisition of new
data for its final solution.

One of the most vexing problems concerning the matter of
the Permian red beds of Oklahoma and adjacent states, has been
the matter of the origin of the red color of the rocks. Every geol-
ogist from the time of Jules-Marcou to the present has remarked

14. Gould, Chas. N., The correlation of the Permfnn of Kansas, Oklahoma, and northern
Texas: Bull. Amer, Assn. Pet. Geol. vol. 16, No. 2, pp. 144-155, 1826, } ’
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the red color of these formations, and many papers have béen
written on the subject. ‘

The best summary with which the writers are acquainted is by
Dr. W. H. Twenhofel of the University of Wisconsin. -In his
admirable “Treatise on Sedimentation’’ Dr. Twenhofcl says on
pages 176-179:— :

«\Wide diversity of opinion has existed and, no doubt, still
exisls with respect to the origin of the Red Beds, particularly with
respect to the conditions which permitted the development of the
color. Some have held that the color developed subscquent to
deposition, but the weight of opinion has supported the view
that the sediments had the red colors when they were deposited.

‘‘Environments and Agents of Deposition. The Red Beds
have been assigned to a marine origin by a few students, and to a
continental origin by the majority!s. The conclusions of marine
origin have been based very largely on the occurrence of the gyp-
sum and the carbonate beds and the occasional presence of marine
fossils. That beds of red color develop under marine conditions
is shown by the red muds and red clays of parts of the present
sea bottom, but these sediments bear little, if any, resemblance. to
the Red Beds. Furthermore, there are sediments deposited ‘in ma-
rine environments which are physically like the Red Beds, ex-
cept they are not red and do carry marine fossils. Various hori-
zons of the geologie column carry red sandstones and shales which
contain marine fossils, but these strata are of limited extent and
never reach such wide distribution as the Red Beds. Where Red
Beds carry marine fossils in some abundance, the marine origin
for those portions may be conceded; but where they are so notably
absent as they are in the Permian of Kansas and Oklahoma, this
environment of origin may with difficulty be postulated.

Tt is probable that the Red Beds developed. in a continental
environment. Certain continental environments, ,as the glacial,
humid-fluvial, humid-lacustrine, rigorous-arid, and paludal are pre-
cluded by both the negative and positive characteristics. The wide
extent of the gypsum and carbonate beds proves a nearly flat land
subject to occasional flooding, prolonged evaporation, and the
presence of an agent with ability to produce wide and fairly uni-

form distribution. These conditions are best found on the flat,

alluvial fans and deltas of regions which are somewhat semi-arid
to arid. This environment would permit the development of lakes
with lacustrine deposits, and at the same time conditions would
he favorable for the occasional development of eolian depositiqn:

15. Tomlinson, C. W., The Origin of the Red Beds: Jour. Geol. Vol. 24, D. 161, 1916,
and Tieje, A. J., The Red Beds of the Front Range in Colorado; Jour. Geol.,, Vol. 81,

pp. 192-207, 1923.

PERMIAN 21

If s_uch environments were near the sea, there might als -

Eosﬂ:ed With_ the continental sediments so’me of margine pr(;)dlfl):tigﬁ.
* * Tomlinson’s general conclusion, with which most students

are prgbably in accord, is that the Red Beds were deposited in é,

subaerial environment in which fluvial deposition was most im-

vgﬁgtﬁnt, the dgpogiltion tai{ing lplace under climatic conditions
ch were semi-arid or at least les i

T e e ey Jouat s humid than the places where

‘‘Sources and Origin of the Sediments Composing the Red Beds
Three hypostheses have been advanced: namely, the sediments-aré
(1) arkoses produced through the disintegration and partial de-
composition of red granitic rocks, (2) they were derived from pre-

:x_ilsting Red Beds, and (3) they were derived from red residual
soils.

““The first hypothesis has application only i v

. y in those cases
where it can pe shown that the constituents are those which could
have been derived from granitic rocks, * * * However, as most of the
Red Beds do not appear to contain a great deal of feldspar, the
hypothesis has little application. : ’

“The hypothesis that the sediments were derived fr
o om- pre-.
existing Red Beds does not yield a solution of the problem. P

“‘The t.hlrd hypothesis appears to give a satisfactory source
for the sediments. Red soils are common in upland regions with
good underground drainage. The quartz particles in- these soils
are coated with ferrie oxide in the same manner as they are in
the Red Beds. If these quartz particles were carried to environ-
ments where continued oxidation was favored and where there was
not enough abrasion to remove the films from the grains, the red-
ness of t.he sediments would persist. The environments which fa-
vor continued oxidation and little abrasion are found on the flood
plams of semi-arid lands. The conditions of arid lands are not
favorable, as the drifting of the particles leads to the abrasion of

“the ferric oxide films. Beedel” has suggested that the sediments

which formed the Red Beds of western Oklahoma were derived
from red residual soils of the Arbuckle and Wichita Mountains of
southern Oklahoma where such soils are now forming, while Tom-
linson18 concluded that the ‘development of ferruginous soils is the
first prerequisite to the deposition of Red Beds of the western
type’, a conclusion with which most sedimentationists will prob-
ably agree.”’

16. Tomlinson, C, W., op. cit., pp. 250-253.
17. Beede, J, W,, Origin of the sediments and colorlng matter of the western Oklahoma

_Red Beds: Bull. Geol. Soc. Am., Vol. 23, pp. 723-724, 1912.

© 18. Tomlinson, C. W., op. cit, p. 252,
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PALEOGEOGRAPHY
By
Roy A. Wilson

INTRODUCTION

The problem of the correlation and origin of the upper Pal-
cozoic sediments of Oklahoma has been a matter of deep interest
to many geologists for several decades, but little attempt has been
made to bring together the seattered threads of information and
weave them into a general statement. Much work remains to be
done before the last word can be said on this matter, if ever.

The following preliminary discussion of the paleogeography!®
of Oklahoma is an attempt to correlate the information from all
available sources into a generalized statement for the purpose of
presenting the problems involved in the studies that have thus
far been made on the past geologic history of this region. This
discussion in no sense of the word presents any final conclusions,
or even provisional ones, but is put forth with the hope that it will
lead to a more active consideration of the paleogeographic view-
point in studies of stratigraphy and correlation. To many geol-
ogists the term ‘‘paleogeography’’ is a name only and the practical
significance of this phase of geology is but poorly understood.

It is with these facts in mind that the appended series of maps
and associated discussions have been prepared with the idea of
presenting the most established generalized paleogeographic knowl-
edge in a practical manner. None of this information is original.
It represents a compilation of the most established data based on
known field evidence and contains no special or personal view-
.point. The information has been assembled and viewed from many
angles. In preparing this material one idea has been kept fore-
most—an idea which should form the basis for all true scientific
research—every conclusion or generalization must be based upon
established field evidence. Too often geologists, like other scien-
tists, try to make the actual evidence fit their own ideas rather
than adjust their ideas to the evidence. Seience, least of all lines
of study, bas no room for dogmatism or biased personal opinion.

However, it is possible to correlate, in a general way at least,
the information which has been obtained in the detailed studies

19. Paleogeography is that part of geology which treats of the physical features of the
earth during past geologlc periods, more especlally those features of its surface which in-
clude the atmosphere, the distribution and flow of water, the distrlbution and forms of
organic life; and the form and character of the surface as a result of the operation of
existing physlcal agencles in those -perfods,
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of various areas and districts. From the sifting out of the large
amount of information already available on the upper I’alegzmc
of the State, certain generalized conceptions relative to the cor-
relation and origin of this system of rocks stand out. In the fol-
lowing paragraphs is a tentative presentation of t}}ese concep-
tions, which are not presented as conclusions, but with the. hope
that they will aid in clarifying the problems of the upper Paleozoic
of Oklahoma and open up new avenues of approach in the study
of these formatipns.

The very nature of this subject makes it highly imperati_v.e
that the reader understand where facts end, and where probabll.l-
ties and possibilities begin. In working out the palgogeographw
history of the region only the broadest generalizations can, as

- yet, be made, because the factors which determine deductions as

to the geography of the past at any given geologic time are 80
varied,  numerous and incomplete. Much of the information is
based upon subsurface data which with the rapid ad_d.ition,of new
well log information is subject to almost daily revision and cor-
rection. The accumulated mass of evidence from field .stughes
now begins to point towards certain preliminary generalizations
which are herewith given.

