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LETTER TO PUBLISHER

ARKANSAS GEOLOGICAL SURVEY = -
LITTLE ROCK, ARK., JANUARY 2, 1935

_*_PARKE—HARPER COMPANY,
.'_'.'-thtle Rack Arkansas '

' _._'Gentlemen

20 In response to your request of October 1, 1934, we are lend-
,-"31ng you.the manuscript of our Bulletin 2, entitled, “0Oil and Gas
“-Geology of the Gulf Coastal Plain in Arkansas,” and written by
W. C.. Spooner of Shreveport, Louisiana, ‘We are including in
" our loan the zinc etching of 117 drawmgs which are part of the-
report.- It is our understanding that you wish to ‘publish this-
bulletin at your own expense, and that- any edition you issue is, .
‘if its entirety, to be your property for dlstnbutlon as you see fit,

B I have conferred with the Attorney General regarding the'
~legality of permitting & firm to print, as a private undertaking,
:.}.mfo_rma.tlon which ‘has "been assembled at the expense of the
-state.” He has- assured me that no legal barriers exist, so long as
~the’ ubhcatlon is not des1gnated as a state report. Thereforfe,
it canot, technically, be considered as such, although the ma-
- terial is essentially the same:we would pubhsh 1f funds ‘were
'”'avmlable for the purpose. .

- Work on this bulletin was 1n1tlated in 1927 but its completmn _
wa$ very materially delayed by the serious and protracted illness -
-of-the author. Although the work has: been nearly. ready for -
‘_pubhcatmn during the last ‘three yea.rs, “this : department hag
~lacked the requlred funds, and as there is not immediate pros- -
pect of securing them, I am glad to turn the bulletin over to you
B0 ‘that the. information may. be made available to the public.
> Maps and pOI“thnSQOf the text of this bulletin have been avail-
“able at this office for the last three years.

.2+t should be stated that it would have been impossible to com-
p]ete' the preparatmn of the materlal of the bulletin and turn it
““over to you in its present form, without. the unselfish assistance
of Mr. Richard W. Marshall of Shreveport, Louisiana, and Mrs.-
Benita Rayfield of Little Rock, Arkansas, and I am greatly in-
. debted to them for their cooperatlon -

: The great importance of the petroleum mdustry in Arkansas
‘ma.y be-appreciated from the fact that, durlng the 13 years smce_.'
. _the discovery of 0il in -Union County in 1921, the estimated pro-
:‘duction has been in ‘excess of 408,000,000 barrels, valued at ap-
:::prox1mately $392 091 000. " This is '53.7 per cent of the value of




‘sl mmerals produced-in Arksngas- durlng the: EE—year period.'
from from: 1880 t0'1986. .The tax income to state, county, and
Ceity: govemments ‘directly and indirectly due to the production
of oil,-i8 estimated to be at least $17,000,000 during the 10-year
_permd from 1922 to 1981, inclugive,

© It is hoped-that the informatlon contained in this report will
’encourage intelligent prospecting for oil and will prove to be a
contributing factor toward the discovery of new producmg Breas.
: w1th1n the Gulf Coastal Plain in Arkansas. R

Yours very %mcerely,

(JEORGE C. BRANLEB.,
‘State Geologist.
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ABSTRACT
PART I

STRATIGRAPHY AND STRUCTURE

The southwestern and eastern parts of Arkansas lie within
the Gulf Coastal Plain physiographic and geologic province.
That part of the Gulf Coastal Plain which lies in Arkansas em-
braces an area of 27,370 square miles, or about 52 per cent of
the area of the state.

The Gulf Coastal Plain sediments consist of sands, clays,
marls, shales, and limestones but include anhydrite and volcanic
rocks ranging in age from Mesozoic to Recent. They rest on a
pre-Cretaceous erosional surface of folded and faulted Paleozoic
and older rocks.

The oldest Coastal Plain rocks belong to the Comanche series
and include the Trinity, Fredericksburg, and Washita groups.
They crop out in a narrow belt in Sevier, Howard, and Pike
counties, The Gulf series (Upper Cretacecus) crops out in
southwestern Arkansas in a parallel, but somewhat wider belt,
which extends from the Texas and Oklahoma line eastward into
Clark County. The Tertiary rocks are the most widely dis-
tributed, occupying, for the most part, the Coastal Plain fo the
. south of the Cretaceous and extending eagtward to a line drawn
from Little Rock southward into Ashley County. The eastern
part of the state, except for small outcrops of Tertiary rocks
along the western margin of the Coastal Plain and narrow belts
along the flanks of Crowley’s Ridge, iz mantled with sands,
gravels, and loams of Pleistocene and Recenht age.

The usual interpretation of the pre-Cretaceous history of this
region requires the postulation of geolsyncline (the Ouachita
geogyncline) which received sediments from land areas to the
south. Folding and trusting of the gecsynclinal sediments be-
gan in the Carbonifercus period and culminated in the Permian
time with the formation of the Ouachita Mountaing. The final
stage in the mountain building is believed to have been the verti-
cal uplift of the frontal part of the mountaing and subsidence of
the hinterland, as well as the outer and central zones of the
QOuachita Mountain system in its widest development. As a re-
sult of these movements, a basin was developed to the south
which received sediments from the elevated Ouachita Mountains
in later Permian time, and in which the salt, underlying a part
of this region, is bhelieved to have accumulated.

The Ouachita Mountains are strongly arcuate in form with
only the northernmost part exposed in southwestern Arkansas
and southeastern Okla.homa Their continuation under the

Vo Y B B & ) - N 1 I . B S . . T [ PRIV S 1 PR SN, DU I . 3



ABSTRACT XX1X

the central mineral region of Texas and thence westward to the
Marathan region in southwestern Texas. From the easternmost
exposure in the vicinity of Little Rock, the Quachita Mountains
are believed to continue under the Coastal Plain sediments in a
general southeasterly direction through southeastern Arkansas,
northeastern Louisiana, and Mississippi, into Alabama.

Cegsation of the mountain building forces was followed
by a period of denudation which, at the beginning of the Meso-
zoic, had reduced this region to a peneplain. The downwarping
of this peneplain permitted the early Cretaceous sea to invade
this region from the southwest. The strand lines of the
Comanche sea were generally determined by the trend of the
Ouachita Mountains as previously outlined. The earliest sedi-
ments are a series of impure limestones, shales, and fine-grained
sands, provigionally assigned to the Neocomian, which have been
penetrated to a depth of more than 1,500 feet. After the deposi-
tion of the Neocomian, the sea retreated, and a series of red clays
and sands accumulated which, in Arkansas, reached a thickness
of over 2,000 feet. '

After an interval of emergence the sea again invaded Arkan-
sas, and the Glen Rose sediments were deposited. The Glen Rose
ig divided into the Upper and the Lower Glen Rose with an in-
tervening zone of interbedded anhydrite and limestone,

The Lower Glen Rose in its typical development in scuth-
western Arkansag is 900 to 1,000 feet thick, composed of general-
ly impure, earthy limestone and shale but decreases in thick-
ness and exhibits near-shore characteristics toward the north
and east.

The anhydrite zone, 600 feet thick in southwestern Arkansas,
consists of interbedded anhydrite, marine limestone, and shale.

Marine conditions of deposition continued. for a brief period
after the deposition of the anhydrite and assoclated limestone
and shale. Regression and the deposition of red clays and sand,
which interfinger basinward with marine limestone and shale,
followed. This movement is the correlative of that in Texas,
when the Paluxy sands were deposited. The Trinity sediments
above the anhydrite represent in part the marine Glen Rose
and in part the Paluxy sand of Texas.

The Fredericksburg and Washita groups are represented by
marine limestone and shales, which have a maximum thickness
of 400 feet in Miller County, Arkansas. Their total thickness
and maximum eastward extent is not now determinable.

The depogition of the Comanche was followed by uplift and
‘marked flexing of the strata along a northwest-southeast trend
through southeast Arkansas and northeast Louisiana, which
parallels the eastward extension of the Quachita Mountains. In
the anhseanent interval of erosion. the Comanche strata were
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truncat-ed and the reglon reduced to 8 peneplam S
_ Downwarplng and Upper Cretaceous deposition ‘began in east
-.*';Texas after a brief interval of emergence, and the sea gradually
“expanded eastward, submerging Arkansas in Eagle Ford or early
Austin time. The hasal Upper Cretaceous formations rest un-
. conformably on Comanche strata, ra.ngmg in age from Waghita
" in the western part to early Trinity in the eastern part of the
state. The basal beds are composed in large part of voleanic -
material, .helicved to have been derived from volcanic vents.
_sitnated in southwestern Arkansas and northeastern Louisiana.
. The voleanic activity. may have begun with the upwarp of the
_'-"'Gomanche strata but was most dctive during the Upper Cre-
.-.taceous and, in a milder form, extended into the Taylor.
" The Upper Cretaceous was a period of relative crustal sta-
- bility, during which marine conditions of deposition prevailed,
‘but differential warping in a southeasterly trend through south-
eastern Arkansas and northeastern Louisiana operated to modify
the lithology and thickness of the Upper Cretaceous sediments.
: In the western part of the area the Upper Cretaceous forma--
. tions are composed chiefly of clays, shales, marls, and chalk with
- gands in the basal and upper parts of the geries, which total
12,200 feet in thickness. These strata diminish in thickness east-"
ward and become Increasingly sandy in southeastern Arkansas; -
where they are 200 to 800 feet thick.  In eastern Arkansas to
- -the north of Drew and Chicot countxeo they again increase in
“-thickness to more than 1,000 feet and. lithologically are more
'_nearly the counterpart of the M1531smpp1 tha.n o:f the southwest-'
--ern Arkansas section, @ :
- At the closé of. the Cretaceous perlod the gea retreated from
Z._the region, -and ‘a long period of time elapsed before marine
deposition was resumed.  That the ‘emergence of this region
© ocourred with a minimum of: differential warping is mdlcated;
- by the: hthologm similarity and by the uniform thickness of the
.-‘Arkadelphia marl (uppermost Cretaceous} and the: M1dway
- formatien (basal Tertiary).
~ -The crustal stability; prevalhng durmg' Upper Cretaoeouna:_
and Mldway deposition, was succeeded by a period of crustal-
*~instability, which began in Wilcox time and continued into the
‘Miocene epoch. - The strand line, which had been more or less
permanently fixed during the Creta.ceoua ‘period, began to mi-
-.grate back and forth over the region. - Nonmasrine. sediments”
. were deposited in the wake of the retreating . sea alternately
’ with marine sedlments -deposited durlng a perijod of transgres-
- -#lon.: The maximum extent of marine depomtmn ‘was reached_
~ with, the deposition of the Jackson formation i
: During Wilcox tithe differential warping. of the aea floor.
“ gxerted a marked influence on the sediments and on ‘the strue-
. ture of the region. . Northern Louisiana and southern Arkahsas
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;ghega.n to rise aa the embaments on- mther stde were depreaaed
:the structura,l salient; inclugive of northern Louisiana and gouth-
‘ern Arkansas, began to take shape and attained ity final form
Hnoas marked reglona.l uphft which occurred late in Tertmry
5';per10d o

The: uphft wag accompamed by. erosion that reduced the
:.terram to the base level in early Pliocéne time.  Over this
‘peneplain were spread the Lafayette sands and gravels, which
‘are correlated with the Citronelle formation. . The present topog-
raphy was carved from the uplifted Pliocene and earher forma-
tions during the Pleistocene and Recent epochs,

The regional monoclinal. structure of the Gulf- Coastal Plam,
jdlppmg‘ gently towards the coast, iz modified by transverse
‘warping, resulting in broad gentle upwarp between shallow,
‘broad depressions along the inner margin of the Coastal Plain.
The -structural salient, inclusive of southern Arkansas and
-northern Louisiana, and the east Texas and Mississippi embay-
‘ments are typical examples of such structural features.

The Sabine uplift in northwestern Louisiana and the Monroe -
uplift in northeastern Louisiana are integral parts of the struc- -
‘tural salient but have sufficient gtructural individuality to be’
‘broadly outlined in form. These uplifts, separated by a shallow
‘syncline, are broad, dome-like folds 75 to 100 miles in diameter.

“Numerous minor structural types which may be divided into -
;normal structures, including normal faults and salt-dome strue-
‘tures are superlmposed on the structural sahent and the larger
-uplifts. :

The- normal structure mclude anticlines, domes, structural
:_terracea, faults, and synclines. The dome-like structures are the
dominant form, but the anticlinal form is present in southeast-
‘ern Arkansas.. The structural relief is g'enera.]ly léss .than 150
feet.  The faults, which in. Arkansas occur in a generally. east-
-west trending zone, are normal Wwith throws; some about 500 feet
-high The known faults in Touisiana are associated with dumes ;
: “The salt-dome atructures include the typlca.l salt domes, gen--
erally 4 to 6 miles in diameter with a central salt core which has
-pierced and sharply tilted the mclosmg' strats, . The salt-dome
?-.atructures should, . perhaps, include the Homer, Bellevue, and
‘Pine Island domes, large domes with diameters of 10 to 15 miles
sand. structural relief of over 1,000 feet. - Salt has not been en-
‘countered in these domes, but. gravimetric surveya mdlcate its'
‘presence at, considerable depths _

The normsl folds include the anticlines, domes, and struc-
‘tural terraces. The folds are generally dome-like in form but.
-anticlinal folds are present in  southeastern - Arkansas The
‘Btructural relief is generally less than- 150 feet, . s
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PART 11
OIL AND GAS FIELDS

The producing areas of the Gulf Coastal Plain in Arkansas,
except for small areas in Lafayette and Miller counties, are git-
uated within a southeast-trending belt 15 to 20 miles in width
which extends from the Irma field in Nevada County through
central Union County to the Louisiana line, Within this belt 14
distinet producing areas have been discovered since 1921, known
as Smackover, El Dorado, Lishon, Irma, Siephens, East El Do-
rado, Woodley, Rainbow City, Urbana, Mount Holly, Bradley,
Garland City, Sec. 14, T. 18 S, R. 14 W., and Sec. 2, T. 18 &, R.
15 W. These fields have a total productive acreage of about
49,365 acreg and vary in size from about 85 acres, the area of the
Bradley or Mt. Holly ficlds to 29,505 acres, the area of the
Smackover field.

Most of the oil-producing areas are anticlinal, domal, or
structural terraces. In a few areas the oil is confined by virtue
of the character of the reservoir rocks, either lensing of the sand
or lateral decrease ir porosity.

Except in the case of the Garland City, Mount Holly, and
Urbana fields the production is obtained from the Upper Cre-
taceous (Gulf series) formations. The Nacatoch sand and the
Ozan formation of the Gulf series have been the most prolific
producers of petroleum. TI'rvoduction is obtained from depths
ranging from about 1,500 feet to 8,500 feet, From 1921 to 1933
the different producing areas described in this report have pro-
duced a totsl of 388,392,588 bharrels of oil.

PART III
SUMMARY DESCRIPTION BY COUNTIES

Changes in the character and thickness of the Coastal Plain
sediments, in many instances of marked degree from one area
to another, exercise definite influence on the oil and gas pessi-
hilities of the different parts of the Coastal Plain in Arkansas.
For this reason, the structure and stratigraphy of the 46 separate
counties in the Gulf Coastal Plain {5 summarized. County well
lists give information zs to the number and depth of the wells
which have been drilled.

‘Several counties lie partly ir. the area of expozed Paleozoic
rocks and partly in the Gulf Coastal Plain. Few deep wells have
been drilled in these counties and, consequently, the data relat-
ing to the subsurface strate are meager. The Cretaccous sedi-
mentg are generally thin and are not believed to be very favor-
able areas in which to explore for oil and gas deposits,
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INTRODUCTION

From 1920 to the present time, more thar 800 deep wells
were drilled in the Gulf Coeastal Plain of Arkansas in addition
to the great number of wells drilled within the oil and gas-pro-
ducing fields of the region. These wells have furnished a vast
amount of geologic data and have revealed the fact that the
geolegic history is more complex than was indicated by the
strata. For the reader’s convenience, the report has been divided
into three paris.-

PaRT 1. Stratigraphy and Siructure: Deals with the gen-
eral geology an_d regional structure,

ParT II. Oi and Gas Fields: Describes the oil and gas-
producing fields of the Coastal Plain of Arkansas.

" PART II1.  Summary Description by Counties: In this part
the geologic features of the individual counties have been sum-
marized, and the decp wells, together with their correlation and
other essential data, are listed.
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PREVIOUS WORK

_ The geologlc literature published prior to 1858 contains brief
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but the earliest systematic description of ifs geologic features
was given by D. D, Owen,* State Geologist from 1857 to 1860
.who pubhshed two volumes of reports.

During the administration of J. C. Branner, State Geolr:rgl t
from 1887 to 1893, the Arkansas Geological Survey published a
number of notable contributions te the geclogy of Arkansas,
Hill* mapped and described the geology of southwestern Arkan-
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Williamy* described the igneous rocks of Arkansas; and Harriss
mapped and described the Tertiary formations of southem Ark—
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wasg published in 1906. This report desceribed the physiography, -
stratigraphy, _structure, and geologie higtory of southern Arkan-
sas, - The geology of northeastern Arkausas was. descnbed by
Stephenson and Crider’ in 1918. :

“The Lower Cretaceous’ aystem was described by Miser and
Purduet, who also desenbed the aqpha]t-bearmg mckﬂ of gouth~
western Arkansas.

The Upper Cretéceous formations of southwestern Arkansas
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: Dehe’ This lmportant work hae served as a bams for eerrela.t- '
ing the subsurface rocks encountered in drllhng wells: in c;euth—-
ern -Arkansas, :

.: The tore important eontrlbutmns to the geology of the Gulf -
Coastal Plain of Arkansas are here hsted in the b1b110graphy :
that follows.
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1888

“Hill, R, T Neozoic geology of southwestern Arkansas: Arkan-_ :

‘. pas Geol Survey Ann. Rept vol. 2, pt. 1, pp 1 189 thtle_

- Roek, - a
Hill described the geneml physwg'raph:c, geologzc, and Btructura] fea--

" tures of this par: of Arkensas, IHe showed that the presence of the major
_thmlom of the Cretaceous system ‘were mure bma.dly deveiuped in Texas '

- 1889- 1891

: Branner, I .C., Arkansas. Geol Survey Ann Rept for 1889 vol
w02, pp. Xisxvic

Branner gives a brief acéount of the ongm of Crowley's R:dge a.nd-"
-~ idescribes the ‘depresslon which brought into exlstence the conditions neces-
. wary to the depegition of the Tertiary (Eocene) formations of the enibay- .
“ ment. ' He revognizes that, at e later time, Mmsnmppl TRiver followed a
" cvtirse west 'of Crowley's Ridge, and that through its mgency, the great low-"
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_ la.nds aren between the r!dg-e and the Ozark pm\nnm was croded out and
partially refilled, He atates that Chio River, following a course south-
ward, was dcopmplishing similar results cast of the vidge in the ares now

'known a3 the Missisgippi lowlands; the junction of the twe streams was
somewhere south of Helena,  Crowley's Ridge i3 correctly jnterpreted to be
an erosion remnant which separates these two grea.t valle}rs

_Cal}, R. E., The geclogy of Crowley’ s Rxdge Arkansas Geol Sur—'
- vey Ann. Rept. for 1889, vol. 2, pp. 1-223, 1891, - .

| Call's geology includes a general description of the ridge und & detailed
description of many geologic sections and other natural featuves. " A map
"showing the geovgraphic position of the ridee accompanies the report. St.
Franeis County is given special attention in a chapter entitled, “Report on
St. Francis' County,” (pp. 143-183) accompsnied by a itopographie and
geologic map of a part of the county on a scale of four miles to the inch,
with contour interval of 10 feet. The supplement to the report gives de-
scriptions of geolegic sections on Arkansas River in White, Woodruff, Lon-
oke, and Prairie counties, particulerly Pine, White, and Red B]uff He
lsts nearly all the fossils ﬁg'ured by Owen at White Bluff and regrrds them .
as Claihorne age.. .

Chamberlin, T. C., and Sahsbury, R D., On the relatmns‘mp of
the Pleistocene to the pre-lestocene formations of the Mis-
sissippi basin, south of the limit of glaciation: Am Jour,
Sci., 3d ser., vol. 41, pp. 359-377, 1891, Co

*- This contains references to the gravel and loess depomts cappmg Crow-
ley’s Ridge. The gravels are probably of pre-Pleistocene age and separated
from the overlying loess by an arowion unconi'onmty In terme of the
accepted clasgifieation of that time, the loess iz correlated with the first
glacial epoch. .

Clark, W. B., Correlation papers (Eocene) U. S Geol. Survev'
Bull, 83, pp. 74-75, 1891. - .

Knowlton, ¥, H, Descrxptmns of fossil woods and hgmtes from
- Arkansag: Arkansas Geol. Survey Ann Rept. for 1889 vol.
2, pp. 249-267, 1891,

. - Knowltonr describes eight specxmens of lignite o.f the Eocene stra'ta of
Crowley’s Ridge and describes and figures four species of silicified wood -
“from the Crowley’s Ridge gravels, which the coltector, Mr. Call, believes
were originally meclranically derived from the underlying Eocene series. =

:MeGee, W.J " The Lafayette formation: U. 8, Geol. Survey Ann
- Rept. for 1889, vol. 12, pt. 1, pp. 347-521,1891. ~ -

Salisbury, R. D., On the. relationship of the Pleistocene to the

.- pre-Pleistocene formations of Crowley’s Ridge and adjacent
areas south of glaciation: Arkansas Geol. Survey Ann Rept
© for 1889, vol. 2, pp. 224-248, 1891.

