This volume is the property of the University, but the literary rights of the author are a separate
property and must be respected. Passages must not be copied or closely paraphrased without the pre-
vious written consent of the author. If the reader obtains any assistance from this volume, he must give
proper credit in his own work.

A library which borrows this thesis for use by its patrons is expected to secure the signature of
each user.

This thesis by Pierce Larkin has been used by the
following persons, whose signatures attest their acceptance of the above restrictions.

NAME AND ADDRESS DATE



A PIiGLIKINARY REPORT ON THE
CRETACLZOUS OF OKLAHOUA

A THESIS
submitted in part fulfillment
of the requirements for the degree of
Bachelor of Arts in Geology
by
PIBFCE LR

" ana
apérovad by
Chﬁ’o We Gould

Professor of Geology

~ University of Oklahonma

e \ 1909



INTRODUCLION.

Location and Extent

The Cretaceous formations discussed
in this paper ocoupy an area roughly
rectangular in outline in the southeastern
part of Oklahoma along the Hed River. The
regibn is limited on the north by the
Ouachita and Arbuckle lountains. T%The.
Arkansas~Oklahoma state boundary line forms
the eastern limit and on the west the area
extends slightly beyond the main line of
the Atbhison, Topeka and Santa FPe Rall-
road.

This strip of country is roughly one
degree of latitude in width and three
degrees of longitude in length. The thirty=-
forth parallel passes a little south of the
1
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center of the region, while the meridian

of ninetyfour degrees thirty minutes limits
it on the east. iicre exactly it might be
gaid that the area is about fifty miles

wide north and south and about two hundred
miles long. The whole of Bryan, Marshall
and Choctaw Counties lie within it. Those
counties which are partly within the region
are Love, Carter, Johnson, Atoka, Pushmataha

and McCurtain.

Historical Sketch.

The éarliest Geographical and
Geological history of our state is
intimately connected with the Red River
region. This may be due to at least two
causes, first, the fact that the Red River
was a National Boundary between French and

Spanish possessions in America, and later
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. between Spain and the United States, then
between Texas and the United States. The
second cause for this interest in this
stream was largely scientific, an attempt
to reach its head waters. A number of
expeditions were sent out by the Federal
Government for this purpose. Strange as it

| may seem, it took these"pioneers of sciencé
nearly fifty years to find the object of
their search, for no less than three fruit-
less attempts were made during this time,
each of which added something of value to
the early knoiledge of the country.

The first investigationsin the region
were carried on by thé Spaniar§s. Baron
Frederick Henrich Alexander Von Humboldt
was employed by the government of Spain
from 1799 to 1804 to make a study of the
geography and natural history of their

possessions in America. The geology of
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southern Oklahoma was not included in his
report. He did not visit the Red River in
person, but derived some knowledge of it
from Spanish army officers. From informa-
tion thus gained he made the first map of
this region and its adjoining territory.

It is said that a glance at this early map
is enough to satisfy any one that the author
did not take time to examine the country
himself.

An Englishman, William Kenedy was the
next man of any importance to mention this
part of the country in scientific reports.
He was sent, in 1836, on a diplomatic
mission to Texas and while there wrote a two
hundred~page book on the Geography of that
state. He also made a map which included
the Red River country and which was quite
an improvement on the one made by Von
Humboldt thirty years before. |

4
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Thisg report was'fo}l wed in 1841 by a
map compiled by Mrfsgi;Zhag;f% a German
emigrant agent. His work was\superior to
that of the other two.

The first and in some respécts the best
Geological research that has been done on
the Cretaceous along the Red River was
accomplished by Dr. Ferdinand Von Roemer who
came from Germany in 1845 and spent two
years studying the Geology of Texas. He
was espeeiaiiy interested in the Cretaceous
formations of that state and adjoining
territory, but he also spent some time on
the Tertiary formations of the region. Upmm
his return to Europe he wrote an account of
his work entitled "Die Kreidebildungen Von
Texas und ihre Finschlusse. Mit einem die
Beschreibung von Veisteinerungen aus

Palaozoischen und Tertiaren Schichten

enthaltenden Anhange und mit II von C. Hohe
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nach der Nature auf Stein gezeichneten
Tafelm} printed at Bonn, by Adolp HMarcus,
1852.

Dr. Rdemer's work constituted the last
studies of any importance done by foreign
students in southern Oklahoma and northern
Texas. Shortly after the publication of
his report in 1852, Texas organized a State
Geological Survey and, as is usually the
case among state surveys, investigations
were pushed beyond the state borders into
southern Oklahoma. But before this and
other geological surveys of Texas are
discussed it might be interesting to note
what the Federal Government had been doing
towards the exploration of the region up
to this time.

After the acquisition of the Louisana
~Territory the Red River or the height of
6




land south of it became the bhoundary between
Spanish and American possessions from the
ninetyforth to the one hundredth meridian.
The United States became vitally interested
at once and MajorPike was sent out in 1806
to follow the Arkansas River to its source
and then to cross over to the headwaters of
the Red River and descend that siream to
Hatchitoches. Unfortunaiely he mistook the
Rio Grande for the Red River and‘while
descending that stream was captured by the
Spaniards near Santa Fe.

In 1807 Lieutenant Freeman was sent
to explore the Eed River but was also
captured by the Spanish near Childress Texas.
Another exploring expedition under Major
Long was sent cut in 1819 by way of the
Arkansas to its headwaters for the purpose

of descending the Red River. This party




missed the Red River as Major Plke had done
but descended the South Canadian instead of
the Rio Grande.