The Mississippian, Pennsylvanian and Permian rocks of Okla-
homa show a great variety of depositional history and hence a
lack of stratigraphic uniformity. The heterogeneity of the seec-
tions measured in different areas over the State and more especially
the rapid horizontal variation in the sections developed in the
critical Arbuckle-Ouachita region has led to a confusion in cor-
relation which does not open itself to ready solution by attempting
to ““pair up’’ the various sections on the basis of lithologic char-
acteristics. The paleontologic evidence, which in places is very
abundant, and in other regions extremely scarce, has been helpful,
but even with the use of good index faunas, the problems of cor-
relation remain. . '

While it is perhaps speaking tritely to state that the charae-
ter of any sedimentary section has been determir}ed b}.' the confh—
tions of deposition, yet this factor is too often given little consid-
eration by the geologist who is more interested in detailed meas-
urement, lithologic and faunal descriptions. The matter Qf. origin
of the sediments, the geography and environmental cpndltlons at
the time of deposition, is often considered as too much in the realm

~of speculation and theory to merit serious attention. The charac-

ter of an environment determines the chara.cter of the. deposits.
Henee, the determination of the origin of sedimentary deposits ne-
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cessitates detailed consideration of environmental conditions (pal-
eogeography). Too often the field geologist is interested in the

matter of description rather than the origin of the formations he is
studying,

The importance of paleogeography in bringing out the relation-
ships between formations which differ widely in their characteris-
ties over differcnt areas of exposure is becoming increasingly sig-
nificant. And in many cases where it seems impossible to tie up
various sections on the basis of lithologic characteristies an inter-
bretation, insofar as it is possible, of the regional conditions at the
time of deposition may clear up in a surprising manner the re-
sulting problems of correlation, :

This is especially true of deposits formed at eritical moments
in earth history just preceding great continental emergencies or
revolutions. The late Paleozoic of Oklahoma, especially the Penn-
sylvanian and Permian systems, belong to this ecategory.

In the following discussion of the paleogeographic conditions
of the Mississippian, Pennsylvanian, and Permian systems in Ok-
lahoma, no attempt is made to explain in detail the depositional
history of these strata. Much more field evidence will be necessary
hefore this can be done. It is hoped that a very generalized
statement of the known facts of paleogeography and their bearing
upon the problems of correlation and origin of the Carboniferous
rocks will, as previously stated, give up new avenues of approach
to those who are interested in the late Paleozoic formations.

Finally, it must be understood that interpretations of the geo-
graphy of the past at any given time cannot be based upon
investigations in one area. The geographiec conditions of one lo-
cality represents but a part of a much larger physiographic pro-
vince, and conditions over this province as a whole must be under-
stood before any definite conelusions can be drawn as to the more
local physical history. Therefore, field evidence from a relatively
large area, an entire state, several states, or even the major part
of a continent, is necessary before permanent conclusions can be
arrived at relative to the paleogeography of a specific region. The
interpretation of field evidence from studies in one locality without
extending the problem and not relating it to broader and more
regional conditions, has often led geologists into serious and em-
barrassing blunders.

SOURCES OF INFORMATION

The acecompanying series of paléogcographic maps of Okla-
homa are based upon the most recent available maps of North
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America prepared by Schuchert2?, Although these maps are pro-
visional and subjeet to even radical revisions in certain areas, yet
they show some approach to the probable facts and bring out in
a very generalized way the changing physical conditions of Okla-
homa during recorded-geologic time. The immediate value of these
maps is to show the relationships existing between the formations
deposited in the-State and the’ environmental conditions 'under
which they were formed. The fact that these maps -only indieate
approximate geographic conditions and may have wide departures
from accuracy as to detail does not detract from their value. All
of the varied characteristics of sedimentary deposits are intimately
related to the conditions under which they are deposited. and
therefore even an approximate knowledge of such conditions may
throw great light upon the correlation of stratified deposits. It
is hoped that the maps and explanations will aid in emphasizing
these relationships between physical environment and sediments—
a relationship which is frequently not well understood or which
is underestimated as to its practical value and in many cases is
completely ignored. In subsurface studies especially, a knowledge
and an application of paleogeography offer much practical aid
in correlating horizons. In this connection it is important to state
that the correlation of strata cannot be logically based upon any
single method. The very fact that stratified deposits were formed
under a complex set of environmental conditions indicates that
these complex factors must be considered in ‘tracing the deposits
from place to place. In doing this, each method, the stratigraphie,
the lithologic, the paleontologie, ete., has its place and importance.
No one method can be used to the exclusion of the others without
arriving at erroneous conclusions. :

Another feature which it is hoped the maps will emphasize
is the fact that considerable information, even of a more or less
final nature, is already available relative to matters which some
geologists think are new or unsettled problems. A study of the
maps shows very readily certain facts, namely; why the Ouachita
Paleozoic section is mainly a thick group of clastic sediments with
siliceous limestones; why this section grades westward into the
more typically caleareous sections of the Arbuckle Mountains;
why much of the middle Paleozoic section is missing from the
Wichita region; why the middle and lower Paleozoic section is
probably largely absent from the Panhandle region; why the up-
per Paleozoic section of southeastern Oklahoma is so thick; ‘why,
in the late Paleozoic orogeny of Oklahoma, the Ouachita‘MOI_m-
tains, developed first with a progressive rise of the mountains
westward, while the Arbuckle Mountains and Wichita Mountains

20. Schuchert, Charles, Textbook of Geology; revised edition, John Wiley & Sons, Ine.,
1924,
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appeared next in order; why the Pennsylvanian deposits become
more thin and shaly northward; why the Permian red beds are
largely non-red in Kansas, becoming more red and perrestlal in
Oklahoma, and more calcareous and typically marine towards
southwestern Texas; why the Paleozoic section in general thl_ns
towards the Kansas line when traced from the Arbuckle-Ouachita
region; and why the upper Paleozoic formations tend to overlap
and lens-out upon the Archean granite landmass (Siouis) o.f the
Panhandle region. The significance of transitional formations®
such as the Chattanooga, and others, are also indicated.

Among active field geologists there is a too frequent lack of
contact with available information, which material is often highly
practical and useful; it is embalmed in technical publications that

reach the eyes of only a few, or else the reader fails to grasp the -

significance or value of the publication, or discounts practica.l in-
formation which is buried in a mass of theories and personal views.

In order to establish a better contact with the more important
sources of information which bear upon the Mid-Continent pa]eo-
geography the reader is especially urged to .stusiy the publica-
tions and articles referred to on page 45. This list, whllq by_ no
means complete, attempts to cite the most important publications
on the late Paleozoic rocks of Oklahoma.

' GENERAL STATEMENT

During the late Paleozoiec Oklahoma was bordered on the south

by a land mass which was evidently of considerable development.

and an important source of the Carboniferous sediments of the
State. The general position and character of this land mass, Llan-
orisz? is shown on the map. (Figure 1).

This land was bordered on the north by an arca of active sedi-
mentation, the present Arbuckle-Ouachita uplifts. This area of ac-
tive and long continued sedimentation had existed from early .Pal-
eozoic times as indicated by the Arbuckle and Ouachita sections.
the Ouachitaic embayment.

Tn the northeast portion of the State, the qurk_Mount:,‘aips
was an area which tended to be positive, except during the Missis-
sippian period.

21. Transitional formations —Formations which are transitional from one geologlc time’

division Into another and contaln characterlstics of both divistons and hence do not typlc'ully
belong to either but lle In between. The attempt of stratigraphers to place such formations
entirely in one groun. system, serles, or stage has led to an endless amount of discu-sion
and difference of opinlon. .

22, Mirer, Hugh D., Op. clt.
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The remainder of the State was neither well under or well
above sea level during the Carboniferous, but tended to be a neu-
tral region on which slight elevation or depression would produce
marked changes in sedimentation. '

With the above generalized geographic features in mind the
following types of sedimentation would be expected. Immediately
north of the land mass Llanoris the sediments should tend to be-
thick, more coarse, with more clastic materials and the least. amount
of calcareous material. In the bordering areas where the land mass
to the south was lowest or the seas deepest, the sediments should
show the greatest vertical uniformity and fineness. Conversely, in
those areas where the adjacent land mass was higher or rising, or
where the seas were shallow, the sediments should be more. coarse
and show less uniformity in their sections. Calcareous sediments
would tend te accumulate in those waters most free of suspended
clastic material or in areas where sedimentation from land was
the least active.

In the Ozark region which was moderately positive during
much of the Paleozoic but completely submerged during Mississip-
pian times, the deposits should be quite caleareous in the Mississ-
ippian since there were no known adjacent land masses to furnish
clastic material. During the remainder of the Paleozoic the sedi-
ments of this area should be more locally developed or absent as
the area tended to be more above sea level than below. The de-
posits as a result should be dominately finer clastic with more or
less associated calecareous material since the areas furnishing the
sediments were generally low and featureless.

