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STATE: OF:ARKANSAS;
F R B & IS peye - |
ARKANSAS GEOLO GICAL SURVEN:

R
AOOMS 443 -447 STATE CAPITOL

LITTLe-ROCIGARKY,

Geomce C BrannER July 30, 1940

STATE GEOLOG!ST

Hon. Carl E. Bailey,
Governor, State of Arkansas,
Little Rock, Arkansas.

Sir:

I have the honor to submit herewith the report, "Lower Cretaceous
and Jurassic Formatlions of Southern Arkansas and Their 011 and Gas
Possibilities," by Ralph . Imlay.

The formations considered in this report lie within an area of
about 9,000 square miles In the southeastern portion of the Gulf
Coastal Flain of Arkansas, and, for the most part, are deeply buried.
The need for the present study was occasioned by the dlscovery of
0il and gas in formatlions of Jurasslc age In southern Arlzansas which
began with the discovery of the Snow I{11l field in Ouachita County in
1936. This discovery was of Importance as it indlcated the oil and
aas possibllitlies of beds referred to, at the time, as of Permian age.
This led to deep prospecting which was responslble for the discovery
of the Schuler field in Union County in 1937, and was followed by the
extension of the Rodessa field from Loulslana into Arkansas, and dis-
covery of the DBuckner, Magnolla, Village, Atlanta, Lewlsville, Dorcheat,
Blg Creek fields, the Fouke extension and the licKamie field. All of
these produce from the formatlions discussed in this report, and, at
present, have a comb!ned dally production of about 49,000 barrels.

The literature bearing on the formations discussed in this re-
port has been relatively meager, and it 1s belleved Dr. Imlay's
contribution will add materilally to the understanding of the problem
of the origin, age, character, distribution, structure and oil
possibilities of these formations.

Respgctfully submitted,

\
N

7 . I %‘/‘k\

tate’Geologist.
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LOWER CRETACEOUS AND JURASSIC FORMATIONS OF SOUTHERN ARKANSAS

AND
R _OIL AND GAS POSS

By Ralph W. Imlay

ABSTRACT

Deep drilling in southern Arkansas and adjacent states since 1935 has shown that
the Upper Cretaceous system 1s underlain by thousands of feet of Lower (Cretaceous and
older Mesozolc rocks that are sources of petroleum. The area favorable for petroleum
production, defined on the basis of presence of source and reservolr rocks, is believed
to be roughly limited on the north and northeast by a line drawn eastward through the
middle of Little Rlver, Hempstead, and Nevada counties, Arkansas, and themn southeastward
to the western part of Ashley County, Arkansas. Within this area the accumulation of
petroleum 1s apparently controlled by structure and the lenticular nature of the porous
beds. Generally, the approximate positions of structures are determined by geophysical
surveys. The positions of porous lenses cannot be predicted but the possibility of their
occurrence can be indicated after a study of lithologic and stratigraphic reatures and of
regional sedimentary relationships based on well logs and cores. As a beginning of such
basic studies, the presemt paper summarizes existing knowledge concerning the sedimentary
rocks and dlscusses thelr possible sources, environments of deposition, and probable
equivalents elsewhere in North Amerlca.

The Lower Cretaceous rocks of southern Arkansas range in thickness from about 600
feet at the outcrop 1n Sevlier, Howard, and Pike countles to over 5,500 feet subsurface in
the southwestern corner of the state. These Lower Cretaceous rocks are underlain by
Mesozolc (Jurassic) rocks which do not outcrop anywhere 1in the Gulf region. The Mesozolc
rocks range In thickness from about 2,950 feet 1In Arkansas to over 7,000 feet in northern
Louislena. The Lower Cretaceous and Jurasslc formations consist mainly of nearshore,
shallow water deposits in Arkansas and of offshore, shallow water deposits 1n northern
Loulsiena. The nearshore deposits are characterlized by conglomerates, sandstones, red
beds, and reef limestones whose deposition was interrupted several times by withdrawals
of the Gulf waters. The offshore deposits are characterized by dark shales and thin-
bedded limestones the deposition of which was apparently nearly cocntinuous. Anhydrite
was formed both nearshore and offshore. The lowest known Mesozolc deposit in Arkansas
consists mainly of salt, about 1,000 to 1,300 feet thick, which grades into equally thick
red beds.

The major structural features (See Fl, I) of the Lower Cretaceous and older Mesozoic
formations of southern Arkansas consist of

(1) a south and southwest inclined monocline on which are superimposed minor
anticlinal uplifts and domes that have influenced oll accurmulation;

(2) a syncline across southern Miller and Lafayette countles, Arkansas,
separating the monocline from the Sabine Uplift of northwestern Louilsiana;

(3) an east-west trending zone of normal faulting which i1s arcuate toward the
north and has displacements of 400 to 1,200 feet in Lower Cretaceous rocks;

(4) a flexure in the basement rocks, apparently paralleling and bordering the
southern margin of the Ouachita lountain folds.

Extensive revislon of current ideas concerning the geological history of the Gulf

vii



Coastal region during the Mesozolc era has been made herein. The cvidence shows that
the Ouachita peneplain, developed during early Mesozolc time, was tilted southward and
submerged beneath the ancestral Gulf of Mexico durlng middle liesozoic time. Intermittent
upward movements in the region of the Ouachita liountains tended to influence the charac-
ter of the Gulf deposits and to cause shifting of the strand line. The seas oscillated
across the bordering lowlands many times, but, In general, successive transgressions ex-
tended farther and farther northward. South of the region of the Ouachita MNMountains the
floor of Paleozolc and older rocks sank to great depths but was covered so rapldly Ly
sediments that the sea always remained falrly shallow. During Lower Cretaceous time a
total thickness of about 13,000 feet of sedliment accumulated in some places. At the end
of Lower Cretaceous time the entire region was uplifted from the sea; the sedimentary
rocks of southern Arkansas were tllted strongly to the southwest; a zone of normal
faulting, arcuate toward the north, developed across the southern part of the state, and
local domes and anticlinal uplifts were formed. Then the entire reglon was eroded ex-
tensively before being covered by an early Upper Cretaceous sea.

The minor anticlines and domes developed by regional warping at the end of Lower
Cretaceous time have greatly influenced the accumulation of petroleum. They constitute
the princlpal factor controlling oll accurmlation in most of the oill fields of southern
Arkansas.
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IMLAY'S INTERPRETATION OF
STRATIGRAPHIC SEQUENGCE

JURASSIC AND PERMIAN SECTION IN SOUTH ARKANSAS
According to Hazzard, Blanpied and Spooner
1945

Below is shown the latest published interpretation of stratigraphic relations of the Jurassic and Permian in this
area. Information obtained from deep wells drilled in south Arkansas, northeast Texas, and North Louisiana since
the publication of Information Circular 12 indicates that the Louann Salt, Werner, Morehouse, and Eagle Mills
are separate formations of probable Permian age.

HAZZARD, BLANPIED AND SPOONER
INTERPRETATION OF STRATIGRAPHIC

SEQUENCE
UNCONFORMITY
BUCKNER = FORMATION BUCKNER FORMATION
o4
[72]
SMACKOVER LIMESTONE SMACKOVER LIMESTONE 2
) @
E]
NORPHLET TONGUE NORPHLET FORMATION
RED BEDS WITH OR
WITHOUT GRAVEL
o | 2 UNGONFORMITY
g’) -
< | 3
|8
3| 2
o SALT OR RED BED LOUANN SALT
2 CLASTICS '
-3
w
>
< 2
WERNER FORMATION =
ANHYDRITE MEMBER AND w
RED BED & GRAVEL e
LOUANN TONGUE MEMBER
‘ UNCONFORMITY
g MOREHOUSE FORMATION MOREHOUSE FORMATION
el :
g w
-
> EAGLE MILLS FORMATION

This information is an extract from: ''Notes on the Stratigraphy of the Formations Which Underlie the Smackover
Limestone in South Arkansas, Northeast Texas, and North Louisiana'' which is included in Volume II of ''1945
Reference Report on Certain Oil and Gas Fields of North Louisiana, South Arkansas, Mississippi, and Alabama'
and is here reproduced through the courtesy of the Shreveport Geological Society.




LOWER _CRETACEOUS AND JURASSIC FORMATIONS OF SOUTHERN ARKANSAS
AND
R OIL AND GAS PO

By Ralph W. Imlay

INTRODUCTIION

During the lasu few years hundreds of wells have penetrated to depths below four
thousand feet in southern Arkansas und bordering states and have revealted the presence
of thick rock layers whose exlistence, composition, and structure could not have been pre-
dicted from surface observations. The drilling was accompanlied by careful studies of
cuttings, cores, electrical logs, and drlllers' time logs. These studies have resulted
in a large mass of detalled information which 1s gradually being interpreted in terms ot
reglonal stratigraphy and structure and appllied toward the finding of oil deposits.

In the following pages the writer wlll discuss the information obtained in recent
years by deep drilling and will deal with the Lower Cretaceous and older Mesozolc sedl-
mentary rocks of southern Arkaensas. The report may be considered as supplementary to th
the volume, "Oil and Gas Geology of the Gulf Coastal Plain in Arkansas," by W. C. Spoon-
er. Most of the information presented herein was not available to Mr. Spooner in 1935
when his work was published. The main purpose of this report 1s to describe the broader
subsurface geological features in southern Arkeansas.