It was not until 1852 that a wullvoquip-
ed exploring expedition finally made its way
to the headwaters of the Red River. Capta

R. B. Marcy was iﬁ command with Captain
George B. Mcllellan as assistant, Dr. G. G.
Shumard accompanied the expedition as

 peologist. The party came into Oklahoma by
way of ¥t. Smith Arkansas and first met
with Cretaéeous rocks at ¥t. Washita, now
a mass of ruina on a high bluff overlooking
the Washita River in Johnson County. This
party in some respécts did the best
geographical work that had been done up to
that time and numerous specimens of the :
Flora and Fauna of the region were collect~
ed and taken east when the éxpedition

8
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returned. Dr. Shumard madeé several mistakes
which are excusable considering the fact
that his studies were carried on hurriedly.
The unconformity between the upper and lower
Cretaceous he placed'between the
Fredericksburg and Washita divisions. He
mistook the S1lo formation for Tertiary and
failled to recognize the Red River ¥ault
Zone.

In 1852 and 1883 Mr, Julius Marcou was
geologist in Major Whipples party which
surveyed the thirtyfifth parellel. Marcou
devoted some time to the study of the
Cretaceous formations of Oklahoma. It is
unfortunate however that he quarreled with
the Secretary of War who demanded his notes
and gave them to Mr., W. P. Blake tc be
written up. Marcou's chief error regarding
, the Cretaceous was somewhat similar to
Shumard's in placing the Washita in the

‘>tac¢ous.




In 1858 Dr. Shumard was appointed Staute
Geologist of Texas and began the study of the
rocks in the vicinity of the Red River;
before he could make any extended
investigations in the region, the Civil War
broke out, The Capital at Austin Texus was
converted into an Afmory and percussion caps
for Confederate guné were manufectured in
his»otfice. He went to St,., Louis and
remained there till after the war but never
returned to Texas. A few of his notes were
published after his death but they throw
little or no light on the region in guestion.

In 1867 Texas again organized s State
Geological Survey with John W. Glenn,

State Geologist. Mr. Glenn resigned in 1874
and Dr. S. B. Bugkley who was assistant
geologist under Dr. Shumard was appointed

in his place. This is popularly known as

| \ 10




the Glenn-Buckley Survey. The work
accomplished by this survey had very little
material value éspeoially for southern
Oklahoma.

¥r. Robert T. Hill has probably done
more work on the Cretaceous of the Lied i.dver
region than any other man, unless ir. Joseph
Taff may be considered his equal in this
respect. DBoth of these men worked on the
State Geological Survey of Texas. Later
they made special studies of variocus parts
of the Red River region for the Federal
Government. Hill's, report on the Black
and Grand Prairies is one of the notable
publications which resulted from this woerk.
Two folios, the Atoka and the Tishimingo,
published by the United States Geological
Survey each containing large areas of

11




Cretacecus rocks, were worked out by ir.
Taff. i

This is a brief account of over a century
of investigutions in the vicinity of the
Red River and the region occupied by'
Cretaceous rocks in the state. Since
Oklahoma has been admitted into the union
the Oklahoma Geological Survey has had
several men at various times working on the
Cretaceous formations of this and adjoining
states, examining carefully their egonomic
resources and collecting material for
& more thorough report than has as yet

been made.

12
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PHYSIOGRAPHY.

Drainage

The region is well drained and owing
to the character of some of its rocks
abundant water is supplied to keep strong
currents flowing continually in all of the
larger atréams. Some of the formations
are composed almost entirely of sand and
as the rainfall of the country averages
more than forty inches, the water level stands
rather near the surface, so that springs
occur along every amall ecreek that has
succeeded in cutting its channel deep
enough to reach the ground water,

The streams of the region may be
divided into three groups: Those that
rise on the High Plains to the west, those
that head in the Ouachita and Arbuckle




Mountains, and those whose sources are
within the area occupied by the Cretaceous
rocks. Red River and Washita belong to
the first class. Those which helong to the
secondelass are Blue Eiver, Boggy Creek,
Kianmichi River and Li§t1e River. To the
third class belong a number of smaller
and less important streams which are too
numerous to be mentioned but all of which
rise in the Cretaceous rocks.

The Red River rises on the High
Plains of western Texas and flows east
forming the.southern_boundary of
Oklahoma. This river has had a greater
influence on the topography and physiograply
of this area than any other stream. Its
valley is broadly U shaped. 1In the
eastern part of the state the channel
meanders back and forth apparently engaged
in broadening the valley rather than cutting

it deeper.
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The counties of this region bordering oﬁ
the river are Love, ilarshall, Bryan,
Choctaw and McCurtain. Along the southern
border of the latter county the Red River
takes on the unmistakable evidence of

old age.

The Washita River rises on the High
Plains of the Panhandle of Texas and flows
southeast across the western part of
Oklahoma. It cuts a gorge through the
heart of the Arbuckle lountains, and afier
leaving them crosses Cretaceous formations
for about fifty miles to join the Red
River. The Wabhita does not receive any
tributaries of importance from the
Cretacecus. Its course after it first
reaches these formations is roughly with
the strike of the rocks. The Cretaceous
rocks however are not sufficiently

magssive

\aoriously with a



stream as large as the Washita and after
it turns south cuts acrogs the strike at
almost right angles. The channel of the
Washita differs from that of the Red Hiver
in that it is not choked by sand and is
engaged more in cutﬁing dowﬁward.

Blue River and Boggy Creek rise in

oad

the Arbuckle ifountains and flow in a

%]

general southeasterly direction across
the Cretacecus fnrmations tc the Red River.
Both carry cladr pure water and furnish a
eonatﬂnﬁ ﬂuﬂpﬁﬁi It ié fram tne former
that the City of Durant gets its water.

The Kiamitlia River rises in the
Ouachita Mountains in western Arkansas
and flows southwest untlil it reaches the
Cretaceous formation when it changes its

course and flows southeast and becomes

a tributary of the Red River. It has a
17
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broad deep channel and can be forded only
at but few points and then only during
low water.

| Little River rises in the Xianitia
Mountains, a range of the Ouachita in
La Flore County, and like the Wiamitia
River takes a general southwesterly course
until it reaches the Cretaceous formations.
This stream however differs in two ways
from the others mentioned. First it
does not croas’the Cretaceous formations
in Oklahoma but flews around the end of
the Goodland TLimestone in Arkansas and
enters the Red Hiver tn that state.
Again, after it crosses the Trinity
formation of the Cretaceous it becomes
unmistakably a strike stream. TFor forty
miles it is compelled to flow due east

along the base of the Goodland Limestone




and turns southward as noted above only
when it has flowed around the end of this
formation. Little River is the only
gtream of this area that seems to have
"been affected parmanently by the
arrangement of rock strata of the region.
All of the other rivers and crecks, some
of them much smaller and much less
important, have been able to cut thcir'wmy'
across the general slope of the country.
This stream has a broad deep channel that
is fordable loecally only at low water.