- . ~This paper is essentmlly a restatement of views expresﬂed hy Chamber

1in and Salisbiry in a paper {(Am. Jour. Sei. 3d ser., vol. 41; pp. 369-377T).

‘Williams, J. F., The igneous rocks of Arka.nsaa Arkansas Geol.
Survey. Ann Rept for 1890, vol 2, pp 1-391 and 429—457
maps and plates,
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1804

_=3-'.;.Branner J C., Elevatlons in the State of Arkansas: Arkansas
© - Geol. Survey Ann. Rept. for 1892, vol. 2, pp. 77-114,

-"'.Harrls, G. D., The Tertiary geology of southern Arkansas: 7 Ark-
ansag Geol Survey Ann. Rept for 1892 vol. 2, pp. 1-207,.
Morrilton.

This report describes the Tertiary system of Arkansas west of Arkan-
gas River with briefer references to the outcrops of Cretaceous and Eogene
“.gtrata along the margin of the Coasta] Plain north of Little Rock. Many
~detailed sections are described, and fossil localities are listed. Many fos--
-sils are dgscribed and figured. - The areal distribution of the lignitic Eocene
" (Wilcox formation), Claiborne, and the Jackson is shown on the accompany-
. ing geological map,

Siebenthal, C. E., The g-eology of Dallas County: Ann Rept
Geol. Survey of Arkangsas for 1891, vol. 2 'pD. 279-304. -

1897

" Branner, J. C., The former extension of the Appalachians across
_ MlSSlSSlppl Louisiana, and Texas: Am. Jour. Sci., 4th ser.,
- “wvol. 4, pp. 3567-371.

1898

Bra.nner J C., The cement materials of southwest Arkansas."
Am. Inst. Mln and Met. Eng, Trans., vol, 27, 42-63 and
944-946

1902

'_:Darton N H Preliminary list of deep borings in, the Unl‘bed
States: U, S Geol. Survey Water-Supply Paper 57, 77 pD.

‘Harris, G. D., The geology of the Mississippi embayment Wlth
special reference to the State of Loulslana Loulsmna Geol 3
Survey, pt. 6, pp. 1-39. . -'

Hayes, C. W.; Asphalt deposits of Pike County, Arkansas Eng
L and Min. Jour., vol. 74; p. T82.
. The work briefly describes occurrences of asphalt in the area. and gives
..a number of analyse-s
Asphalt depos1ts of Pike County. Arkansas U S
Geol. Survey Bull. 213, pp. 353-355.

Marbut C. F., The evolution of the northern part of . the Iow-
.. -lands of southeastern Missouri: Missouri Univ. Studles, vol.
1, no. 8, pp. 1-63, pls. 1-3.
- - ‘Marbut. descnbes ‘the main events in the development of the dra.mage.
“of the embayment area in southeastern Missouri,
Taff, J. A., Chalk of southwestern Arkansas U. 8. -Geol "Sur;
C-vey, 22d Ann. Rept., pt. 8, pp. 687-742."
- This paper describes the different chalk locahtles of the area 1n detml
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1003

:__Lapha.m, J E Sml Survey of the Stuttgart area: U, S. Dept
- Agr. Bar, Solls Field Operataona, 1903, jyof 611- 622

-Martin, J. 0., and Carr, E. P., Soil survey of M:]ler County,
_ Arkansas . 8. Dept Agr ‘Bur. Soils Field Dpel‘atmns

1904

Purdue, A H Arkansas (notes on water resources of): U..S:
. Geol. Survey Water—Supp]y Paper 102, pp. 3‘74 388. :

.Shimek, Rohumil, Papers on the loesa: Iowa State Umv Lab'
Nat Hlst Bull vol. A, pp. 298-381. o o

1905

Eckel E C., Portland cement resources of Arkansas U. S Geol,.
Survey Bu]l ‘243, pp. 88-116.

;Purdue A. H., Northern Arka;nsas (undergmund waters of)
U S Geol Survey Water-Supply Paper 114, pp. 188-197..

: Water resources of contact region between the Pale-
mmc and Mississippi embayment deposits in northern Arkan—'

- sas: U. 8, Geol. Survey Water-Supp]y Paper 145, pp. 89-119 -
" ‘Purdue describes in 2 general way. the topography, geology, and water -

resources of the area. A geologic msp on & small scnle accompanies the
: repart L .

1906

Veatch A C Geology and underground Water TesOUrces of_

‘northern Lomslana. and southern Arkansas: U. 8. Geol. Sur—

. VEY, Prof Paper 46 422 pp., ple. 1-51, flg’s 138, L
: This contains g wealth of materis] concern-ing the physiography, s'trati-_"
gmphy, structure, and geological history of the area. The water Tesources
‘are discussed in much detail; the water wells of the ares are ligted; and’
rnany detailed well records are glven . . . .

.Carter, _W T., Jr Meeker, F. N Smith ‘H, C.; and Worthen :

E. L.; Soil survey of Prairie County, Arkansas U. 8. Dept.'
 Apgr. Bur Boils, F:eld Operatlons for 1906, pp. 1 36. S

1908

:Branner Fa C The clays of Arkansaa U S Geol Survey Bull
'861, 247 pp., pl. 1, flgs 120 ' T

.- . Branner intludes a- general arcuunt of t)m top-:)g'raphy und gveolog-y of

‘the state, 5 geologic map on a smail scale (Plate I} .gnd & detailed account .
“of -the distribution of the cliys by coumiss.  Many Well 1035 and detailed';’
-descnptmns of localities aceompany. the mport. _ R
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1911
Ashley, ‘G. H., Recent drilling for oil and gas at Memphis : Pre-
liminary report upon oil and gas developments in Tennessee:

Tennessee State Geol, Survey Bull 2, extracts (e) .Appemhx-
A, 40 pp.

Munn, M. J., Exploration for natural gas and. oil at Memphm
o Tenn.:. The resources of Tennessee, Tennessee Geok. Survey, -
3 vol 2, no, 2, pp. 48-68, - . _ .

1912

-'Fuller, M ‘L., The \Iew Madrid earthquake U 8. Geol. Survey
Bull 494, 110 pp., 10 pls., 18 figs. -
- Fulter -includes” a comipilation of the known ia.cts rega.rding the phe-
: nomena accompanying. and resulting from the earthqueke, gathered from
" tiany sources, and the result of several season’s work by the author in the
_area. . From the available data, he makes deductions regarding the origin
-and cause of the earth movément and concludes that the ultimate caume .
. was 8 disturbance in the congolidated hasement rocks underlying the deposrta
of the GuH Coastal Plain: A map which shows the distribution of the vari- -
* ous recognizable effects of the earthquake, such as sunken lands, areas of. .
E _;fxsmmng, areas of sand blows, and areas of Iand'shdes, accompames the -
PRPRT. | :
«Hill, J. M. Mmeral pa.mts U S Geﬂl Survey Mmeral Resources
ol 2 Nonmetals ' '

Vaughan, T. W., Eocene and Ohgocene strata. of South Atlantlcl v
+.~and eastern Galf Coastal Plain and north end of Mississippi
embayment U. 8. Geol, Survey Prof. Paper 71, PP. 731-T45.

R Mmcene Pliocend, and Pleistocene strato of South
A'f;la.ntxc and eastern Gulf Coastal Plain and north end of
Mmsusalppl embayment Idem. pp. 806-813.

‘Eocene and Ohgocene strata of Texas, Loulslana and
'_"Arkansaa Idem pp. 723-728,

e Mlocene. Phocene and Pleistocene of Texas, Loulsm.na
and Arkanaaa Idem PP 80—806 o

1913

’ Eckel E C.. Portland cement materlals “and mdustry m the_f :

United States: U. 8. Geol. Survey Buli. 622, pp. 92-116. - =
. The paper describes the distribution and charscter of the chalks i in. the
pper Cretaceous and g'lve-s a number of d(xtmled aectmna of the Santora :
nd Aanora chalk. ’

; Mmer, H D., 7'~Iew areas of dlamond bea.mng purldotlte in Ark-
andas: U. 8. Geol. Survey Bull. 540, pp. 634-546.

: ''This work discogses the nge of the igneous rocks of southwest Arkan--
“ana; which, he sl'mws, werp intruded during the period represented by the
Mmfﬂrmit:r Beparaling the Trinity formationa (Lower C-l'ebaceoua) nnd :
Blngen sand (basal Upper Cretaceous).’
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_Shirﬁé}i,-_Boilﬁnﬁl, The significance of Pleistocene mollusks:
-Science, new ser., vol. 37, pp. 501-509.

1914

Hill, J. M., Mineral paints: U. S. Geol. SBurvey Mineral Resources,'
pt. 2, Nonmetals, pp. 103-122, 1914,

Vanatta, E. S., Gilbert, B. D., Watson, E. B., and Meyer, A H.,
Sofl survey of Ashley County, Arkansas U. 8. Dept. Agr.-
-Bur. Soils F)e]d Operations, 39 pp.

. 1915

Béri'jk, E. W., Erosion intervals in the Bocene of the Mississippi
embayment U. 8. Geol. Survey Prof. Paper 95, pp. 13- 82
(Prof Paper 95F)

1916

'Stephenson L. W and Crlder A. F., Geology and ground waters
~of northeastern Arkansas: U. 8. Geol. Survey Water-Supply
. Paper 399, pp. 1-315, pls, 1-11, figs. 1-4. =

This paper describes the physiography, geclogy, and water resources of -
the area. Many detailed geclogic sections are given, and the strats pene-
trated in wells are described and correlated. The water wells of the area
are listed, and many detailed well records are given. An exeellent geologlc
map in color aécompanves the paper. :

1918

Ashley, G. H Notes on the greensand depomts of the eastern
United States U. 8. Geol. Survey Bull 660, pp. 27-49, (esp
" pp. 46- -47).

Hicks, W. B, and Bailey, R. K Methods of analyses of green—
gand: U. S Geol. Survey Bull 660, pp. 27-b1. y

ster, H. D., and Purdue, A, H., Gravel deposits of the Caddo
Gap and DeQueen quadrangles Arkansas U. 8. Geol Sur—-
~ vey Bull. 690, pp. 15-31. '

Thxs report contains a brief dmcussmn of the stratigraphy of the area..

- . Asphalt deposits and oil conditions in southwestern-
' Arkansas U. S. Geol. Survey Bull. 691, pp. 291.292, '

Miser discusses the general rela.tmns}up of the ‘srea to the Ouachita
Mountam region. The Trinity -group is discussed in some détail, and a.
number of local sections are given. The character and thickness of the
Trinity group, as shown by well records, are briefly reviewed. It also con-
taing a number of well records and their correlations.. The asphalt locali-
ties are listed, and the origin of the asphx.lt and posslblhtles of 011 and gas
are dlscussed L )

1919

Beck M w. Long'acre, M Y Hayes, F. A, and Carter, W T .
o dr.Soil survey of Howar_d___ _Counfcy, Arlgansas U s. _Dept .
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" of Agr. Bur. of Soils, Advance Fleld Operations, Bur of '
Soils for 1917, p. 16..

1920

Branner, J. C., 011 end gas geology Outhnes of Arkansaa geal- -
ogy, pp. 15-20, Arkansas Bur. of Mlnea, Manuf and Agn .
-Little Rock.

Promising oil Wells in south-central Arkansas: U. S Geol Sur— .
vey Presa Not}ce 1920- C :

oz1
Miser, H. D., Llanoria, the Paleozoic land area in Louisiana

and eastern Texas: Am. Jour SCI 5th ser.,-vol. 2, pp._
61-89.

Pratt W. E., The recent dlscovery {of oil and gas] at El Dorado '
Arka.nsaq Am, Assoc Petrol Geol. Bull, vol 5 no.. 1, pp
90-91. ;

Wildeat wells in south-central Arkansas for the year 1921 U
S Geol. Survey Presg Nutlce 1921-1. :

1922

The age of producing sand in the El Dora.do fleld Arkansa:s u.
: 3. Gool. Survey Press Notice Feb, 7, 1922; aIso Am Assoc .
. Petrol. Geol. Bull,, vol. §, no. 1, p. 54.

U.8 S. Geol. Survey Press Notice, Apr, 22, 1922

_Oil from the Nacatoch sand, El Dorado, Arkansas: U, S. Geol '.
Survey Press Notice 1922-0 ' :

El Dorado oil field in Arkansas not on an dntlchne U S Geol
Survey Press Notice, May 15, 1922 (1922-L). '

Bell H. W., and Kerr, J. B., The El Dorado, Arkanf-'.a.s, oil d,nd_-_
gas fleld U. 8. Bur. of Mines and Arkansas Bur. of Mines.

Crider, A. F., The El Dorado, Arkansas oil and gasg field and its _
relation to north Louigsiana structureq Am. Assoc Petrol '
Geol., Bull, vol. 6, no. 3, pp. 193-198,

Drake. N. F., Petroleum and natural gas in Arkanqas Mlnerals
in Arkansaq Arkansas Bur. of Mines, Manuf. and Agr., P
72-77. S : S - o -

. Heald, K. C., and Rubey, W. W" 1 Dorado ol field in Arkansss -
not on an anticline: Am. Assoc. Petrol Geol Bull vol G_
no, 4, pp. 358-367. :

Hull, J P. D, and Spooner, W. C., A review of oil and gas pools
in north Louisiana territory: Am Assoc. Petrol. Geol. BulI
vol,. 6, no. 3, pp. 17%-192 (e::p pp. 187-188), - : :
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Hul] J P. D Wlldcat wells in south-central Arkansas atop short.
' of deep m] sand Am. Assoe. Petrol. Geol.,, Buil, vol. 8, no..
5 - 477 478 _

. El Doradc- oil fleld in Arkansas not on an anticline:
CAm, Aaaoc Petrol. Geol,, Bull vol. 8, no. 5; pp. 479-480,

Miser, H. D, and Boss, C.8., Dmmond~bear1ng peridotite i in Pike
- County, Arkansas: Econ. Geology, vol. 17, ne. 8, pp. 662-674. .

) Miser, H. D, and Ferguson, J. G., Geology and fopographic -
.- features of Arkansas; Minerals of Arkansas: Arkansas Bur,
of Mines, Manuf. and Agr., pp. 11-34, Little Rock. - 7

Powers Sldney, El Dorado oit and gas field: Am. Assoc. Pet.rol
Geol. Bull,, vol. 6, no. 6, pp. 553-5656.

_Rxes, Hemnch ngh-grade clays of the eastern Umted States-
. with potes on some western clays: U. S Geol Survey Bull '
708 . .

' Rubey, W W Wildeat. exploratwn in south«central Arka.nsa.s.
An, Assoc. Petrol, ‘Geol., Bull,, vol.-6, .na. 4, pp. 860-308.

.._Teas,L P New producmg' depths at El Dovado, Arkangas: Am,
Assac. Petrol. Geol, Bull,, val. 6, no. 5, pp. 473~ 474. NI

- Thomas, E. T.; Craterlets in edat-central Arka.naas _probably due _
" to the. New Madrld earthqua.ke ‘Science, new ser., vu] 56,
pp 21-22, _ ' .

1923

-Bell H W Suhaurface condltmns.m the heaVy~011 producmg
. area of Smackover, Arkansas Any Assoc Petrol. Geol., Bull
“vol' 7, no. 6, pp. 672-683. :

“Bell, H, W., Haury, P. S., and Kelly, R. B Prehmma.ry report- .'
on the ea.stern part of the Smackover, Arkansas, odl and #a8.
- field: Arkansaa Bur. of M:nes, pp. 148, Little Rock.

.Cnder. A. T, Relation of Upper Cretaceous to Eocerie structures |
in Lovisiana and Arkansas: Am. Assoc. Petrol. Geol, Bull. _:
~ wvol. 7, no. 4, pp. 379-383. '

G:Huly, James, and Heald, K. C., Strathraphy of the El Dorado _
w.oil field, Arkansas, as deterrmned by - drill cuttmgs U 8.
- Geo}.. Survey, Bull. 736, pp. 241-248. :

'.Hull J. P. D., Notes on the stratigraphy of producmg sands. in
-northern Loulsmna and gouthernr Arkansas: Am.- Assoc
~ Petrol. Geol,, Bull, vol. 7,-no. 4, pp. 362-369.

-'-Hnntley, L. G., The Sabine’ uplift (Arkansas—lnmsmna) Am,
Assoc Petrol Geol, Bull vol. T, no, 2, pp. 179-181 '
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:'-Ley, H. A The rela.txon of guality of oil to structure at El
e Dorado, Arkansas: Am. Assoc, Petrol, Geol., Bull., vol. T, ne.
. 4, pp. 350-361.

| Miser, H. D., and Purdue, A. H., The I-Iot Sprmgs Dlstrlct U S,
Geol. Survey, Geol. Atlas Hot Springs folic (No. 215).. o

Mlser, H. D, and Ross, C. S., Diamond bea.rmg pendotlte in
"~ Pike Count), Arkangas: U 5. Geol Survey, Bull. 785, pp.
1279-322.

Mitehell, G. J., Dxamond deposlts in Arkamsas Eng and Mlnﬁ
Joyr.-Press. vol, 116, no. 7, pp. 285-287.

'Wllson, M. E., 0il and gas development in northern Louisiang,
e and southern Arkansas in 1923: Am. Inst. Min. and Met.
. Eng. Paper_1355 P. ' -

1924

'_-Haury, P S Bell, H. W., and Kelly, R. B., Engineering report
" on the Smackover 011 and gas field,- Ouachxta, and Union

Counties, Arkansas: U. 8. Bur ol Mmes and Ghamber of
. Commerce, pp. 1-30, El Dorado. -

Howe, H. V., The Arkadelphia formatmn hlstorlca] summary: -
Loulmana State Univ., Unlv Bull,, new ser., vol 16 no. 5,_
pt 1, 10 pp. '

. The Arkadelphla formatmn. Btratlg’raphy Louisiana
Sta.te Umv ‘Univ. Bull, new ger., vol. 16, ne. 5, pt. 2, 17 pp.

e The Nacatoch formation: Louisiana State Univ,,
-~ Univ, Bull new ser., vol. ‘16, no. 6, pt. 8, 26 pp.

*..::Rlchardson, G.B., Petroleum in 1922: U. 8. Geol. Survey, Mineral
Resoutces fur 1922, pt. 2, pp- 359-488.

':.S.Schne1de:r, H. G., Smackover oil field, Ouachita and Umon coun-
. ties, Arkansas: Am. Inst. Min, and Met. Eng Trans., vol.
70, pp.-1076-1099,

BT |
‘ Elhsor, A, C., The age and correiatlon of the cha.lk at White.
- Cliffs, Arkansas. with notes on the subsurface correlations

of northeast Texas: Am.. As.soc Petrol; Geol Bull vol. 9,
no. 8, pp. 11562-1164.

: Hull, J. P. D., Guide notes on the M:dwa,y in southwestern Ark-'
o ansas: Am Assoc -Pegrol. Geol., Bull., vol. 9, no. 1, pp. 167-
170, :

Ladoo R B Nonmeta.lhc mmera,ls, occurrence, prepara.tmn,
utlhzatlon, pp 1 686 51 flgs., McGraw-Hill Book Compamy,_
New York... . _ :
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Miser, H. D, and Bosg, C. 8., Voleanic rocks in the Upper Cre-
taceous of southwestern Arkansas and southeastern Qkla-
homa: Am. Jour, Sci, 5th ser., vol. 9, no. 2, pp. 113-124.
Miser discusses‘the cccurrence and character of the voleanic rocks in

the area.

Ring, D. T., Review of the petroleum industry in Arkansas and
Louisiana duirng 1925; Am. Inst. Min. and Met. Eng., Trans.

Schneider, H. G., Names of producing sands in the Smackover,
Arkangas, field: Am, Assoc. Patrol. Geol, Bull, vol. 9, no.
7, pp. 1116-1117.

1926

Branner, G. C., Abundant variety of clays in Arkansas with pras,
oil, and coal available: Manufacturers Record, Jan, 28, 1926,

Dane, C. H., Oil-bearing formations of southwestern Arkansas:
1. S. Geol. Survey Press Notice 8823, Sept. 10, 1926.
This paper is a summary of the siratigraphy of the Cretaceocus forma-

tions of the area based npon the field work by Mr. Dane.

Hull, J. P. D, Plans for compilation of Louisiana-Arkangas geol-
opy: Am. Assoc. Petrol. Geol., Bull,, vol &, no. 3, pp.8350-351.

Rosg, C. 8., and Shannon, E. V., . The minerals of benlonite and
related claya and their physlcal properties: Am. Ceramlc
Society Jour., vol. 8, no. 2, pp. 77-986.

Schuchert, Charles, The value of micro-fossils in petroleum ex-
ploration: Am. Asscc. FPetrol. Geol, Bull., vol. 8 no. 5, pp.
5839-553.

Scott, Gayle, The Woodbine sand of Texas interprefed as a re-
gressive phenomenon: Am. Assoe. Pelirol, Geol, Bull, vol.
10, nao. 6, pp. 613-634,

1927

Branner, G. C., Outlines of Arkansng’ mineral resources: Ark-
angas Bur. of Mines, Manuf. and Agr. ard Arkansas Geol.
Survey, pp. 1-352, Little Rock.