Over the remainder of the State which was relatively flat and
featureless during late Paleozoic times the sediments should form
more widespread deposits of less thickness and greater horizontal
uniformity. Caleareous deposits should be more common due to re-
moteness from areas of active erosion and resulting clearness of
waters. Vertically, the sediments should show abrupt and wide
spread alternation, as only slight uplift or depression of these areas
was needed to bring about wide spread invasion or retreat of the
seas. As the previously deseribed land masses are approached the
sediments should be growing coarser, more clastic and less cal-
careous: In the eastern part of the State between the Ozark pos-
itive area on the north and the Llanois land mass on the south,
the sediments in the interior neutral region should be thicker and
the more clastic. Due to the distance from the source of the sedi-
ments the resulting clasties should tend toward fineness rather than
coarseness.
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With this generalized analysis of the types of sediments which
would normally result from the broad geographic features pre-
viously described, let us next turn to a consideration of the Car-
boniferous section in more detail.

In southern Oklahoma during Mississippian times the border-
ing land mass Llanoris was, from all present evidence, the most
conspicuous positive area adjacent to the State. This general area,
including the Ouachitaic trough immediately to the north of Llan.
oris was having active signs of uplift, the birth of the Ouachita-Ar-
buckle-Wichita Mountain group. The Quachitaic trough was thus
beginning to emerge first at its eastern end and this emergence

was to gradually extend westward, first developing the Ouachita,

next the Arbuckle, and finally the Wichita Mountains.

From the above physical events the resulting Mississippian

sediments would show a domination of clastic material of consid-
erable thickness. Sinee the rising lands were working from east
to west the Ouachita region would show the thickest sections with
clasties throughout (Stanley, Jackfork). Westward in the Ar-
buckle region, the earlier Mississippian sediments would be associ-
ated with some more quiet water deposits (caleareous) material in
the lower part, (Sycamore and lower Caney) and with the west-
ward progress of the Ouachita disturbance this area could be sub-

jected to intensive sedimentation with the upper deposits approach-

ing terrestrial conditions (late Caney and Glenn).

In early Pennsylvanian times a part of this area was appar-
ently subjected to temporary cessation of mountain building as
the waters cleared up sufficiently to permit the deposition of a
fairly extensive limestone (Wapanucka). During this time the
Ouachita region was sufficiently elevated to cause a continuation

of clastic sedimentation in this area, as the ‘Wapanucka becomes
clastic eastward.

Northward through central Oklahoma and into the Ozark re-
gion the seas during Mississippian times were widespread, shallow
and, as previously indicated, remote from sources of sedimenta-
tion other than the agitation of bottom materials. Hence the Mis-
sissippian deposits in east-central and northern Oklahoma are dom-
inantly calcarcous (Boone formation). Sinee this general area
was relatively featureless only a slight oscillation of level was ne-
cessary to bring about rapid and widespread changes of sedimen-
tation. This explains the frequent vertieal alternation of lime-
stone, sandstone, and shale in the late Mississippian and follow-
ing Pennsylvanian sections. Furthermore. as the land areas to the
south were rising to form the future Ouachita-Arbuckle Moun-
tain chain, the shallow seas in central and northern Oklahoma
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i i i i ts and thus the
uld become increasingly filled up with sedimen
:Zztion when traced upward becomes characterlqed by a greaﬂ‘.er
development of clastic material with coal deposits present ;v en
the sea ways were temporarily filled in (Cherokee and later form-
ations).

i i buckle
middle Pennsylvanian- times (:Allegheny). the .Ar °
Mougt};tins were well developed and subject to rapid eros1otn I(IS:gd
inole conglomerate). The Wichita Mountains at the wes grrea e
of the Ouachita trough were also rising. Hence the foII'Jllner a: rea of
sedimentation on the north border of the land mass ?ofﬂrnish-
now entirely an uplified region undergoing erosion an ol
ing sediments to the middle and late Pennsylvanian seas o ‘
and northern Oklahoma. :

i i r £ active erosion
The Ouachita Mountains had been an area o ]
since early Pennsylvanian (}Il%olggy shale, earll)yt (;Altlltleeghle;l‘lwygr té?lee:
tion above this shale is missing up .
%:io%lse (S'l(‘az(:’inity sand). The Arbuckle Mountains were i general
an area of erosion after the Glenn time (late Allegheny).

. Over much of the remainder of the State, especially _the ::;1;
tral, castern and northeastern part, the late Pennsdylvarilieiméln w008
were characterized by frequent changes in dept.h an I?t(,)}si o
to the widespread diastrophic molvex‘?}?nt assomgggns‘;’rllvanian 2

i i As a result the upper ¢
palachian revolution. : o B marine

i haracterized by alternations
posits of these areas are cl terized by attermaters Gayors of

brackish water deposits, resulting in s yers
ﬁlrﬁestgig, sandstone, and shale with frequent horizontal variations

Finally the late Pennsylvanian seas began a permanezlt v:‘:s“crzg:
to the southwest by way of northe1:n Texas. The r_etrefar as Sot
abrupt but oscillatory, the waters reinvading the region fro
they were retreating several times.

i : lvanian geogra-
From the above analysis of the upper Pennsy 3
phie cronditions north of the new mountain uplifts the foléow}r)mgr
types of sediment would result. Thedvcrtlcla(,il sec’uon ?rvl(t):lrl'}aasisn g{;
' i i come
the alternations already described and wou . e : . :
i i terrestial sediments
upward with a final prepondera'mce' 0 S
c(?:iigiaﬁ red beds). The frequent oscﬂlat.lor.xs of .the late‘Cgrb(:lr;
iferous seas would produce horizontal vamat;ons in :I}"e};is ‘fheS:ed-
ol o i
ts. Due to the southwesterly .d}rectlon of sea r y t :
?If(?n; would show marine conditions more persistently in }';1;11:
direction. The occasional temporary reinvasions of the se'anwtime
~was well to the southwest of this gen_eral region byh_P%rmla . time
would produce the interstratified mavine deposits w ich are
in the Permian section.
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ANALYSIS OF PALEOGEOGRAPHIC MAPS

In the following analysis of the pal raphi

) ) paleogeographic maps of Okla-
h9ma the relationships between the paleogeographic fgatures in-
dicated on each map and the character and distribution of the

sediments that would logically result £ i i
et ot g y result from such a relationship are

The reader must bear in mind the fact that th )
only approximations. The positions of the shorelir(;s: Eﬁl(f sl:rfé
masses, represent only 'a mean average condition for each time
division. In some places the position of the shorelines oscillated
back and forth from the lines indicated and the maps are accurate
only insofar as they indicate the more permanent positions of the
strand. Naturally, the greater the number of maps for a period
the more accqrately each map would indicate the physical fea-
tures of the time represented. Two or three maps for a period
cover a tremendous length of geologic time, in which all the minor
an‘d detailed physical changes must of necessity be omitted. In
splte.of th.es-e limitations, however, the maps bring out the broader
relattlgn.shlg)hs of theffoimations and indicate what should be ex.
pected in the way of changes in th \ y
and formations f¥om placegto placeej character of groups, systems,

PRE-CAMBRIAN ERAS
ARCHEOZOIC

The history of Oklahoma during Ar i i i

' g Archean times is practicall
unknow.n. Tl}e granites and other igneous rocks exp0£ed in th}(:
motg}‘:{nn upfhf%)s and in drilled wells suggest that the physical
conditions o is region were much the sam f
North Ameriea at that time. @ as for the vest of

PROTEROZOIC

) Oklahpm.a has no lknown Proterozoic deposits. Certain rocks
in the Wichita Mountains, thought by some to be of this age
p.robably represent a differentiation phase of the Archean intru,-
sives. The Llano-Burnett, Van Horn, and El Paso regions of
Texas contain deposits which probably represent late Proterozoic
sedimentation. The apparent restriction of these deposits to the
Llano-Burnett uplift and regions to the south and west indicates
that the. sea invasion was from the west. By late Proterozoic time
the major paleogeographic features which so largely governed
the movements of Paleozoic seas were developed. The above de-
scrl'bed Proterozoic sediments could have iconceivably been de-
posited by the sea invading Texas as an embayment from the west
(see Sonoran embayment, Fig. 1). This would explain the ab-
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sence of Proterozoic sediments from other parts of Texas and
from Oklahoma and adjoining areas. Thus Oklahoma was most
probably a region of erosion during all of the Proterozoic times,
the sediments being carried entirely out of this region. Therefore,
the Archean land surface of the State should have been well leveled
with low, rounded, elevated points here and there as remnants
of former highlands.

THE PALEOZOIC ERA

Figure 1.
INTRODUCTION

In the accompanying map, Figure 1, modified after Schuchert,
are shown the major paleogeographic features which existed’

" throughout much of the Paleozoic BEra and largely influenced the

formation and distribution of sediments during this time in North
‘America. In the Oklahoma region note the following: The neu-
tral, area, Siouis?, covering in general the Panhandle of Okla-
homa and the northern part of the Texas Panhandle; the Ouachitaic
embayment extending into eastern Oklahoma from the great Ap-
palachian geosyneline and mainly developed in southern Okla-
homa although it frequently included all of the eastern and cen-
tral part of the State; the land mass Colombis developed over
Mexico and Texas and with the highland Llanoris forming its
northeastern part and abutting against southeastern Oklahoma ; the
more local land mass Ozarkis appeared toward the close of the
lower Paleozoic and had an important effect upon Paleozoic sedi-
mentation in northeastern Oklahoma after that time. The influence
of all the above paleogeographic features upon sedimentation in
Oklahoma will be indicated in the following map analyses.