Stream Piracy.

The geological conditions of the regiom
are of a nature that would tend to foster
stream piracy. There is a number of alter-
natihg resistant and non-resistant

ledges across which the streams of the

19




region flow. If for any reason the Red
River should begin deepening its channel
rather rapidly there would doubtless

be some important and interesting re-
adjustment of the drainage of the region.
Boggy Creek is already gncroaching on

the Blue River and has sent out a strike
branch- Caney Creek=- which is thrcatening
Blue River. The Fiamitia also has some
strike strecams which seem to be developing
rapidly because of the softness of the
rocks through which they flow. NXo

direct evidence bearing on the subject
was observed but judging from conditions
there can be but little doubt that the
western part of Little River is a
diverted stream. Numerous gravel beds

in the vicinity of Garvin in MeCurtain

20




County show from their composition that
the nmaterial was derived from the Ouachita
lfountains and that they are not of the
character which the Red River deposited

a little further south. At the time these
gravels were laid down some stiream must
have been entering the Ked River not far
gsouth of this point. Similar gravel
deposits also occur high on the divide
south of Little River opposite the mouth
of Mountain ¥ork indicating that a stream
occuping approximately its position
crossed the divide at this point. Since
these deposits were laid down these
streams have been beheaded by a westward-

working strike stream from Arkansas.

Oxbow Lakes.
The topography along the Red Kiver
21




throughout most of its course in this
region is nearing maturity. 7This is
@aspecially true in Choctaw and MeCurtain
Counties. The river meanders considerably
in its broad flood plain and has already
formed numerous oxbow lakes. The depths
of these lakes vary probably none of them
exceed thirty feet. In some instances
these bodies of water have been partiy
filled with sediment carried down by
erecks which flow into them. In .such
gases swamps choked with heavy growths
of plant life are formed. A few of these
lakes are out on the bhorder of the
present flood plain or in the lower part
of the first terrace above and are now &t
such an elevation that the river does
not flow through them in time of flood.
e
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Soubuck L&ké lyins u few miles southwest
of'ﬁugo in Choctaw County belongs to
this class. The analysis of a sample

of water from thig lake shows the
following results:
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diver Terruceg.

Along the Red Hiver there are at least
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three and sometimes four distinect river
terraces with possible traces of others
which have been almost obliterated by
erosion. These terraces may be divided
into two classes, low-lying alluvium
terraces and high gravel terraces. One
or more of these are always present.

The higher-lying terraces are composed
of sand and course gravel with large water-
worn pebbles, altogether different from any-
thing that the river is carrying now.
Certain pebbles in these clastic formations
below the mouth of the Washita River
obviously came from the granites and
~limestones of the Arbuckle Mountains. Above
the mouth of the Washita, the debris is
composed of material which bears unmistakable
evidence of having come from the high plains

region to the west. These terraces seem to
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diverge from the river as one goes eastward
in thé vicinity of Garvin and Idabel,
remmants of them appear on the divide
between Hed River and Little River,

The alluvium terraces are composed of
material similar to that which the river is
carrying at present. The lower ones
contain fine sandy loame with a deep rich
goil. Traces of the old river channel are
8till present in places occupied by marshes
or swamps as noted above or sometimes by
creeks which make their way into the river
by following the old channel at the foot
of one of the terraces.

Owing to the limited time devoted to
the Cretaceous it was nbt possible to make
a thorough systemic study of these formations,

and for two reasons no attempt was made
to corelate the various terraces. However,

caoh in the series in a given place seemed




to have a marked resemblance to the same
one in aﬁother locality, in so far .as
material and height above the present
channel are goncerned. The higﬁer terraces
present the greatest difficulty as they

are rather fragmental and are absent over
large areas. Further study however will
probably demonstrate that these terraces
bear‘definite relation to corresponding
periods of aggradation and degradation or
to periods of activity and inactivity while.

the stream was deepening its valley.

Prairies and Forests.

Some of the Cretaceous rocks are of
such a nature that timber grows readily on
s0ils formed from them, while other forma-
tions weather into a soil wholly unsuited
to forest growth. As these formations

outerop in broad bands across this part of




Oklahoma it follows that band-like strips
of forest and prairie will also be a feature
of the region. These conditions exist
throughout the area occupied by Cretaceous
rocks and consequently two great prairie
regions and two great timber regions extend
across Texas and southern Oklahoma. This
Teature of the region is so conspicious
that it was noted even before there was any
explanation for it; and the local terms
Last and West Cross Timbers were used and
afterwards found their way into the
geological literature of Texas and Oklzhoma.
Lying between the two timbered regions is
the Grand Prairie and east of the Hast
Cross Timbers is the Black Prairie. These
belts take roughly an east and west
direction in Oklahoma but in Texas their
trend is almost north and south. The

27
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direction in both atates corresponds to the
direction of strike of the rocks.

The Crand Prairie in Oklahoma consists
of about twentyfive hundred square miles of
territory lving in Love, Marshall, Bryan,
Choctaw and MeCurtain Counties. The soil
is heavy and black and not adapted to the
growth of trees except where there is very
abundant rainfall. It is typically a
limestone soil resulting from the weathering
and disintisration of lime and marly clay
formations. As the amount 6f-ra1nfall
increases eastward aeross this region one
would expect to find forest trees encroach-
ing on the prairie, this in faet occurs,
and causes,(together with a geological
factor which will be discussed later) the
prairie to become narrower eastward until
it diminighes in width from twenty miles

<8
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to a series of small prairies south of
Little River.