ACKNOWLEDGMENTS
This report was prepared for the Arkansas Geological Survey under the direction of
George C. Branner, State Geologlst, who concelved the plan and scope of the report and
asslisted actively in 1ts preparation.

The writer 1s greatly 1lndebted to Warren B. Weeks, of the Phlllips Petroleum Com-
pany, El Dorado, Arkansas, and Roy T. Hazzard, of the Gulf Refining Company, Shreveport,
Louilsiana, for many fruitful discusslons concerning the geology of the older Coastal
Plain beds and for permlssion to obtaln necessary data from the files of their companies.
Both men spent consicderable time helping the writer obtain the most pertinent information
of the largc mass avellable. They later contributed more time checking the maps and
structure sections and commenting upon the manuscript. Without their ald the present re-
port would not have becn possible.

Other individualks with whom the writer has discussed the general geological problems
or who have contributed important information are G. D. Thomas, W. S. Adkins, and Miss
inna Kinkofsky, of the Shell Petroleum Company; C. L. Moody, of the Ohio 0il Company;

M. N. Broughton, of the Texas Company; Joseph Purzer, of the Phlllips Petroleum Company;
Merle Israelsky, of the Union Gas Company; H. J. Morgan and H. H. Treger, of the Atlantic
Refining Company; and A. F. Crider, consulting geologlst.

Lastly, the writer wishes to emphaslze that he 1s serving merely as a medium of ex-
pression for facts and 1deas that are already known to most of the petroleum geologists
active in southern Arkansas and northern Loulsiana. Although many of the facts present-
ed in this paper have not been publlished previously, very few of the facts or 1deas are
original to the writer. DMost of them have been acqulired through discussions with the in-
dividuals mentioned above. The few original 1deas presented in this report are in
matters Of interpretation and are possibly erroneous.

FREVIOUS FRORK

Spooner (44, p. 2, 3) dlscussed geologic publications concerning the Gulf Coastal
Plain of Arkansas and listed the more Ilmportant contributions to the year 1933. Since
that time only a few writers have dealt with the Lower Cretaceous and Mexozoic rocks of
southern Arkansas. The most important contribution is by Warren B. Weeks (51) who pre-



sents a geologlc map and sections of the pre-Upper Cretaceous formations. A valuable
work by Roy T. Hazzard (18) discusses the changes in lithology from Arkansas into Louisi-
ana and the evidence for the age of the various formations of pre-Upper Cretaceous age.
The writer has drawn heavily on the information presented by Mr. Weeks and Mr. Hazzard.

A number of brief summary papers concerning the geology of southern Arkensas appeared 1in
the Guide Book of the Shreveport Geologlical Soclety for 1939. The oll developments in
southern Arkansas are generally dlscussed annually in the Bulletin of the American As-
soclation of Petroleum Geologists. These various papers are referred to in the text and
are listed at the end of the report (p.62 ).

REGIONAL STRATIGRAPRHY

Lower Cretaceous outcrops in Little River, Sevlier, Howard, and Pike counties, Arkan-
sas, have been known for some years and have been described in considerable detall (30;
33, p. 79-86; 44, p. 29-32; 50, p. 1069-1094). Summary descriptions of them are given
In this report under the stratigraphy of Sevier, Howard, and Pike counties. During re-
cent years deep drilling in southern Arkansas and bordering states has shown that these
Lower Cretaceous outcrops are the shoreward edges of extensiwe formations which thicken
southward, and that the older lMesozoic formations of the Gulf Coastal region do not outcrop.
Thousands of feet of older sediments which are definitely of Lower Cretaceous and Juras-
sic age lle beneath the Upper Cretaceous sediments of southern Arkansas, northern Louis-
lana, eastern Texas, and west-central Mississippl. Formations of Lower Cretaceous age,
from youngest to oldest, include the Klamlchl, Goodland, Walnut, Paluxy, Glen Rose equiv-
alents (Mooringsport, Ferry Lake, Rodessa, Pine Island, and Sligo), and Hosston. An
lsopach map of the Lower Cretaceous formations younger than Cotton Valley in southern
Arkanses 1s shown In Plate II. Fossil evidence indicates that the underlying Cotton Val-
ley and Buckner formations are of Upper Jurassic age. The Smackover limestone is defin-
itely of Jurassic age and 1s not older than Middle Jurassic. The lowest Mesozoic rocks
penetrated by drilling are not older then Jurassic. The distribution of these formations
is shown in Plate III. The formations and thelr approximate thicknesses are set forth in
Table 1.

Table 1. Thicknesses in feet of Lower Cretaceous and Jurassic formations
in southern Arkansas and northern Loulsiana

Arkansas Loulsiana
Surface Subsurface Subsurface
Lower Cretaceous
Undifferentiated beds of Washita age 100+ 100 +
Kiamichi shale 20)
Goodland limestone 50) 300 400
Walnut formation )
Paluxy formation 160 - 270 1,200) 1.600
Mooringsport formation 30 - 75 730) ’
Ferry Lake anhydrite 3 - 14 500 500
Rodessa formation : 150 - 340 500 500
Pine Island formation 50 - 200 280 500
Sligo formation 160 300
Hosston formation 800 - 1,600 2,300
Jurassic

Cotton Valley formation 1,400 - 2,275 3,175
Buckner formation and equivalents 100 - 275 495
Smackover limestone and equivalents 450 - 900 1,200
Eagle Mills red beds and equivalent salt 1,000 - 1,200 1,250
Morehouse formation 1,190

Total in feet 393 - 969 | 3,750 -10,020 13,610
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From Arkansas southward into Loulslana and southwestward into east Texas, the Lower
Cretaceous and Jursssic formations change from littoral and nearshore, shallow water de-
posits into offshore, shallow water deposits. The former are characterized by conglom-
erates, sandstones, red beds, and reef limestones and the latter by dark shales and
thin-bedded limestones. Anhydrite and salt represent deposition both nearshore and
offshore. Nearly all deposits grade into red beds shoreward.

Accompanying the southward change in facles 1s a marked increase in thickness of
deposits. Thus the Lower Cretaceous formations at the outcrop in Arkansas are about 700
feet thick and are over 6,000 feet in northern Loulisiana where they do not outcrop. The
subsurface Jurassic formatlons range in thickness from about 3,000 feet in Arkansas to
over 7,000 feet in northern Louisiana. The greater thickness of sediments in Louisiana
than in Arkensas cen bs explained only by progressively greater subsidence of the sea
floor toward the south. Apparently most of the sinking occurred south of a hinge-line
marked at present by a zone of faults which extends eastward across southern Arkansas in
an arcuate plan roughly parallel to the trend of the Ouachita Mountain folding. North of
this hinge-line, subsidence was not great as 1s shown by marked thinning of the forma-
tions. Uplifts of the land masses north of the hinge-line interrupted subsidence many
times and resulted in the withdrawal of the sea southward. Minor withdrawals of the sea
occurred at the ends of Buckner, Cotton Valley, and Paluxy times when the shoreline mmst
have been near the present Arkansas-Louisiana boundary. A major withdrawal of the sea
occurred at the end of the Lower Cretaceous when much of the Gulf region of the United
States was uplifted and eroded. In northwestern Loulsiana subsidence was so much great-
er than in Arkansas that deposition was continuous from the beginning of Eagle Mills
time to the end of the Lower Cretaceous period. Six sections have been prepared to show
the chenges in 1lithology and thickness of the varivus formations in southern Arkansas and
northern Louisiana. The locations of these sections are shown on Plate IV and the sec-
tions themselves on Plates V, VI, VII, VIII, IX and X. The time relations of the
various lithologic facles are shown dlagrammatically in Table 2. Correlations of the
Lower Cretaceous and Jurassic formations of southern Arkansas with those of Louisiana,
Texas, and northern Mexlco are shown in Table 3. A summary of the reglonal stratigraphy
of the various formations, from oldest to youngest, follows.

The Morehouse formation consists mainly of gray to black shales and siltstones and
contains minor amounts of sandy shales, sandy limestones, and red shales. The Morehouse
formation is known only from northeastern Loulsiana where it 1s at least 1,190 feet
thick. It was deposited in normal marine waters probably during Jurassic time and 1is
slightly older than the Eagle Mills formatlon.

The Eagle Mills formation comprises two lithologic facles; namely, red beds and an-
hydrite shoreward, and salt and anhydrite basinward. These facles grade into each otner
along a transition zone which apparently passes through southern Bradley and Calhoun
countles, central Ouachita and Nevada counties, and southern Hempstead County. Thick- )
nesses range from 1,000 to 1,250 feet. The formation in Arkansas overlies Upper Paleozoic
shale and slate with marked angular unconformity and underlies the Smackover limestone
and shale with apparent conformity. In northeastern Louisiana, the Eagle Mills forma-
tion rests conformably above the Morehouse formation. The Eagle Mills formatlion was
deposited in an Upper or Middle Jurassic sea at a time of great aridity.