A summary of the Paleozoic history of each- of the above
named physical features shows the following general facts:

Yiouis, called a neutral area by Schuehert, beeause it was
never very conspicuously above or below water (more often above
in the Paleozoic) was not invaded by seas until the upper Paleo-
zoie (Mississippian) and hence the lower and middle Paleozoic de-
posits should be largely absent in the Panhandle region, and should
overlap upon its then irregular granite surface from the east.
The so-called granite ridge of the Amarillo region is possibly but 2
part of this larger land mass which had a general northerly trend
into eastern Montana and the adjoining Dakotas. The Ancestral

23. Stouls, Llanorls and all other anclent land masses are written by Schuchert with

the “1s” endlng. The anclent eplcontinental seas have the “ic” ending. These forms have
not been consistently followed In the literature.
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Epeiric Seas

Figure 1. MAJ’OR-PALEOGE_OGRAPH.IC FEATURES OF TH

E EARLY
PALEOZOIC ’ :
(Map by Koy A. Wilson, modified after Sch
, h
; The pale.ogeogr_aphic features which Iargerly chl;%ll‘;:etr)xced the forma
f)n an.d <.iep051tlon of sediments in the Oklahoma region are: the neutral
z:;(;aé‘irs];c?u%;mz}:gbf)uacl;ti]tak;t embayment, an arm of the Appalachian geo
s line; s, with its subdivislon, Llanoris, f ishi . ]
ments for the Ouachita Mountain ' ot showmy. which s
8; and Ozarkis (not shown) h
veloped at the close of the lower i e, e
Paleozoic, and which influenced
. ' P N
zoic sedimentation in northeastern Oklahoma after that time e

- THE PALEOZOIC ERA 33

Rocky Mountains described by Lee2t represent a special phase of
the history of a part of this more positive® area in the latest Pal-
eozoie. The relation of the Amarillo Mountains is brought out in.
a later part of this discussion.

Columbis, especially its northeastern highland area, Llanoris?®,
was the most conspicuously positive area bordering Oklahoma
during the Paleozoic, and made very important contributions of
sediments throughout this time. The Llanoris highland bordering

. the southeast corner of the State formed an especially prolifie

source of sediments and hence the Paleozoic section of the Oua-
chita Mountains is thicker and more clastic than that of the Ar-
buckle Mountains to the west, L

The Ouachitaic embayment, extending into Oklahoma through
Arkansas from the Appalachic geosyncline. represents an area
which was inclined to be conspicuously negative throughout much
of the Paleozoic; hence a more or less complete Paleozoic section
is developed over the areas where this embayment was present.
The southern portion of the embayment bordering Columbis was
the most active area of sedimentation and therefore the most
complete sections are found in this area. The northern portion
tended to oscillate near sea level and so the Paleozoic strata in
this area are more widespread and thin with more frequent strati-
graphic breaks. Since the embayment was bordered ‘on the south-
east by the Ilanoris highlands of the land mass Columbis, the sed-
iments in this direction should be the thickest and the most clas-
tic as in the Ouachita Mountains. The abundant amount of chert
in the strata of the Ouachita region is also possibly explained by
this fact. Over the remaining land areas bordering this em-
bayment, the Arbuckle Mountaing and other areas, the lands were
so low during lower and middle Paleozoic times that calcareous
sediments were formed almost up to the shorelines—the appear-
ance of clastic materials in these areas indicating emergences of
land or shoaling of waters rather than proximity of highlands.

The Ozark land mass or island of southern Missouri and north-
ern Arkansas developed in middle Ordovician times and influ-
enced more or less the future deposition of sediments in adjacent
parts of Oklahoma. In Mississippian times this positively inelined
feature was probably completely submerged by the widespread
Boone-Osage seas, becoming distinetly emergent after that time.

24, Lee, Willis- T., Early Mesozolc physiography of the southern Rocky Mountains ;
Smithsonian Miscel. Coll,, Vol. 69, No. 4, 1918,

: 95. The terms positlve, neutral, and negative are used respectively for areas which
wore dominantly above, not conspicuously above or below, and dominantly under . the
waters of invading epecontinental seas, .

26. . Miser, H. D., Llanoria, The Paleozole land area in Louisiana and Eastern Texas ;
Am. Jour. Sel, 5th ser., Vol. IL, No. 8, pp. 61-89, 1921. .
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ANALYSIS OF UPPER CAMBRIAN AND BASAL ORDOVICIAN (Beekmantown).
) (Figure 3) '

Oklahoma was not invaded by epicontinental seas until the
upper Cambrian epoch. Previous to this time the region was un-
dergoing erosion and must have been generally reduced to a low,
rather featureless area covered with deposits of arkosic residual
material from the granitic and gneissic- bedrock. The absence of
land plants in Cambrian time was especially conducive to disinte-
gration and the production of arkose. As the upper Cambrian seas
invaded the State, they came in primarily by way of the Sonoric
embayment from the southwest across Texas. This embayment
joined the Ouachitaic embayment from the east and the sea at its
maximum probably covered the State as indicated. The eclastie
sediments of the Reagan sandstone were deposited first as the in.

vading sea worked over the residual deposits from the eroding
Archean rocks.

The seas gradually cleared and the caleareous deposits of the

latest Cambrian and earliest Ordovician,. Arbuckle and related
limestones, were laid down.

The map, Figure 1, indicates an emergence of Oklahoma just
before Beekmantown times. If so, evidence of this break should
be found somewhere in the upper part of the Arbuckle limestone.

Note on the map showing the North American borderlands and
geosynclines of early Paleozoic time (figure 1), that northwestern
Oklahoma and the Panhandle were cmergent. This area is there-

fore probably free of these deposits, or at hest, they arc local and
poorly developed. ,

MIDDLE ORDOVICIAN (Mohawkian-Trenton-Chazy)
(Figure 4)
At the close of Arbuckle (Beekmantown) time there was s

complete emergence and the seas next invaded from the east through
the Ouachitaic embayment.

Note the presence now of Ozark Island which should effect
the deposits in that area. Much of western Oklahoma was above
water during this time (Siouis).

Note the more conspicuous development of the southern part
of the Ouachitaic embayment.

EARLY-UPPER ORDOVICIAN (Early Richmond).
. (Flgure 5)
At this time the seas retreated to the east and therefore the

early Richmond deposits are probably largely confined to south-
eastern Oklahoma.
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. ist longest and invade

the tendency for the seas to persis
ﬁrstl\irr(;tfc%he eastern part of the Ouachitaic embayment. Eor s_om:
time Texas and western Oklahoma had been free of sea invasion

(Columbis and Siouis).

LATE UPPER ORDOVICIAN (Late Richmond)
(Figure 6)

‘ . ici e extensively de-

he seas of late upper Ordovician were mor : .
velo;r)l;:de than shown on Figure 5. ThlS-IS the time for the maxi
mum Richmond invasion of North America.

LOWER SILURIAN
(Figure 7)

Note the restriction of the seas to the northeastern Ouachita
region at this time.

LATE-LOWER SILURIAN
_(Flgure 8)

i i bmergences of North
This map shows the Alexandrian su
America which covered the eastern half of Oklahoma.

MIDDLE SILURIAN
(Figure 9)

ing Ni ' Note that the
is map shows the retreating Niagaran sea.
Ouacr{‘l}ilgs. regli)on was positive, the seas leaving from th_e nolrtgleaésit—
corner of the State. Oklahoma was abov_e water durm_g ate -‘)w
ftlriml times. The tendency for the Ouachita region to rise 13 n

noticeable.

EARLY DEVOMAN
" . (Figure 10)

1achi ) is the invaded area. Note
As usual, the Ouachita embayment is r g
that the embayment in the southeast corner gf the $tate is now bues
ginﬁing to rise. This feature was first indicated in the previg
map and will become more. important from now on.

' The abundance of chert in the dep%sits of t}llle gl}cizhis?j cl:gv;(;r;
ili i indicate that much ot t

and the siliceous novaculites 1pd1ca at, 1 e e

i the land to the southeast in .t e usua .

Zzlglfiipf;‘s(;lt%d with the fine-grained clastie sediments and calear

eous material in the areas where the fresh and salt watersvwe‘re
intermingling?.

27. Twenhofel, W. H., Treatlse on Sedimentation : Willlams & Wilkins, 378-394,
. , DD.
» i
1926.




36 THE UPPER PALEOZOIC ROCKS OF OKLAHOMA

LATE DEVONIAN
(Flgure 11)

Again note retreat of sea to the northeast due to the tendency

of the Ouachita regi
ation). gion to become emergent. (See map and explan-

MISSISSIPPIAN
(Figures 12, 13, 14, 15, and 16)

See maps and detailed expl :

i anat
ing tendeney for the SOutherIIl) ations,
become emergent.