The Grand Prairie is broken in a
number of places by foregt areas which
grow in the alluvial deposits and connect
the Upper and Lower Cross Timber, thus
producing a disjointed effect which results
in isolating the varlous divisions of the
prairie. These lacal prairies were all
named by Hill, except the most easterly.
The prairie lying to the west of the
Washita is the Marietta, the one between
the Blue and fhe Washita is named the
Washita Prairie.. The Caddo Prairie lies
between Blue River and Boggy Creek. The
Goodland Prairie is between Boggy Creek
and Kiamichia River, and Littlie River
Prairie is between the stream which bears
that name and Kiamichi River. It is

29




proposed by the writer of this paper, that
the prairie lying south of Little River
and extending eastward to the Arkansas
line be called the Idabel Prairie. This
last named Prairie consists of a number
of glades in the Gulf Timber Belt which
extends into Oklahoma from Texas and Arkansas.
The other Prairies are less broken in
character.

The timber seems to be encroaching
slowly on the prairie. At Fort Towson
and several places east of that point the
trees surrounding these g}a&es are
usually young seldom showing a greater age
than fifty years. Sometimes a belt of this
timber a nmile or more in width will be
found pgrowing in places where there

probably was not moisture enough half a

century ago to support such vegetation.
30
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0ld ¥Fort lowson, now a mass of ruiné, was
built on a prairie wiith a wide view in all
diregtions but now il is shut in with a
forest of young oaks and hiigkories, some
have been cleared away Lo prepuare the land
for agriculture. Forest trees a foct in
diameter are now growing inside the

officers gquarters at the old fort.

GENEFAL DIVISIOES OF THE CEETACEOUS

The area of the Fed River Region of
Oklahoma is s0 small compared with the
deposits of Cretaceocus age in other parts
of the world thst it is necessary to make,
in a general way, a review of these
formations. The Cretaceous deposits of the
state are not sufficient to make au complete
section of the rocks of that period, and
one section requires the later overlying |

formations of Texas to complete it. From
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this it will be seen that our state
possesses only a part of the Cretaceous,
either Geographically or Geologically
considered, and that to make a complete
study of the rocks of this period we will
have to draw upon other states.

By considering Geological conditions
in America which gave rise to the various
deposits during Cretaceous times we find
that at the beginning of this period thére
was a general and widespread though
gradual warping of the central part of the
continent which was closely followed by the

encroachment of the waters of fhe Gulf
of liexico on the land. It was during this
time that the Trinity Sands were deposited
in Texas and Oklahoma, and the Horrison

Beds in Cimarron County and elsewhere along

33




the eastern slope of the Rocky Mountains.
At first the Ouachita Uplift and an
arm of land connecting it with the Central
Mineral Region of Texas held this onward
mavement of the sea in check but after
gome time the waters spread rapidly over
the western part of the state and extended
beyond its borders toward the Arctic
Ocean. This movement in Oklahoma was
largely from the west. The eastern limit
of the invasion is not known. The greater
part of deposits has been removed by
erosion until at present they occur only
in the western counties of the state.
The formations which were laid down in this
central region at this time are
comparatively thin and consist largely of

calcareous shale and impure limestone.
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In Texas and in the Red River Region of
Oklahoma the latter part of the formations
of this time are largely very pure
limestonesg. This is uéually referred to
as the Predricksburg group of the Cretaceous.
Following this there was a rather .
rapld withdrawal of the water from the
interiors of the continent with the
deposition of shale and impure limestone
in the southern pért of Oklahoma and
Texas corresponding in general, geograph-
ically to the outline of the region
occupied by the Trinity. These deposits
are called the Washita group of the
Cretaceous.
The retreat of the waters continued
until most of the deposits previously
made were subject to erosion making thus
an unconformity between these formations

35
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and those following. These deposits con-
stitute the Comanche series of the
Gkutaneeus. The unconformity ig very
general and this part of the period just
discussed is usually referred to as the
lower Cretaceous.

, The Gulf of Mexico again advanced and
gradually a larger area was submerged in
the central part of the Continent than at
the time of the first encroachment. The
waters at this time extended from the
western part of Gulf of Mexieo northward
to the mouth of the lackenszie River and
connected the Arctic Ocean with the
Atlantic by a Mediterranean Sea which
divided North America into two parts. While
this sea was forming an extensive deposit
was being laid down along its shores. The
Dakota Sandstone, as this formation is




usually called, is present in the
gorthvestarn part of Cimarron County.

The Silo Sand of southern Oklahoma and the
Voodbine of Texas are contemporaries of
the Dakota.

A long period of deposition followed,
but by referring to the chart it will be
seen that deposits did not occur to any
great extent in Oklahoma during this time.
A small portion of the southern part of
Marshall, Bryan and McCurtain Counties were
possibly under water’during a part of
this time. After this there were no more
Cretaceous rocks deposited in Oklahoma.

In several of the northwestern states however
as well as in Texas and along the

Atlantic and Gulf coasts there are extensive
deposits which were laid down at this

time and which are known as the Colorado
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Series, the Montana Series and the Laramie
Series. |
Following this there was a general
retreat of the sea from the interior and
along the borders of the Continent, and
the upper Cretaceous period was at an end.

THE TRINITY DIVISIoN
'Character and Hode of Deposition.

As noted elsewhere in this paper it
is a difficult matter to discuss the
Cretacecus rocks of Oklahoma without
touching upon those of this age in other
states. The Trinity Series of this period
were first studied in Texas where
it reaches its greatest development. A very

brief statement as to the character and

gtructure of rocks of this age in that
38
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state may not be out of place.

Mr.Robert T. Hill has refereed three
‘distinct formations of the lower Cretaceous
of Texas to the_Trinity geries. The
lowest of these is ofien referred to as
the Basal Sands or the Travis Pesk
formation. It consists of a series of sand-
gtones and conglomerates severl hundred feet
in thickness. Just above the Travis Peak
is the Glen Rose which is a calcareous
Iormatidn, consisting of limestones
interstratified with marly clays. Above
these beds is another sand, the Poluxy,
which is composed principally of cross-bedd-
ed pack sznd, and is the highest formation
of the Trinity.