Miser, H. D.; Lower Cretaceous (Ceomanche) rocks of southeast-
ern Oklashoma and southwestern Arkangas: Am. Assoc.
Petrol. Geol,, Bull. 11, no. b, pp. 443-453,

Miser discusses the unconformity at the base of the Lowor Cretaceous
rocks, the overlap in the Trinity formations, and the unconformity at the
top of the Lower Gretaceous, Containg an execllent summary of the gegio-
gic events in Lower Cretaceous epuch and the beginning of the Upper
Cretaceons epuch,

Stephenson, L. W., Notes on the stratigraphy of the Upper Cre-
taceous fOrmB.tlDﬂb of Texas and Arkansas: Am. Assoc.
Petrol. Geol., Bull,, vol. 11, no, 1, pp. 1-17, and {note of cor-
rection) nc, 3, pp. 308-309.
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1928

Meilton, F. A., and McGuigan, F. H., The depth of the base of the
Trinity sandstone and the present astitude of the Jurassic
peneplain in southern Oklahoma and southwestern Arkan-
zas: Am. Assoc. Petrol. Geol, Bull, vol. 12, no. 10, pp. 1005-
1014, October, 1922,

Spooner, W. C,, Rainbow City field, Union County, Arkansas:
Am, Assoc, Petrol. Geol, Bull, vol. 12, no. 7, pp. 763-764,
July 1928,

Vanderpool, H. C., A preliminary study of the Trinity group in
southwestern Arkanesas, southeastern Oklahoma, and north-
ern Texas: Am. Assoc. Petrol. Geol, Bull, vel, 12, na 11, pp.
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PART I

STRATIGRAPHY AND STRUCTURE
STRATIGRAPHIC GEOLOGY
GENERAL STATEMENT

The sedlmentary history of the Gulf Coastal Plam of Ark-
_ansas . began in the Mesozoic era and, according to our
" present knowledge, with the depogition of the Comanche geries.
A nearly complete record of the g'e'ologic' activities. from. the
Lower Cretaceous to the present time is found in the sedimen-
" tary rocks of this region. . Measurements of rocks exposed, rec-
ords,of deep wells, and estimates show that more than 19, 000
- feet of sediment consisting of sands, shales, marls, chalks, lime-
..gtones, anhydrite, and volcanic materials was depomted in the_
- Gulf Coastal Plain of Arkansas.

The geologic boundaries of the Gulf Coastal Plain chang'ed
~ from time to time, and the changes are recorded in the sediments.
The sediments, originally deposited in nearly horizonta)] layers,
- have been warped and exposed to erosion so that a’complete
' stratlgraph:-c gequence is nowhere present within the state.

The Comanche series {Lower Cretaceous) crops. out in a
 narrow band through Sevier, Howard and Piké counties. These:
_ strata’ aftained their fullest. development in the southwestem_
' -corner of the state, where the maximum thmkness is now found 3

" The Gulf series (Upper Cretaceous) crops out in & narrow.
- east-west. trending band through Little River, Howard ‘Hemp-
. stead, Nevada, and Clark couunties ‘in southwestern ‘Arkansas.
: _Format]ona of this age exhibit consrderable variation in-charac-
" ter and thickness, attaining a maximum thickness.of more than
2,000 feet in the southwestern part of the state (See Pl II and-'
Fig. 1)
_ The Tertlary sedlments are most fully developed in the east-
“ern part of the state (upper MlSSlSSJ.ppl emhbhayment). where they
-_-attam a maximum thlckness of more than 4, 500 feet. L

" The Pleistocene and Recent sediments are present chleﬂy in
“the Mlssmmpm Valley in the eastern part of the state, where they _
P reach a maximum thickness. of nearly 300 feet. -

CORRELATION

The correlation of the. Tertlary and Cretaceous forma,tlons“
.'of the Gulf Coastal Plain formations of ‘Arkansas with those of :
_the adjacent parts. of Texas, I.nursrana, and MISSI.SSlppl is gwen
~in"Table 1. . _ . . :
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20 GEOLOGY OF THE GULF‘ COASTAL PLAIN IN, ARKANSAS

SUMMARY OF PRE MESOZOIG HISTORY o

The Paleozo:c hlstory of this region postulates a geosyncline
_(the_ QOuachita geosyncline) which occupied the site of the Oua-
‘chita Mountains now in part exposed at the surface in souths
eastern Oklahoma and in central Arkansas, but in part concealed
beneath the Coastal Plain sediments, The sediments which
accumulated in the Ouachita geosyncline were derlved from
Llanona,, a postulated Paleozoic land fo the south, :

Durmg the Pennsylvanian- epoch the sediments in the Oua-
chita geosynchne were highly folded and overthurst toward the
north, followed in the early Permian epoch by vertical uplift to:
complete the orogeny of the Quachita Mountains. The geologic
events that transpired in the interval between the Permian up-
lift of the Quachita Mountains and the beginning of Mesozoic
deposition are not recorded in this region, but necessarily in-
clude Permian deposition, denudation of the Ounachita Mountains,
-and the completion of the Quachita peneplaint in Jurassic time.
In this connection the question of Permian sedimentation to the
south of the Ouachita Mountains presents itself,. and, in the ab-
-sence of definite proof to the contrary, it is Feasonable to assume’
that such: sediments are present. ~Elevation of the Ouachita
Mountains .concomitant with depression of Llanorla. in early-
‘Permian (the first, an established fact, and the second, a reas-
onable assumption) presents conditions favorable to the develop-
ment of a sedimentary basin to the south of the mountains. The.
alignment of the Ouachita Mountains strongly suggests that they
exterid southeastward from Arkansas and southwestward from
Oklahoma- under the Coastal Plain sediments——a condition that
would determine broadly the outline of an assumed Permian
sedimentary basin. The abruptness of the termination of the:
basin toward the mountain front would be contingent upon the
relative magnitude of uplift and depression and upon the possi-
bility that the southern mountain front may have terminated
in a fault. If the assumptlon of a Permian sedimentary basin
is admitted, the salt in northern Louisiana and éastern Texas is-
most 1oglca.11y correlated with the Permian series. - The interval-
between the Permian and Cretaceous depomtlons represents a
long period of time and, perhaps,” a complex series of geologic:
events; but whatever the history may have been, the final result
was the development of the Ouachita peneplain ‘prior to- the--
deposition of the earliest known Cretaceous sedlments

The Comanche sediments of this region were depomted on:
the tilted and submerged portmns of the Ouachita. peneplam :

3 Miser, H. D., and Purdie, A H The Hot Spnnss district U 5. Geol, Snrve'v Geol Aths )
Hot Springs folio (No 215} 1923, o
. Madtori, F. A., and MeGu:nn F. H., The depth to Lhe hlse of '.he Trumy unduone and :].e .
preuht ‘attitude of the Juressic pepeplain in aoutheastern Ok]ahoma and sou:hwestern Arkansas Am .
Assoc, Petmol, Geol., Bull, vol. 12, pp. 1005-1014, 19% L . L
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‘The present attitude ot the basement. floor along the margin. of
the Coastal Plain is shown in Plate III and is briefly discussed in

the following paragraphs.

PRESENT A'I'I‘ITUDE OF THE BA.SEMENT FLOOR

The Gulf Coastal Plain sediments of this region were de-
poslted on the tilted and submerged portion of the Ouachita pen-
eplain?, developed in highly folded and faulted Paleozoic and
probably older rocks., - The present attitude of a portion of this
tilted penep]aln, extending beneath the Coastal Plain sediments,
is shown in Plate III, by means of contour lines at intervals of 500
feet. - Increased depths to the basement floor and lack of deep .
wells has largely limited the area mapped to the inner margin
of the Coastal Plain, The deep wells that have reached the base-
‘ment floor are listed in Table 2. '

% Miser, H. I, and Purdue, A, H., op. cit.
Melton, F. A., and McGuigan, F, H., op. cit.



9881

...H.H.H uw.m_m U] SIBPQUINT |34 0] $I0J9I JI3QIUON -

- m3dep pateurIse .

"ASITH.,

¥SET 0£g MOT-88 61 T USO8 00 {10 OO 6T
L . . . - . AINQOD mﬂin
1808 T8T 8433 MIT-BSTIT-6T T " BWEe3poon musz:uEm< I2A0NIBULE s,[[BH - '8T :
. : E . ALNNOY VIIHOVAQ
" aLg 003 00TT MOT-8% -TT T © weyduuun) 00 [0 1wg LT
TLh 082 ZeTT MIT-8¥ 08 T 00 TIQTT UIBA[RW AEEBV uosuyop JIBp - 9T
ST 028’ 8091 MIOT-S¥% -6T T © - UBOSUSH ‘5019 £I8310 QT
09¥% 1117 0001 MLIT-BE P8 - T I®H 00D B "0 WRATEI FI
09 0ge 9011 MLT-S9 -6 I Fuuuey oi8ed B ys¥] el
. ) ~ ALNNOD ONINIS IOH
B01T L83 a0¥1 MBT-86 98 T -POATIP-UOSKBLY) §)s0I9u] SBSUBRYIY farpng ‘T -
009 1174 TIGET MBT-88 -18 I 93 [1eH % uyele(yr] TT
00% 00z 9601 MET-88 8T T UBo[g Anomnww=<v Aas8]) 0T
0091 . 082 TGE3 M02-501-68 4 EmoLIng o) 1O WOPRYM 6
0091 . L¥3 1618 MO0Z-501-92 1 Lfuisg ‘pAug ) SESUMIY g
-008: QLT yes MO0Z86 31T - T pPlouxy 1240 P YIeIH L
~000T 982 8008 MOZ-S6 28 1 Cowd[yoW - (wopImp) o) s8N FEN FESUBHY ‘9
o . . o . . . XINNOD HAVID
1 T9¢ - 98¢T MPE-S8 92 T noAqiT, I A .w_;m UOSIRPUSH  *g
. i ) E.znoo oo 0
T SPTEFT 34868 - ¥r8T MIZ-S0T-FE T 1e[peoH . ‘00 SBD JeN SBSUR{AY P
; . ) . . ALNNO) AVALSIAHE
006 0S¥ COET MLZ-86 -£8 T ‘UBWIOE e 3o ucsdwoql, g
206 . 84¢ 08371 - MLZ-S6 -IE T zZnyogs ‘o) 'p P 0 Enedad g :
. . . ALNNO) TAVMOY
099 009 ER2T M6E2-56 08 T 1231000 00 "D 3 "0 ‘oD AvlAeg T ’
) : AINNOD) HATANY
= ‘01020018, 01 w03 : ] o g
- [BA3] BOS MOT3q 1a0] yidap ‘uo11B0 T “ON ULIB g Auedurod o 'ON
1830 I FIoM

xopuT

BOSUDYLY UL BYIOL JUSUWIEDY u.._ouuwnew..mﬁ Pagvsgonad ge&..ﬁ..ﬁ sgp0m O 38i7—'7 @IAVL



. este

MIT-S6 ¥

Lﬁoo §80 BN HBSUBNIY wﬂ

Wdop payemInew

"aoH

TN 0398 T age],

. . EZDOO..QZE_HU

0198 91Z 9zZ8¢’ M6 -89 -91 T mysusq 'd ¥ W JeyvswIiyoy ‘Y 1 8% .
003T 093 Q092 MOT-Sg -4 1 Adlsuay ‘0D 110 WRRT ZF

o , ALNAOD NOSHELIJME P
008T 693 et MTI-SZ -T2 1 UoS[IpM 0 ‘A3(] 981G IPPUOM . TP
330 923 a00T MTI-NT -23 t sa[1uS Bl §15a109u] B3NS OF
1 ) 933 099 MTT-NT -12 g uorjelue]g JIorzeig §153I93u] SIS - 6E
813 092 gL0g MTT-NZ 92 T auruale A peig ‘1eucddep UBA BE

ALNAOD [HSVING
S 753 9493 01%g MBI-BZ -9 T - 0D D B O jaoy el o) "D ¥ "0 wewilem CLE
. - PE8 9L8 azl MPTI-S¢ -9 1 ‘0 IQT FEeT JI0US SESUBNIY O L

SRR ’ , ALNIOD) ENITVS
CIovT ¥LE 3912 CMZT-8g -1 1 [IEEELE RCTEOT: | 1], ‘ydjey ‘simoT "gg
8LIT ave ¥303 MBI-SE -32 ¥ g ‘PYT 3ENL], USLIQWED  ‘PE
L q8FLT 9818 B01g MET-SF -91 1 a[Pd-24pE[D (e8uB1ig) ‘0D WAPLIAYS - "EE
o BL¥FT 008 SLLT MET-S% -61 4 fajey ‘0D L0 HIe[ed GE
8FIST 182 9827 MET-S% -pg [ poojqduno x 00 "4 ¥ "0 1933BUS - CIE
L0968 00¢ g18¢ M3BT-8g -98 1 1eg-3uo] o) g ¥ "0 ©3Feqs  "0f
- 60'089% 16°93% 9813 MET-89 -F1 T o) L% T 4D o) ‘D P "Q FEXAL, 67
L 1¥82 9%z 1692 MET-89 9T . 3 0D LT D ‘0D *D P 'O FN8], 87
LL2T £¥3 1392 MET-S9 8T g o) LR T YD) ‘) "D P O TEXAL  'LZ

8261 08z 8413z MIT-89 92 g queT B IL)ng 18 19 ALIBY ‘s1ojUlm . "97

. . . T ALNNOD .H_zﬂ.w
€092 088 gaTg MET-S0T-8T I - U1 Aﬁone_u:mv 1 jo.dwsy 'g9g

0061 5og 0128 MPI-86 -08 1 0D "IGTT SN #1dey 0D :o uoiqy  ¥@ -

86T 002 L98T MLI-S6 -LZ I _ I0ldB], 0D 10 OO €3 .
- e 1861 8 § 74 £422 MOT-S0T-BT T [CRERECTT ‘0D 1aq7T oi¥el 23
¥661 9€Z . " 9'88%% MIT-S0T-13 1 o uRmMQ §152i09u] SESURIY g 4epng ‘18
9481 1] 44 6L1Z MIT-S0T-9 T a9BI0 “Lo[de] BseIaqu) uspwre) #.(¢H "0g

L DI0Z0STES 03 . Jasy S ; e
[PAD] BO8 MO R 1 . ydap UOTIeoT TON waie g Awedwod ‘ON.

C 1B M o R

xSpUr:




006 023 049 MT -NIT-1£ [ {lorre) ‘0 Al ‘0D uoSYIE[ 'GP
00¥ ) 4 0082 ME ~NIT-¥1 fioMm T3a M JzodasN  CpD
, ALNNGD NOSHOVS
P91 092 1112 M3 -NS -& I 135904 'puig SESUBHIY ‘0D JInIpoom RO
9297 028 a8LT ME -N9 92 T ([P0 SWIYPY 3 Xouy g9
agot 003 9191 ME N9 -9 1 £3080a%) ‘N M ‘A1odean (19
ALNNOD) J40HA0OM
086 0%3 8091 M9 -NV -8 i SRUIOYL uvarATH % aodipg (09
Q04T 061 0158 ME -Ng o1 T. 533RD) g "oN JJud s|ieAcd 69
' 8RET BGE6T  L'OLLE MG -Ng 21 1 HICIULIOI alIleIg PUBID SBSUMHIV . ‘BG
2072 522 79537 MG ~NT -8 T HoInoonoy ‘0p) ad( Laaany] LG
S11% 573 SVE3 MG -NZ -18 I suILgy uyor 00y “we W M I9[M0g 99
0502 £33 ¥963 MO -Ng 98 1 HeA0N] 00 Q) (sjuduriucosueL], GG
0691 092 0813 M9 "Ng 02 1 AHPIEH-UCIRIIIG ‘0D U0 B (oM I5[M0d  FS
ALNNOD IV
0641 022 0703 ML -NTI L& 2 EEI QLI 0 A3 SeIRD-IYMBRLI B9
68RT LIG go%3 M8 -ST -£1 T Iayajetd 90 ‘se seyeD-Ieuneld B9
0003 012 001 M8 ~8g -8 v B[S B[] §189203U] B[S IS
9FLT YAl 291% M6 92 -LT 1 30109 *d10D (10 SBBURIAY ‘09
) XLNROD EHONOT -
9708 812 $98E MG 83 L T YUIIID- N2 00 'd ¥ "1 O SESURHIY gF
0898 £2% 0928 MG -g8 LT T IoATI M 0 T B q LJeqo 8%
ALNDO)) SVENVAYY
6gog . 431 967¢ MZ -SLT-8% I puowmB 0D BRI, 0L AV
XLNNOD IOJIHD
0908 821 L8TE MF -891-€8 1 L85 ‘o) sexway Yl Ub
ALNNOD AZTHSY
0tLY a]T oLeT M2 -%8 -9 1 0D Bupued SMPHOW ("iI Soon g V) SUTHImM uyop op
ALNNOT) NIOONITY
Horosred 03 1083 .
1AAO] BO§ MO[3] 1093 ydsp Lt ialiy | ‘ON wreq fuvdmo) 0N
idep peyEuInSR S 0L oM. k xapur




¥Z6 00g £821 o8 -NO0g-IT [ sa[[es 0] (10 1303381 SEXRL 48

008 68% ¥I3T o8 -N0g¥ T. poomIapuf) LY, U0 r ‘snpyer Cv8

3TF 00¢g L06 Hqg ~N12-63 1 1308800) ‘0D "D W O oWyAY ‘B8

114 00€ 9981 A9 -NT12°9 T TreysIs |y ‘00 O 0D £¥[D 28
‘ ALNOQD AVID

gzl 0S8 7691 g -N9T-91 T [CICATIC ) '0) "D H Q dWUE0A I8
ALNOQD ANETID

0§ 008 008 HT -N8T-ST T pu=i[oy o) "H B O LAY 10 08
. .?H.ZDOD HJITCANYYH

q'LeT 083 1% AT -N9T-T1 T Buory 00 {10 BWOH 6L
. ' ALNNOD SONTIM Y]

001T 093 - 18283 g ~NFI-8T T ' Jo D 1098 00 "[Ag {([8yD) PIUBq 8L
ALNAOCD GYHEHDIVID

0891 008 8GLE HqE -NTIT-49T T 212D 00 ‘H P O WS L

6761 qLg €oLe qg -NTT-81 V-2 "HOS[IN 1Y, “d Cr ‘Boeg (9L

0092 512 c00g Hq9 ~NOT-82 1 ugey iy UoWwa| [E 32 SoWIBY ‘Gl
ALNOOD LIZSNIOT

007TE - 633 y19¢ |l N6 -2 1 - Iajunyy I R CULV LA S

1508 pef A 9148 dqL ~N6 -8 T uosiajjed ap e ‘aeuied gl
ALNNOD NAGNZLLIYD

£963 608 T03¢ a8 -N9 -9T 1 Lora1qg ‘00 (1O 388130 EL

£10¢8 q1% 118 g -NV -1 T M (seumep @ PIRLI) "o O IBW[EM 'TL

EVES LT3 0948 MI -NP -1 I uonLIg ' uosiopusy ‘H 'H. 0L

9082 Y23 SFLT MT -N¥V -8% 1 PENIY M (s0wg) 0D °Q sBuruuap ‘69

3553 ¥2e 0182 MT-N¥ 83 1 PORTIM "0 Buy[i( eIumMold ‘89
, ALNQAO) SIONVEH ‘L

0oL 093 3L6 MT -N2I-€ T MBYUIBIY) s3ed ‘L9

LYOT ST12 69T © MT -NOT-IE 1 Iad1ag Zp uosuyop "NV ‘uojmg ‘99

arenled o |
©as Mo13 a9 9 . .
ﬁ%m oﬁmﬁmm.mm .wﬁwm Hmuo,m uonwot :www v Aweduiod n%uﬂH




26 GEOLOGY OF THE. GULF COASTAL PLAIN IN ARKANGSAS

From the Oklahoma line eastward to Ouachita River, the
strike is nearly east-west, and the slope is toward the south at
the rate of 75 to 50 feet per mile. East of Ouachita River the
strike changes to northeast and continues in that direction to
the northeastern corner of the state. The slope in that area is
toward the southeast at the rate of 50 to 100 feet per mile almost
to Mississippi River, where the direction changes to southwest
and where the floor rises towards the northwest to intersect the
Coastal Plain in northeastern Mississippi. The change in dip
from southeast to southwest coincides with the axis of the upper
Mississippi embayment. The course of Mississippl River clogely
parallels the axis of the embayment.

The records of several deep wells-drilled in Ashley, Chicot,
and Drew counties, southeastern Arkansas, and of other wells
drilled in the adjacent parts of Louisiana and Mississippi indi-
cate that the basement floor in those areas lies relatively near
the present surface of the ground. The Texas Company’s Kief-
fer No. 1 well in gec. 11, T.18 8., R.4 W., and the March et al
Williams No. 1 well-in sec. 8, T.18 S., R.4 W., Ashley County,
encountered quartzites and hard gray shales, with only a slight
amount of red material, in contact with the base of the Monroe
gas rock of Upper Cretaceous age. The rocks cored in thege
wells closely resemble the younger Paleozoic rocks of the Qua-
chita Mountains and are distinctly different from any known
Trinity or other Cretaceous sediments which have been cored
in numerous deep wells in Louigiana and Arkangas. Careful
examination of the material found below the Monroe gas rock
in these wells has failed to find organic remains, except small
carbonized plant fragments, but doubtlessly these rocks are older
than Cretaceous and are probably of Paleozoic age. In addition
to the two above mentioned welis, the Ohio Oil Company’s Jerome
Lumber Company No. 1 well in sec. 13, T.15 S., R4 W., Drew
County; the Texas Company’s Hammend No. 1 well in sec. 23,
T.17 8., R.2 W,, Chicot County; and the Texas Company’'s Gay
No: 1 well in sec. 35, T.16 3., R.4 W., Ashley County, encountered.
igneous rock in contact with the basal Upper Cretaceous.