The Smackover formation of Arkansas 1s comprised of two members. The upper member
consists of o8litic to chalky limestone and the lower or dense limestone with dark ar-
gillaceous bands. These limestone facles grade southward In northwestern Louislana into
dark shales and limestones, and in northeastern Louislana into limestones, sandstones,
and dsrk shales. The thickness increases toward the south from about 450 to 900 feet.
Fquivalent shaly beds in northwestern Loulsiana are over 1,200 feet in thickness. The
limestone facles 1s overlain conformably by the Buckner anhydrite and red beds, or
locally disconformably by the Cotton Velley formetion. The lower member 13 probably
partly of chemical origin and the upper member of reef origin. The Smackover formation
1s of Middle or Upper Jurassic age.
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TABLE 3. CORRELATION OF LOWER CRETACEOUS AND JURASSIC DEPOSITS OF THE GULF COAST, TEXAS, AND NORTHERN MEXICO.

Southern Arkansas

Gulf Coast Sierra de Parras, Menchaca Uplift, Southwestern North-central Texas and
mm,__hw.%.mmwﬂ and Mexican moca—-mw.anm*m%%:c:P mmuomﬂmmmuﬂr::n. B.MMWMh °d Awmnmn Adkins and northern Louisiana
groups : Thompson in part) Modified afte P ted i
R. W. Iml; . W. Iml fter Adkins if1e T resented in
( mlay) (R. W. Imlay) (after ins) Hazzard & Blanpied this report
W&u Street
aw Paw
. . Cuesta del Cura Weno Absent on surface Absent on surface
Upper Albian Lower Washita u limestone Georgetown UM:S: Undifferentiated Undifferentiated
Fort Worth in subsurface in subsurface
Duck Creek
Kiamichi Kiamichi fm. Kiamichi fm. Kiamichi fm.
Middle Albian Fredericksburg ] Gates- Edwards Gates- Goodland Is. Gates- Goodland ls.
Finlay ville | Comanche Peak ville ville
fm. Walnut fm. Walnut fm. Walnut
Aurora Aurora
limestone limestone Paluxy fm. Paluxy fm. wE\l
oy
Upper Glen Rose i
Glen Rose m_mu Rose ppe : . Mooringsport
Lower Albian Trinity limestone limestone Glen Rose anhydrite 8 | Ferry Lake anhydrite
L] R -
3 Rodessa Rodessa
&
m ﬁ%ﬂﬂn : % Pine Island
3 TR Cuchillo fm. - Rose v_:sg g
5 uchillo Im. Travis Peak fm. Islan Sligo
5|  Aptian formation !
3 La Mula shale
3 ? ? )
Parritas Las Vigas
Barremian fm. Oz_wao Padilla formation
g limestone
. “Travis Peak” Hosston
5 | Hauterivian Coahuila Las Vigas formation formation
&
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The DBuckner formation of southern Arkansas consists of from 240 to 275 feet of an-
hydrite, dolomite and red shale and disconformably underlies the Cotton Valley formation.
In northwestern Loulsiena, the Buckner equivalents consists of dark shales which conform-
ably underlie the Cottor Velley formation. It 1s probably a lagoonal deposit of Upper
Jurassic age.

The Cotton Velley formation includes two lithologic facles; namely, reddish sand-
stones and shales shorcweard in Arkansas, and dark shales, limestones, and sandstones
basinward in northern Louislarna. These facies grade into each other along the Arkansas-
Loulsiana boundary. Conglomerates occur throughout the lower few hundred feet of the
formatlion in Arkansas and locally in northern Louisiana. The formetion thickens south-
werd from about 1,400 feet in Arkensas to nearly 3,200 feet in northern Loulsiana. It
is overleln disconfornably by the liosston’ formation throughout most of southern Arkansas,
but is apparently conformably with the llosston formation in most of northern Louisiana.
The Cotton Valley formetion was deposited 1n a shallow transgressing sea, probebly during
Upper Jurassic time, The main sources of sediments lay to the north and northeast.

The Eosston formstion consists of two lithologlc facies like those of the Cotton
Valley formation, and the shoreward red bed facles extends farther south than the red
beds of the Cotton Valley fornation. In Arkansas, the lower hundred feet contains con-
glomerates. The thickness Increases soutbhward from about 50 feet in Pike and Howard
counties, Arkansas, to over 2,000 feet in northern Louisiana. The Kosston formstion
belongs 1n the Coahuila group of early Lower Cretaceous age and is overlsain by the Sligo
formstion. It was probably deposited in brackish water.

The Lower Glen Rose formatlon 1s herein divided from bottom to top into the Sligo,
Fine Island, and Rodessa formstions. The Sligo formation consists of dark shale which
contain many lenses of limcstone &nd sandstone. The Pine Island formation is much
shalier than the Sligo formstion and contains same red beds. The Rodesss formstion con-
sists of o0dlitic to coguinoic limestone, calcareous shale, and locslly, two anhydrite
beds. The Rodesse 1s malnly dark-colored but contains some red beds. These formations
thicken southward from about IS0 feet at the outcrop in Arkansas to over 1,200 feet in
the subsurface in northern Louisiana. They were deposited in a shallow transgressing
sea of lower Trinity; 1. e., middle Lower Cretaceous sge. T[he source of the sediments
In Arkansas was from the nortl and northeast.

The Ferry Lake anhydrite consists mainly of white to gray, finely crystalline anhy-
drite, but includes minor amounts of =shale, limestore, and dolomite. The thickness ran-
ces from about 10 feet at the outcrop to over 500 feet subsurface In southwestern
Irkenses. The Ferry Lake anhydrite was formed during a marked shoeling of the sea and
1s possibly a lagoonal deposit of Lower Cretaceous age.

The Mooringsport formation consists dominantly of marine shale and limestone which
grade upwercd and northward into the Paluxy formetion. The thickness ranges from about
70 feet at the outcrop in Arkansas to about 800 feet in the subsurface in northwestern
Louisiana. It was deposited in shallow marine waters during Upper Trinity time.

The Paluxy formation In Arkansas consists of non-fossiliferous variegated shales
and sands which are overlaln by the Goodland (Comanche Feak) limestone. The thickness
in Arkansas ranges from about 200 feet at the outcrop to about 1,200 feet subsurface.
Tre Faluxy formation was deposited in a very shallow sea during Upper Trinity time.

The Goodland (Comanche Peak) limestone in Arkansas conslsts mainly of white, chalky
limestone and gray, sandy limestone. The thickness at the outcrop near Cerro Gordo,
Arkansas, 1s about 50 feet but in the subsurface increcases to over 100 feet. 1In the sub-
surface 1t 1s probably underlein by the Walnut formation. The Goodland limestone was
deposited in shallow waters fairly near shore and belongs in the Fredericksburg group of
Lower Cretaceous age.

The Kiamichil formsetion in Arkansas conslsts of marls, marly clays, thin beds of



Jimeatounes, and shell beds, and is apparently mostly limestone in the Rodessa field.
;¢ thickness at the outcrep near Cerro Gordo 1s about 20 feet and increases to about
100 feet 1In the subsurface. The Klamichl formetion was probably deposited in shallower
water than the underlylng Goodland limestone and 1s Upper Fredericksburg or early Wash-
lte in age.

JURASSIC SYSTENM

MOREHOUSE SHALE

Definition. The name, Morehouse, has been chosen by the Shreveport Geological Soc-
lety to designate 1,19C feet of marine silty shales and thin slltstones penetrated at
depths of from 9,285 to 10,475 feet in the Union Producling Company's Tenses Delta No.
1-A well located in Sec. &€, T. 22 N., R. 4 E., NMorehouse Parish, Loulsiana. The name is
herein presented for the first time. The Morehouse formatlon underlles the Eagle Mills
formation apparently conformably and gradationally. The base of this formation has not
been determined. It is known from the type well but probably underlies a fairly
large area.

Lithologlic and stratigraphic features. The Morehouse formation consists mainly of
gray, brownlish gray, and black shales and siltstones but contalns miror amounts of gray
sandy shales, gray sandy limestones, and red shales. The shales are carbonaceous, sll-
iceous, or flnely micaceous, and are less commonly dolomitic or calcareous. Some beds
contain carbonized or pyritized plant remalns. The upper few feet of the formation
contains streaks of anhydrlte. The presence of this anhydrite suggests & gradational
contact with the overlying red and white shales and anhydrite at the base of the Eagle
Mills formation.