Towafds the north the Glen Rose looses
its calcareous character and

changes




gradually into sand, until there is no
distinguishing characteristic by which it
can be separated from the Arenaceous
formations above and below. In regions
where these conditions predominate Mr. Hill
has called this formation the Antlers,
deriving the name from Antlers the county
seat of Pushmataha County, where the
formation 13 well developed. Mr, Taff of
the U. S. GCeological Survey and Mr. Branner
former State (eologist of Arkansas have
retained the term Trinity for the Basal
Sands of the Cretaceous in Oklahoma and
Arkansas and the term Antlers has not been
generally accepted. It appears that unless
this formation is composed of differentiated
snd mapable divisions it should be called
the Antlers, otherwise there will arise

confusion of ternms.




The Trinity Division of the Gretéceaua
in Oklahoma consists principally of more or
jess unindurated sand. There also is much
clay present which is usually guite
arenaceous. None of these sand and clay
members are continuous over large areas,
but are usually cross-bedded and
~1ntefstratitied‘with lenticular beds _
marely more then thirty Teet in thickness.
The sand often grades into clay in very
short distances and it is rare indeed that
one would be able to follow a ledge af
either sand or clay for more then a mile
without finding its character changed or
entirely altered. The grains of sand
of this formation are waler worn, and
during periods of continueéd wel weather
the entire area is more or lesa‘ﬂdggy.
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Besides these lentils of loose sand
and clay there are conglomerates at the
lbase, and indurated sandstones are scattered
‘at wide intervals throughout the formation.
The basal conglomerates are always composed
of fragments of older formations near at
hand. Xast of Atoka where the Trinity
lies upon the Jack Fork Sandstone there
are numerous deposits composed of rounded
fragments derived firom this formation.

West of Atoka these conglomerates are
composed of fragments of limestone or
granite accordingly as one finde them
near limestone or granite areas. The
heaviest deposits are in the region where

the Vashita River enters the Cretaceous

area. Along Boggy Creek and XKiamichi
42




River there are also abundant deposits of
poulders evidently brought down by these
streams or streams which corresponded
roughly to theze of the pregent.,

The indurated members of the Trinity
noted above are rather rare. They
usually consist of lentils of sandstones
gomented with iron. XHortheast of Caddo
thore is a rather hezyy ledge of this
character near the top of the Trinity.
Seuth of Atoka is another ledge and in
the viwinity of Antlers several such
indurated ledges occur. There are also
heavy lcdges of sandstone in the
Trinity northeast of darietta.

At only one place has limestone been
- reported from the Trinity in Cklahoma.
This =as said tc have been found in =a

well drilled at ¥adill, Marshall County,
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where a ledre féur,feet thick, three
hundred forty two feet below the surface
is said to have been encountered. There
arc two unsettled questions connected
with this however. in the firbt place
there is a question in the drillers
mind as to the exact nature of the rock;
and second i% is quite dirficuit to say
whether this ledge ig in the irinity
or in ﬁnderlying Carbuuifarous formations.
Every characteristic of the Trinity
would lead one to conclude that it was
depdsited near the shore. iIin the first
pluace its heterogencus composii.on shows
coenctantly changling conditions under
which it was laid down. If it had been
deposited in the dceper areas ol the sex
where changes were more gradual and less

frequent one would expect to find an




entirely different formation. A hori-
zontal shifting or a filling in of a few
feet in the brackish water areas along the
shore however would change materially the
character of the logal deposits while

such shifting further out would scarcely
eftact-ie61mantatien. There is no definite
break in the character of the formations
of thﬂvTrinity of Arkansas, Oklahoma and
Texas, except the (Glen Hiose Beds of the
latter state which indicaﬁe guiet water
throughout a long period of time, and
along with this a subsidence of the ocean
bottom to permit the collection of such

a great thickness of calcoareous material.
The gondition however, may be comnsidered
as local, and it evidently did not affect
the general shallow wiater conditions in

Oklahoma; for the contemporaneous beds




in our state show no trace of such
conditions, and-like the rest of the rocks
of this divisicn in Texas point to exact-
ly opposite conditions.

Another point which indicates
shallowness of water at the time that the
Trinity was being lald down is the presence
of both salt and gypsum. Neither of these
salts is as abundant in the Cretaceous
deposits of Oklahoma as in those of
Arkansas but they are not entirely wanting.
Gypsum often occurs in the water of the
Tripnity in smell quantities as is shown
by the znalysis of water from some of the
wells at Huro,0klahoma. There is also a
. salt spring which flows from near the top
of the Trinity four miles northeast of this
town, and several

other salt springs have been reported, it




is a well known fact that salt and gypsum
are both formed in brackish water areas.
So that there can be no doubt as to the
origin of these salts in the Trinity of
this state.

Another indication of the shore
depogition of the Trinity is the abundance
of lignitic and silicified wood found.

In a dozen or more places in this state
lignite has been reported from the Trinity.
Petrified wood is also very common. There
is no reason to believe that wood carried
out to sea was buried in the sediment
forming there. The timber which gave
rise to these formations either grew in
swamps along shore or else was washed
down by streams and buried in the sand
below the level of the water. Stumps

47




have been found in situ. Ancient swamps
nay :lsc'be traced by dark colored bitumin-
ous shales containing impure lignite, which
ogcur over areas of several square miles

in places.

The presence of dinosaur remains in
the Trinity is also a good indication of
the origin of these rocks. A single
bone, a coraccid has been found so far
in Oklahoma but remains of this nature
have been reported in Texas and Arkansas.
These dinosaurs were land animals which
may have frequented the shore, or their
carcases may have been carried down by
some stream and deposited in the sand at
its mouth. In no instance could they be
’aonaidared as animals which freguented

deep waters.
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Stratigraphié Relations.