The age of the igneous rock is not definitely established but
is generally congidered to be of Cretaceous age; however, the
fact remains that the top of the igneous rock, recorded in these
wells, lies in the same plane of erosion as the wells which re-
corded sedimentary rocks older than the Trinity. This fact is
not. conclugive evidence for the pre-Cretaceous age of the igneous
rocks, but, together with the evidence afforded by the deep wells
in Louisiana and Mississippi, it indicates that the basement rocks
normally should lie approximately at the depth at which the
igneous rocks were encountered. .

The basement floor, an that basis, lies from 3,000 to 3,500
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feet below sea level in the southeastern corner of Arkansas. To-
wards the north the slope appears to be gentle with steep slope
towards the west. :

An abrupt change in the rate of inclination of the basement
floor along a line drawn from southern Little River County, -
eastward into east-central Ouachita County, and continued from
that point in a northeasterly direction into Cleveland County, is
jndicated by the records of deep wells. To the north of this line,
the basement floor lies at depths ranging from sea level fo 2,600
and 3,500 feet below sea level; to the south, wells hundreds of
feet deeper failed to reach the base of the Lower Cretaceous.
The abrupt change in the rate of inclination of the basement
floor is again noted in Ashley County and is traceable in a gen-
eral southeasterly direction along the east side of the Monroe and
Richland fields in northeastern Louisiana. ‘

The abrupt change in the slope of the basement floor may
be due in part to the sharp flexing and in part to faulting, but
on the whole the evidence is insufficient to determine definitely
the causes. The flexure is in large part the result of movement
at the end of the Comanche epoch, but the oldest known Cre-
taceous sediments (Neocomian ?) do not extend north of the
flexure, and the Travis Peak formation decreases in thickness
over the flexure, suggesting that the initial movement occurred
in the earliest Cretaceous time. The flexure may represent an
older line of weakness, developed incidental to the uplift of the
Quachita Mountains with recurrence of movement concomitant
with the downwarping and submergence of the Quachita pene-
plain, which initiated the Cretaceous sedimentary cycle of the
region. In a general way the flexure coincides with the outlines
of the Lower Cretaceous base of deposition.

The best evidence of faulting along the flexure is afforded by
the records of the C. E. Murdock Eagle Mills No. 1 well in sec.
29, T.12 S., R.156 W., and the Barnsdall and Foster’s Freeman-
Smith No. 1 well in sec. 8, T.13 S,, R.15 W. The distance be-
tween these wells in a north-south direction is less than 4 miles.
The Murdock well found quartzitic sandstone, very hard carbon-
aceous brown shale, and very hard white nonfossiliferous lime-
stone, which are considered to be of Paleozoic age, in contact
with the basal Upper Cretaceous sediments. The Barnsdall and
Foster wells, on the other hand, found typical Trinity red shale
and sand in contact with the basal Upper Cretacecus, which con-
tinued to the bottom of the hole, a thickness of 500 feet. The
relationship between these wells is shown in Figure 2. Other
cross sections accompanying this paper indicate the position and
the nature of the flexure. An index map showing areas covered
by cross sections in this report is shown in Plate IV,



CRETACEOUS SYSTEM
COMAN CHE SERIES (LOWER CRETACEOUS)

‘GENERAL STATEMENT

The oldest rocks recognized at the surface in the Gulf Coastal
Plain of Arkansas, consist of gravels, sands, shales, and lime- .
stones of Trinity age, having a total thickness of less than 1,000
-feet, which have been divided into several members and lentils -
designated by individual names but grouped under the general
term, “Trinity formation.” "The Trinity formation is overlain
by 10 to 50 feet of Goodland limestone of Frederickshurg age, on
which' is superimposed 20 feet of shale and limestone correlated
with the Kiamichi clay of early Washita age or late Frederlcks-
burg age. :

-The Comanche rocks exposed at the surface in southwestern
Arkansas present distinct near-shore facies of deposition as con-
trasted with the more typical marine facies of deposition re-
corded in deep wells farther to the south, where more than 400
feet of Washita and Fredericksburg and more than 6,000 feet of
Trinity sediments have been measured. Owing to the differences
in the lithology of the Comanche sediments, the existing nomen- -

clature cannot be properly apphed to both the subsurface and"'
surface strata.

The followmg table is intended to show the nomenclature of
the Comanche series in common usage.

TABLE 3.—Generulized section of the Comanche seriee (Lower
Cretacsous) in. Arkansas

Lower Cretaceous rocks in south- Orsta X :
western Arkansas after H, D, Mis- Loweil' retaceous rocks
L er, U. S, Geol. Burvey Bull. §90. described In this report
Group p — T -
: ' . Formation or Thickness
Formation or Thickness
member : feet member foet
Washita Kiamicht clay _ . . ... 20 ) o _ L
- Undifterentiated ) = 400t =~ -
Fredericksburg | Goodland limestone 10-50
lTP'l.Illty formation: . : . Pa_lu%y sand . ...1700 _. .
Sand and clay member....._.._300 | and bper Glen :
. DeQQueen limestone oo 70 Rose
Trinity Sand and clay (mostly clay)_...150 | Anhydrite zome | - g00
Dierks limestone lentil..._.. ... 40 . R
.Sand and clay (mostly sand)._100 mr Glen 950'
Pike gravel member ... . _ 50 : I
_ Travis Peak | = - 2000
INGOEDmiEﬂ? L - - - Marine lime-
’ : S . . ’ . ’ | stone, shale, | - BO0t
. o e ] - L

.*—Figures give the maximum thickness. -
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“ROCKS EXPOSED AT THE SURFACE
- TRINITY GROUP :
EXTENT- AND RELATION

~ The Trinity formation, as mapped and defined by Mlser and
Purdue?, includes all the Trinity group exposed at the surface.
These writers have named several members of the Trinity forma-
‘tion and have pointed out their relatlonshlps to the Trmlty group
of Texas, (See PL IL)

The Trinity formation is exposed in Arkansas in a narrow
east-west trending belt, extending from the Oklahoma line in
.Sevier County to near Antoine in eastern Pike County, which
ranges in width from less than 5 miles in Pike County to about
16 miles in Sevier County. The following is a summary descrip-
tion of the several members comprising the Trinity formation.

PIKB GRAVEL MEMBER

The Pike gravel is the basal member of the Trinity forma-
tion. It is separated from the underlying basement rocks by a
profound unconformity, whose plane truncates folded and faulted
Paleozoic rocks. It consists of pebbles usually less than half an
‘inch .in’ diameter but contains many larger pebbles and many
cobbles as much as 10 inches in diameter. The larger pebbles
and the cobbles are in most places abundant in a thickness of -
several feet at the base of the Pike gravel member. The pebbles:
and cobbles are partly thoroughly rounded, and most of them
.are dense, white, gray, brown, black, or red novaculite, unques-
“tionably derived from the Arkansas novaculite exposed in the
‘Ouachita Mountain a short distance to the north of the outcrop
‘of the Pike gravel member. A small number of pebbles, how- .
ever, are composed of quartz, quartzite, and sandstone. Some
-of the gravel is conspicuously cross-béedded; most of it is loose
and contains some sand and clay lenses in the upper part, filling
.in the interstices between the pebbles. Nearly horizontal beds
.of gravel are cemented in places by brown iron oxide and are
thus converted into hard conglomerate. -

The Pike gravel member is at most places 20 to 50 feet thick,
but it apparently attains a thickness of 100 feet near Murfrees-

boro, Pike County
'LOWER SBAND MEMBER

Above the P1ke gravel member is 100 feet of fine-textured
:;g'ray -and yellow, generally cross-bedded, sand in massive beds
.and some thin beds of clay This member containg the asphalt-

% Miser, H. D., and Purdue, A, H,, Cl’avel depunns of the Clddo Gap and DeQueen qn.lclrnn;lei
A S Geol, Survey BuJJ 690, pp. 15-30, 19 :
.- Asphalt d its and oil condmons in southWeamm Arknnms U 5. Geol, Survey, Bul.'l 691,
p;p 21'1292. 1918
. ‘Miger, H. Lower Crelaceous’ (Comn:nche) rockl of mutheaalem Dk.hhmna lnd -omhwmem
Arh-m Asgoc; Perml Geol. Bull, vol. 11, no. 5, pp. #43-453, 1927,
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bearing beds of soﬁthwestern Arkansas, described by Miser and
Purdues. '

DIERKE LIMESTONE LENTIL

The Dierks limestone ranges in thickness from a feather
edge, west'of Dierks, to 40 feet in the vicinity of Delight, where
it is overlapped by the Tokio formation of Upper Cretaceous age.
According to Misers, it lies 200 feet above the base of the Trinity
formation at its easternmost exposure near Murfreesbhoro, Pike
County, but descends lower and lower in the section toward the
west and is only 50 feet above the base along the western part of
the outcrop, a short distance west of Dierks, Arkansas. In the
vicinity of Dierks, the Dierks limestone lentil is made up of hard
crystalline grayish limestone, interbedded with thin layers of
green shale. The limestone is made up largely of small oysters
(Ostrea framklini) and other shelis, is sandy, and appears to
grade into sands both above and below.

HOLLY CREEK MEMEER

The name, “Holly Creek member,” was proposed by Vander-
pool’, to designate the beds of sand and clay that occupy the in-
terval between the Dierks and DeQueen limestones. It is made
up of a series of red and yellowish clays, thin beds of sand, and
lentils of gravel. It is 150 feet thick in the vicinity of Dierks,
Arkansas, but increages in thickness to 300 feet along the Ark-
ansag-Oklahoma line. The Ultima Thule gravel lentil of the
Holly Creek member is 40 feet thick near the Oklahoma line but
decreases in thickness to a few feet on Cossatot River, where it
lies just above the Dierks limestone. Towards the west it ap-
proaches nearer and nearer the base of the Trinity formation
and finally merges into the Pike gravel member near the state
line. In composition it is similar to the Pike gravel, but it con-
taing a greater number of quartz pebbles.

DE QUEEN LIMESTONE MEMEBER

The DeQueen limestone crops out in a sinuous band extending
from the Arkansas-Oklahoma line eastward into T.9 8., R.25 W,
where it is overlapped by the Tokio formation of the Upper
Cretaceous epoch, It is 60 to 75 feet thick, made up of beds of
tough green clay interbedded with thin limestone and a thin
stratum of gypsum and celestite near the middle of the member.
The limestones, generally less than 1 foot thick, are usually gray,
hard, and compact; but many are earthy and contain small lenses
of clay. Opysters and other pelecypods are numercus in many
layers. The thickest exposure of gypsum is in Plaster Bluff,

4 Miser, H. D., and Purdus, A, H., op. cit.

5 Miger, H. D., op. it

% Vanderpoo}, H. C., A preliminary study of the Trinity group in southwestern Arkansas, southeast..
ern Oklahoma, and northern Texas: Am: Assoc, Petrol, Geol., Bull, vol. 12, mno, 7, 1928,



CRETACEOUS SYSTEM ' 31

where it is found in a single bed ranging from 10 to 14 feet in
thickness. At Messers Creek, south of Dierks, Arkansas, the
gypsum is less than 3 feet thick, and to the west of this loecality,
it is represented chiefly by thin lenses of celestite.

UPPER SAND MEMBER

The outerop of this member is slightly more than 7 miles
wide between DeQueen and Horatio but decreases to a fraction
of a mile in the vicinity of Tokio. Itis made up of fine-textured,
generally cross-bedded sands with some interbedded clays. It is
usually compact, but a small part of it is firmly cemented by
iron oxide. When unweathered it is gray, but in most exposures
it is red and yellow, This member is 160 feet thick on Messers
Creek, south of Dierks, but increases in thickness toward the
west. Toward the east it thins rapidly as the result of trun-
cation. -

AGE AND CORRELATION

The Dierks and DeQueen limestone contain invertebrate fos-
sils, which, according to T. W. Stanfon, show rather definite re-
lations to the fauna of the Glen Rose limestone of the Trinity
group of Texas. The following fossils from these limestones
have been identified by StantdnT.

Fossds from the DeQueen I:mestone member of the Trinity formation in
southwestern Arkansas

Serpula paluxiensis Hill ' Mytilus tenuitesta Roemer ?
Membranipora sp. Cyprina 7 sp.

Barbatia parva missouriensis Hlll Eriphyla pikensis (Hill)
Avicula sp. Astarte ? sp.

QOstrea franklini Coquand Glauconia branneri (Hill)
QOstrea franklini var. camelina Cragin Glaucenia 7 sp.

Anomia texana Hill

- Fossils from the Dierks limestone lentdd of the Trinity formation in
southwestern Arkansas

Serpula peluxiensis Hill Modiola branneri Hill
Nucula sp. . Astarte ? sp.

Cucullaea sp, Eriphyla pikensis Hill
Barbatia parva missouriensis. (Hill) ? Corbicula arkansaensis Hill
Ostrea franklini Coquand Cardium sevierense Hill
Exogyra sp. ~ Glauconia sp.

Anomia texana Hill .

The sands and gravels below the Dierks limestone are prob-
ably no older than the Lower Glen Rose limestone, penetrated
in deep wells farther south in Arka.nsas.

The upper sand member of the Trinity formation has been

correlated with the Paluxy sand, the uppermost formation of the
Trinity group of Texas. In southern Arkansas it interfingers

1 Miser, H, D., op. cit,, p. 430,
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with marine limestone and shales and is not separable from the
Upper Glen Rose,
« FREDERICKSBURG GROUP
GOODLAND LIMESTONE

The Fredericksburg group is represented by the Goodland
[imestone, which crops out north of Cerro Gordo and at a few
places farther east along Little River. It is about 50 feet thick
and consists chiefly of hard gray thick-bedded sandy limestone
‘but includes some beds of hard yellowish-gray calcareous sand-
stone.

WASHITA GROUP
KIAMICHI CLAY
The Washita group is represented by about 25 feet of gray
marl and hard fossiliferous limestone, containing an abundance
of Gryphaea navia Hall, a characteristic Kiamichi fossil,

ROCKS NOT EXPOSED AT SURFACE OF
COMANCHE SERIES (LOWER CRETACEOUS)
GENERAL GEOLOGY

The highway emergent condition of the continent in the clos-
ing stages of the Paleozoic era was followed by a period of de-
nudation in which the-Quachita Mountains and the adjacent area
were reduced to a peneplain in early Mesozoic time, and the con-
tinent as a whole was reduced to relatively low levels. A sedi-
mentary cycle was initiated in the early Cretaceous, during which
the Gulf gra,dually expanded over the continental border, reach-
ing the maximum landward extent in the late Cretaeceous and
the early Eocene. .

The earlier known sediments, deposited during this cycle, .
were a series of marine strata, tentatively correlated with the
Neocomian, which have been penetrated to a depth of 1,500 feet
in northwestern Louisiana. The succeeding Trinity sediments
begin with the Travis Peak formation, a regressional series
composed of red shales and sands which attain a thickness of
2,000 feet or more in southwestern Arkansas. The normal depo-
sition of the overlapping Glen Rose sediments was interrupted
by the precipitation of the anhydrite and again towards the close
of the Trinity epoch by a Gulfward retreat of the sea, during
which red shales and sands again accumulated in Arkansas. The
Trinity sediments decrease in thickness and at the same time
exhibit increasingly near-shore characteristics from south to
north and from west to east. (See Figs. 1 and 4.)

ATTITUDE OF THE BASEMENT FLOOR IN RELATION TO THE SEDIMENTATION

The change in the rate of inclination of the basement floor
in southern Arkansas and northeastern Louisiana, whether mark-
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ing a simple flexure or a fault, exerted a pronounced influence
on the character and the thickness of the Trinity sediments and
may in some degree have determined subsequent deformational
trends. To the north and east of the line of flexing, the Trinity
gtrata are of nominal thickness as contrasted with increased
thickness to the south and west. The lithology of the sediments
likewise was influenced; shoreward facies were developed to the
north and east of the line of deformation; a transitional zone
appeared in the vicinity of the flexure; and a more definitely
marine facies predominated south and west of the line of flexure.
The Neocomian sediments seem to have been limited landward.
by the flexure, and the Glen Rose, although transgressing it,
loges its marine characteristics on the landward gside of the
flexure. '

CONDITION OF DEPOSITION DURING THE COMANCHE EPOCH

" The oldest Cretaceous sediments recogmized in this region
consigt of a series of marine limestones, shales, and sandg, ten-
tatively correlated with the Neocomian of southwestern Texas
and Mexico. These sediments have been penetrated to a maxi-
mum depth of 1,500 feet in northwestern Louisiana. These sedi-
ments were penetrated in Lion 0Qil and Refining Company’s
Hayes A-9 well, sec. 9, T.16 S.. R.15 W., Smackover field, Union
County where, owing to the intrusion of salt, the complete sec-
tion may not have been revealed. The base of these sediments
has not been reached, and, consequently, their relationship to the
basement floor iz not known; but inasmuch as the early Creta-
ceous sediments were deposited in a marine transgression of
the Gulf over a gently warped peneplain, they probably rest un-
comfortably upon the basement floor. The line of flexure in the
basement rocks, previously defined, marks the northern and
eastern limits of the Neocomian marine transgression in Arkan-
sas and northeastern Louisiana.

The predominatly marine environment that prevailed dur-
ing the deposition of the Neocomian was terminated by elevation
of the land areas bordering the Gulf. The rate of increase of
both the supply of sediments and the Gulfward retreat of the
sea is indicated in the succeeding Travis Peak formation of the
Trinity group, which in Arkansas is composed of sands and some
red clay in the lower part and of red clays and sands in the upper
part. The Travis Peak formation ig 2,000 feet thick in southern
Arkansas. The red sediments decrease in thickness towards the
south and in DeSoto and Sabine parishes, Louisiana, and the
adjacent parts of Texas are répresented by gray predominatly
noncalcareous shales, indicating that the retreat of the sea may
not have continued much to the south of that area.

Princivally weeds entered the sea in early Glen Rose time,
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.now represenbed by generally calcareous but in- part noncalca-
““reous clays and shales, interbedded with argillaceous. limestones.
The structure of these, their wide distribution, and uniform:
lithological charzcter suggest that the site of deposition was a
broad, shallow basin. While these sediments accumaulated basin-
" ward, fine sands, clays in part red, and impure, earthy lime-
stones were accumulating along the margin of the sea in Arkan-
mf .
In the upper part of the Lower Glen Rose formeatien, the
Iithologic changes from shales and argillaceous limestones to

relatively pure and in part crystalline and: oolitic lmestore indi-

cate a marked change in sedimentary environmental condition

involving decrease in the rate of supply of sediments and increase

both in the amount of salts carried in solution and in conditions

~ favorable to the precipitation of such salts. These conditions,
continued to the end of Lower Glen Rose time and to the top.
.of the anhydrite zone. The anhydrite zone of the Glen Rose

attaing the fullest development in a zone that parallels the strand

'line and the flexure in the basement rocks, as previously out-

lined, and overlies the area of greatest thickness of the Travis

‘Peak formation and the Lower Glen Rose. The anhydrite zone-
is 600 or more feet thick at its maximum development but de- .
creases in thickness both basinward and la.ndwa.rd (See Pl.
V and Fig. 4.)

The deposition of the anhydnte and associated hmestones
and- shales was followed by a return to marine conditions of
deposition during which 100 to 200 feet of shales and argilla-
- ceous limestones acéumulated in the southwestern part of Arkan-
‘sas. The Gulf began to retreat, and a series of sands and red -
shales accumulated in the wake of the retreating sea, represent-
ing in part the Upper Glen Rose and in part the correlative of
the Paluxy sand of Texas. The maximum transgressmn of the

" Trinity sea is indicated in Flgure 1.

CONDITIONS OF DEPOSITION IN FTEDERICKSBURG AND WABHITA TIME

After an interval of emergence at the close of the Trinity,
the sea probably submerged southwestern Arkansas in Fred-
“ericksburg time. In this and the following Washita time, a
~ series of limestones and shales accurnulated. The extent of the
Fredericksburg and Washita inundations are not determinable;
but the meager evidence available suggests that they probably
were ne more mdespread than in the precedmg GIen Rose forma-
‘tmn IR
: _ CTOSING EVENTS OF THE LOWER CRETACEOUS -
The Lower Cretaceous epoch closed with a withdrawal of
the sea from Arkansas and northern Louigiana. The retreat of
the sea was accompanied by uplift in which the Comanche strata -
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FIGURE 1.—Paleographic map showing limits of the Trinity sea.
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were tilted to the south and west. - The warping was most pro-
.nounced in southeastern Arkansas and northeastern Louisiana,
along a line- coinciding’ closely with the line of flexure in the
‘basement floor, shown in Plate III. The uplift was followed by
- an ‘interval of ‘erosion, during which the Comanche strata were
“truncated and the terrain reduced to a peneplain, '

NEOCOMIAN

. The oldest sediments recognized in Arkansas and Louisiana

are composed of marine limestone, shales, and sands, which have

been penetrated to a depth of more than 1,500 feet in north-

‘western Louisiana. In ‘Arkansas these sediments have been
_penetrated only in the Lion Oil and Refining Company’s Hayes .
A-9 in sec. 9, T.1€¢ S, R.15 W., Smackover field, Union County, -
-where the base was found in contact with rock salt. The Cre- °
taceous age of these sediments is definitely established, and the
“fauna studied indicates their close relationship to the Neocomian
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'.'_of Mexlco and southWestern Texas, but until critically studled
thls correlatlon must be congidered as tentative. .