Note especially the grow-
part of.the Ouachita embaymegnt to

PENNSYLVANIAN
(Figures 17, 18, 19, and 20)

These maps show the gradual retreat of the seas westward with

the rising of the Ouachita trough and the Ouachita-Arbuckle-Wich

ita Mountains. The progressi
gy : ess
building is also indicgteg_ 1ve westward movement of mountain

PERMIAN
(Figure 2.)

The Permian of North America is probably correlative with

the lower Permian of B
urope. Th i i
may not he represented on t}?is contiieﬁltl.ddle and upper Permian

This map especially brings out the deve
: g elopmen ¥
f’%lll(fhmtlrlfgldlfn%) Angestral Rocky Mountains, I1):he vfrigfes‘;)};'eeal(lim(g};:
vl 1;{ nent 001 1e’:'lmlan seas over the western interior region, and
the s-Oklahoma embayment opening out into more t, ical
ine conditions in southwestern Texas. Note also the imp(ﬁﬁﬁf

development of the Mexi i
can geosynel i i
carly Pennsylvanian (Pottsvillge) ﬁnnfelsne whieh first appeared. in

The retreat of the Permian
‘ : X seas was southwest into -
:;llgu’ll;fxss, northern Mex1co. and adjacent areas, and h:ggghglz?e
shoul e g_ general gradation south and west into more typical
south\fr :Sc?;r Illtlr})‘g;s{.a SCopt‘ilraflilz ’c}(l)e1 ’{h;lck Permian limestone section of
sout ern wit] e Oklahoma red beds. Thi ition
is also well illustrated in northwestern Texas by thehéi'atff:’?izlr:l%?

the Wichita red od 3
formation. beds southwestward into the ealcareous ‘‘Albany’’

The constriction of the Kan abas
‘ > Kansas-Oklahoma embayment i
r{ﬁ:s?;zrvlv IOlcl?homa and adjacent part of the Panhsﬁldle 1‘1e1;'i2?1u%h\;
y elevated Ancestral Rocky Mountains on the west .and
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the Wichita-Arbuckle Mountains on the east, is a physical feature
which probably had an important effect on Permian sedimenta-
tion. It is suggested that the important development of salt and
gypsum deposits in western ‘Oklahoma and the non-red Permian
of Kansas, may be explained by this factor. These problems will
be considered later. B ‘ ' -

THE PERMIAN DEPOSITS

The Permian of Oklahoma and adjacent areas is characterized
by all the features of irregularity and lack of uniformity which
would be expected of deposits formed during 3 critical time in
geologie history when the geographic environment was changing
gradually but irregularly from marine (negative) conditions to
terrestial (positive) conditions. DA

In order to obtain a generalized view of the Permian section
of Oklahoma in its relation to the known changes of geographic
environment, it is necessary to first outline briefly the probable
general topography of the State at the opening of the Permian
times (Figure 2). o

The Ouachita-Arbuckle Mountain group had its greatest de-
velopment during the Permian and was an avea of active erosion
and an important source of sediments for adjacent areas. ‘

The eastern and northeastern portions of the State were prob-
ably not far above sea level, but sufficiently positive to undergo
moderate erosion rather than deposition. '

Over the remainder of the State, especially the southwestern,
central and northern part, the Permian lands were oscillating
above and below sea level with positive conditions becoming more
dominant as the period drew to a close and the sea retreated to
the south and west. :

At the close of Permian times in Oklahoma the seas had re-
treated to the extreme southwestern part of the State and finally
this embayment was filled in and terrestrial conditions prevailed
everywhere in Oklahoma (latest Permian formations). But even
well toward the close of the Permian (latest Blaine) the seas
temporarily invaded southwestern and western Oklahoma and leff
dolomitic deposits with a well developed marine ammonite fauna.

During Permian times and through much of the earlier Pal-
eozoic there is good evidence that a positive land area of pre-Cam-
brian granite existed on the western bordey of New Mexico and
adjacent parts of Colorado. This land mass was possibly of suffi-
cient magnitude during Permian {imes to be an active source of

sediments.
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Late Lower = e
Permian = N AN =
s dﬂ{; RS NANAY)
. Schuchere 1923 . /AR AN N
Drawa by A. K. Lobeck — 2B .
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Figure 2. LATE-LOWER PERMIAN PALEOPHYSIOGRAPHY."

(Reprinted by permission ‘o
published by Jony Jemisel én!:n;r?mh".'l;ext,book of Geology”, Vol. II, by Charles Schuchert,

™ 3
dm.ke?esilz(l;nof) t?le ]seas shown on this map (the earlier invasions
Jarls EastemgN(:fth aﬁe-lovjver Permian, but the rising mountains came
tham at o e : Wenca, in the Appalachian area, stood higher then
Colorato, a_‘nd theqt;zr:’elzlm?i.oml\;?te also tl}e Ancestral Rocky Mountains of
The medial ridge through the Can:;:‘;s Slhx;eltiizh?s draw tog me i ates.
and the broken-lined area in California-Sono
also have extended there, T mes
The climate wag warm, arid
left much salt and gypsum

are in

and the seas of the Great Plains area

. in thei i - A
came just after the time of th heir withdrawal. The Permian ice age

Mountaine naa e time of this map and probably hefore the Appalachian
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From the above general analysis of Permian paleogeography the
following types of sedimentation would be expected. :

In eastern and northeastern Oklahoma the lands were areas
of erosion rather than deposition and hence the Permian is absent.

In the areas immediately bordering the mountain uplifts the
sediments should be dominantly clastic and the formations rel-
atively thick. o

In the central part of the State the deposits could be more
widespread with terrestrial material becoming ‘more dominant up-
ward. '

In the western, southwestern and northern parts of the State,
where the Permian seas persisted the longest and tended to rein-
vade, the deposits would show marine horizons well toward the
top of the system. The oscillatory character of the seas would
show as alternating deposits of marine and brackish or terrestrial
material. Dolomites with marine faunas would alternate with

clasties of brackish water or terrestrial origin.

In the extreme southwestern part of the State the marine con-
ditions would be more persistent. I

As the marine embayments from the southwest began to fill
in' with sediments towards the close of Permian time, saline and
gypsiferous deposits would become common in the isolated marine
lagoons and embayments (relic seas), and these deposits would
alternate with caleareous materials and clastics. The salt and
gypsum layers would be most important at the top of the result-
ing deposits. :

In general the Permian section shows marine conditions most
persistent in the western, northern and southwestern part of the
State, and least persistent eastward and northward. The sedi-
ments should thicken and become inereasingly elastie and less
calearcous toward the positive areas or uplifts.

In concluding the discussion of “he Permian of Oklahoma
there are several phases of the problem of sedimentation which
deserve special mention. These arc as follows: (a) the origin
of the red color and the stratigraphic and areal distribution of the
red beds contact; (b) the source of the Permian sediments; (¢) the
Pennsylvanian-Permian boundary; (d) and significance and origin
of the Anadarko Basin. ‘
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SPECIAL PROBLEMS OF THE UPPER PALEOZOIC FROM A
PALEOGEOGRAPHIC VIEWPOINT

THE ANCESTRAL ROCKY MOUNTAINS

A study of the appended paleogeographic maps shows that
t!u'oughout the entire Paleozoic the Great Plains region .was posi-
tive over a large part of its area; the seas flooding across its south-
ern end (western Texas) in the late Cambrian and early Ordovi-
cian and again in the upper Paleozoic during the Mississippian
(Chester time). During the early-middle Mississippian (Burling-
ton-Boone stage) and late Mississippian (Chester stage) a relatively
narrow strait extended across Siouis through the Panhandle re-
gion of Oklahoma and adjacent parts of Kansas and Colorado con-

necting the Cordilleran trough sea with that of the Mississippi
Valley. : :

Aside from these early and late Paleozoic invasions which only
covered a small part of Siouis; this more positive region, now
roughly marked by the Great Plains, was above water. Therefore,
the general Paleozoic section should be expected to be largely ab-
sent or poorly developed under the Great Plains with the excep-
tion of the above described sea invasions.

The Ancestral Rocky Mountains which have been described.
and studied by Willis T. Lee?® arose out of the east-central part of
this north-south trending land area during the latest Pennsylvan-
jan. These mountains were not composed of folded sediments ex-
cept locally, but represented an upwarped mass of pre-Cambrian
crystalline rocks, perhaps formed by underlying igneous intrusions.

Therefore the Ancestral Rocky Mountains which extended as a
crystalline backbone from western South Dakota well into the
Panhandle of Texas. were probably rather low, haphazardly dis-
tributed and rounded granite hills which did not supply an
abundant amount of sediment but had an important influence up-

on the development and distribution of Permian and late Paleozoic
seas.