The type section of the Morehouse formation in the Union Producing Company's Ten-
sas Delta No. 1-A well, from top to bottom, is as follows:

Section of the Morehouse shale 1n Unlon Producing Company's
Tensas Delta No. 1-A well, Sec. 8, T. 22 N., R. 4 E.
Morehouse Parish, Loulsiana

Depth . Trickness

(in feet) gin feet)

Shale, dark gray to black, hard, non-calcareous,
finely micaceous, fissile, carbonaceous,
fossiliferous, contains thin parting of silt-
stone and streaks of anhydrite. 1Is overlain
by hard red and gray shales of the Eagle

Mills formation. . . . « « & « ¢ o« « o« + o o & 9,286 - 9,316 31
Limestone, shaly, hard, black. . . .« « « . « « « 9,316 - 9,330 14
Shale, black, hard, streaks of sandstone

in lower two-thirds. . . . « « « ¢« ¢« « « . . . 9,330 - 9,362 32
Limestone, shaly, hard, black. . . . o « . . . . 9,362 - 9,375 13
Limestone, sandy, hard, black. . « ¢« ¢« « « « « « 9,375 - 9,395 20
Shale, calcareous, hard. . « . . « « « « . . « « 9,395 - 9,408 13
Shale, black to gray, hard, fissile, non-

calcareous, slightly silty, fossiliferous. . . 9,408 - 9,526 118
Shale and limestone, black to gray, hard . . . . 9,526 - 9,535 9
Shale, sandy, gray, hard.. . . « « « ¢« « & « « « 9,535 - 9,553 18
Shale. « « o ¢ o « o & e o+ s s s e e e e + . 9,553 - 9,563 10

Shale, sandy, gray to tannish gray, some

reddish patches and streaks, hard, siliceous,

finely micaceous . . . e e e e e e e s s e . 9,563 - 9,584 21
Shale, gray to black, hard e e s s e o s e e s s 9,584 - 9,890 306



Depth Thickness
(in feet) (in feet)
Shale and sandy shale, black, herd. . . . . . . 9,890 - 9,898 e
Shale, black, hard, micaceous, interlaminated
with siliceous. . « . « ¢ v v v v o o v . . . 0,898 - 10,045 147
Shale, red and black. . . . . . . .+ « « . . . 10,045 - 10,053 8
Shale, black. « « « « ¢« « ¢« ¢« ¢« ¢« o+« . . . 10,053 - 10,057 4
Shale, black, streaked with red . . . . . . . . 10,057 - 10,065 8
Shale, black and red, hard. « . . . . . . . . . 10,065 - 1C,075 10
Shale, black to gray, harde « ¢« « .« . . . . . 10,075 - 10,095 20
Shale, sandy gray . + « + « « « + « ¢« « « + . o 10,095 - 10,105 10
Shale, black, hard, some plent remalns. . . . . 10,105 - 10,218 113
Shale, sandy, gray, hard. . . . . . . . . . . . 10,218 - 10,225 7
Limestone, sandy, gray, hard. . . . . . . . . . 10,225 - 10,230 5
-Shale, black, hard, finely micaceous, some
carbonized plant remains, some siliceous
streaks « « « ¢« 4 ¢ ¢ 6 ¢ ¢ 4 o e 4 o 4« . . 10,230 - 10,315 85
Limestone, sandy, gray, harde . . . . . . . . . 10,315 - 10,323 8
Shale, gray, hard « .« « . . « ¢« ¢« « « « .+ « . . 10,323 - 10,333 10
shale, sandy shale, and sandstone, gray, hard . 10,333 - 10,340 7
Shale, samdy, gray, hard. . « « « « « . . + . . 10,340 - 10,364 24
Shale, gray to black, hard. . . . « . . . .« « . 10,364 - 10,464 100
Sandstone, greay, hard « « « « ¢« &« ¢« ¢« « « « . o 10,464 - 10,475 11
Total thickness In feet . . . . . . « . . ¢« ¢« ¢« . ¢« . . 1,190

Correlation. The Morehouse formation is probably of Jurassic age as indicated by
the occurrence of a fossll sponge obtalned at a depth of 9,304-9,305 feet in the type
section. This sponge probably belongs in the family Staurodermidae which 1s known only
from the Jurassic. Some pelecypods obtained from the type section are reported to be
Mesozolc forms, but the writer has not had the opportunity to examine them.

Origin. A normal marine environment of deposition for the Morehouse formation is
indicated by the presence of carbonaceous materlal and marine fossils. The predominance
of slliceous and micaceous sediments over calcareous sediments possibly indicates rapid
deposition near shore but might be due to certaln climatic conditions on the landmasses,
or to the character of the rocks from which the sediments were derived.

EAGLE MILLS FORMATION

Definition. The Eagle Mills formation was named by the Shreveport Geological Soc-
ety 216, p. 285) after 'the Amerads Petroleum Company's Eagle Mills No. 1 well in Sec.
11, 7. 12 S., R. 16 W., just north of Eagle Mills in Ouachita County, Arkansas, where
the formation consists of about 1,190 feet of hard red shale, sandy shale, and sandstone.
In Arkansas 1t overllies with marked angular unconformity the Upper Paleozolic shale and
slate and underlies with apparent conformity the Smackover limestone. Southward from
the type locallty the red beds pass rather abruptly into thick rock salt that contains
minor amounts of anhydrite. The salt 1s bounded at top and bottom, in most sectlons in
Arkansas, by red beds and assoclated anhydrite which constitute southward spreading
tongues from the main mass of red beds. The upper red beds are herein defined as the
Norphlet tongue and the lower red beds as the Louann tongue after localities in the
Smackover field. These names have been proposed by the Shreveport Geologlcal Soclety.

Distribution and thickness. The distribution and general lithology of the Eagle
Mills formation in Arkansas 1s shown on Plate XI. The formation, which probably at one
time extended considerably farther north, pinches out a little north of Ouachita and Nev-
ada counties due to erosion previous to Upper Cretaceous deposition. According to Weeksl/

1/ Personal communlcatIon
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the apparent absence of dark Devonian (?) novaculite fragments Iin the Eagle Mills form-
ation Indicates that the Ouachlta Mountalns were covered during the depositlon of the
kagle Lillls formation. In contrast the abundance of novacullte in the younger Cotton
Valley and liosston formations may indicate that they were confined south of the Ouach-
1ta area. Hazzard E/ likewise conslders that the Eagle Mills sea may have transgressed
far northward of the present Ouachita liountalns. He thinks that thls possibility is
indicated by (1) the character and thlckness of the Eagle Mills formation north of the
Smackover field and (Z) the fact that the present dip of the Lagle 1iills formation projected
northward would pass over the present Ouachita liountalns.

Typlcal Fagle Mills red beds are known principally from central Hempstead and
northern Ouachlita counties. The known distribution of red beds and salt facles suggests
that a transitional zone between them extends northwest through southern Bradley and
Calhoun countlies, curves west through central Ouachlta and Nevada counties, and then
curves west-southwest through southern Hempstead County. The trend of thls transition-
a1l zone 1s thus apparently parallel to the trend of Ouachita Mountain folding.

The greatest known thickness of the Eagle Mills red beds is 1,190 feet penetrated
in the type section (51, p. 963) but this is probably not the total thickness. The salt
facleés and assoclated rcd beds and anhydrlite lenses attaln a thickness of 1,003 feet in
the Gulf Refining Company of Louisiana, Louls Werner Saw }Mill Company No. 49 well,
located in the Smackover field in Sec. 5, T. 16 S., K. 16 W., Union County, Arkansas.
In tris well the salt comprises about 857 feet of the total thickness. A short dis-
tance to the east of the Norphlet dome the salt has a thickness of more than 1,325
feet (51, p. 963). A thickness of 1,249 feet of rock salt occurs in the Stanolind
01l and Gas Company's Dillon Heirs No. 131 well, located in Sec. 14, T. 21 N., R. 15
., northwestern Loulsliana. As these thicknesses were obtained on structural hlghs,
they are probably much in excess of the orisinal thicknesses.

Lithologlce and stratigraphic features. The Tagle Mills formation comprises two
facies, one consisting mainly of red beds, the other of rock salt. The red bed facles
has beern described by Wweeks (51, p. 963) as follows:

"Te red shale forming the updip and basal portion of

the formation is in general harder (and more lustrous)
than thc younger red shales (ilosston and Cotton Valley
rormations) of the area and contains only a small

amount of greenish gray shale. There arc a [ew streaks
of bricht red arglllaceous sand (stone) and more or less
nodular streaks of red arglillaceous dolomite, which
resemble the mudstones of trhre red Fermian beds of
western Oklahioma."

A tvplcal section of the red bed facles 1is shown on pare 10.

g/ Personal comrmunlication
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Section of red bed facles of Eacle M1lls formatlon in Amerada Petroleum Company's
Eagle Mills No. 1 well, Sec. 11, T. 12 S., R. 16 W.,
Ouachlta County, Arkansas

Depth Thickness
(in feet) (in feet)
Shale, sandy, red, hard, underlies Upper
Cretaceous beds. « « ¢ ¢ o ¢« o & o o ¢ o o o 2,410 - 2,650 240
Shale, argillaceous, red, hard « « .« « . . «. . . . 2,650 - 2,680 30
Shale, sandy, red, hard. . . . . « « « « « .« . & 2,680 - 2,740 60
Shale, argillaceous, red, hard . . . . . « « .« & 2,740 - 2,765 25
Shale, sandy, red, hard. . « « + « « « « « « + . 2,765 - 2,790 25
Shale, argillaceous, red, hard . .« . « « + « .+ & 2,790 - 2,950 160
Shale, sandy, red, hard. « « « + o « ¢ « + « o« & 2,950 - 3,095 145
Shale, argillaceous, red, hard. « « « « « « « + & 3,095 - 3,150 55
Shale, sandy, red, becomes more arglillaceous
AoOWNWArd « + + s+ 4 e s s e e e e b e 4 e e e 3,190 - 3,480 330
Shale, argillaceous, red, lower contact unknown. 3,480 - 3,500 20