TRINITY GROUP
" TRAVIS PEAK FORMATION
DISTRIBUTION AND CHARACTER

The Trav1s Peak formation occupies the interval betWeen
the Neocomian and the Lower Glen Rose.

.-+ It is the most widely distributed member of the Trinity group,
underlying all of the state south of the outcrop and south of a
“line drawn from the easternmost exposure through southern
Clark and Dallas counties inté the southeastern corner of Drew
County and thence south through Ashley County. Throughout
‘most of Ouachita, Cathoun, Bradley, Ashley and the eastern half
'of Union counties, its upper surface is in contact with the basal
beds of the Upper Cretaceous system. (Fig. 2.) Elsewhere the
Travis Peak formation is overlain by the Glen Rose formation, .
(Fig. 3.) Its subsurface distribution is shown in Figure 2.

.. : The series is made up principally of fine-grained sands and
.sandstones with interbedded clays, shales, and sandy clays. The
“clays and shale in the upper half are dominantly red, varying
“in hue from. pink to dark-red, but they also contain thinner beds
of gray, buff, green, and purple. The lower half of the ‘series
contains a greater proportion.of sands and is generally lighter
in’ shade Wlth llght—gray to pale-green and dark-brown colors
prevallmg
" The sands and some of the clays and shales are in plac%'
sparingly calcareous and lignitic; the lignitic materials consist
sithér of finely divided particles or thin streaks along the bed-
‘Aing planes. Siderite is present locally at a few horizons. . Beds
‘of gravel, made up mainly of small chips of novaculite, are re-~
corded in wells, but appear to be limited to the north side or the
immediate vicinity of the lme of sharp-ﬂexmg in the basement
rocks o
: . TH[CKNESS
The Travis Peak formation and its relationship to the Neo-
comlan ‘(below) and to the Glen Rose formation (above) is.
‘shown in Figure 4, a diagrammatic cross section of the Trinity .
group. Accordmg to this interpretation, the series is lense-
shaped with the greatest thickness near the line and to the south -
of sharp flexing, shown in Plate III. To the north of this line
‘there is a marked decrease in thickness towards the shore line,
‘which suggests regressive overlap. To the south there is a .
gradual thinning of the red facies of the Travis Peak formatlon, :
but itg total thickness is not determinable. o
The Travis Peak. formation is from 1, 800 to 2,100 feet thlck
-1_n the ‘Pine Island, Bellevue, and Cotton Valley fields, Liouigiana.
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In Arkansas deep wells in Ouachita and Union counties record

more than 1,700 feet of beds without reaching the base of the

geries, which probably will maintain a thickness of about 2,000

feet northward of the line of flexing which extends from seouth-

efn Little River County eastward almost to Hampton, Calhoun
County, and thence southeastward into Louisiana.

AGE AND CORRELATION

Few fossﬂs are present in the Travis Peak formation. Deep
wells in the Pine Island field in Louisiana have recorded a few
poorly preserved ostracods and shell fragments in the upper 200
feet of the formation, which appears to be transitional from the
typical Travis Peak into the overlapping Glen Rose formation.
Elsewhere, occasional fossils leave imprints, and woed frag-
ments have been recorded at several hOI‘lZOnS, notab]y in the
lower part of the formation.

The records of deep wells drilled in northwestern Louisiana
indicate that the base of the Travis Peak formation rests with
apparent conformity on the Neocomian and at the top grades
upward into the Glen Rose formation. The same relationship
probably exists in the adjacent part of Arkansas; whereas far-
ther to the north it overlaps the Neocomian to rest directly on
-the basement floor '

TYPICAL WELL SECTION

Typical well sections of the Travis Peak formation are given
below. The section that follows, although from northwestern
Louisiana, may be regarded as typical of this series in south-
Western Arkansas.

‘Section of the Travis Peak formation in Dizie Oil Company’s Dillon No. 92
well, sec. 13, T, 21 N., R. 16 W., Caddo Puorish, Louisiana

‘Character : Depth in feet
Travis Peak formation: : .

Red shale 3897-3900
Red shale, sandy shale, and fine-textured sandstone..._____. 39003937
Gray sandy shale 39373944

Hard, purplish-gray fine-grained sandstone and sandy shale_ 3944—3965
Gray, purplish-pink, and reddish-brown fine-grained sand-

stone; some siderite . . - 39653999
Purplish sandy shale; siderite .. ‘399914002
Light-gray, fine-grained sandstone with thin 1am1nae of '

shale, in part caleareous . 40024004
Dark-gray lignitic sandy shale; fossil leaves .................... 40042005
Medium-gray, fine-grained, hard sandstone . 40054009
Gray caleareous sandy shale; few ostracods. . . 40094011
Light-giray argillaceous limestone; frag'men'tns of shells .. . 4011-4014

‘Mainly light-gray fine-grained sandstone, in part caléareous; - .
streaks of pink and purple sandstone in lower part .. 4014—4035

: Gray Hgnitic sandy shale with intercalated thin streaks of
lignitic sandstone .. — 4035-4038

Medinm-gray lignltic sandstone, fossil leaves. . .. .. 40384042
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Gray, purplish-brown fine-grained sandstone; some siderite;
some thin beds of sandy shale, interbedded with the
sandstone .

Purple and gray mottled sandy clay N

Brick-red clay -
Purple clay ___ . —
Pink, green, and brown fme gramed sandstone__-__________--__
Purple clays _
Red and gray_ mottled fine-grained sandstone..—oo ..
Purple and sandy clays; fine-textured :
Mottled green and red very fine-grained sandstone __.__._
Pale-green, purple, red and gray finegrained randstone;
lignitie at the base
Hard dull purple clay ___ -
Mainly fine-grained gray, light-brown, and red sandstone,
‘containing thin lenses of red clay; sandstone iz in
part lignitic
Gray conglomerate, consisting of fragments of calcarecus
shale in sandstone matrix .
Gray, fine-grained sandstone; sparingly calcareous _ ... _
Reddish-brown sandy shale
Light-brown sandstone ... e
Hard sandstone ...
Ligmitic sandstone
Red sandy shale _ .
Maroon sandy shale ——
Pink. gray, and white sandstone with mterbedded red and
gray sandy shale
‘Purple fine-grained sandstone ______
Red and gray sandy shale and beds of fine-grained sandstone
Hard pink calcareous sandsfone and argillaceous red sand-
stone S
Maroon sandy shale and pink sandstone
Red and brown sandstone
Red sandy shale -
Red shale .
Red sandy shale
Red sandy shale - ' ‘
Gray cross-bedded sandstone I
Maroon and light-gray fine-grained sandstone . .. .
Maroon sandy shale
Maroon and pale green mottled sandstone .. .
Thinly laminated purplish sandstone and red sandy shale; in
part micaceous
Brick-red sandy shale
Sandy shale
Pink coarsegrained sandstone
Purple sandy shale
Pink and purphsh sandstone with some irregular streaks of
shale; in part coarsegrained _ e —
Hard light-gray and white fine-grained sandstone_________
Dark-gray lignitic sandy shale :
Pink coarse-grained sandstone ... __
Purple shale.. _ e
Light-pink sandstone
Hard sandy shale
Purple sandstone and shale : —

4042-4114

4114-4128
41284135
41354159
41594181
41814201
4201-4206
42064225
42254227

42274294
4294-4297

4297-4378

4378-4382
43824410
4410-4449
44494451
44514469
44694471
44714476
4476-4485

4485-4620
46204646
46464748

47484768
47584770
47704772
4772-4782
47824838
4838-4846
4846-4867
48674878
4878-4893
4893-4912
4912-4937

49374957
49574976
4976-4986
4986-5006
5006-5016

5016-5170
5170-5186
5186-5190
5190-5214
5214-5224
5224-5262
5262-5276
5276-5306
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Yellow and gray mottled sandstone ... . 5306-5318

Purplish sandy clay.__ ____.. . 5318-5336
Light-gray, pink, and purplish sandstone; small amount of

shale, in part lignitie .. - 5336-5425
Blue, gray, and red sand and sandy clay 5425-5598
Light-gray to white sand _ 55885634

Hard blue-gray and brown medietm-textured sand sandsione,

and clayey sand; with thin beds of gray, blue, brown,

and red sandy elay 5634-5960
Base of Travis Peak et e e 53860

Section of Travis Peak formation in Grote et al, Arden No. 1 well in
gec. 2, T. 13 S, R. 31 W., Little River County, Arkansas
Character Depth in feet
Travis Peak formation:
Sand (Cuttings from 29824-2928 feet consisted of light-brown
medinm-textured. sand)- - 29282931
Sand {Cuttings of 2931-2048 feet c0n51sted of light-brown
fine to medium-textured sand) 2931-2942
Hard biuish-gray sand (Cuttings at 2954-2068 feet consisted
of gray fine-textured sand) ..__ 2942-2964
Gray sand (Cuttings at 2968-2969 feet consisted of light-gray
caleareous sand and gray lignitic sand and sandstone) .. 2964-2969
Hard lime (Core at 2969-2973 feet consisted of gray sand

with small particles of red, brown, and gray shale)____ 2069-2973

< Running sand... e eaan 2973-2879
Hard lime (Core at, 2979-2993 feet consisted of white fme- )
grained wand)i ' 29792988

Hard sandy lime.__ . ___ S 2983-2993
Soft sand and lignite (Core at 3000 feet consisted of brown, :
red, and gray shale, particles of lignite, and cream-

colored friable, fine-grained sandstone)... ... 2993-3010
Hard sand— .. . 3010-3013
Soft gray sand {Core at 3018 feet consisted of light-gray

sand) e e e e 3013-3035
Hard sandy lime. S 30353045 -
White sandy lime . 3045-3060
Sand (Core at 3070 feet consisted of hght—gray sand).—...... 3060-3070
Hard sand ... 3070-3095
Light slate (Core at 3097 feet cons1sted of light-brown fine-

grained sand and sandstone) . e 3095-3098
Sand, pyrite, and fossils (Core at 3123 feet consmted of fine

textured sand)_ . . 30983124
Hard sand . 31243134
Red sandy shale (Core at 3134-3136.feet consisted of fine-

textured sand) 3134-3136
Lime {Core at 3144 feet conmsted of red and 11ght~green

shale; noncalcareous shale) . . 3136-3144
Sand (Core at 3160 feet consisted of light-brown, fine-

grained sand) . . . _ 3144-3166
Red shale (Core at 3172- 3175 feet cons1sted of red, green,

and light-gray shale and clay). 3166-3173
Hard lime. . .. ) 3173-3195
Red shale with streaks of hard Yime. . . . . 3175-3200
Hard pand . e 3200-3225
Very hard white sandy lime . 3225-3240

Light sandy elay_ o - 3240-3242
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: Fme hard sa.nd (Core at 3246 feet consisted of llght-g-ray
‘ fine-grained sand} ! : - 3242—3272'
Hard lime. : : 3272-3273

Hard light-brown sand streaks and gravel (Core at 3280
" feet consisted of brick-red sandy, slightly calcareous
clay; core at 3300 feet consisted of red sand and clay;
core at 3310 feet consisted of fragments of green and
purplish claystone and brown fine-grained calcareous
sandstone) 3273-3310

Light-brown sand .{Core at 3310-3312 feet consisted of pink
sand with particles of green and purplish clay; core at )
3330-3345 feet consisted of lipht-tan fine-grained sand)_. 3310—3341

Very hard lime {(Core at 3358 feet consisted of poorly sorted

. fine to coarse-textured sand and gravel, mainly quartz,
but includes some fragments of black chert; core at 3359
feet consists of loose sand and broken fragments of light-
gray chert) 3341-3363
Very hard sands and various colored gravels (Core at 3863 :
feet is light-brown fine-textured sand; core at 3368- .
3369 feet consists of fine-grained to coarse-grained sand
and broken gravel, made up of light-gray chert and fine-
grained black quartzite; core at 3379-3386 feet is same
" a& above; core at 3400-3406 feet consists of fine, broken
- grave]l and sand. Gravel consists of fragments of white,
pink, and gray chert, some black quartzite and frag-
ments of igneous rock} 3363—3406 :

Section of Trcww Peak fommtwn in. Humble 011 a.nd Refm/mg Commny g
Hein No, 2 well, in gec. 1, T. 14 8., R, 21 W., Irma field, :
Nevgda Cownty, Arkam.sa.a

Cﬁamctar B Depth in te'et

Travis Peak formation:
) Sandy shale and pyrite {(Two cores from 3023-3031 feet con-
sist of medium-gray hard lignitic shale and light-gray . S
hard lignitic sandstone) 3023-3031
Sany limestone 30313040 -
Red shale (Two cores from 3044 3053 feet consmt of dull- " -~ -
red, light-gray hard shale with spots of olive and dull, .
reddish-brown shale with spots of light-gray shale)_____ 3040-3060
Gray sand and shale (Two cores from 3060-3064 feet consist,
of light-gray fine-textured shaly sandstone with irregu-

lar patches of slightly greenish.shale} .. .. 3060—3065__
Red shale (Core from 3064-3068 feet consists of dull reddish- ‘

brown slightly calcareous hard shale) .. __ S 3065—3068 :
Sand and shale {Cores at 3084-3092 feet consist of llght-gray S
slightly caleareous shale, dull reddish-brown, olive-brown
hard- noncalcareous shale, and olive-brown and light-
- gray mottled very slightly calcareous shale) .. . 3068-3099
Sandy shale (Cores at 3111-3115 feet consist of dull, faint
o reddish-brown hard shale with streaks of grayish brown
and spots of light-brown shale, bottom of core is light-
gray sandy shale; core at 3121-3128 feet consist of light-
gray sandy clay, spotted with fragments of lignite, hard.
medium-gray fine-grained slightly lignitic sandy clay;
_medium-gray and light-gray hard sandy clay, and fri-
able sand with lignite and some pyrite) ... ... .. 3099-3128
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‘Sand rock (Core at 3128-3129 feet consists of light greenish-
gray calcareous finé-textured sandstone with inclusions
of rounded fragments of limestone, green clay balis,
rounded siderite, sandy clay balls, and some lignite) ...

Shale (Core at 3144-3148 feet consists of dark-maroon sandy
clay with irregular partings of green sandy clay, hard
green shale with thin seams of light-gray sand, and
light-brown medium-textured, porous sandstone, with

~ Bpots of pale-green clay)_. .

Sand e

Red sandy shale (Core at 3148-3150 feet consists of dark-
maroon sandy clay, spotted with brown and green, sandy
clay, round, indurated balls of sandy clay and sand-
stone)

Shale

Sandy shale, hard (Core at 3154-3156 feet consists of brown-
ish-red, maroon, pink, and pale-green mottled cross-
bedded fine-grained argillaceous sandstone and some
fragments of chert) . ... e

Sandy shale e e

Red shale (Cores at 3164-3168 feet consist of hard dark-ma-
roon, green, and brown clay with inclusions of ferrugi-
nous clay concretions and hard bluish-green fine-grained
sandy clay, mottied maroon and ved) .

Gray sandy shale . - - —

Sand and lime__. -

Sandy shale (Cores at 3185-3193 feet consist of black, red,
maroon, and brownish-red mottled fine-grained slightly

81283129

3129-3147
3147-3148

3148-3160
3150-3154 - -

3154-3155
3155-3164

3164-3167
3167-3183
3183-3185

sandy clay; maroon, reddish-brown, and green mottled

fine-grained, argillaceous sandstone; and light-greenish
gray, fine-grained sandstone) .. _ ..
Gray sand and sandy shale (Cores at 3231-3237 feet con-
sist of light greenish-gray fine-grained sandstome) . .
Sand and sandy shale
Sandy shale__ S
Sandy limestone (Blt sample at 32‘73 feet consists of green-
“igh-gray sandy clay with small, round rust spots). .. .
Shale and lime (Cores at 3273-3277 feet consist of dark-red

hard sandy shale with some purple spots and  with °

some streaks of pale—green sandy shale).. . -
Red sand o S .
Red sandy shale._. .
Sand, sandy shale, gray and red lime, and red shale (Core

at 3351-3360 feet consists of pale red, faint purpIe and-

" purplish-gray hard sandy shale; bottom of core is light-
gray fine-textured sandstone) _
Sticky red shale i
Hard red shale__ : t :
Hard red sandy shale (Core at 3408-3412 feet cons:sts of
dull reddish-brown calcareous hard shale, with streaks
and spots of hght-gray, clayey, very fme-g'ralned sand-
stone :
Red sandy shale._ . I
Red .sandy shale and lime. : :
Shale’ :
Red shale (Core at 3523 3534 fee., is ‘same as ab-nrv'e) I
Sandy shale.

3185-3231.

3231-3237
3237-3247
3247-8267

3267-3273

3273-3330"
2330-3331
3331-3351

33613360
-3360-3393
3393-3401

3401-3412
3412-3435
3435-3470
3470-3522
3522-3530
35630-3545
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Streaks of red shale and lime...__ 35456-3573
Sandy shale.. : . 3573-3583
Hard red sand (Core at 3583-3584 feet is brown calcareous

coarse-textured sandstone) .. S 3583-3584
Hard sand — _ 3584-3586
Hard red sand — 3586-3609
Red sandy shale e e eenenee. 3009-3619
Hard redsand . — 3619-3630
Hard sand. ... , e 36303640
Shale 3640-3646
Sand and red shale — 3646-3669
Red sandy shale . I 3669-3693
Hard red sand 3693-3711
Hard sand {Core at 3722-3723 feet is olive-brown hard shale;

core at 3730 feet is light preenish-gray fine-textured

sandstone) - 3711-37386

Section of Travis Peak formation in Garrett-Modisette Drilling Company’s
Union Saw Mil Company No. 1 well, in sec. 7T, T. 18 S,, R 13 W,,
Union County, Arkamras

Character Depth in feet
Travis Peak formation: .
Chalky sand with brown streak's 3160-3163
Hard lime. : 3163-3190
Red and white gumbo e 3190-3197
Red and white rock . 3197-3200
Red gumbeo 3200-3206 .
Hard lime . . 3206-3235
Hard, gummy ime . . ' 32353260
Gas sand _— 3260-3263
Sand _____ - : .. 32633271
Gummy lme . 32713283
Green lime 3283-3290
Sand 32903295
Gummy lime (Core from 3310-3312 feet is a pinkish, coarse-
textured moncalcareous sandstone) ... 3295-3321
Green and red gummy lime_ 3321-3340
Hard lime ... N 3340-3348
© Gummy lime — 3348-3354
Hard sand (salt water) —-.. 3354-3380
Red beds 3880-3420
Water sand . e 34203430
Red beds. 3430-3450
Gray lime : - 34b60-3460
Sand (salt water) 3460-3465
Gummy lime 3465-34T0
Shale blue with red and white streaks 3470-3615
Sand with streaks of shale (salt water) . . 3615-3620
Conglomerate __- R 3620-3630
Brown sand U, 36303642
Gummy lime.___ R, 3642-3682
Brown and gray sand.___ . 3682-3689
Hard, gummy lime - —en. 3689-3694
Sand ..__ e 3694-3706
Hard blue rock - - 37063710

White and red sand and shale 3710-3795
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Hard sand .. _ 3795-3801
Gravel, sand, and 11gn1te______,____.,_-__~ e 38013806
Hard sand ‘ 3806-3858 .
Red beds._...._...___ . 38b8-3860
Sand {salt water) 3860-3904
Red sand and sha.le,_- 3904-3915
Hard sand. o 3915-3955
Hard lime. .. : — . 3055-8965
Sand o . . 39654070
Hard red and gray shale with streaks of sand.._ ... .- 4070-4080
- Hard sandy lime ) e 40804160
Hard sandy shale e 41604162
Hard blue shale with some strea.ks of sand - 41624280
Sand’ with streaks of red shale 4280-4295
Red shale with streaks of blueshale . ... . 4295-4309

Total depth of well . : - 4309

UPPER TRINITY SEDIMENTS
GENERAL STATEMENT
The Upper Trinity as herein defined includes the sediments -
which occupy the interval from the top of the Travis Peak forma-
tion to the base of the Fredericksburg group. These sediments
are from 8,000 té 3,300 feet thick in the southwestern part of
the state but decrease in thickness and change lateral]y in charac-
ter to the north and east.

SCALE 1N MILES

- 25 L0
[y
== T
PALUXY GLEN ROSE TRAVIS PEAK . ROCHKS OF
- FORMATION PALEOZOIC AGE
niv WASHITA L FREDICKSBURG GROUP Kdq DE QUEEN LIMESTONE
Kt TRIMITY FORWATION Ks DIERKS LHMESTONE

Ficure 5.—Map of southern Arkansas showing approximate subsurface
distribution of Comanche series (Lower Cretaceous).

Where typically developed in southwestern Arkansas and the
adjacent parts of Louisiana and Texas, the Upper Trinity may.
be divided into four more or less well-defined members: Paluxy
sand, dominantly sands and red shales; the Upper Glen Rose,
dominantly marine limestone and shales; a zone of anhydrite
with interbedded marine limestone and shales; and the lower
Glen Rose, dommantly marine limestone and shales. On the
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whole the avallable records are madequate for the purpose of
sharply differentiating between the Upper Glen Rose and the
: overlapping Pa.luxy sands and clays.