There is an unconformity everywhere at
the base of the Trinity. In Love County
and part of Carter County this formation
rests upon rocks of supposed Permian age.
East of this it lies upon the Pennsylvanian
and in Johnson and Atoka Counties it rests
upon granite or rocks of the lower
Paleozolic. Still farther east for a few
miles 1£ again comes in contact with
formations of undoubted Pennsylvanian age.
From a few miles east of Atoka to the
Arkansas line the Trinity rests upon the
Jack Fork Sandstone the age of which is n
now thought ?o be Pennsylvanian. It
will he'seen»from this that the youngest
rocks upon which the Trinity rests are
of Permdan age and that there can be
no continuity of sedimentation between

the two A_Aions; in fact there is
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abundant evidence of unconformity. It
might be interesting to note in this
connection that near Caddo, Bryan County

at a distance of at least fifteen niles
from the point where granite is exposed

yon the surface granite\ﬁas encountered in
a well at a depth of about five hundred
feet. GHock of presumably Pennsylvanian

age was found at about the same depth at
Hadill, ¥arshall Cocunty, about twelve miles

from any outcrop of that formation.
Age of the Trinity.

The base of the Trinity of Oklahoma
may possibly represent a transition from
the Jurasic to the Cretaceous, as doc the
lower part of the Potomac Beds in the east
and the Horrison, Comoc or Kootenay

' formations in the northwest. This point




was suggested by Mr. Hill in his report on
Cretaceous, regarding the Trinity of
Arkansas but he possibly plsasces the
Potomac Bed: too high in the Cretaceous.
The coracoid of a dinosaur found well
towards the top of the Trinity near Caddo,
Oklahoma, gives rather conclusive evidence
to the fact that in point of age the upper
part of this formation, the Potémac Beds,
and the Morrison are all of approximately
the same age. Since the Morrison Beds
and the lower pari of the Potomac series
have been usually considered as
transitional formations the lower clays
and sands of the Trinity will undoubtedly
fall in the same class. So far no fossils
have been found in the lower Trinity in
Oklahoma so there is little or no direct
51




evidence on this point. Some fossils
found by Hill, in Arkansas appear to be
rather more nesrly Jurasic than
Cretaceous in age. Others in Texas

seem to indicate that the Tormation is

Cretaceous.

Thickness.

The thickness of the Irinity varies,
Alonz the line of the Frisce Hallroad
from Antlers to Goodland, Hill estimates it
to be about 1500 feet. 7This iz possibly
too great. A careful section tuken along
the line of thé Missouri, Kansas and '
Texas Railroad from Caddo to Atoks shows
8ix hundred sixty one fect of Trinity. The
dip however is so easily confused with
gross-bedding that poagibly this may be
only approximate. Wells mentioned above,
which were drilled
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several miles west of Caddo, and in the
vicinity of Durant, show this formation to
be about five hundred feet thick. The same
thickness holds good for the wells at
Madill. XNortheast of Marietta the forma-
tion is thinner than at any other pluace

8o far known in the state. It is not over
three hundred fifty feet thick in this loc
16cality. |

Section from Caddo to Atoka.

Fo.l, yellow clay with local lenses

of conglomerate containing

large waterworn boulders.......1l0 ft.
Fo,2, grayish yellow sandy clay

which grades downward through

mahy thin lentils of course,

waterworn and angular gravels..30 ft.

Ho.3, fine conglomerate in beds of
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No.10,

Eray sandy 0laYesesesccsscccsscsessld
yellow and brown pack SanNdeesess«10
Jolliow sanlly ClaYeccssoscssnnsssell
gray sandy clay with

yellow Btreakdeccscssssccoscnsessdl
Hiatus, bottom landecceseessecae 80
yellow clay sireaked with red

and containing lenscs of

gray indurated sandston€.cscecee.40
grayish yellow c¢lay, sandy

Bt the DABG.cscestecsasocrinssnselD
reddish yellow sand in

Batrix of layeccesccscnoncscsases20
hiatus, valley qf Davis and

BOREY Crodkecsassssssssiosncesass8D
grayish white 88NAesvecsssssssesell
blue arenacecus clay

streaked wiih yellow.............lQ

reddish yellow sand cross bedded.lz

ft.

Tt.

: i

e,

ft.

ft.
ft.

ft.



Ho.l5,

30. 16 ]

Ho.17,

Ho.18,

Hatlg 9

Ho.20,
¥0.21,

Ho.22,

grayish blue sand with

Slay MAtriXccosssosssensssecoressil Tt,
green colored arenaceous clay....22 @
pack sand reddish brown with

iron stone concretions

at the DaABCicssessccresessssssess & i,
grayish yellow clay red in

places and containing

occassional lenses of sand.......32 ft.
blue arenaceous clay with

lenses of white sand.ceeecesseeass10 £t.
yellow pack BaNlesscccossesssscssil Tt
yellow clay changing into white

sand, much cross-bedded then

into yellow sand in matrix of

fine yellow c¢lay in one of which

was found the dinosszurian
coracaid........................}éo ft.

yellow clay arenacecus
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Ho.23,

Ho.24,

No.25,

Ro.26,

Ho.27,

SR PIABRP s unvssvenunisansssnsivil T4,
arenaceous clay grayish yellow

clay iron stone concretions

BIRRE BAER 3% cncovicsnnacensil T2,
reddish gray sand unidentified

with species of gryphaea and

BESFOls chnnsosvainsnssssscsnsensrin TL,
grayish yellow sand in matrix

of clay very argilaceous in

PRAOBB s ss essansssssssancssrscncecI2 Th.
yellow clay streaked with

blue sand in pPlaceBecccccsenccecss 6 T,
yellow pack sand cross bedded....1l0 ft.

Total..‘Q..Q'.C.!ﬂ...‘.”""..0653 ft‘

Fredericksburg Division.