Total thickness in feet. . . . . « . v ¢« v v ¢ « « . . . . 1,090

The best known section of the salt facles in Arkansas 1s represented by the Gulf
Refining Company of Louisiana, Louls Werner Saw Mill Company No. 49 well, located in Sec.
5, T 16 S., R. 16 W., in Union County (18, p. 171-172). In thls well the Eagle Mills
formation 1s overlain conformably by Smackover limestone and underlain with pronounced
angular unconformity by 338 feet of Paleozoic (?) "mudstones" which are hard, dense,
silicified, reddish to purplish and have dips of 15 to 20 degrees. The "mudstones" are
intruded by dlabase. The complete sectlion of the Eagle Mills formation, from top to
bottom, 1s as follows:

Section of salt facles in Eagle M1lls formation in Gulf Refining Company
of Loulsiana Louis Werner 3aw 111 Company No, 49 well,
Secs 5, Te 6 S., k. 16 W,., Union County, Arkansas

Depth Thickness
(in feet) (in feet)
Shale, sandy, red. « « « ¢« « o ¢« ¢« o e s o + o @ 6,597 - 6,631 34
Rock salt. « « ¢« & ¢ o v v ¢ v v 0 o o 0 0w . 6,631 - 7,488 857
Anhydrite, grayish white . . . . . . . « . . . . 7,488 - 7,545 s7
Shale, Ted « ¢ o o ¢« o ¢« o o o o s o v o v 0 . W 7,545 - 7,576 31
Conglomerate with red shale matrix. Pebbles of
diabase, chert, silicified shale, and dense
sandstone. « « .« v v e 0 e e e e e e e e e e 7,576 - 7,600 24
Total thickness in feet. . . . . . . . . . . . . . . .. 1,003

In the above sectlion the salt 1s underlaln by red shale which 1s similar to the red
shale at the type locality of the Eagle Mills formation. In nearly all sections in Ark-
ansas where the salt has been penetrated by drilling it 1s overlain by 10 to 35 feet of
similar red shale. Thick beds of clear white anhydrite have been penetrated in several
wells elther directly below the upper few feet of red beds or below the salt. In the
W. E. Lokey, Sheppard-Furifoy No. 1 well, located in Sec. 17, T. 11 S., R. 20 W., about
100 feet of anhydrite separates the Smackover limestone from the underlying red beds.
Weeks (51, p. 964) considers it "logical to correlate these anhydrite beds." The salt 1s
noteworthy for 1its purity (43, p. 603; 51, p. 964) as it contains only a few thin lenses
of white anhydrite.

The best known section of the salt facles of the Eagle Mills formation in northern
Loulsiana 1s represented by the Unlon Producing Company's Tensas Delta No. 1-A well lo-
cated in Sec. 8, T. 22 N., K. 4 k., Norehouse Parish, Louisiana., '
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Section of salt facies of Eagle Mills formatlon in Union Producing Company's
Tensas Delta No. 1-A, Sec. 3, T. 22 N., K. 4 E., Morehouse Parish, Loulslana.

Depth Thickness
(In feet) (in feet)

Salt, contains streaks of anhydrite. . . . . . . 8,114 - 9,080 966
Anhydrite, gray. « « « o « « « 0 0 0 0 e e e . . 9,080 - 9,190 110
Anhydrite, white, hard . . « . . « « « « ¢« o o . 9,190 - 9,202 12
Anhydrite, white, hard. contains streaks of

shale. « v v ¢ ¢ ¢ o o v e e e e e e e e e e 9,202 - 9,208 3
Anhydrite, white, hard, contalns streaks of

limestone and red shale. . . « . .+ ¢« « « « « & 9,205 - 9,218 13
Anhydrite, red and white, interbedded with

limestone and red shale. . . . . . . . . . . & 9,218 - 9,230 12
Anhydrite, contains stresks of red shale . . . . 9,230 - 9,240 10
Shale, red and maroon, contains streaks of gray

limestone and gray shale, some carbonlzed

plant remains. .« « o ¢ ¢ o 4 o 4 e 4 e e e e o 9,240 - 9,265 25
Shale, red, hard « « « « &« « o o « o « o« o « « « 9,65 - 9,273 8
Shale, red, and white, hard, streeks of anhydrlte,

overlies gray shale of Morehouse formation . . 9,273 - 9,285 12

Total thickness in feet . . . . . . . « « .+ « . .

e e .11

The base of the Eagle Mills formation in Arkansas probably marks a pronounced angu-
lar unconformity which cuts strongly folded, black, slaty shales and gquartzitic sand-
stones of probable Upper Paleozolc age. Such an unconformlty 1is inferred from the
section in the Gulf Refining Company of Louisiana, Louils Werner Saw Mill Company No. 49
well, noted above. The base of the Eagle Mills formation in northeastern Loulsiana,
known only from the Union Producling Company's Tensas Delta No. 1-A well, 1is apparently
conformable and gradational with the underlylng Morehouse shale which 1s of Mesozolc age
and probably not much older than the Eagle Mills formation. The base of the salt was
likewise penetrated in northwestern Loulsiana in the Stanolind 011 and Gas Company's
Dillon Heirs No. 131 well located in Sec. 14, T. 21 N., R. 15 W. 1In this well the salt
i1s underlalin at a depth of 11,405 feet by dark, dense igneous rock which has well devel-
oped flow structure. The contact of the salt wlth the 1gneous rock was not cored. A
core specimen from a depth of 11,417 to 11,419 feet has a fresh, unweathered appear-
ance Q/ which suggests either that 1t 1s intrusive into the salt or that the salt was
deposited on a peneplalned surface which had a very thin mantle of decomposed rock (4, p.
760)., The latter possibility seems more probable to the writer.

According to the most rellable well records, the upper contact of the Eagle Mills
formatlion with the Smackover limestone 1s abrupt but conformable. The driller's log of
a well in Sec. 15, T. 12 S., R. 18 W., in north-central Ouachita County, records about 70
feet of interbedded gypsum and limestone lying above the red shales. This gypsum (prob-
ably anhydrite) indicates a transitional zone between the two formations. However, a
driller's log 1s of doubtful value and, unless founded on well cores or cuttings, the
record of gypsum may be due to misinterpretation. Weeks (51, p. 964) apparently assuming
that the red beds are terrestrial and the limestones are marine and therefore that
marked changes had occurred in the environment of deposition, suggests that the abrupt
break from red beds to marine llmestone may denote a hiatus. Weeks' assumption may not
be true because (1) the Eagle Mills red beds were deposited at least mainly under water,
as proven by the presence of argillaceous dolomite, and (2) the lower dense, banded, ar-
gillaceous limestone of the Smackover formation was probably deposited in fairly saline
waters, according to evidence presented by Hazzard (18, p. 171). The waters in which the
red sediments were deposlted must have been unfavorable for the growth of organisms whose
decay would have reduced the ferric oxides. Since both red beds and limestone were evi-
dently deposited 1n very shallow sallne waters, the change in deposition from one rock

g/ Hazzard, personal communication
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type to the other might be ascribed to slight changes of the strand line. The change
from red beds, or salt, to limestone deposition would occur 1f tne basin were decpened,
the waters freshened, and the strand line migrated landward. There might then be an
abrupt change in lithologic type but no cessation of deposition. The widely distributed
thin band of red beds occurring between the salt and the Smackover limestone in southern
Arkansas might have been produced (1) by a minor regression of the sea, obut (2) more
probably was produced by a relatively sudden transgression over a fairly level landmass
which had considerable red soil. The large quantity of soll temporarily available due to
submergence would probably lead to fairly wlde distribution. In conclusion, an uncon-

. formity between the Eagle Mills and Smackover formstions seems unlikely in view of (1)
concordant relationshlps of the two formations, (2) the absence of basal conglomerates or
of any physical evidence of an unconformity, (3) and thelr sinilar sslire shallow water
environment of deposition.

Correletion. The Eagle 1ills formation has been tentatively assigned by various
writers to periods as removed as Permian (43, p. 605; 51, p. $63), Upper Jurassic (18,
p. 174-175), and Lower (Cretaceous (39, p. 290-291,. Possibility of a Jurassic age has
been suggested by Sellards (41, p. 42) and Grebau (15, p. 646). The writer considers its
age as Jurassic. This age is indicated by the occurrence of a fossil sponge obtalned
from the highest gray shale unit of the lMorehouse formation at a depth of 9,304 to 9,305
feet immediately below Eegle liills red beds In the Unilon Producing Company's Tensas Lel-
ta No. 1-A well in Sec. 8, T. 22 N., R. 4 E., Morehouse Parish, Louislana. The sponge 1is
definitely a lesozolic type and probably belongs in the family Staurodernidse which is
known only from the Jurassic. Llkewlse the confornable reletions of the ELagle 1iills
formation with the Smackover formation, which is of Upper or MNiddle Jurassic age, sug-
gests that it is nearly the same age. An age assignment any older than Upper Trlassic
seems unlikely in view of the times of aridity elsewhere In North America during the
early Mesozoic. In the Rocky Mountain reglon arid to semi-arid conditions preveiled from
Upper Triassic to at least the end of Jurassic time (3, p. 45-63). 1In “exico the climate
appears to have been arld to semi-arid from the Rhaetlc stage of the latest Tricssic, or
earliest Jurassic, (position of Rhaetic 1s variously interpreted) until middle Lower
Cretaceous time (10, p. 43, 165; 21, p. 1146; 22, p. 629).