CHARACTER AND DISTRIBUTION

The northern limit of the Glen Rose formation is defined by
the oufcrop of the DeQueen and Dierks limestone in Sevier,
Howard, and Pike counties. The eastern limit is along a line
drawn from the easternmost outerop of the Dierks limestone in
Pike County southeastward through the western part of the:
Smackover and East El Dorado fields and through central Union
County into Louisiana. The subsurface distribution of the Trin-
ity group is shown in Figure 5. The eastern limit of the Glen .
Rose formation was determined by a plane of erosion which
truncated the Comanche strata from west to east. The original
area of the Glen Rose deposition extended towards the east for
some distance beyond its present limits.

LOWER GLEN .ROSE

The Lower Glen Rose formation is most fully developed in
‘the southwestern corner of the state, where it is 900 to 1,000
feet thick. The uppermost 100 to 150 feet of beds consist chiefly
of light-colored, in part oolitic limestone, in which are included
a few thin beds of gray shales. The remainder of the formation
is. made up of gray to green shales, and finely sandy shales,
interbedded with gray argillaceous and ea.rthy ‘limestone. In
general the shales and limestones alternate in thin beds, but
more massive beds of shale and limestone from a few feet to B0
feet in thickness are present in the section. A considerable part
of the shales and sandy shales are only sparingly calcareous or
noncalcareous and in some places contain small amounts of hg-
-nitic material. The limestones at a few horizons are: ool_1t1c in
structure, : :

The sharp contrast from domma.ntly silty material 1o the-
chemical precipitates which make up the greater part of the
upper 100 to 125 feet of beds, indicates a distinct change. in
sedimentary environment, suggesting that these beds were
formed in the cycle of prec'ipita.tion in which the overlying an-
hydrite was formed. This belief is strengthened by the fact
that they are best developed in the area wherein the anhydrlte
zone is from 400 to 600 feet thick. : :

Toward the north and east, the Glen Rose changes. laterally :
in. character, as indicated by the records of deep. wells drilled
in southern Little River, Howard, Nevada, and Union countles :

In southern Little River County, the Lower Glen Rose is 500

feet thick, made up principally of gray, blue, and. green shales
~and finely sandy shales with some red shales in the middle and -



CRETACEOUS SYSTEM 47

“lower parts of the member. The shales, which are both calca-
reous and noncalecareous, are interbedded with generally fine-
textured sandstone and subordinate thin beds of limestone,

- In the Stephens and Irma fields the Lower Glen Rose forma-
tion is from T50 to 825 feet thick, composed chiefly of gray to .
green shales and finely sandy shales with some red shale in the
.upper and lower part, interbedded with calcareous, fine-textured
sandstone, and arenaceous limestones. Limestone and fine lig-
nitic material are present at a few horizons in the Irma field.

 The Lower Glen Rose formation in western Union County
contains a slightly greater amount of limestone than in the
Stephens field, but i§ otherwise essentially similar in character.
In northeastern Louisiana the Lower Glen Rose formation like-
~wise changes in lithology, containing an increasingly greater
amount of sands and red shales and less limestone and calcareous
shales from west to east,

ANHYDRITE ZONE

The anhydrite zone of the Glen Rose formation is made up
of thin-bedded and massive anhydrite, interbedded with marine
limestones and shales, which attain a maximum thickness of
somewhat more than 600 feet in southern Arkansas and the
adjacent parts of Louisiana and Texas. The anhydrite zone
diminishes both landward and basinward with the belt of maxi-
mum thickness parallel with the margin of the Trinity sedimen-
tary basin as outlined in Figure 1. (See also Fig. 4.)

In Arkansas the anhydrite zone is represented in the outerops
.of gypsum beds in Sevier, Howard, and Pike counties. In the’
eastern part of the state and in northeastern Louisiana, its east-
ern limits were determined by truncation. (See PL VL)

' The anhydrite members, white to dark-blue in color; occur

in beds a.few inches to 60 feet in thickness. They are inter-

- bedded with generally thin-bedded limestones, which are gener-

ally finely cr’ystalhne but in part earthy and oolitic, and thin-

‘bedded, fairly massive shales. The limestones and shales are in

_part sparmgly fossitiferous. Typical well sections of the an-
hydmte are given at the end of this section.

. UPPER GLEN ROSE INCLUDING THE PALUXY SAND AT THE TOP

These members of the Trinity group include the strata above
the top of the anhydrite zone and below the base of the Fred-
“ericksburg group. The Upper Glen Rose and the Paluxy sand
doubtlessly present distinct formational units in Arkangas, but,
owing to the paucity of accurate data from deep wells drilled
through these sediments, it is- impossible to separate accurately
~onie'from the other..

- In Little River County the Grote et al Arden No. 1 well, sec.

2, T.13'S., R.81 W.; records predominately red nonfossiliferous
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sediments from 1,360 to 2,180 feet below the surface, a thick-
ness of 820 feet, which may be agsigned to the Paluxy sand. In
the same well, fossiliferous limestones and shales containing
Glauconia branneri,and Orbitulina texana were recorded from
2,180 to 2,410 feet below the surface. There, beds 230 feet
thick are definitely of Glen Rose age. -

. wouth of Little River County the first records furnishing any
cons«derable details of the Upper Trinity strata are in the Ro-
dessa field, just south of the Arkansas line in Louisiana. In this -
area the upper 350 to 400 feet of sediments (see core record of
Norton et al Hill No. 1 well in sec. 33, T.23 N., R.16 W., Caddo
Parish, Louisiana, page 51) consists of predominantly red non-.
fossilifercus shales and sands, which may be assigned to the
Paluxy sand. Between the Paluxy and the top of the anhydrite
zone is 1,250 to 1,300 feet of sediment composed of gray shales
and clays, fine-grained sandstones, and light-gray to buff sandy
limestones and sandstones. In the upper part the clays and
sandstones are in part lignitic, and maroon to brown shale and
clays are interbedded with the non-red clays and sand through-
out the section but are most prominent in the upper two-thirds.
The contact between the Paluxy sand and the Upper. Glen Rose
is taken where the first fossils appear. The fauna in the upper
part is represented by ostracods. Orbituline terana, a charac-
teristic Glen Rose fossil, first appears about 500 feet above the
top. of the anhydrite zone.

The subsurface distribufion of the Upper Glen Rose, includ-
ing the Paluxy sand, is shown in Figure 5.

- In De Soto Parish, Louisiana, the Paluxy sand is absent and
the entire section from the top of the anhydrite zone to the base
of the Fredericksburg is represented by marine shales and lime-
stones, To the east of the Sabine uplift in Bossier, Bienville,
Webster, and Claiborne parishes, Louisiana, the Paluxy equiva-
lent again appears in the section and continues eastward to the
line where these sediments have been removed by truncation.

The Upper Glen Rose, including the Paluxy sand, is 1,000 to
1,100 feet thick in southern Little River County but diminishes
rapidly in thickness northward to the outcrop in Sevier, Howard,
and Pike counties. Along the Louisiana line in southwestern
Arkansas and the adjacent part of Texas, these sediments are
1,700 to 1,800 feet thick and approximately 1,600 feet thick in
DeSoto Parish, Louisiana.

THICKNESS OF THE GLEN ROSE .

The maximum thickness of the Lower Glen Rose anhydrite
zone and the Upper Glen Rose, including the Paluxy sand, is
from 3,300 to 3,500 feet in the southwestern corner of the state;
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-1,500-feet thick in Little River County; less than 600 feet thick
at the outcrop in Howard County.
CORRELATION

‘The upper part of the Glen Rose formation contains Glau-
conia, branneri and Ostree franklini Coquand and other forms
that are common in the DeQueen and Dierks limestones in south-
western Arkansas, which, according to Miser?, are closely re-
lated to the fauna of the Glen Rose limestone of Texas. This
relationship is further stréngthened by the presence of Orbito-
lina texana, a large foraminifera characteristic of the Glen Rose
in Texas. :

TYPICAL WELL SECTIONS
Typical well sections of the Glen Rose formation are given
in the following well records, and their stratigraphic relationship
is also shown in Figures 4 and 6 and Plates V and VI.

Section Glen Rose formation Pine Island Fisld, Louisiona

Thickness
Character in feet
!!.;._Tpper Glen Rose: _
Gray calcareous shale - ' - 15
Gray argillaceous limestone : .. -~ 46
Gray calcareous shale and gray earthy hmestone___._...._.- ______________ 45
Gray shale - 30
Gray dominantly argillaceous limestone with thin streaks of :
gray shale : 140
Gray shale . B0
Gray limestone, in part argillaceous B0
Gray limestone with thin beds of shale . 60
Anhydrlte zZone?

Interbedded anhydrite and gTay limestone 20
Massive white and bluish-gray anhydrite 40
Interbedded gray limestone and anhydrite .. 6B
Massive white and bluish-gray anhydrite. 45
Interbedded gray limestone and anhydrite w18
Massive white and blue anhydrite.. : __.. 56
Gray limestone and anhydrlte 20
Massive anhydrite ! 50
Interbedded anhydrite and limestone ' 80
Massive white and bluish-gray anhydrite. : - 100
Gray and dark-gray argillaceous limestone and shale S 50
Anhydrite -..’ 10

Lower Glen Rose:
Light-colored limestone, in part oolitic with a few thin beds of

gray shale 145
‘Dark-gray noncaleareous -shales and sandy shale.... . .. 16
Gray and pale-green noncalcareous shale 60
Dark-gray, mainly noncalcareous shale with some. thin _beds of

argillaceons hmestonem..--a-,..-,“.-.-__-. i epenieme . 1200

3 Miser, H. 1., Lower Ctetaceous (Comanche) rocke of sonthweuern Arkunns and som.'henskern.
Oklahoma ; Petrol. Ceol Bull,, vol. 11. no. 5, 1927
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Interbedded gray to dark-gray shale and limestone_ .. 30
Gray shale, sparingly calcareous. 5.
Gray limestone 5
Gray shale and thin-bedded limestone 25
Gray . limestone . B
‘Dark-gray shale N - 10
Interbedded limestone and shale 20
Gray limestone N
Interbedded gray dominantly noncalcareous shale and gray to

dark-gray argillaceous limestone 116
Gray shale 25
Shale and limestone. 10
Gray shale, in part calecareous, in part noncalcareous..____.____ . 20
AMRterniating thin beds of limestone and shale 80
Gray oolitic limestone._____._ . . 20
Alternating thin beds of gray shale and limestone______________ B0
Gray and cream-colored limestone - B0
Gray shale, in part noncalcareous, interbedded . with gray argll-

laceous limestone - bBO
Gray oolitic hmeston& : 10
Gray shale. i 10
Red and green shale . ... _ ]
Sand - 8
Gray ca]careous, noncaleareous shale, and earthy hmestone oo BO

Section of Glen Rase formtwn Norten et al Hill No 1 well
sec. 33, T. 23 N, B. 16 W,, Caddo Parish, Louisiana
~ Character . Depth in feet
Paluxy and Upper Glen Rose:

Red and yellow shale i 3190-3197
Red shale 3197-3200
Red shale and boulders (Core 3200-3208 feet, red and gray '

mottled silty shale) ... 3200-3230
Red shale (Bit samples at 3250 feet show red and gray

mottled shale) . 3230-3263
Gumbo and shale . 3253-3269
Red shale gnd gumbo . : : 3269-3360.
Hard shzle ) 3360-3374
Hard sandstone o 33743376

Black and red sandy shale with streaks of hard sandstone_._.. 3376-3381

Red sandy shale (Core 3376-3383 feet, rusty-red and gray
mottled shale; thin .red, brown, and gray sandstone
lenses; medium-gray noncalcareous lignitic clay, and

gray caleareous lignitics sandstone) . . 33B1-3383
Hard shale, sandy shale with streaks of 11mestcme ................ 3383-3465
Broken lime with streaks of shale S 3465-349¢
Hard shale and lime rock . : : 3490-3539
Hard lime rock S— - : 3532-35648
-Lime and shale i - 35483550
Hard gray shale (Core 3560-35565 feet, medmm—g'ray cal- .

careous and noncalcareous shale.. DStracods) .................. 3560-3568
Hard lime - 356683577
Hard sand and lime 35677-3578

Lignite, shale with streaks of sand {Core 3577-3581 feet,
gray noncalcareous laminated shale, fine gra.y lignitic

‘micaceous shale, and gray sandstone) i 3578-3582
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Blue shale
Hard lime
Lime and shale

Hard lime .

Sticky shale with streaks of lime.
Shale __

Hard lime

Sandy shale (Core 3683-3688 feet, brown gﬁmmy clay and

medium  to light-gray fine-grained micaceous lignitic-

sandstone)
Shale
Hard sand with streaks of shale :
Sand (Core 3695-3701 feet, light-gray, calcareous sa,ndsfone)
Limestone and brown shale
Brown shale (Core 3701-3703 feet, gray finely crystalline
llmestone, core 3703-3711 feet, gray calcareous shale,
red micaceous shale).
Gray shale and limestone (Core 3711-3716 feet, buff dense
limestone and gray micaceous shale; Ostracods) ...

Brown mottled ghale and sand (Core 3716-3722 feet, gray-

3582-3587

.. 3587-3609
. 3609-3637

36373641
3641-3648
3648-3660
3660-367b

36753688
3688-3690 .
3690-3694
3694-3701
3701-3702

3702-3711.

3711-3716

finely erydialline limestone with some brown shale.

Ostracods)
Sandstone {Core 3722-3727 feet medium-gray fine-grained
thinly laminated cross-bedded sandstone and gray cal-
careous silty shale .
Sandy shale
Blue and brown shale (Core 3741- 3744 feet, dark brown and
gray slightly calcareous, micaceons shale) ... . ..
Streaks of sand and shale '
No record

3716-3722-

3722-3727
3727-3741
8741-3743
3743-3783
3783-3808

Streaks of sand, hard red shale and breaks of soft black shale . .

(Core 3808-3812 fect, red and brown silty shale, with

breaks of light-gray ca]careous sandy llmestone) ......... I
" Sticky shale i

Sandy lime and shale (Core 3820-3826 feet light to medium-
gray sandy limestone w1th small lenses of calcareous
sandstone)

Sand (Core 3826-3827 feet, medium-gray calcareous thinly
laminated fine-grained cross-bedded sandstone) . . .

Blue sandy shale with streaks of hard sand . . - ..

Sandy shales with streaks of lime (Core 3833-3838 feet gray
caleareous and noncaleareous silty shale with streaks of
fme—gramed ealcareous sandstone).:

Hard sandy lime shells and hard red sand (Core 3840-3842
feet, hard, light-gray limestone with shell fragments-

and purplish, sideritic sandstone)
Streaks of lime and red claystone (Core 3842 3854 feet,
mottled gray and brown silty shale and arglllaceous
limestone)
Sandy limestone {Core 3854-3856 feat, alternatmg bands of

medium-gray sandy limestone and light-gray to buff-
: ... 3854-3856

- 3856-3890
' 3890-3904

limestone}
Streaks shale, lime and red: claystone _
Red beds and sand
Sand streaks and sticky red clay (Core 3904—3916 feet, hght-
gray sandstone and maroon E!lty shale) i . . il

38083815
3815-3820

3820-3826

3826-3827
3827-3835

. 3835-3840

3840-3842

3842-38b4

39043916
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Red claysfone sireaks of sandy shale (Core 3916-3930 feet,
red and brown mudstone with lenses of fine-grained
. sandstone and gray to buff arenaceous limestone). ...
‘Red sandy shale with streaks of blue shale (Core 3930-3945
feeh, red and brown mudstone with lenses of flne-gramed
sandstone)
Hard fine sand rock e
Hard gray shale (Core 3946-3949, medium-gray slightly cal-
careous mudstone with a few partings of fine-grained
calcareous sandstone)
Red sandy shale (Core 3961-3974 feet, maroon silty shale
' and lenses of pink to brown calcareous, argillaceous
sandstone) —
Fine and coarse sand
Blue sandy lime and gumbo (Core 3973-3980 feet, same as
core from 3961-3974 feet) -
Gray shale and gumbo (Core 3980-3988 feet, gray mud-
stone with laminae of fine-grained calcareous sandstone)
Lime with streaks of sand (Core 3990-3998 feet gray. sandy
limestone with gome maroon shale)
Red gumbo
Sand : S . —
Blue shale .
Red sandy shale streaks llme (Core 4022 feet gray, gritty
sand; core 4022.4034 feet, red shale and sand) i
Sticky shale with streaks of lrme
Lime —.
Sandy lime with streaks of shale.
Sandy shale with streaks of gumbo
Hard sand (Core 4141-4147 feef, red, angular sand} core
4151-4163 feet, medmm-wlute, angular sand) . ..
Sa.nd :
Gumbo

Red shale—streaks of gumbo’ (Core 4234-4242 feet, maroon '

calcarecus claystone and red noncalcareous sa.ndstone) -
Gunibo .

Hard sand
Red gumbo
Gumbo .....
Sand rock (Core 4260-4262 feet, medium-gray limestone) ..._.
Gumbo (Core 4265 feet, medium-brown, noncaleareous shale)

Hard and soft sand (Gora 4265-4280 feet, light-gray céalcare- -

ous sandstone with streaks of marocn claystone).... -
Shale arid lime (Core 4283-4286 feet, medlum-g'ray limestone,
" maroon clay and sand)
Sandy lime and ghale (Core 4286-4295 feet, dark-gray non-
caleareous silty shale with thin partings of calcareous
and noncalcareous brown clay; core 4295-4307 feet,
thinly laminated soft claystone and fme-g'ramed sa.nd)___.
Hard lime and sand __
Red and blue sandy shale
Hard ghale and gumbo.
Hard sand (Core 4330-4332 feet, gl'ay shale and 'fme-gmmed
angular sand) |
Lime shells and shale {Core 4350-4352 feet, da.rk-g'ray non-
calecareous, sllty ahale and’ I:ght-g'ray to buff calcareous
sandstone) - _-
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39163930

39303945
3945-3947

3947-3949

3949-3975
39756-3977

3977-3980

3980-3998

39984008
40084012
40124014
40144020

40204065
40664105
4105-4107
41074122
41224142

41424163
41634210
4210-4211-

4211-4242
42424246
4246-4252
42524254
4254-4260
42604262
42624266

42664283
42834293

42934309
43094312
43124314

- 43144330

4330-4332

43324378
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ShaIe (Core 4386-4392 feet, dark-gray calcareous mudsbone,_
Ienges of limestone, and light-gray limestone with irreg-
ular elayey veins; core 4392-4395 feet, medium-gray, _
marly limestohe a.nd dense llght-gra.y limestone. Orbw— :
toling texana 43784395
Hard lime 4395~4403
White fine-grained sandstone . : . 44034405
Red gumbo ' . 4405-4408
Gumbo - ' 4408-4418
Sand and g'umbn . 4418-4423
Sand S .. 4423-4438
Red shele - 44384441
Lime and shale (Core 4468-4470 feet, gray, gritty sand) . 44414490
Hard sandy lime (Core 4483-4494 feet, white medium-grain- :
ed sandstone) .. 4490-4500
Lime and shale (Bit sample 45100 feet, dark-gray clay with o
fine sa.nd) 456004537
-Shale 45374638
Lime and shale (Core 4546-4565 feet, gray chalky limestone . -
and gray shale) 453845567
Sandy shaje _ 4557-4569
Pink lime with streaks of sand 46694571
Hard sandy lime 45714572
Pink lime streaks of sand 45724677,
. - Gummy shale ‘ 45774578
- 8and, lime, and red sandy sha.ln S

- Lime and shale
Hard crystalline lime

Lime and shale with stresks of sand (Core 4570-4588 feet,
gray limestone with partings of dark -gray ca]ca.reous
- shale)

Lime and streaks of shale .

Sandy shale, black and red shale (Core 4613-4620 feet hard
white, sandstone and reddish-brown to marcon silty
shale; core 4624-4626 feet, maroon sandy shale) . ...

- 8and and-sandy shale ' i -

Sand

Lime and shale (Core 4663-4682 feet, hght—gnay calearecus
cross-bedded sandstone with laminae of light-gray lime-

stone, reddish-brown mudstone; core 4682-4707 feet, -

light-gray, fine-grained sandstone with partings of dark-
gray micaceous shale; core 4709-4723 feet, dark-gray
noncalcareous brittle silty shale; reddish-brown clays
and pale-brown sandy shale; core 4719 feet, medlum-
;’:'ay to buff limestone) ... .

Brown shale and hard lime

' Lxme and shale (Core 4723-4731 .feet, medium-gray cal-

careous shale with lenses of gray limestone; core 4741~
4762 feet, gray limestone with thm partmgs of shale)-k,

Lime and black shale..

lee and shale (Core 4762-4784 feet, medium-gray argilla-

4578-4584

45844600 .-

. 46004608

4608-4627
46274652
46524653

. 4663-4661
. 46614672

. 46724736

4736-4739

47394770

4770-4780 .

~ceous limestone; core 4784-4794 feet, medium-gray non-

calcareous, and red and brown calcareous grit; core'

4810-4830 feet, gray nonca]careous shale, and light-gray
¢ross-hedded -sandstone) ..