The width of this late Paleozoic ridge is a matter which can
only be determined by a study of many well logs, probably the
ridge was relatively narrow (a few miles wide). In the Panhandle
region of Texas, the uplift is probably wider and extends into New
Mexico due to a northwestward trending fold representing the
continuation of the Arbuckle-Wichita uplift. ‘ o

In general, the upper Paleozoic sedimentary deposits should
overlap both from the Cordilleric geosyncline and the Ouachi-

28. Op. Cit.
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i | “thi he Permian sediments
taic embayment upon this land area. The . line
would be best developed over this ancestral ridge, being thin over

the top of the ridge and thick in both directions away from it.

it is to be noted that the main axis of the Ancestral Rocky
Mountains trends north-south and not northwes.t-sout}.)ea,s{ e(zis
some geologists believe. Subsurface evidence of this buruz,ldsant};
mass is already known for western Kansas, Nebraska, and Sou a
Dakota as well as the castern areas of Colorado, Wyoming, an
New Mexico.

i i ¥ '] to the Pan-
The relationship of the pre-Cambrian landmass ‘
handle oil production is already a matter of great mterglstz, a{;rlxld
this relationship should be considered in prospecting for oil.n the:
line of trend to the north.

. . . . . “ B . -: f\
! robable minor importance of this uplift as-a ‘so,l}rc‘? of:
sediggr?tg) for the late Pennsylvanian and Permian depois{lit::-.,h:si
already been noted. In seeking a source for sedlmentsbma. : %1 , t%'
a group of formations, too_much. emphasis must not be 1gw:min
any one area of erosion. The sediments represent mlategxi cder'mg'
from a number of different 100:1};&)1e:', evergmlr)llg (:Lt; . :Sn ) 0; muc%
i cas made its econtributions, 1
tg}:“eeag}'al(llggsee than others, depending upon the rate of e;-osmn

and transportation.

THE RED BEDS PROBLEM

i ¢ lated relative to the
e amount of literature has accumu
origiﬁ ]é?‘ gthe source of the material of the so-called red bei;ist.
This discussion does not attempt to offer any new th_eogles, u
" presents the problem from the paleogeographlc viewpoint.

i ‘ 9 the red beds, shows
al analysis of Twenhoefel®® on , .
thatﬁhgyern:;e compgsed of sand, silt, and sandy clay deposits w11:;1
interstratified beds of gypsum, salf, 1imes.tone,-a_nd dolomite (ot-
}c];ri very i)ure). The color is due to ferrie _ox1de ar'ld1 the quartz
grains are ‘generally coated with a film of this material.

' i i i ) rter than in
tity of iron oxides is not Jarge, no grea 1
non Eehf sgg?xgengs The weight of opinion ar;ld th% palfogeolgxzf:lpg;c
indi . i ts had the red color w -
evidence indicates that the sedimen C ¢ vhen, de-
i ' ited in a continental environm
posited. They were deposi n & continent, o wn by 2
. arid but not rigorously arid climate. D by
ﬁf(:(?tl :lf;t the deserts of today very often contain 1o, red sediments.

29. Twerthofel Willlam H., Treatise on Sedimentation: The Williams "Wllklnsv Co.,
p. 176, 1926. ‘
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Red soils are common today in upland regions where drainage
is good, thus allowing much oxidation due to rapid underground
water circulation. The iron is oxidized to the insoluble oxide and
remains with the soil, coloring it yellow, brown, or red. This is
well known in parts of the southern Appalachian Mountains and
also in the tropies. If the streams carry this colored material into
a dryer region the material retains its iron oxide without further
reduction and red beds deposits are formed. In other words, the
red beds sediments were formed during a period of more humid
climate and were deposited in a period of less humid climate. The

associated salt and gypsum beds also indicate arid conditions of
deposition.

The red beds of Oklahoma were probably formed on a nearly
flat land surface (wide extent of gypsum and lime beds) composed
of flat alluvial fans and deltas and river flood plains. River de-
position was probably very important.

The intercalated dolomite and limestone beds iﬁdicate inter-
mittent flooding of the adjacent seas over these flat land areas.

Twenhoefel®® states that in tropical and subtropical regions
where effective downward drainage of ground water causes oxida-
tion of the iron compounds, the red colors are common, but ‘this
feature is largely confined to hillsides which are not places of
stable deposition. Hence stable red sediments seldom accumulate

in the rain belt of the tropiecs or other warm and steadily moist
climates. . . :

Where wet seasons alternate with dry seasons each year, or
where red soils are carried out into more arid regions the red
colors are preserved and become a part of the final deposits.

Henece red sediments, if finally coming to rest at or near the
point of origin, are developed in a climate involving alternating
arid and moist conditions. If deposited elsewhere they represent
material carried from a more moist to a less moist area, a condi-
tior which limits reduction and encourages further oxidation.

Another phase of the red beds problem involves the changing
horizon at which the change to the red color appears. In cen-
“tral Oklahoma the latest Pennsylvanian is red, while northward
into Kansas the base of the red beds rises higher and higher in the
section, much -of the Permian in Kansas having a non-red color.
This condition indicates that the conditions necessary for red beds
deposition occurred at an earlier time in the central Oklahoma re-
gion and progressively later northward.

30. Op. cit, p. 547,
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i g ic Figure 2)

A study of the Permian paleogeoor"aphlc map ( ,

shows the following features: a constriction of the Oklahoma-

Kansas embayment between the Wichita and Ancestral Rocky

Mountain uplift with a spreading out of the embayment in north-
ern Oklahoma and Kansas.

he very close of the Pennsylvanian the conditions favor-
ablel}f)rt r(:ad b(ils deposits appeared in the central Oklahoma re-
gion. This paper cannot offer a possible mode of development in
the light of present meagre field evidence. The non‘-red 1_’erm1an
of Kansas is probably explained by the fact that this region :va§
a large interior embayment, as alrea(_iy_st?,tegi, and that 111101'1(:, {}11)
ical marine conditions prevailed. This is indicated not onyi y i
non-red color of the Permian, but also by the greater developmen
of limestone horizons. - :

i i f Xansas lens out

The faet that the Permian }1mestones 0 ] .
southward into the Oklahoma region and that the Permlanvl\;plﬁ-
stones of Texas also lens out northward towar.d_Oklahoma ( _ blcd-
ita-<“Albany’’ transition) indicates that conditions for- red beds
deposition were confined to the western half of Oklahoma and areas
to the north and southwest. - This suggests a broad, ﬂgt reglor'l
of deltaic character over which wgnd%rcd stge&ms ar}rd 1(;11\}7’01;0%3231&
ine material from the more humid slopes of the matur -
%;Iclﬁig-Arbuckle Mountains and t}llle low ?nﬁes?ralfR(l):anMs(zggq
i i i asin fro s
tains. Sediments were entering this grea (o

i t southwest into the Texas area

except where if opened out 5 h of the various sources
imestones). Just how important each o urces
?fug:dlilxﬁlentation) was can only be determined by much more de

. tailed field work.

pasi iti ] indicated on Figure 2,

basic conditions ho“.rever, as indica on. ] ‘

shourll‘(i1 ebe considered in (,:arry}ng on detaltled moxlltieslt}:gra;lt;og; bcrﬂ']:i

i jor Kansas sca restricted in western Oklahoma -

ofiin-- 13:)?{fts and the previously descrlb_efi del.talc condltlr(l)‘ns, opege

?ng %ut again into typical marine condltg)ns .111)1 \é\(esternd (?l}l{::éca‘;er

) i the distribution an .

factors which largely gpverned t : on

1:)}fle]?:rmiam gedimentations in the Mid-Continent region.

' i d gypsum beds in Avest-

tensive development of s_alt an [ ed : :

ern gllclfalfc}){xrfa js possibly explained by the delftalcalc‘zionrzdl‘?a(‘)&sr ;nf:E;rq\

egl ith the cutting off of large arecas of m \ )
It%%worilt‘g;t};ea. The ocecassional ﬂi)lodlr}llg o_f tthe:ea;ef}:afl 1{:3;:2 g)‘ﬁf
sea explains the thin intersir
ggfrexlr.likg ;rlllg t(.)llll;egource of the additional saline water necessary
)

to form such extensive deposits.
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PENNSYLVANIAN DELTAS

T.he Permian of Oklahoma largely represents exfensive deltaie
deposits formed from sediments coming from the rising lands to
the north, east, and south. The Pennsylvanian maps (Figures 17,

18, 19 and 20) show the progressive westward movement of the

shore line as the above land areas were developed. Naturally the
high Ouachita and Arbuckle Mountains to the south and southeast
were the most active sources of sediments; this is indicated by the
rapid inecrease in thickness and inereasing clastic character of the
sediments in this ‘general direction. The Pennsylvanian section
with its alternating series of clastics and limestones and coal beds
shows a typical deltaic physiography, Iong maintained, and over
which the geas frequently oscillated in their attempt to maintain
themselves against the rising lands.