Additional reasons for considering the Eagle Mills formation of Jurasslic age are
furnished by comparisons with the Jurassic sectlions in southern liexlco and bordering
Central American countries (10; 34; 18, p. 173-174; 37). In northern Pueblo, southern
Veracruz, Tabasco, and northern Chiapas, the Jurassic section consists of two divisions.
The upper division 1s marine and of Upper Jurassic age. The lower divislon consists
mainly of terrestrial deposits wlith plant remains and 1s of Lower and Mlddle Jurassic
age. The name, Todos Santos series, has been applied to the entire Jurassic section and
the overlying Neocomian deposits for the region of the Isthmus of Tehuantepec and Guate-
mala. A fairly complete section of this series was penetrated by a well boring near
Tonalapa in the region of Chlnanameca to the west-northwest of iiinatitlan, Veracruz.
From top to bottom the well section, according to huntley (20, p. 1165; 10, p. 97) is
given below.

Section of Todos Santos series iIn well drilled near Tonalapa, liexico

Depth Thickness
(in feet) (in feet)
Limestones, alternating with whitish marls, black
shales, and some chert. Contalns ammonites
of lower Neocomian and Upper Jurassic age
(Burckhardt, 10, pe 97)c « ¢ ¢ ¢ o o o o o« o & 20 - 333 313
Red beds, with salt. . « ¢« ¢« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢« o & 333 - 380 47
Salt « v v v v s e e e e e e e e e e e e 380 - 2,050 1,670
Limestones, brown shales, bluish sandy shales,
red beds, red shale with rock salt . . . . . . 2,050 - 2,290 240

Shales, blacke: « « « ¢ ¢ « o o o ¢ o o o o o o« & 2,290 - 2,360 70



SALE ¢« c v v e e e e e e e o e e e e e e e e 2,360 - 2,418 58
Salt and black slate . .« . . ¢« ¢« ¢« ¢ ¢ ¢ ¢ o . . 2,418 - 2,453 39
Total thickness In feet. . . + ¢ ¢ ¢ ¢ ¢« ¢ ¢« ¢ ¢ ¢« o o o o & 2,433

In the above section the Upper Jurassic beds are separated from the main body of
salt by 47 feet of red beds. The salt has not been Intruded into the overlying Juraassic
limestones but has been folded concordantly with them, according to Weaver (18, p. 174).
These relationships are strikingly similar to those in the Gulf Refining Company of Lou-
isiana, Louis Werner Saw Mill Company No. 49 well, and other wells, in southern Arkansas.

Farther south in Chlapas and Guatemala the Todos Sanios beds, according to Sapper
(37, p. 26-27), consist of sandstone, marl, shale, sandy shale, pudding stone, and con-
glomerate. Thelr colors are malnly yellow, red, or brown. In western Guatemala and
eastern Chiapas they contain in places intercalations of limestone, marly limestone, gyp-
sum, and probably rock salt. Similar rocks (Metapan beds) occur in southern Guatemala,
in northwestern Salvador, and in western and middle Honduras. Near 3San Juancito in the
department of Tegucigalpa, Honduras, they contain plant remains which Newberry considered
Rhaetic (latest Triassic) but B3se (37, p. 27) considered more likely Liassic (Lower
Jurassic). Sapper (37, p. 44-45) states: "Of special interest is the salt formation of
southern Veracruz and Tabasco in the region of the Isthmus of Tehuantepec. Salt springs
occur also 1n Chiapas and northern Guatemala in the Todos Santos strata. Thls ssalt
formation corresponds to the lower part of the Todos Santos strata. It designates the
southern boundary of the Mesozolc sea. . ." The presence of rock salt has been confirmed
by B&ckh, Lees, and Richardson (7, p. 164) who note that "the Todos Santos beds of Gua-
temala contain gypsum near San Mateo Ixtatan and both gypsum and salt near Quetzal.,"

The Jurassic of the state of Oaxaca, Mexico, according to the writings of Burck-
hardt (10, p. 24-43, 98-100), consists of Upper Jurassic marine beds and Lower Jurassic
coaly beds, the latter resting directly on crystalline schists. However, Weaver (18, p.
174) notes that "unpublished and unconfirmed reports of some credibility give a salt,
gypsum and red shale sequence below the plant beds and above a thin marine "Oxfordian"
unit. The existence of salt beds 1s indicated by salt springs, which have been reported
by Adkirs i/. The Jurassic sequence in Osxaca appears, therefore, to be similar tc that
in the Isthmus of Tehuantepec and Guatemala.,

These observations show that in southern Mexico the Upper Jurassic, in some areas,
is underlain by red beds and in nearby areas by rock salt. The relation of the salt to
the red beds 1s apparently like that of the Eagle Mills salt to the Eagle Mills red beds
in southern Arksnsas. The lower part of the red beds of northern Chiapas contains plant
remains of middle and lower Jurassic age. Similar beds in Honduras contain plants which
are possibly as old as latest Triassic.

In conclusion the writer conslders that a Jurassic age for the Eagle Mills salt and
red beds 1is indicated by:

(1) the presence of a fossil sponge showing Jurassic affinities in the Morehouse
shale immedliately below the base of the Eagle Mills formation in the Union
Producing Company's Tensas Delta No. 1-A well in northeastern Loulsiana;

(2) the presence of Middle or Upper Jurassic fossils in the overlylng
Smackover formation;

(3) the conformable relation of the Eagle Mills formation to the Smackover
formation;

(4) a comparable section of salt, red beds, and Upper Jurassic marine beds
in southern Mexlco, and

(5) known aridity during late Triassic and Jurassic times in Mexico and the
Rocky Mountaln region of the Unlted States.

4/ Personal communlcation

—
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A Permian age for the Eagle Mills formatlon 1s precluded by fossil evidence although it
is not impossible that Permlian deposits may underlie the Mesozolc deposits somewhere in
the Gulf Coastal region (49, p. 125).

The Eagle N1lls salt of Arkansas 1s probably but a small part of an extenslive body.
Hazzard (18, p. 172) says, "It 1s current opinion that the salt encountered in the deep
wells in the Rodessa fleld, Louislana, and in Panola County, Texas, 1s the equivalent
of the Eagle Mills salt of southern Arkansas; thls salt horizon (formation) probably
has contributed to the salt cores of the penetration salt domes of northern Loulsiana
and west-central Mlssissippi."

An extension of the salt formation across the East Texas basin 1s indicated by the
section in the Stanolind 011 and Gas Company's Norris No. 1 Wwell located in Limestone
County, Texas. In this well the salt and assoclated red beds are overlain by 467 feet
of limestone similar to the limestone facies of the Smackover formation. The section
below this limestone is as follows:

Section of salt formation in Stanolind 01l and Gas Company's Norris No. 1 well,
Limestone County, Texas.

Depth Thickness

(in feet) (in feet)
Sand and shale. « « ¢« « « & ¢ o « ¢« « &« « « . . 8,987 - 9,005 18
Rock s8lt &« ¢ ¢« ¢ ¢« ¢« ¢ o ¢ ¢« ¢ ¢ ¢« ¢ « ¢« « « « 9,005 - 9,785 780
Anhydrite « « + ¢ ¢ ¢ ¢ s ¢ ¢ 0 ¢ o e ¢« . . 9,785 - 9,845 60
Conglomerate and red sandstone. . « . . . . . . .9,845 - 9,888 43
Sandstone, reds ¢« « ¢« ¢« 4 ¢ ¢ ¢ 4 e . - .. . . 9,888 - 9,932 44
Conglomerate, red « « « « « &+ ¢ o o o o o +» o o 9,932 - 9,951 19

Total thickness In feet o ¢« ¢ ¢ ¢ ¢ ¢ ¢ o o o o o o o o« s o &« 964

Whether the Eagle Mills salt 1s of the same age as the salt in the Gulf Coastal
domes of Texas and Louisiana is not known. Brown (9, p. 1267-1270) thought he had proved
that the salt was deposited in different basins of different ages and was not older than
Lower Cretaceous. However, 1t is now definitely known that the salt in Arkansas sri ad-
joining areas of Loulsiana and Texas camnnot be younger than Upper Jurassic. The same is
probably true of the main salt masses farther south, although some of them may be of Cre-
taceous age. The latter possibllity 1s suggested by the occurrence of bedded salt in the
Lower Cretaceous sediments of the Rio Grande Embayment and of north central Mexico (41,
p. 40, 42; 10, p. 148).

Origin. The orlgin of the rock salt of Arkansas, Misslssippi, Louisiana, and Texas
has been discussed by many writers (39, p. 288-291). Van der Gracht (49, p. 130) and
Brown (9, p. 1227-1228) considered that the salt was formed in distinct basins. On the
contrary Hazzard (18, p. 174) conjectured that "the salt basin of the Isthmus of Tehuan-
tepec and the salt basin of South Arkansas (and North Louisiana) are of one and the same
age, connecting through the area now the slte of the Gulf of Mexico; that the northern
known tip of an Upper Jurassic salt basin terminetes in southern Arkansas, and a south-
westerly 1ndentation of the same basin, marks the site of the salt basin of the Isthmus
of Tehuantepec."