At the end of the Trinity time there

was a wide spread deepening of the

' Cretaceous sea. At least conditions were
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such that the turbulent shallow-water
forces that were at work during the

- deposition of the sand ceased, and gquiet-
er waters sultable for the deposition of
shale and limestone over large areas
followed. The depositions which occured
at this time were greater over the Texas
region than in Oklahoma. Thickness
aggregating four hundred feet at Austin,
Texas, are represented in the Red River
Region by only forty feet. The
Fredericksburg, like the Trinity further
south, consists of three formations. The
Walnut shale, Comanche Peak and Fdwards
limestone . The Goodland limestone in
Oklahoma has usually been considered by
Taff and others the represenﬁative

of these formations. There are some

traces however of both the Walnut clay
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and Comanche Peak formations below the
Goodland. While these formations are
naturally very thin and very different
in character from the heavier deposits
further south it is quite plain that
there were at least two distinct changes
in sedimentation between the top of the
Trinity and the base of the Goodland
proper. From six to eight feet of marl
at the base of the Coodland contains
several species of fossils which abound
in the Comanche Peak beds. Besides

the stratigraphic relations and structure
of these rocks are very similar to the
Comanche Peak. Below the gray calcareous

marl is a yellow sandy shale varying in

thickness from three to twelve feet. Near

Fadill there are Exogyra texana present
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in this formation. In general appearance

at Madill and further east it resembles the

Walnut shale and its stratigraphic position

is the same. From all appearances these
marl and shale members below the (oodland
are representatives of the thicker and
better characterized Uomanche Peak and
Walnut shale of Texas.

The absence of pronounced sedimenta-
tion in Oklahoma during the early Freder-
icksburg was probably due partly to the
warping which brought about the invasion
of the sea over the western part of the
state. During Trinity times the source
0f clastic material in the state came
from southward-fldwing 8treams. When the
region was tilted to the west during

Comanchean times the supply of




sediments was turned westward. This left
the Ked River Region without rock forming
sedimentation and conseguently meager
representatives of the thick formations
deposited elsewhere at this time.

Another factor which was potent in
minimizing these deposits was the nearness
of the axis of least depresséon. 7This was
not far from the eastern end of the
Ouachita uplift. There are two structural
characteristics which indicate thut
there was not equal submergence in this
region from east to wesi. In the first
place the Walnut shales of Texas are
represented by increasingly arehaceous
deposits from west to east in Oklahoma
and northern Texas. In the second place
the strikes of the various formations of

Lower and Upper Cretaceous converge




eastward and this occurs with little or
no difference in the dip of the beds.
Resulting from this more or less constant
ghallowness of the waler in this region
and the diversion of {he sediments to
western seas there would be thin forma-
tions, pinching ocut or growing

thioner eastward. IT calcareéus deposi-
tion ocecurred the water would be too
shallow for the collection of beds of
great thickness. Fossils of all the
northern outcrops of the Cretacecus are
mare or laﬁs littoral while the fossils

brought to the surface by the lied iiiver

- faults are of a character that would

indicate deeper water and they bear
greater regemblance to the fauna of the
Bame formations further south in Texas
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than to these in Oklahoma.

Austin Section of the Fredericksburg.
Edwards Limeston€ccscccecsesenseee 300 ft,
Comanche Peakeccesssesscesscsccoces 40 ¥
Walnut Clayesessscessscesescecscsse 15 *

Total..‘..Q.‘Q.‘0...0..‘..........'.355 rt'

Myra Texas.
Section of the Fredericksburg.
Goodland~

HMassive white limestone....;...so ft.

Comanche Peak-
UTRY DN lesecnssssassessonsses B 18

Walnut Clay-
BHILOW BlaYccoossvsinsasnsnace B T,

Yellow impure limestone
stratified with clayescceceses 8 L,

Yellow ciay................... 4 Tt.

Black carbonaceous Clayeeeeceee 2 Tt.
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Hadill Cklahoma.

Sectioen of the Fredericksburg.

Goodlond 1imestonB.icessssnccosccnsscnnsell
Comanche Penk-

: UXY BOFlicecsascecssasasnssvas B

VWalnut 01§y-
SELIO0 WHRLIO.sorisensssassssnell
BlIOE BBR)E.vecssssansasnssnsse B

Totali'titiﬂi.....O‘i.".i."3044

Caddo Oklahona.
Section of the Prederieksburs,
BOOAIANA 1imestoNC.ccccessssnssnoronsnsesI
Comanche Peak-
BUAY DAYl icscossnsnsentscarsane 8
¥Walnut Clay-
Yellow sandy ClaYscecssenccens 8

Blue marl with sand.cececsccese 2

ft.

t.

£t.

ft.

ft.

ft.
Tt.



Total..0.0.-........Q...O.....sa ft.

Goodland Oklahoma.
Seclion of the Fredericksburg.

F0odland 1imestone.seeseesesesesssuns. 20 £i.
Comanche Peak-

Gray marl................;....4 ft.
VWalnut elay-

Yellow sandy cla¥eciscsecsseall £t.

DA ML iisssnsisncannenvons 3 2%,

Total.t.......I.'..QIQCDQOQQOSQ rit.

The (Goodland Limestone.

Structure and Lithologic character.

The highest member of the
Fredericksburg Division of the Cretaceous
in Oklahoma is the Coodland limestone.

It coriesponda to the Glen Rose formation

in Texas, and extends such a short distance




into Arkansas that it has never been

naned in that state. In most places it
eonsists vrimarily of bthree membvers as
?; follows: first at the top a hard more or

. less thin-bedded limestone usually varying

from ten to twenty feet in thickness; second

§  below it a soft marly limestone which

9. cannot always be detected, but which

‘ has a usual thickness off about six feet;

third, below this there is 2 limestone

resembling the upper nember but ordinarily

morc compact and crystaline, the

thiekness varjing from four to eight feet.
The hardecr membeére are white , massive,

homegenous ledpes of almost wholly

erystaline limestone, which breaks with

goncholdal fracture. Vherever cxposed

to the weather the slope is covered with

sharp-edged fragments of limestone which
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are separated from the ledpge 13 the

process ol weathering. This formation
rarely forms cliffs, owing to this
peculiarity, while in nmany places

bluffs fifty or sixty feet in height are
foun& the particular part of the escarpment
occupled by the Goodland limestone will
usually have a slope of forty five

degrees or less. (ullieg in this rock are
typically V shaped and have strikingly

uniform slopes on both sides.