CONCLUSIONS

- With the progressive westward movement of the shore line
it is suggested that the conditions most ideal for the development
and later preservation of oil deposits also migrated westward and
thus progressively into higher horizons. If there is a relationship
between shore lines and oil deposits does this offer an explanation
for the rough parallelism of the Penusylvanian oil pools in east-
central Oklahoma and the late Pennsylvanian and early Permian
0il pools in west-central Oklahoma? Ts it not logical to assume
that there is a definite relationship between physiographic condi-
tions and the development and the breservation of oil forming
organisms? If so, we have a practical application of paleogeog-

raphy. This has already been well stated by MeCoy3!,
—_—

31. McCoy, Alex W., A short sketch of the paleogeography ang historical geology of
the Mid-Continent ol district and its importance of petroleum geology : Bull, Am. Assoc. Pet.
Geol. Vol, 5, No. 5, pp. 541-584, 1921, -

Beede, J. ' W., The age of the Kansas-Oklahoma red beds:

. .5
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TFigure 3. TUPPER CAMBRTAN AND EARLY ORDOVICIAN. .z
No Proterozoic sediments,

from all known evidence; a time of erosion,
First Paleozoic invasion in u

pper Cambrian. Sea on this map of upper
Cambrian and basal Ordovician age-Beekmanto

wn (lowest Ordovician). A
transition with only slight tendency towards emergence bhetween upper
Cambrian and Beekmantown time.

Tand area in northwestern. Qklahoma a peneplained granite surface,
with much disintegrated arkosic material,

and no soil, plant or lang life.
Southwest Oklahoma a highland (exposed in eroded uplifts).

7

Nea in the State a moderately wide strait, opening out in Kansas and
extending as a strait through Texa,

NN \
NS XA
8 and westward (Sonoran Emba.yment).’ A >
FORMATIONS 5 |
Texas Oklahoma cotomavo < 16
Ellenberger Arbuckle limestone girg= = - -gﬁ'
Wilberns Arbuckle Mts. El comm P L
Cape Mountain Reagan sandstone Shﬁ/’\ o N,
B
Hickory sandstone [ Mazarn shale . <
Ouachita Mtas. Crystal Mountain sandstone
Collier shale »
Lower Ordovician dolomite or Siliceous lime of northern areas.
z
Figure 4. MIDDLE ORDOVICIAN, MOBAWKIAN-TRENTON-CHAZY. 3 <
Land mass Columbia (Llanoris covered Texas until Mississippian). - ; " |,
FORMATIONS R NI
Arbuckle Mts. Ouachita Mts. NN :(
Trenton-Viola , (Transitional) -
Chazy-Simpson Big Fork chert . . s
Unconformity ‘Womble schistose sandstone . - T '—':‘T\""" 2 "3 " h%
Emergence at close of Arbuckle time Blakely sandstone i 5-59"3‘“ = ] [ o] amanr wav LY penant oot enpe 1234 8
Unconformity ,_-.l\p{\l.: ,ﬂ, e | /:—E;\_,% - - _/ -
Northeastern Oklahoma B )
St. Peter-basal Tyner dolomite, sandstone and shale of Kansas border. °
<
Figure 5. TTPPER ORDOVICTAN, EARLY RICHMOND.
After Ellenberger time Texas was a land area until the Mississippian.
Probably erosion on Kansas border. w
FORMATIONS -
Arbuckie Mts. Ouachita Mts.
Basdl Sylvan

Polk Creek Shale &ﬁ@ , §§Wﬂ§$§‘\‘&\‘
‘ : . R V- T
Ubber part of Towor it AN

iRy
LI
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Figure 6. UPPER ORDOVICIAN, LATE RICHMOND. b\ R / ,
. . 24 N ! 7
FORMATIONS Py . s
Arbuckle Mts.—Probably most of Sylvan. et 3
Ouachita Mts.—Probably most of Polk Creek shale (except base), and o 4 I
probably most of Tyner (except base).
Clastfcs of Kansas border.

COLORADD

Figure 7. LOWER SILURIAN.

Map shows sea in early Alexandrian (BEdgewood) time.

FORMATIONS

Probably northeastern develo
some portion of middle Talihina

pment of Blaylock sandstone and probably
in the Ouachita Mts.

Figure 8. EARLY SILURIAN, A_LEXANDRIAN—BRASSFIELD-CLINTON-
EARLY NIAGARAN.

FORMATIONS

. Arbuckle Mts.—Unconformity,

Chimneyhill limestone (transijtional) and
Henryhouse limestone with a sea

oscillation not indicated.

QOuachita Mts.—Missouri Mountain slate and upper and middle Talihina.

Kansas border.—Dolomlte, sandstone and shale.

NEW MEXICO |

Northeastern Oklahoma.-—Probably most of St. Clair marble.
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apen
“Cimammon

Figure 9. MIDDLE SILURIAN, LOCKPORT (LATE NIAGARAN).

Okla,homa, eroding during upper Silurian. Map shows. retreat of Niagaran
sea in this region.

FORMATIONS
Quachita Mts.—Probably upper bart of St. Clair marble, Dpossibly some

of the Talihina chert (upper-middle), also possible upper part of the
Missouri Mountain slate.

Figure 10. EARLY DEVONIAN, ONANDAGIAN-ORISKANY-HELDER. coronnno
BERGIAN. P

s

FORMATIONS

NEW MEXICO
o e

Arbuckle Mts.—Bois 'd Arc limestone, Haragan shale (marl).

Ouachita Mts.—Probably basal part of Arkansas novaculite, and lower-
upper Talihina chert, followed by the retreat of the sea to the northeast-
ern corner of the State and out, probably preceeded by an unconformity ‘of
small extent. Middle Devonian sandstone of northeastern Oklahoma may

represent the retreating phase of this sea, which is indicated in part on
the next map.

Figure 11. LATE DEVONIAN.
A general retreat of the sea from Oklahoma after early Devonian and

no further invasion until the period of transition from the Devonian into
the Mississipplan.

This map shows this middle Devonian retreat and may represent the "'IIO_:E‘:.D:J . ""“1 -
deposition, in part, of the middle Devonian sandstone of the northeastern g’ ) ;JFKJI.
part of the State, and possibly the opening phases of the Chattanooga B

shale time. ’

A break may show for the above hiatus in the middle of the Arkansas :
novaculite and in the upper part of the Talihina chert. Note the break L
at the base of the Chattanooga.
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Figure 12. EARLIEST MISSISSIPPIAN -KINDERHOOK, ' 7 g

ayn Traas

cimannon pof S Beavan
At this time the Arbuckle region may have been partially isolated by ] o ' uadaa
'} her areas of the adjoining seas, due to the = y

xXico

o
ey

Mountains. Hence the 1
the Arbuckles might sh
and sediments.

aqarne .
Nl e | e
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FORMATIONS

Arbuckle Mts.—Possibly the de
opening phases of the Sycamore too

pogition of the Woodford chert and the
k place at the time indicated in this map,

ks
S A N
Ouachita Mts.—The closing phases of the Arkansag novaculite, Talihing 2 Gt ol bny
chert and possibly the opening phases of the Stanley shale.

. A D7

Note: The Chattanocoga of northeastern Oklahoma which has uncon-
formities above and below may represent deposition in the northeastern P —
basin of Figure 11 (latest Devonian), ' T

~

L
Figure 13 BARLY-MIDDLE MISSISSIPPIAN, BURLINGTON-OSAGE. ==
. BOONE. :

3 ) R X
Texas.—For the first time since the close <

Paleozoic seas invaded Texas from the west (Sonoran Embayment) and o

laid down the Boone limestone in western and central Texas. During thé

intervening time the landmass Columbis (Lla.nox'ls) had covered the Texas e
region.

©| s
ale

of the lower Ordovician the \

SN

Kansas.—The portion of Kansas bordering Oklahoma, had probably " 5 Kb B N

been eroding since the Jate Silurian, or at least the middle Devonian and ol ,_,\\" Y

the seas again covered the region in Boone times. s .,~. ""‘\(;.»
T - e

Sycamore limestone (especially the S

the lowest Caney shale were deposited at

as perhaps a continuous area, of deposition

S. In the Ouachita Mts. much or all the — Cotomago,

The Boone limestone of northeastern Okla-.

homa—a retreat of the seas toward the close of Boone time, for which see

next map (Fig. 14). This explains the break at the top of the Boone, and there

should be a break somewhere near the top of the Caney shale.

e

Figure 14, LATE-MIDDLE MISSISSIPPIAN.