A similar speculation was made by Barton (5, p. 1289-1290). Something possibly sug-
gestive of such an immense salt basin 1s the occurrence of submarine dome-like shapes on
the outer margin of the coastal shelf of the Gulf of Mexico (42). As an alternate possi-
bility, the salt basin of the Isthmus of Tehuantepec may have been distinct from that of
the Gulf Coast, each basin representing a nearly enclosed or perhaps relic sea of con-
sicderable size. Structural evidence for separated relic seas 1s very meagre.

The Eagle Mills formatlion beara a transgressive relationshlip to the underlying Pal-
eozoic (?) sediments where their contact was penetrated in the Gulf Refining Company of
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Louisiana, Werner Saw Mill Company No. 49 well as shown by (1) the truncated surface of
the steeply dipping Paleozolc (?) sediments and (2) the character of the basal beds of
the Eagle Millas formation. The lower 24 i1eet of the Eagle Mills formation contains peb-
bles of silicified shale, chert, dense sandstone, and dlabase. Part of these pebbles
were probably derived from the underlying Paleozolc silicified shale and pre-Eagle Mills
diabase. These structural and stratigraphic features, plus the upward change to red
beds, anhydrite, and rock salt, seem to Indicate a transgression due to gradual subsi-
dence of the area of deposition.

The Eagle Mills red beds were formed mainly, or perhaps entirely, under water as in-
dicated by streaks of arglllaceous dolomite and essoclated anhydrite. The water must
have been highly saline, or perhaps bracklsh, in order to prevent the growth of organic
matter that would have reduced the ferr.c oxzide to the ferrous condition (24, p. 885~
888). Likewise, the climate of the surrounding land areas must have been sufficiently
dry (although not extremely so) to prevent the growth of much organic matter
(48, p. 317-318). Petroleum geologists who have worked in the extremely arid region of
eastern Arabia report that most of the erosion is by wind and that the recent deposits
are gray salty clays and marlsE/ The rolling of the particles by the wind is held re-
sponslble for the removal of any films of red iron oxide that might have originally
coated the particles.

Evidently the Eagle Mills red beds were deposited nearer the land and in shallower
or less saline waters than the salt. Thelr present distribution in Arkansas 1s possibly
related to ar inferred flexure which seems to parallel the entire trend of the present
Ouachita Mountains and the subsurface southeastward projected trend of these mountains
(44, p. 129-130; 51, p. 963). The salt deposits apparently do not occur on the site of
the inferred flexure but are thickly developed a short distsnce to the south. This
rather abrupt change in facles possibly reflects a difference in the depth of the sea
floor due to structural control. However, the thickness of salt near the northeastern
margin of 1ts present extent may not be the seme as &t the time of deposition. On most
of the domes where the salt has been penetrated, 1its greater thickness 1s due possibly
to flowage. Hazzard g/ thinks that the change of facles from red beds to salt is more
dependent on several factors than on the presence of a structural flexure which would
have produced an abrupt shallowing of the sea. These factors are: (1) differences in
salinity within the sea; (2) size of the basin, or (3) source of sediments. He thinks
that the flexure was a reality, but that the evidence for its exlstmnce is based mainly
on the lithology and thicknesses of post-Buckner formations.

Possible sources of the material of the red beds would include the Rocky Mountain
region, the Pennsylvenlan-Permian red beds of Oklahoma and Texas, the Appalachian high-
lands, and perhaps the southern part of the Canadlan shield. As it 1s generally agreed
that considersble amounts of red residual soils form "only on upland areas with warm and
moist climate" (48, p. 315), the Rocky Mountaln reglon of late Triassic and Jurassic
times does not seem to be a possible source (3, p. 44-55). The Pennsylvanian and Pernmi-
an red beds of Oklshoma and Texas would have been a llkely source for much of the red
beds of the Eagle Mills formation, especially as the distance of transportation was not
great. Another likely source would have been the Appalachian region which was undoubted-
ly a highland region during part of the Jurassic as a result of faulting and regional
uplift at the end of the Triassic period. Since some of the sediments overlying the
Eagle Mills formation were derived from the east, as lndicated by marked coarsening in
that direction, it seems most probable that part of the Eagle Mills red beds was likewlise
derived from the east, probably from the reglon of the present Southern Appalachian
Mountains. It follows that 1f the time of deposition of the Eagle Mills formation coin-
cides with the uplift of eastern United States in the Jurassic, then a depression and
widening of the ancestral Gulf of Mexlco occurred during the same time as the uplift.

§/ liazzard, personal communication
6/ Personal communication
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SMACKOVER FORMATION

Deflnition. The Smackover formation was named after the Smackover field (6, p.
1068, 1072) where it consists of 700 feet of dense to o8litic limestone which lies with
apparent conformlity above the Eagle M1lls red beds and salt and below the Buckner anhy-
drite and red beds (51, p. 964-965). A local disconformity occurs between the Cotton
Valley and Smackover formations (52, p. 28). In southern Arkansas it is divisible into
two members of which the upper consists of otlitic to chalky limestone and the lower of
dense limestone with dark argillaceous bands. These limestone facles grade southward in
northern Loulslana into an interbedded limestone, shale, and sandstone facles which is
likewise included in the Smackover formation. The term, Smackover limestone, will be
used in this report only in reference to the limestone facles.

Distribution and thickness. The distribution of the Smackover limestone in Arkansas
is indlicated on Plate XVII. In northern Loulslana the equivalent beds consist of shals,
shaly limestone, and sandstone. In the central part of the East Texas basin the Smack-
over limestone, as such, does not exist according to some petroleum geologlsts who base
thelr views on geophysical data. However, equivalent strata, which are probably shales,
undoubtedly underlie most of the basin. On the west side of the East Texas basin about
467 feet of dolomitic limestone, probably Smackover, was penetrated by the Stanolind 0il
and Gas Company's Norrls No. 1 well located in Limestone County, Texas. This limestone
is lithologlcally similar to the Smackover limestone of Arkansas and occuples a similar
stratigraphic position with respect to the Eagle Mills salt and the Buckner anhydrite.

In Arkansas, the Smackover formation 1s 880 feet thick (51, p. 965) and probably
ranges in thickness between 450 to 900 feet (18, p. 158). In the Rodessa field of north-
western Louisiana, the Smackover formation is about 1,230 feet thick. Total thicknesses
of the Smackover formatlion, in areas where it has not undergone appreciable erosion af-
ter deposition, have been determined at only a few places (see Table 4), Near the
northern margin of 1ts present extent, it thins markedly due to erosion during post-
Buckner and post-Lower Cretaceous times.

Table 4. Thicknesses of Smackover limestone

Thickness
Location Upper | Lower

Name of well Field County Sece.| Twp.| Rge. member| member Total
Benedum Trees 0il Co. Grove Land

& Timber Co. No. 1 Troy |Nevada 10 | 14S |20W 280 222 502
Phillips Petroleum Co. C. H.

Murphy No. 1 Bradley 12 117S [11wW 354 269 623
Phillips Petroleum Co. Rogers-

Askew No. 1 Columbia| 4 |17S |21Ww | 381 848/
C. E. Murdock (Lockhart)

Southern Kraft No., 1 Calhoun 17 | 14S |13W 426 158 584
Phillips Petroleum Co. Snow

J. T. Arnold No. 1 Hill |Ouachita 27 | 1568 | 15w 415 270 685
Gulf Refining Co. of La. Louls Smack-

Werner Saw Mill Co. No. 49 over |Union S5 ]116S |16wW 477 200 677
Phillips Petrleum Co.

Godfrey No. 1 Ashley 18 |17s | ow | a70 618/
Modisett Drilling Co. Union

Saw Mill Co. No. 2 Union 8 |18s 12w | 387 968/
Phillips Petroleum Co.

Marsden No. 1 Bradley 9 | 165 |11w 3695/
Phillips Petroleum Co. Marcus

Justiss Nos. 1 and"3 Schuler|Union 18 |18s 17w | so0 |2238/ | 7738/

a/ Incomplete thickness
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Litholo~ic wnd stratisrapnic features. The Smackover limestone in Arkansas 1s com-
prised of two members which are transitional into each other and show marked lateral
variation in lithology. Probably neither member represents exactly the same time inter-
val throughout its extent but each member probably represents a depositional facies which
overlaps in time with the other.

The upper member ranges from 280 to 500 feet In thickness and thickens toward the
south. It consists mainly of white to brown oblitic to chalky, porous limestone in which
the o8lites are most common near the top. This 1s the zone of greatest porosity. Sore
thin layers of hlghly porous limestone contain an abundance of colony corals, brachiopods,
pelecypods, and zastropods which are preserved mainly as molds. The porosity of the
o81litic limestones 1s probably due to lack of cementation. The porosity of the fossilif-
erous llimestones 1s due malnly to solutlon of the organic remalns. Some of the external
molds of fosslls are encrusted with pyrite. Stylolitic structure is well developed in
some cores examined by the wrlter. The type section of the upper member in the Smackover
field 1s about 400 feet thick, and according to Weeks (51, p. 965) "the top 100 feet 1s
composed of o8litic, very porous, buff limestone. This porous o8litic zone 1is known as
the Reynolds o&lite, from the Phillips Petroleum Company's J. D. Reynolds No. 1 in Sec.
27, T. 15 S., R. 15 W., the discovery well in the Snow H1ll area and the first well to
produce from this zone. The remainder of the upper part (member) of this limestone 1is
more or less chalky white limestone with varyling amounts of disseminated dolomlte rhombs.
Streaks of hard crypto-crystalline white limestone are plentiful near the base of this
zone., In a few places another streak of porous, o8litic limestone has been found immed-
lately above the (lower memver) dense limestone."