Extent and Area.
The Goodlznd crosses the Red River
a few mil&s west of the main line of the
Atchison, Topeka and Santa Fe Railroad in
Love County and leaves Oklzhoma juet
south of Little River where that stream
enters Arkansas from MeCurtain County. At

this point the formation passes under




Tertiary Gravels and does not reappear

in Arkansas. It is not only one of the
mest persistant ledges in Oklahoma dbut alse
is probably the most uniform in

character.

The area over which the CGoodland
limestone is exposed is comparatively
limited considering the persistency of
the formation. It narrows down in many
'places to a mere scarp ledpe and in its
ﬁidest extent is not more than two or
three miles across. The soil of the area
where the Coodland forms the surface rock
is usually stcny. The surface rock in sﬁch
cas8€es is move or less honeycombed due

to differential erosion.

Physiography.

The tcpography resultinge from the




Goodland formation is always striking.
With a well prepared contour map one
would have little trouble in tracing its
outcrop. Xverywhere it forms a north-facing
escarpment, due to the fact that it is more
resistant than the underlying formation and
dips to the south under the higher over-
lying shales and limestone. There are also
a number of outlying hills, some of them
several miles north of the main outcrop
capped with this limestone. The dip plane
usually forme south-sloping valleys but as
a rule the Goodland is not exposed and ihe
overlying forﬁationa form the floor of the

valleys.

The Washita Group.
The Washita CGroup opened with thick

- deposits of oyster shells and of shale.
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In some places the shell banks are ten
feet deep and are composed of almost one
solid mass of shells. In Oklahoma there
are four distinct formations which belong
to this group, two are shale, one is lime-
stone and shale, and the fourth limestone
and marl. The whole evidently

represents quiet conditions of the sea

and also changes in variety of sediments
and sedimentation. The Goodland limestone,
the upper member of the Fredericksburg
Division of the Cretaceous in this

region represents a period of clear water.
But the following division shows varying
changes from turbid to clear water. Caused
pProbably by numerous oscilations of

the ocean bottom. Throughout the shale

there are highly silicified ledges of thin

limestone.

e ——
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The formations of the Washita division
in Oklahoma are the Kiamichi, the Caddo,
the Bokchito and the Bennington. At
Austin, Texas, the Georgetown limestone is
the apparent representative of the Kiamichi
Caddo and Bokchito formations of Oklahoma.
The Del Rio and Buda limestone of Texas are
represented 15 Oklahoma by the Bennington

limestone.

Kiamichi Formation.
Structure and Lithologic Character.

The Kiamichi is primarily a laminated
clay formation of a dark blue color. Intee
bedded with the clay are ledges of lime-
stone which are more or less lenticular
and have widely different
characteristics at #ifferent localities.
Near the base these ledges are sometimes
composed of solid masses of shells mostly
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Gryphaea corrugata. The thickness of
these shell beds varies greatly. In some
places the shells have been broken and
shattered resulting in the formation of
80 called coquina. At Goodland and Caddo
this basal formation is largely shale.
But east of the Kiamichi River the shell
beds are prominent while west of that
gtream this characteristic is

practically absent. Higher up in the
formation numerous ledges of more or less
siliceous 1im§stone occur, these likewise
reach their greatest developement east

of the Kiamichi River and produce in

that region a different tqpagraphy rom that
Which is present in the western part of the

area.

Topographic Features.
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West of the Xiamichi River this
formation is usually occupied by valleys.
The small streams which flow with the
strike have valleys whose long slope is
toward the notth. In some cases the
Goodland limestone is exposed in these
valleys but this is the exception rather
than the rule. ZFrom Hugo eastward this
ratiier even topography is interrupted by
the presence of thin lenticular limestones
which are interbedded with the clay. The
relief becomes in this region more rugged
and irregular. In the viclnity of
Little River ihere is an entirely 4different
topography . The area of Xiamichi
shale is narrow heke and most of the suall
streams tend to cut back through it almost
at risht angles to its strike.
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Another peculiar feature which
occurs in these clays is the presence
of what is locally termed idge Locks.
These consist of tabular pieces of the
interbedded limestone which have left
their original almost horizontal position
and are very often found standing more or
less perpendicularly. This ig due to at
least two causes: first, the underlying
clay will be éroded uway from the downhill
side of a protruding ledge and the stone
breaks loose and topples over, second
subsequent freezing and thawing of the moist
clay on the uphili side will eventually
Bucceed in turning the stone beyond the
vertical into an inclining position from
which the same process will be repeated
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ﬁnti} the rock either weathers away or else
reaches a more or less stable position at
the bottom of the hill. The two succeeding
formations of the Washita also exhibit

this peculiarity.
Life of the Klamichi.

The life of the Kiamichi was
characterized by the abundance of
individuels rather than of species. The
great shell beds of the eastern part of
the formation are practically composed
of one species namely, Cryphaea corrugata.
It is almost impéssible to find =
representative of ahy other species in the
region. The fossils of the Kiamichi
which have been brought to the surface
in the wicinity of Denison, Texas, by
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faulting are rmore varied.

The following fossils are found in
Oklahoma:

Gryphaea corrugata- Hill.
Gryphaes navia~ Hill.
Schilaenbochia belkuapia~ larcou.
Exogyra texana- Hill.

Hanites fremontii- Harcou.
Amnonites brazoensis- Hill.

The last two named are known to
occur only at the bluff on the north side
of Red River where the main line of the
Hissourl, Fansas and Texas Hailroad

ereosases that siream.
Thickness of the ¥iamichi.

There is no data for determining
exactly where the line should be drawn
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between the Kiamichi and Caddo Formation