Emergence at the cloge of Boone—Burlington-Madison-Osage time,

This map shows the retreat of the seas to northeastern Oklahoma. Thisg
break shows at the top of the Boone and should show somewhere towards
the bottom of the Caney. (Seec Boone of Oklahoma. and Texas). Youngest T3 R P o
Boone should be in northeastern Qklahoma and adjoining areas, \

The Arbhckl‘e region remained as a low delta sub
vasion by late Mississippian (Chester) seas—next map,

phases of the Stanley may be represented, and the br.
bottom of Mooreflield shale,

Oklahoma.—Probably much of the
upper part) and perhaps some of
this time. The Arbuckle region w
from Wiodford into Caney time
Stanley shale is represented.

uagn

NMI"

Frrssuas

-3
ronrotec.

jeet to partial rein- iy ans B v
Fig. 15. The latest

: eak at the top angd )
etc.,, of Kansas may represent this retreat.
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New Mexico |

Figure 15. LATE MISSISSIPPIAN, CHESTER..

A reinvasion after the retreat at the close of Boone-Burlington-Osagev
times. This retreat was shown by the break at the top of Boone—lower
Jackfork, ete. ) ’

FORMATIONS

Texas.—Barnett shale with unconformities above and below due to Boone
and Chester retreats.

Oklahoma.—Much of the lower part of the Caney.

Kansas.~Pitkin, Fayetteville, and Batesville. Break at the top 6f the
Pitkin limestone and top of Barnett shale indicates the Chester retreat; also
lower Jackfork may be here.

e §
Figure 16. LATE (close) MISSISSIPPIAN. "

Break at top of Barnett shale (Chester of Texas) and Pitkin (top .of
Chester in Kansas) shows this reti

‘eat. Probably break at top of Caney
somewhere (relationship to Glenn formation?) '

This map shows opening phases of Pottsville invasion and close of -
Mississippian-basal Morrow. Perhaps much of lower Jackfork and top of
Caney represented.
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Figure 17. BEARLY PENNSYLVANIAN, POTTSVILLE.

R

FORMATIONS

[x

Texas.—Smithwick shale and marble Falls limestone,

COLORADOD

Oklahoma.—Basal Glenn and Ha

rtshorne sandstone, Atoka formation and Sl conton »
Wapanucka limestone. o E'!.\ﬁ
Morrow—lower Winslow and lower Cherckee, .

‘!‘ » £ “‘ £y “, : . <
Perhaps more or less of upper Jackfork of Ouachita Mountains.
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TFigure 18. LATE-LOWER PENNSYLVANIAN, ALLEGHENY. 3
FORMATIONS.
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Texas.—Strawn-Ca.nyon, Brad, Caddo Creek, and Grayford.

Oklahoma.—Most of Glenn, except probably the basal part; Seminole,
Holdenville, Wewoka, Wetumka, Calvin, Sonora, Stuart, Thurman, Boggy,
Savanna, and McAlester.
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Top formations shoyv westward retreat of the
shore, ‘ '
Northwestern Oklahoma.—Altamont, Bandera, Pawnee, Labette, Fort
Scott, and Cherokee (middle and upper).
Figure 19.

EARLY-UPPER PENNSYLVANIAN s CONEMAUGH.

Arbuckles_ and Ouachitas now well elevated. Ouachitas elevated about
the end of Boggy time and the Arbuckles about t

he end of Seminole time. —£oLorape £ e
Shore line pushed west. 8 * G
. . E r » D \ »
FORMATIONS, T ’ - ooy
. x; [Amany o
Texas.—Cisco, lower and middie. 3 )
< > scatoran |
E-C Okahoma.—Vamoosa, Ada, and Francis. WS ~
\ N g uAwn| .I
Oklahoma Kansas ) : ey
Pawhuska, Shawnee w 3 SN > R i<
Elgin Douglass 2 S =T H
Nelagony Lansing - \ IR \ N 1S Y
Ochelata, (Bristow Tola-Chanute MU ey : i
[ Dewey Drum NN 1% l
Drum { Nellie Bly Cherryvale Y s 23 & fie
Hogshooter Winterset i A, -
Coffeyville Galesburg ) N i a s _
Lenapah Bethany TFalls « A " < H
Nowata Ladore N \ z .
Hertha s
Dudley e
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Figure 20. LATE PENNSYLVA,NIAN, MONONGAHELA. \ R N i 1
FORMATIONS. < R 3 =)
Texas Oklahoma Oklahema and Kansas " 3 \ NN : ._il
Upper Cisco Pontotoc group Neva and Eskridge i N . > 7 Py WE '.<
Putnam R * N
Moran Elmdale . \ N R A e
Pueblo Sand Creek-Waubansee D
Harpersville Buck Creek
Thritty
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Figure 21. PERMIAN (Lower Permian of Europe).
FORMATIONS
Texas Oklahoma - Kansas
Double Mountain Asher-Quartermaster Sumner
Clearfork Cloud Chief Chase
Wichlta-A]bany Woodward Council Grove
Blaine
Enid
Wichita

Figure 22. TRIASSIC (very latest).

Oklahoma, undergoing erosion. 'Some terrestial Triassic in the Pan-

handle. Dokum of Texas and red beds of Panhandle.

Figure 23, JURASSIC.

Terrestial and perhaps marine of Logan Sea (upper).
Developed in New Mexico, and in possible area in the Panhandle.
See maps of North America.,
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Figure 2. COMANCHEAN (early). TRINITY TIME.

FORMATIONS.

Texas’
Paluxy-Trinity
Glen Rose
Travis Peak

Kootenai of northwest

Figure 25. COMANCHEAN (middle). FREDRICKSBURG.

FORMATIONS.
Texasg
Edwards Lakota of northwest
Comanche Peak Knoxville of California
Walnut

Figure 26. COMANCHEAN (late). WASHITA GROUP.‘

Texas
Denison-Preston
Fort Worth
Duck Creek
Kiamichia,

FORMATIONS.
Oklahoma
Bennington FFusion of Black Hills
Bokchito Horsetown of California,
Caddo (upper Shastan)
Kiamichia

Purgatoire of Colorado
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Figure 27. CRETACEOUS (lower), BASAL GULF SERIES.

FORMATIONS.
Texas
Brownstone marl
Blossom sand

Eagle Ford
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Figure 28, CRETACEOUS (middle).

FORMATIONS.

. MNEW MExIcO

Texas
Taylor )
Marlbrook

Austin Annona

Figure 29. CRETACEOUS (late).
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Texas

B - h.-—v-
2 ox
B orfe
: g T [ ela
< s

3

ENTUTINN
NG

® — -

Arkadelphia

pravAm

Navarro Nacatoch

& cugrtn | arayovan | g
g oupvaer e
®
ue. INTg B f
waour > Bed|
ey L 7 L d
3 el s, o-ul
A ) myrosuna |dativ 1<
IS sontatoe -
cond
A
. Ja
\ b
ST &
o
A ® - <
" A A 8 _ —d
B 9 e E
o . |
] b
, TN s b 0, P §
. OGS |, phira Pl B ~ 8
_ .\ \ 7 L S
N . \ ngbend WS
noml 2 .
A BRED n o s
=i

ey
VARG

£y

v A
dnant) 2550

noadgwue L\ cosren
—
®
wagmr)
(o o
w
N
el Hiowa
V[
i 4 Fomane:
Jncnin -
LBCIO

| woforan |y
Meos
I > iz
- i
7L pitieiae |dAp
X <
eonrotoe - 3
coad
i N x
10%, J }
]
Iz ~ <
A s —_
I
y sl
vemoedi el o 2L 8
B
" i a
axhe frAwaTy
LeA wi an. . -GQ'\
cresn vha oty
N

oot
o] g sne e 17—
oraforan {4

ouguanad o
10 7 |
. 0 ‘
vhanp nag |
x
— :uwn‘”‘ A |
s |3 O
£ coos - L !
Prrrasune |A2yeRy i€
e i
" [ronrotoe. = > 1
= con) < i
P, D P ‘T/“-S
avauy | &
wb [ 53 | »
ouket
- RS Ly <
‘ Y
n uocTal
uaniion )
e P o
& <
A, n?, N



66

L oromApo
ayer
cnaton

THE UPPER PALEOZOIC ROCKS OF OKLAHOMA

e

NEW_MELXI
¥ pexico
I

Figure 30.

Fitesvas

et
ranTOtOC

TERTIARY.

A S o
4 el 1 §
TR
Yoy At ] B L; -
\:} e r.A
i IO Tarde B
o [ ~
AN 2 et ¢
. R onhy coreied, |
- e 1nTQ 3
Febos q
& A L e
o Lo P\

R <

Rising of ancestral Rockies through eastern New Mexico. A north-south
elevation of the reglon in late Tertiary.

FORMATIONS

Eocene of Texas
Jackson

Yega

Cook Mountain
Mount Selman
‘Wilcox formation
Midway -

Oklahoma
_Pliocene-basalt of Black
Grandfield conglomerate
of central and southern
Oklahoma (Quachitas).

Pleistocene

Seymour of Texas

' Beaumont clay

Gertie sand of Oklahoma

Mesa,