The section of the upper member 1n the Magnolia Pool of Columbia County has been
summarized by Trager (47, p. 14) as follows:

Section of upper member of Smackover formation
in Magnolla Pool, Columbla County, Arkansas

Thickness
(in feet)
Shaly dolomite or dolomitic shale, gray, dense. . « « « « « o« « o & 5 - 12
Limestone, brown, dense, o8litic, non-porous. . . . « « « « + « « +» 10 - 30
Limestone, white to brown, soft, o8litic and pisolitic,
good poroslty and permeabllity. . . ¢ ¢« « ¢ ¢ ¢ 0 0 0 o 0 e e . e 175
200 #

The sectlon of the upper member in the Schuler Pool of the west-central part of
Union County has been summarized by Weeks (53, p. 24-27) as follows:

Section of upper member of Smackover formation
in Schuler Pool, Union County, Arkansas

Thickness

(in feet)

Limestone, dense, forming a thincap. . « ¢« « ¢ ¢« ¢ ¢ ¢« ¢ ¢ ¢ « « . ?
Limestone, o8litic; porous, some dense lenses « . « « « « « + . +« « 70 = 90
Limestone, interbedded dense, o8litic, dolomitic, and sandy . . . . 315
Limestdne, dense t0 SANAY « « o o o o o « s s ¢ ¢ o ¢ o 0 o o 0 . . 95

500 *

The sectlon of the upper member in the Snow Hill Pool of Ouachita Count accord-
ing to Weeks (52, p. 2803-) 1s as follows: v
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Section of upper member of Smackover formation
in Snow Hill Pool, Ouachita County, Arkansas

Thickness

(in feet)

Limestone, porous, odlitic, contains some cellular and granular

SEreakS. o ¢ ¢ o i e e e e 6 e e e e 4 e s e e e e e e e e e e e 100
Limestone, chalky to finely crystalline, some beds slightly
POTOUS « o o o s o o o o s o o o s o o o o o s o s s o s s s o o« 300
400%

The above sectlons show that the upper member of the Smackover limestone varies
markedly in lithology both laterally and vertically. Southward in Arkansas from the
Smackover field "the chalky limestone is replaced by dense, crypto-crystalline, brown
limestone, showing faint o8litic structure at the top, grading to non-o8litic at the
base" (51, p. 965). In northwestern Louisiana the upper member is replaced by dark lime-
stones and shales and in northeastern Louislana by limestones, sandstones, and dark
shales (see FPlates IV, VvV, VI, VII, VIII, IX, and X). According to Weeks, these changes,
from north to south, are about as follows: (1) chalky limestone, (2) dolomlte and chalk,
(3) o8litic limestone cemented with dolomite, (4) o6litic limestone, (5) o¥litic lime-
stone cemented with calcite, (6) limestone and shaly beds with some o8lites and sandstone.

Corresponding with 1ts variable lithology, the upper member of the Smackover lime-
stone likewlse varies consliderably in porosity, particularly in the Reynolds odlite zone
near the top. In the Schuler Pool the porosity of the Reynolds odlite averages 14 per
cent (53, p. 25), and in the Snow Hill Pool 25 per cent (52, p. 30). The porosity is re-
lated malnly to the degree of cementation of the o&lites and is probably a primary fea-
ture rather than due to secondary solution. Thils 1is indicated by its being much reduced
(1) toward the north (35, p. 115) in areas where the ackover limestone underwent erosion
after Buckner time and (2) in the vicinity of faults8/. 1In both cases the action of
ground water tended to cement the odlites with calclte.

The lower meriber of the Smackover limestone ranges from 200 to 450 feet in thick-
ness and thickens southward. Probable equivalents in the Rodessa field of northwestern
Louisiana are about 740 feet in thickness. It consists of "gray to brown, dense, crypto-
crystalline (limestone), banded in many places with carbonaceous argillaceous partings.
In the vicinity of Smackover, 1t may grade to lighter gray, slightly chalky to granular
limestone toward the base. Basinward, in the Schuler area in Union County, and in the
Rodessa area in the northwest corner of Loulsiana, thls basal 'dense lime' becomes darker
and more argillaceous" (51, p. 965). Equivalents in northeastern Louisiana consist main-
ly of dark calcareous shales, shaly limestones, and sandstones. Compared with the upper
member, the lower member 1s harder, denser, darker, contains argillaceous material, and
lacks o8litic, chalky or dolomitlc material.

The upper contact of the Smackover limestone with the Buckner formation is apparent-
ly conformable, fairly definite within a narrow transitional zone, and in most places
does not indicate a time break (51, p. 966). However, for the Buckner Pool, Link (25, p.
97) notes that "the upper 20 feet of porous and permeable limestone have a decided re-
worked appearance, sometimes approaching a lime breccla in character. This reworked
appearance of the upper part of the Smackover limestone at Buckner, leads one to suspect
the possibility of an unconformity between the Smackover and the Buckner shale-anhydrite
zone." Link (26, p. 100-101) also says in regard to the Village Pool that "there 1is some
evidence for an unconformity between the Reynolds o8litic lime and the Buckner formation."
Other evidence for a post-Smackover disconformity conslsts of slightly reworked Smackover

o6litic limestone iIn the basal beds of the DBuckner formation as noted in the following
occurrences:

6/ Vieeks, personal communication
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(1) Renedum Trees 01l Company's Grove Land and Timber Company No. 1,
Sec. 10, T. 14 S., R. 20 W., Nevada County, Arkansas. Bottom two
feet of core from depth of 5,136 to 5,142 feet, at base of Buckner
formation, consists of light buff-gray, fine textured dolomite with

rounded cavities which are filled with anhydrite and some reworked
ob8lite remains.

(2) Joe Modisett Drilling Company's Union sew M11ll Company Ho. 1, Sec.
8. T. 18 S., R. 12 W., Union County, Arkansas. Core from depth of
6,053 to 6,059 feet, at base of Buckner formation, consists of white,
coarse grained, cherty, conglomeratic, calcareous sandstone. The
pebbles consist of pyrite and buff-gray o8lites.

(3) The Atlantic Refining Company's Harrington No. 1, Sec. 14, T. 17 S.,
R. 20 W., Columbia County, Arkansas. Core from Buckner formation
at depth of 7,698 to 7,705 feet consists of light buff, calcareous,
finely crystalline anhydrite which contains grains of reworked
Smackover limestone.

In many sections 1in Arkansas the Smackover limestone grades into the Buckner forma-
tion through a few feet of dolomltic limestones or shales which might logically be
placed at either formation, but are herein placed in the Smackover limestone. The con-
formable relationshlp of the Buckner and Smackover formations 1s shown by these
gradational beds, by the occurrence of some dolomitic beds at varous intervals throughout
the upper member of the Smackover limestone, and by the occurrence of anhydrite in the
upper part of the Smackover limestone In Columbia County, Arkansas, and Union Parish,
Louisiana. In northern Loulsiana the merine equivalents of the Buckner formatlion make a
falrly definite but conformable contact with the equivalents of the Smackover limestone.
In the Texas Company's T. C. Adams Estate No. 1 well, located in the Bethany gas field of
Panola County, Texas, the Cotton Valley formation grades into the Smackover limestone
equivalents. On the whole, the evidence indicates that the Buckner formation, Smackover
limestone, and Eagle Mills salt and red beds are a continuous sedimentary sequence (18,
p. 171). 1In areas in which the Buckner formation is missing, the Smackover limestone 1is
overlain dlsconformably by the Cotton Valley or younger formations.

Correlation. Fossils from the Smackover formation show that 1ts age 1s Middle or
Upper Jurassic. During the past two years various oil companies have sent the writer
fossiliferous cores from the Smackover formation and adjoining formations. Significant
pelecypod genera from the Smackover formation Include Coelastarte, Coelopls, and Quen-
stedtia. Significant gastropod genera include Nerinea, Xystrella (%), and Cryptotyxis{(?).
Of these genera Coelopls and Quenstedtia have not been recorded 1n beds younger than
Jurassic. (Coelastarte 1s fairly common in the Jurassic and uncommon in the Cretaceous.
The genera Nerinea and GQuenstedtia indicate an age not older than Middle Jurassic. Thse
assoclation of Xystrella and Cryptotyxis, if these be correctly identified, indicates
lower Upper Jurassic. It 1s probeably significent that none of the specles from the
Smackover formation 1s identical with described upper Upper Jurassic specles from Mexico
and Texas but that several are very similar to species from the Middle Jurassic and lower
Upper Jurassic of Europe.

Other fossil evidence consists of a few ammonite fragments obtalned from sandy shale
equlvalents of the Smackover formation at a depth of 10,545 to 10,550 feet in the Texas
Company's T. C. Adams Estate No. 1 well, located iIn the Bethany gas field of northeastern
Panola County, Texas. The fossiliferou