. 4780-4820
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Anhydrrte zone: S 7
Anhydrite and shale : ' 48204830

Anhydrite . 4830-4837 -
Lime and anhydrite : : 48374846

Lime and black and gray shale 4846-4851 -
Black shale : : , 48514853
- Lime and shale . . ... 48534865
" Lime and anhydrite - 48664879
Lime and shale . 48794881
Anhydrite and lime___: : 48814883
Lime and hard shells . . : 48834895
Anhydrite .. S : 48954809
Lime and anhydrite ... . 49094933

Lime — 49334939
Lime shellz and shale (Core 4520-4938 feet, anhydnte gray, : '
finely ecrystalline limestone wilh black oolites; (core
 4996-5017 feet, gray, finely crystalline hmestone, core
5062-5062 feet, gray calcareous shale and gray hme—

stone) . _ 4939-G0ORT
Anhydrite and 11me.._" B 5087-5088
Lime, shale, and shells e 50885091
Anhydrite - 5091-5098
Anhydrite interbeédded with limestone and shale (Core 5115 C

feet, gray finely crystalline limestome) e 5098-5134
Anhydnte {Core b5120-5142 feet, gray, fme]y -crystalline

* limestone) 51345152

Anhydnte, limestone, and shale (Core 5185-5207 feet, gray, .

finely crystallme limestone and anhydrite) ... 5152-5210
Shale and lime : 5210-5220 -
Anhydrite (Core 5234-5237 feet, gray finely crystalline lime- N

stone with black: polites) i 5220-5258
Anhydrite, lime, and shale - b258-5314

Lime and black shale (Core 5342-5357 feet, gray crystal-
line limestone with black oolites and anhydrite; core: - . -
* b357-B371 feet, same as above).._.___. - 5314-5404

- Anhydrite {mestone a.nd shale . 54045447
Lower Glen Rose: _ T
Lime rock . -b447-5451
Lime and shale - - ' 54515480
Black shale and shelis ‘ F480-5485
Lime and -shells_.: : . 54855490
Limy shale, sandy shale, and sand ' N 5490-5497
.. Sandy shale and sand 5497-55605
. Sand {Core 5506, g'ray angular fine-teximred hgmtm sand-
- stone) - 5505-5506
. Total depth of wn‘l! : : ) 5506

Complete section of the Glen Rose made from deep wells in Webste'r and
' Clmbm-ne parighes, Louwwm

"I"hickne&s
Character " in feet
Upper Glen Rose: o : - _
Gray shale . _ ‘ 60
Limestone - : - 30

... Gray argillaceous limestone and shale_. . . 280
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Gray sandy shale
Gray shale

Gray limestone .
Gray argillaceoys 11mestone and ==1m1f‘
Gray limestone
Gray shale with thin streaks of hmestone
Earthy limestone

Anhydrite zone:

"White and blue anhydrita

Gray, white, and pink anhydrite
Dark-gray . fissile fossilifercus shale
Gray caleareous shale
Gray limestone, containing shell fragments
Gray shale, slightly caleareous
White powdery calcium sulphate
Dark-gray shale

Dark-gray calcareous shale and gray earthy Iimestoneh_____g..ﬁ-_ .
Light-gray fossiliferous limestone, interbedded with, dark-gray-

shale
Dark-gray dense foss:hferous limestone
Dark-gray shale and gray hmestono
Gray shale
Dark-gray shale and flne]y erystalline gray limestone; fossili-

ferous i
Dark-gray earthy limestone
Black shale; slightly calcareous
Dark-gray argillaceous limestone

- Black shale, interbedded with gray slightly sandy limestone. ..

Dense white anhydrite, caleite filling along fracture planes

Interbedded anhydrite and fine-textured buff hmestone______T__-____

White and bluish-gray anhydrite
Limestone and anhydrite
Dark-gray earthy limestone

Light-blue ‘and  white anhydrite ' e

Anhydrite with blobs and stringers of gray hmton&___dm-_
Anhydrite

Anhydrite, interbedded with black dense shaly 11m<mtone___."___._.--‘

White and bluish-gray anhydrite

Gray limestone with inclusions of anhydrite. e

Anhydrite - R E—
Dark bluish-gray, fine-textured limestone. i
Conglomerate of limestone and anhydrite :
Anhydrite with thin stringers of gray limestone ... ..

Gray oolitic limestone. : - : -
Anhydrite
Anhydrite with strmg'ers of gray hmestone Y to % mches thzck
Anhydrite

Gray to dark-g'ray limestone, in part oohtlc with some thln strmg-\- :

érs of dark-gray shale.____.;
Dark-gray shale .

Gray oolitic limestone contammg shell fragments___ .. __
Interbedded gray shale and earthy limestone

White and blue anhydnte, interbedded with g'ray arg'lllaceous ‘

limestone
Anhydrite _.

Interbedded anhydnte shale and limestone . . s PR
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' Dark-g'ray fmely crysta.lhne hmestcme L 6

Anhydrite - ] i 8
Lower Glen Rose:

Gray finely erystalline limestone 12
Very fine-grained bluish-gray sand 16
'Gray fossiliferous limestone_ i 8
Gray very fine-grained sandstone 4

" Brown and green mottled shale 3
. Brown fine-prained sandstone 3
Brown, gray, and olivegreen shale : - 36
Gray limestone; fossiliferous . 1
Gray silty sardstone and shale : ! 12
Gray: finetextured lignitic sandstone 10
Reddish-brown clay b

N Gray and light-gray fine-grained micaceous sandstone. ... ... - 8
Brown élay 8
Silty gray sandstone 6
Earthy and sandy gray limestone 8
Very fine-textured pale-green sandstone 2
Greenish-gray and green noncalcareous shale 9

Gray finely erystalline, and gray argillaceous limestone, in part
ooljtic 11~
Gray, blue. and olive-green noncalcareous shale .- . 21

S’sotwn Glen Ross forma,twn, Humble 0il cmd Refining Company's Hein
No, 2'well, in gee. 1, T. 14 S, R. 21 W., Nevada County, Arkansas

_ Character - Depth in feet
Lower Glen Rose: '
Sandy shale {Cores 2187-2194 feet, light greenish-gray cal-
careous fine-textured micaceous sandstone; green slight-
. Iy pyritic :shale with spots and lenses of light-brown
" -sand; yellowish-brown and light-gray, calcareous sandy
- ghale; and light brownish-gray medium to fine-grained

friable sandstone with vockets of green shale) .. .. ... 2187-2230
Hard sandstone (Core 2230-2231 feet, hard light pmklsh-
gray calcareous medium-textiured sandstone) ... . .. 2230-2233

Sand and shale (Cores 2232-2236 feet, light-gray, ealcare--
ous, conglomerate, consisting of small. gray shale and
" limestone pebbles; lumps of green shale and small patch-
ea of lignite; hard gray noncalcareous indurated nyritic
shele with thin lenses of light-gray sand and hard medi-
um-gray nonca.lcareous shale with thin lenses of lignite) 2233-2255
" Sandstone . e e - 2255-2256
Broken sandy shale and limestone (Core 2256-2261 feet,
hard green and rust-red noncalcareous very fine-tex-
-tured sandstone with inclusions of sandy-limestone peb-
) bles and sma]] boulders) : 22562279
Sand 22792280
‘Sand and shale (Cores 2280-2286 feet. hzht—brown noneal-
careous medium-textured hard sandstone and hght -green :
indurated arenaceous sha]e) - 2280-2286

" Sandy shale _._._____ o . 22862304

-~ ‘Shale; sand, and limestone (Cores 2305-2308 feet, dull brown
calcareons medium-textured friable sandstone and gray
- porous conglomerate;  consisting of brown and gray
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' llmesbone fragmen'ts, mterbedded light-gray and hght‘-' '

brown sand, green shale balls, ‘and lumps and veins of |

calcite and pyrite; all irregularly bedded in a gray shale
matrix) -
Sarndy shale :
Sand (Cores 2322-2325 feet, green, rusty-red and gray mot-

2304-2312
2312-2321

tled sandy shale and brown medium-textured noncal-

carecus sandstone}
Sandy- shale (Cores 2340-2346 feet, conglomerate made up
of small dark-gray, hght-brown and gray, well-rounded
limestone boulders in a hard lght-brown caleareous,
sandstone matrix; greenigsh-gray noncalcareous very
. fine-grained clayey sandstone; hard light-green, pur-

plish-red, and yellowish-brown mottled finely arehace-

ous, noncalcareous clay; and hard purplish-red finely
arenaceous clay with mottlings of light-green and

brown; cores 2346-2364 feet, light-brown medium-
grained hard sandstone and hg‘ht—tan noncalcareous

sandstone) i}
Red shale (Cores 2370-2380 feeb, clay conglomerate with
lenses of light-green and rusty-brown clay; eonglomer-
ate, made up of lumps of indurated slightly siliceous

red, green, and yellow clay, lumps of dolomite, and clay

ironstone concretions in mottled clay matrix) ...

. Sand (Cores 2402-2410 feet, light greenish-gray calcareous,

sandy clay with small patches of light-brown fine-
grained sandstone; and light-tan caleareous and non-
calcareous fine-textured sandstone with thm lenses of
green shale) . e
Sandy shale __ i

Sand .. e

Red shale and sand (Core 2428-2435 feet, rusty-brown and
light-green noncalcareous, sandy c]ay) e

Red shale
Red and gray shale and sand (Cores 2449-2450 feet ye]Iow—

ish-brown, medium-brown, light-green, and rusty-red,

mottled noncaleareous sandy shale; core 2451 2452 feet
like above; some fine sand present)
Red sha]e (Cores 2478-2482 feet. red, green, and light-brown
mottled noncalcareous; sliphtly sandy clay; cores 2482-
‘2486 feet, light-green noncaleareous, slightly sandy clay
and variegated dark rusty-red and light-green shale;
core 2498-2600 feet, reddish-brown s’hai[e with 1rregu’lar
patches of green sha‘le)

2321-2326

23252376

2376.2401

. 2401-2403

2403-2427
24272428

2428-2435
2435-2449

2449-2452

2452-2500

Bmken sand and shale (Cores 2500-2506 feet green and K

rusty-red shale, eontaining small amount of fine sand
and some siderite; core 2520-2522 feet, hard green non-
ealeareous shale W’h‘ich breaks with a concheidal frae-
ture; eore 2522-2526 feet, rusty-red and green non-
calecareous shale in which 2 small amount of fme sand
is present)
Bhale and shells (Core 2562-2568 feet, gray calcareous,
" arenaceous shale and oyster shells present; hard light-
green noncalcareous shale and some fine sand present;
core 2568-2570 feet, brownish-red arenaceous shale with
hlotches of green shale)

25002652

_ 2552-2579
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Red shale (Cores 2593-25699 feet, green and reddish-brown
noncaleareous shale with some fine sand present; core
2599-2601 feet, hard light-green arenaceous shale; Os-
tracods) '

Hard sand (Core 2643-2645 feet, gray, slightly calcareous
sandy shale with small specks of ligmite} .. -~ .

Sandy shale {Core 2645-2650 feet is like core from 2643-
2645 feet; Chara seeds and Ostracods) ...

Shale : .

Sandy shale and shells (Cores 2657-2663 feet, gray, green,
and brown shale and sandy shale; part caleareous and
part noncalcareous, sparingly lignitlc, containg Qstra-
cods and hmestone breccia in” a light-gray calcareous

~ sandstone matrix) - .

Shale _. - e

Sand and shale (Cores 2673 267’7 feet, medlum-gray calcare—
ous fine-textured slightly argillaceous and fossiliferous-
sandstone; shell fragments and Ostracods; hard green
and gray calcareous shale with Ostracods and shell
fragments)

Sandy shale (Cores 2677- 2683 feet, gray and green caleare-
ous shale and fine-grained sandstone; Chara seeds, Ows-
‘tracods, and oyster shell fragments)____...--..._____u----_..___;..',,

Shale {Core 2695-2698 feet, medium-gray, slightly calcare-
ous shale with pockets of sand; brown and giay shale
and light bluish-gray fme-g-ramed sandy shale)___,w-___-

Sandy shale

Shale and lime (Cores 2703-2707 feet shell frag-ments in
gray sandy limestone matrix [Ostra.cods], and light-
gray calcareous fine-grained sandy limestone w1th
“lenses of gray shale [Ostracods)). . ..

Limestone ..

Broken sand, sandy lime, and shale (Cnres 2727-2736 feet,
hard cross-bedded greenish-gray micaceous fine-grained
standstone; hard bluish-gray noncalcareous slightly mi-

b9

2570-2643
2643-2645

2645-2650
2650-2657

'2657-2663

2663-2673

26732677
2677-2683

2683-2698

.2698-2703

2703-2707
27072727

caceous, sandy shale; hard medium-gray noncaleareous .

ghale and hard brownish-gray fossiliferous limestone) _.
Shale and sandy lime (Core 2761-2769. feet, hard greenish-
gray calcareous fine-grained argillaceous and sparingly
_fossiliferous sandstone; shell fragments and Ostracods)
‘Broken lime .. . o :
Brokéen lime and sandy shale
Broken lime (Gore 2926-2930 feet, light greenish-gray slight-
: ly calecareous very fine-textured sandstone, Ostracods) —
Sandy sha.le _____ .
Red and blue shale (Core 2944- 2948 feet, top—light-gray
hard very fine-grained noncaleareous sandstone. with
thin streaks of gray shale; middle part of core—light-
gray noncalcarecus shale with streaks of very fine silty
sand; bottom of core~-same as upper part) . ... .. N
Lime _. . S
Hard sandy lime.. ... : e
Broken lime ... _. s _— ——t

27272735

2736-2798
2798-2818
2818-2839

2839-2044
2944-2946

2946-2960

2960-2962

. 2962-2974

20743023
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Section of Glen Roge formation in Calgo Qi -Compony’s Primm No.-1 well
in gee, 9 T. 18 S, B. 17T W., Union County, Arkansas

Chgrécter' Depth in feel -
Glen Rose formation:

Hard lime {Core 3353-3356 feet, dark-gray to nearly black
calcareous, fine silty clay, containing some fragments

of megascopic fossils) . 3353-3359
Black shale streaked with sand (salt water) ... . 3359-3363
Hard sandy lime (Core 3363-33656 feet, hard fine-grained _

sandstone, containing shell fragments) . _ .. _ 3363-3365
Hard sandy lime and black shale..__.__ . __ 3365-3369
Lime and gyp (Core 3369-3373 feet report.ed to be brown o
" shale) _ ... 8369-3373
Hard sandy lime. . . .. 3373-3378
Hard red. finely sandy shale : e 3378-8382
Sand _ — 3382-3399,
Soft sandy lime it - 3399-3408
Soft water sand ) : _ 3408-3415
Red gumbo and shells ... e 3415-3447
Sand and shale S : 3447-3458
Shale and gumbo — - 3458-3476
Shale and sand. - : e 3476-3479
Red shale and gumbo_._. _— 3479-8496
Shele and gumbo . ... '3496-3614

Hard sandy shale and shells (Core 3615-3617 feet, light
greenish-gray and olive-green hard dense fossnhferous;
___]i'mestone, with abundant shell fragments; lower part of
eore is greenish-gray sandy shale. Ostracods). .. .. 36143617

Gumbo. _ 3617-3634

Sandy shale and shells (Core 3634-3635 feet, dark-gray
shaly and fine sandy, calcareous shale; and light-gray-
hard finely sandy limestone; some carbonaceous mate-
rial and shell fragmnts) o 36343636

Hard sandy lime.. - 3636-3643

Hard and gummy shale ( Core 3645-3646 feet, light greenish-
gray hard fossiliferous shale; in part finely sandy, con-
tains shell fré®ments, cast of small pelecypods and

. . Ostracods) - 3646-3650
Hard sand (Core 3650-3651 feet, Ilght—gray and greenlsh—
gray finetextured sandstone) _._ " 365603651

Red shale {Core 3662-3653 feet, red conglomeratic clay, ‘con-

taining numerous pebbles of hard greenish calcareous _

shale up to an inch in length) : - 3651-3657
Hard sandy shale._... 3657-3661
Hard sandy lime (Core 3661-3662 feet hg'ht—g'rny hard mas-

sive fine-textured sandy limesf»ne with many minute

cavities formed by removal of fine shell fragments) .. 3661-3664
Shale 3664-3672
Hard sand (Core 3675-3679 feet, top is hg-ht-gray hard fine-

textured sandstone, slightly caleareous; bottom of core

‘soft very finely Jaminated earthy chalk, alternating with

white, nearly pure chalk and gray argillaceous fine

sandy, chalky limestone; core 3679-3687 feet, white fine-

textured slightly calcareous sandstone w1th ‘a few fine

streaks of lignite) ... : S _. 3672-3712
"Hard gummy shale. - i _' e S TLE-BT2H
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' :Sandy lxme and hme (Gore 3726-3728 feet, dark-gray very
- fine sandy. and argillaceous lmxesbone) e

Hard gummy ‘ﬂuﬂn

Lime

" Hard black shale (Core 3740-3745 feet, top of core is hght--

gray, dense, finely crystalline limestone composed in
large part of shell fragments. Bottom of core light-
greenish-gray, caleareous clay)

"Hard lime {Core 3760-3764 feet, greenish-gray hard silty

. caleareous shale, containing shell fragments; hard gray
limestone, composed chiefly of shell fragments and dark-
gray noncalcareous shale)

Shale (Core 3764-3766 feet, dark-g'ray hard slightly calcare-
ous shale, containing numerous casts of small pelecy-
pods) :

__Sandy lime and lime.__.

Black shale (Core 3777-3782 feet, greemsh-g-ray hard slight-
ly calcareous shale, light-gray hard shell limestone, and
dark-gray noncalcareous shale)

Shale (Core 3782-3786. feet, light greenish-gray fine-tex-

. tured sandstone with thin lenses of greenish-gray clay)

Broken lime (Core 3788 feet, greenish-gray and black shale,

_ containing a few casts of pelecypods) ...

Shale (Core 3802 feet, black wvery fossiliferous shale, con-

_ taining abundant Gtcw.oonm branmerti Hill) ..

" Lime

Shale - :
- Lime -(Core 3843-3844 feet light-gray and shghtiy greenish

earthy limestone and some brown clay) .. —

. Shale (Core 3845-3846 feet, light-gray and greenish-gray
" slightly arenaceous- limestone; contains a few shell
~ fragmentsi and some imperfect fossil casts) - ... __
Shale (Bit sample 3852 feet, brown clay)
~Sand (Core 3B8T5-3878 feet, light greenish-gray, in part
laminated sandstone; the sand is in part argillaceous
and slightly micaceous; core 3878-3879 feet, white fine-
_ textured unconsolidated sand)
" Hard shale:
Sandy lime and lime (Core 3925 feet, light-brown calecare-
i ous clay; core 3928 sand as above, but harder and con-
tains cast of pelecypods and small foraminifera; core
. 3932-3934 feet, at topis black argilla(:eous fossili.ferous,
shaly limestone; bottomn of core is gray hard massive
argillaceous limestone)
“'Shale ‘and lime.
‘Sandy shale
Gummy lime
- Limy sand, thin streaks of red shale
Sand and shale (Core 3989-3990 feet, light-gray hard fine-
. ‘textured sandstone, cemented with ealcite and some dark
. .- gray, slightly caleareous shale)
Black shale {Core 3991-3998 feet, top of core gray massive
fine-textured argillaceous sandstone which contains con-
siderable carbonaceous materials, middle part of core
same as top; bottom of core is brownish slightly mottled
: with green fine sandy, nonca.lca.reous shale)_- oo
Limeé and sandy lime. -
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3726-3731
3731-3739
3789-3742

3742-3747

3747-3764

8764-3768 .
3768-3779
37793782
3782-3788
3788-3796
37953818
3818-3821
38213826
3826-3844

3844-3847"
3847-3873

3873-3807
3897-3925

3925-3936
3936-3067
3967-3975

" 39753985

3985-3989

3989-3995

3996-4000
40004006
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Black shale and lime (Core 4006-4011 feet, gray slightly cal-
careous, very fine sandy sha.le with some thin layers
. of sandstone) 40064021
Hard brown rock (Core 4024-4025 feet, dark-red massive
fine-textured sand.stone with irregular patches of white .
sand}) R 4024-4027
Shale and lime. : 4027-4033
Sandy chalk (Core 4033-4036 feet, hght-g'reen massive very
" fine-textured sandstone with u'regular patches of red;
lower three inches of eore is red gshale) . _ . . 40334038
Shale and lime ‘ - 4036-4048
Hard sandy lime (Core 4051-4057 feet, top part of core is
brownish-gray coarse-textured shell limestone and hard
gray calcarecus shale; middle part of core gray fine-
textured argillaceous sandstone; bottom of core is light-
gray fine-texiured calcareous sandstone, shg-ht[y car-
benaceous) - : 4048-4058
Shale : 4058-4065

WASHITA AND FREDERICKSBURG GROUPS

The Washits and Fredericksburg groups are represented at
the outcrop in southwestern Arkansas by a few feet of the Kia-
michi clay and the Goodland limestone. These groups have been
recognized in only a few wells drilled along the western border
of the state. The Grote et al Arden No. 1 well in sec, 2, T.18 8.,
R.31 W, Little River County, records limestones and shales from
1,266 to 1,358 feet, which have been assigned to the Washita and
Fredericksburg groups. The Magnolia Petroleum Company’s.
Westmoreland No, 1 well in sec. 9, T.19 S., R.27 W., Miller Coun-
ty, records limestone from 3,765 to 3,852 feet which belongs to
the Washita or the Fredericksburg groups. The Norton et al Hill
No. 1 well in sec. 33, T.23 N., R.16 W., Caddo Parish; Louisiana,
about 5 miles south of the state line, penetrated 235 feet of lime-
stone and shales of Washita and Fredericksburg age. The total
thickniess of the combined Washita and Fredericksburg sedi-
ments may total 500 feet or more in the southwestern corner of -
Arkansas. The probable subsurface distribution of the Washita
and Fredericksburg groups in Arkansas is shown in Figure 5.

The fo]lomng section gives the cha.racter of these rocks in
southwestern Arkansas.

Section of Washita qnd Fredericksburg groups in Norton et al Hill No. 1
well, see. 33, T, 23 N., R. 16 W. Caddoa Porigh, Louisiana

Character Depth in feet
Washita and Fredencksburg undlfferentlated

Hard lime : 2054-2971
Shale and lime 3 . 2971-2977
Lime rock — : . 29773018
Broken formation. .. . 3018-3028
Hard lime (Core 3028-3030 fe-et gray chaiky limestone) . _ 3028-3030 -
Hard sandy shale._. ... . .. 3030-3045

‘Shale and lime- (Core 3045 3062 feet, gray marly limestone) 3045-3053
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‘Humestone (Core 3097-3100 fest, drab coarsely crystalline

. #renaceous limestone). 23053-3120
Bandy lime . S 3120-3134
Lime : — 31843175
Soft formation: 3176-8156
.Sandy shale with streake of lime and shale (GCore 3174-3180

feety buff coarse linmestone) 2176-3190

GULF SERIES (UPPER CRETACEOUS)
GENERAL STATEMENT

" The Gulf series (Upper Cretaceous) comsists of a series of
‘elays, marls, shales, chakks, limestones, and sands, with sone
volcanic materials, which are most abundant in the basal beds.
‘These strata, which crop out in a narrow generally east-west
‘belt through Little River, Sevier, Howard, Hempstead, Nevada,
"and Pike counties in southwestern Arkansas, have been mapped
-and described in detail by Dane® whose work forms the basis
for the correlation of the subsurface extension of these strata
described in this report. - The series attains a thickness of more
than 2,000 feet in southwestern Arkansas, but in the southeast-
ern part of the state the thickness is less than 200 feet

GENERAL GEOLOGY

.~ " .The geologic events immediately preceding the Upper Cre-

taceous, which culminated in the uplift of the Comanche strata
and peneplanation of this region have been described on page
20.- The Upper Cretacecus, although a period of regional
downwarping and deposition, was characterized by mild differ-
ential warping of the sea floor upon which the sediments accumu-
lated; this resulted in a variety of sedlmentary environmental
conditions and eonsequent variations in the lithology and thick-
. ness of the several formations which make up the Gulf series
(Upper Cretaceous). The warping was persistently upward in
northern Louisiana and southérn Arkansas as contrasted with
- -east Texas, where it was persistently downward. The sedimen-
tation, except for minor breaks ‘wag contmuoua throughout the
';Upper Cretaceous epoch.

The differential warping was most pronounced in a general-
Iy northwest-southeast trendm,g_ belt through southeastern Ark-
ansas and continued in the same direction through northeastern
' Louisiana and the adjacent part of Mississippi. The western
margin of this belt of differential warping coincides rather close-
- ly with a line drawn along the west side of the Richland and
Monroe fields in Louisiand, thence northwestward through the-
- western part of the El Dorado and Smackover field. To the
- east of this line is a marked thinning and lateral change in the

R Dune, C. H; Upper Crel.ueoua ‘formations of mulhweatem Arkansas: Arkanses Geol, Sur\ley, ’
'_Bul.l no. .2, 19 .
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character of the sediments as contrasted with the sediments in
the area to the west. The differential warping was of sufficient
magnitude to prevent the accumulation of a considerable part
of the Gulf series.
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FIGURE 7.—Isopach map showing the thickness of the Upper Cretaceoué
sediments in Arkansas. Isopachs drawn at intervals of 200 feet,

THICKNESS OF THE GULF SERIES (UPPER CRETACEQUS)

The thickness of the Upper Cretaceous sediments in Arkan-
sas is shown in Figure 7 by isopach (lines of equal thickness)
drawn at intervals of 200 feet., These sediments attain their
fullest development in southwestern Arkansas, where they are
slightly more than 2,000 feet thick; they gradually diminish in
thickness eastward to 1,000 feet along a line drawn from north-
ern Nevada County and eastern Union County. In the north-
eastern part of the state they gradually increase in thickness
from the Gulf Coastal Plain border towards Misgissippi River
attaining a thickness of somewhat more than 800 feet along the
Arkansas-Mississippi line. In Bradley, Drew, Ashley, and Chi-
cot counties their thickness ranges from less than 200 feet to
about 800 feet with the least thickness in the southeastern cor-
ner of the state. The area of thin Upper Cretaceous sediments
continues southward inte Louisiana and Mississippi.
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SEDIMENTARY PROVINCES

- The Upper Cretaceous sediments of Arkansas were deposited
in three sedimentary provinces, which, although they merge,
may be broadly delineated in areal extent, The first embraces
southwestern Arkansas, an area wherein the sediments have the
same general characteristics as the equivalent sediments in east
Texas. The second includes the marginal beds, characterized
by progressive overlap and thinning of the strata towards the
margin of the Coastal Plain. ' The third embraces southeastern
Arkansas, an area that falls within the sphere of influence of
the Monroe uplift, wherein the sediments depart widely in lithol-
ogy, thickness, and stratigraphic relationship from those in
southwestern Arkansas. This province presents many problems
in correlation and sedimentation which will be discussed briefly
in the following paragraphs.

CORRELATION AND STRATIGRAPHIC RELATIONSHIP OF THE UPPER
CRETACEOUS IN SOUTHEATERN ARKANSAS .

The stratigraphic relationship of the Upper Cretaceous
formations in southeastern Arkansas is graphically shown in the
several cross sections accompanying this report, eSpemally Plates
V, VII, VIII, IX, and X, and Figure 12, .

The Tokio-Woodbine section diminishes in thickness from
west to east; the Tokio formation, which in the western part is
a fairly distinct lithological unit, becomes increasingly sandy
and containg more voleanic material. The red beds at the base
of the Upper Cretaceous attain their maximum thickness in
Union and Ashley counties. The Tokio-Woodbine section is over-
lapped by the Marlbrook marl in the eastern parts of Drew and
Asghley counties. The Brownstown marl also becomes increas-
ingly sandy from west to east, lenses out, and is overlapped by
the Ozan formation. The Ozan formation lenses out in south-
eastern Union, southeastern Bradley, northeastern Calhoun, and
southwestern Dallas counties,” To the south and east of these
areas it is overlapped by the Marlbrook marl. The Marlbrook
marl is present throughout most of southern Arkansas, except
in parts of Chicot and Ashley counties, where it is overlapped
by the Monroe gas rock of Navarro age. The Nacatoch sand
changes laterally in character to the southeast; this change is
evidenced by a decrease in the sand content and interfingering
with limestones and chalk which, together with the Saratoga
chalk, is included in the Monroe gas rock, typically developed
in the Monroe gas field, Louisiana. The Arkadelphia marl,
uppermost Cretaceous, is absent in the southeastern part of the
state, where the Midway of Eocene age lies directly on the Mon-
Toe gas rock.
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Objectiong to the interpretation given in the foregoing para-
graphs may be made. For instance, it can be argued with con-
giderable weight that the entire section which includes a part
of the Marlbrook marl, the Ozan formation, Brownstown marl,
and a part of the Tokio formation represents the attenuated
equivalents of these formations farther to the west and that the
changes in lithology and thickness are gradual, lateral changes,
resulting from environmental conditions controlled by warping
of the sea floor contemporaneous with sedimentation. It is
difficuit to marshal valid evidence contrary to such an interpre-
tation of the sedimentary history of this region.

Another possible interpretation postulates alternations of
gsedimentation with emergence and erosion, but such an inter-
pretation fails to explain satisfactorily the lateral changes .in
lithology and thickness of the sediments in southeastern Arkan-
8as.

UPPER CRETACEOQUS DEPOSITION
CORRELATION OF UPPER CRETACEOUS ROCKS BELOW THE
BROWNSTOWN MARL IN SOUTHWESTHRN ARKANSAS

The uplift at the cloge of the Comanche epoch was followed
by an interval of erosion in which the uplifted and tilted Co-
manche strata were truncated, and the terrain was reduced to
a peneplain over which the Upper Cretaceous sea transgressed
Arkangsas from the west and the south. The dating of the trans-
gression hinges upon the age determination of the basal forma-
tions, inclusive of the Woodbine sand and the Tokic formation,
ag mapped and defined at their outcrops in southwestern Arkan-
sag by Dane!®, These formations were formerly included in the
Bingen sand, as defined by Veatch®. The Woodbine sand, as
redefined by Dane, iz composed of tuffaeeous sands, gravels,
volcanic tuffs, and eclays, which, at the outcrop in southwestern
Arkansas, are separated by a bed of conglomerate made up prin-
cipally of novaculite pebbles from the overlying Tokio forma-
tion, which also contains volcanic tuff in the lower part. Ross,
Miser, and Stephenson?? correlated the Woodbine in southwestern
Arkansas, as defined by Dane, with the upper Woodbine sand of
Texas. In the eastern part of the area of exposure, the overly-
ing Tokio formation, formerly the upper part of the Bingen
gsand, is composed principally of sands which intertongue with
marine clays toward the west. The Tokic formation is corre-
lated with the Bonham clay (Upper Austin of Texas) by Steph-

" Pane, C. H., op. eit.

i Veatch, A. C. Geology and underground water resources of northern Louisiana and southern

Arkansas: 1, 5. Geol Survey, Prof, Paper 46, pp. 23-24, 1906,

" i Ross, C. 5., Mises, H, D)., and Stephenson, L. W. Water.laid voloanic rocks of early Upper
Creraceous age in southwestern Arkansas, southeastern Oklahoms, aud northeastern Texas; U. S, Geol.
Survey Prof. Paper 134-F, pp. 175-202, 1929,
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enson’®. According to the above interpretation of the strati-
graphy, the Eagle Ford must be represented in Arkansas by an
hiatus between the Woodbine, as defined by Dane, and the Tokio.

THE SUBSURFACE DEVELOPMENT OF THE UPPER CRETACEOUS ROCKS
BELOW THE BROWNSTOWN MARL

The underground extension of Dane’s Woodbine and Tokio
section is known from a great number of deep wells drilled in
southern Arkansas and northern Louisiana. These wells have
furnished much data concerning the distribution, lithology, and
geologic history of these sediments. The evidence available from
this source does not permit a definite separation of these sedi-
mentg in conformity with the usage of Dane, but strongly sug-
gests a single stratigraphic unit in which the lateral changes in
lithology were determined by the source of the sedimentary ma-
terials and by the environmental conditions under which they
accumulated. The principal factors in determining the charac-
ter of this single stratigraphic unit are thought to be the relation-
ship of the sediments to the shore line, to areas of differential
warping of the sea floor, and to the source of volcanic rocks.

The lithologic changes in the Upper Cretaceous sediments
below the Brownstown marl from west to east naturally divide
the area in which these sediments are present into southwestern
and southeastern facies. The areas of the facies are here con-
sidered as depositional provinces. The southwestern province
may be taken to include Little River, Hempstead, Lafayette, and
Miller counties, Arkansas, and parts of the adjoining counties
to the east. In these counties of Arkansas, Dane’s Woodbine-
Tokio section is divigible into three more or less distinct lithologic
units which are gradational one into the other. The upper unit,
which lies immediately below the Brownstown marl, is a sandy
zone ranging from a few feet to nearly 100 feet in thickness, con-
taining lignitic sands and clays and locally tuffacecus sands and
gravels; the latter is lithologically similar to Dane's Woodbine
in Howard and Pike counties. The upper unit is traceable in
deep well records into the Blossom sand of northeastern Texas.
The intermediate unit consists of gray clays and yellow to gray
sands, which contain bentonite and bentonitic clays. The sand
members decrease in thickness toward the west and southwest
and intertongue with marine clays and shales which are in part
fossiliferous and contain a marine invertebrate fauna assigned
to the Austin of Texas.” The lower unit is composed, for the
most part, of mealy and ashy white sands and greenish-gray
tuffaceous sands with some interbedded nonfossiliferous clays.
Locally this unit contains thin beds and lenses of gravel; red
clays are present in the basal part. This unit thins toward the

1 Stephemson, L. W, Wotes on the stratgraphy of the Upper Cretaceous formations of Texas and
Arkansas: Am. Assoc. Petrol. Geol. Bull, vol, 1k, 1927.
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west and southwest from the outcrop in Sevier, Howard, and
Pike counties with a marked decrease in the amount of volcanic
material and gravel. It is apparently continuous with Dane’s
Woodbine sand in ‘Howard and Pike counties, and in the sub-
surface extension hears the same unconformable relationship
to the underlying Comanche rocks.

The Upper Cretacecus beds below the Brownstown marl in
southeastern Arkansas are divisible on the basis of color changes
in the sediments into upper non-red and lower red members.

The upper non-red member, composed of light-colored sands

" with subordinate beds of cilays and shales and containing varying
amounts of voleanic material, decreases in thickness from west
to east. (See Fig. 8.) The lower red member, composed of
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] Ficure 8—Subsurface distribution of the Woodbine sand and Tokio
formation, Contour lines show thickness of strata.

red clays interbedded with gray clays, sands, and bentomitic
clays increase in thickness toward the east and southeast, at-
taining its fullest development on the flanks of the Monroe up-
lift in Ashley and Union counties where the maximum thickness
is 300 feet. Over most of this area the upper and lower mem-
bers merge laterally one into the other by interfingering of red
and non-red sediments, but in parts of Union and Ashley coun-
ties they are separated by a disconformity. The disconformity
is well illustrated in the deep wells in the Rainbow City district
where the basal beds of the upper member, composed of sand
containing lignite and gravel, lie on an irregular surface of the
Upper Cretaceous red beds. This disconformable relationship
is thought to be the result of differential warping in the area
of the Monroe uplift.

UPPER CRETACEOUS ROCKS BELOW BROWNSTOWN MARL II\ NORTH-
WESTHRN LOUISIANA AND RELATTONSHIFP TO T
BQUIVALENT SECTION IN ARKANSAS

The relationship of Dane’s Woodbine-Tokio section of Arkan-
sas to the equivalent section below the Brownstown marl in
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northwestern Louisiana is shown graphically in Figure 9, a south
to north diagrammatic well section from Natchitoches Parish,
Louisiana, info Lafayette County, Arkansas.. In this series of
wells the lower unit of the southwestern Arkansas depositional
province, as defined in previous paragraphs, is 100 feet thick
in northern Bossier Parish, Louisiana, but the in Bellevue field
is represented only by irregular thin beds and lenses of ashy sand
and bentonite. The basal beds of this unit rest unconformably
on an eroded surface of Trinity rocks. Within the intermediate
unit the sand decreases progressively in thickness southward
and in central Bienville Parish; the entire section from the hase
of the Brownstown marl to the Comanche erosion surface, ex-
cept for a sandy zone at the top, consists of clay, shale and chalky
shale. This chalky shale at the base contains a definite Austin
microfauna. Irom the Bellevue field southward into central
Bienville Parish, beds of Austin age rest unconformably on an
eroded surface of Trinity rocks which, ag a plane of erosion, is
continuous northward into Arkansas. From central Bienville
Parish southward into Natchitoches, Red River, and Sabine par-
ishes, strata of Austin age lie with apparent conformity on strata
of Upper Eagle Ford age. The BEagle Ford decreases in thick-
nesg northward, and younger beds are successively in contact
with the underlying Trinity rocks, indicating a progressive
northward overlap. ' :
SUMMARY DISCUSSION OF CORRELATION OF THE UPPER CRETACBOUE
ROCKS BELOW THE BROWNSTOWN MARL

The basal beds of the Upper Cretaceous, composed of sand,
red clay and containing varying quantities of volcanic material,
rest unconformably on an eroded and truncated surface of Co-
manche strata which range in age from Washita in the western
part to early Trinity in the eastern part of Arkansas. These
strata are continuous into northern Louisiana and are appar-
ently continuous into the basal sands, gravels, and volcanic tuffs
exposed at the surface in Sevier, Howard, and Pike counties,
Arkansas, which have been correlated with the Upper Woodbine
gand of Texas by Ross, Miser, and Stephenson!*, It is certain
that these sediments represent the basal heds deposited in a
transgressing sea, but their relationships to strata of Austin
age in northwestern Louisiana indicate that they are younger
than the Texas Woodbine. The regional geologic history, which
will be briefly mentioned, also points to the conclusion that the
basal Upper Cretaceous beds of southern Arkansas are younger
than the Woodbine of Texas.

The uplift at the close of Comanche deposition was pro-
nounced in southern Arkansas and northern Louisiana, where
the strata were tilted to the west, and in the following interval

* Ross, C. S., Miser, H, D,, and Stephenson, L. W., op. cit,
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of erosion were truncated, and the terrain was reduced to a pene-
plain over which the Upper Cretaceous sea transgressed. The
truncation of the Comanche strata involved the removal of more
than 3,000 feet of beds in southeastern Arkansas and northeast-
ern Louisiana as compared with a relatively few feet of beds re-
moved by erosion in east Texas. The removal of a part of these
strata probably contributed sedimentary materials to the early
Upper Cretaceous-Woodbine sea in the east Texas embayment.
The stratigraphic evidence further indicates that the upwarp of
southern Arkansas and northern Louisiana continued into the
Upper Cretaceous epoch, expressed in differential upwarp which
was more strongly emphasized in a southeasterly trend through
southeastern Arkansas and northeastern Louisiana, where the
minimum thickness of Upper Cretaceous sediments accumulated.
(See Fig. 7.) TUnder conditions outlined above, it scarcely seems
probable that the Woodbine sea, in which the Woodbine Ford of
Texas accumulated, transgressed southern Arkansas and north-
ern Louisiana.

On the other hand, the evidence submitted by Ross, Miser,
and Stephenson® in support of the correlation of the basal Upper
Cretaceous beds of southwestern Arkansas with the Woodbine
sand of Texas is not easily refuted. Their correlation, however,

- is based on lithology, prinecipally the presence of volcanic mate-
rials, and the apparent continuity of the basal Upper Cretaceous
beds of southwestern Arkansas with the Woodbine sand. of
Texas. Voleanic material is also present in the Eagle Ford and
the Austin formations of Texas and in the Tokio formation of
Arkangas. The Upper Cretacecus formations below the Browns-
town in northern Texas have not been critically studied. The
areal geologic map' accompanying United States Geological Sur-
vey Professional Paper 154-F suggests the possibility that the
Eagle Ford shale in Lamar and Red River counties, Texas, in-
stead of being overlapped to the east by the Bonham clay may
grade laterally into clays and sands now correlated with the
Woodbine, a possibility not inconsistent with the available strati-
graphic evidence which records persistent lateral changes in
lithology and thicknesses of the Upper Cretaceous formation
from Texas into Arkansas and northern Louisiana.

The interpretation most consistent with the geologic evi-
dence indicates that the Upper Cretaceous sea first invaded
Arkansas in Eagle Ford or early Austin time, submerging the
southwestern part, probably as a narrow northeastward exten-
sion of the east Texas embayment, and gradually expanded, sub-
merging gouthern Arkangas in Austin time, except the extreme
goutheastern part of the state which, together with the adjacent

1% Ross, C. S., Miser, H, D., op. cit.
% Ross, C, S., Miser, H. D., and Stephenson, L. W., op. cit."
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part of northeastern Lou151ana and M:smsmppl remalned emerg'~ .
-ent until nearly the end of the Cretaceous period. '
" CONDTTIONS OF DEPOSITION IN EARLY UPPER CRETACEQUS
TO THE END OF THE TOKIO
- .Crustal movements initiated in late Comanche years con-
~tinued into the Upper Cretaceous and although of relatively
.small magnitude, these movements exacted an important in-
- fluence on the later Cretaceous history of Arkansas. The move-
‘ments are differential with reference to the regional depression
of the Gulf Coastal Plain province and are manifest in gentle
‘differential upwarp of the region inclusive of southern Arkan-
sas and northern Louisiana, as contrasted with the adjacent
areas in east Texas, Louisiana, and Mississippi. The differen-
tial warping apparently ‘was sufficient to prevent the submerg-
ence of most of southern Arkansas and part of northerti Louisi-
ana until Eagle Ford and Austin time, when the sea transpgressed
-this area from the west and southwest. The differential warp-
ing was accentuated in a southeasterly trend through southeast-
ern Arkansas and northeastern Louisiana which served, in ef-
fect, as a barrier between the areas of maximum depression to
the west in Texas and to the east in Mississippi. The Upper
Cretaceous sediments record prevailingly shallow waters and
frequent oscillations of the strand line as the rate of differential
warping varied with relation to the depression of the sea floor in
the adjacent areas.

Voleanic activity may have accompanied the Comanche up-
lift, but whatever the date of the earliest activity may have been,
.it" antedated the submergence of southeastern Arkansas and
“continued into Austin time. The basal Upper Cretaceous sedi-
ments of Arkansas are characterized by an abundance of vol-
canic materials which have been described from their surface
exposures in southwestern Arkansas, southeastern Oklahoma,
and northeastern Texas, in an excellent paper by Ross, Miser,
and Stephenson?”.  These volcanic materials are water-laid and
occur in strata ranging in age from early Upper Crefaceous 1o -
~late Austin. The greatest abundance of voleanic materials is re-
corded in Sevier, Howard, and Pike counties, Arkansas, from
which areas these materials diminish in thickness in all direc-
‘tions, a fact which led the authors to conclude that the voleanic
material was ejected from vents situated in these counties.

The basal Upper Cretaceous sediments of southeastern Ark-
‘angas and northeastern Louisiana are represented by predomi-
nantly red beds, which are most fully developed on the north
and west flanks of the Monroe uplift in Arkansas and Louisiana.
_The red beds may be generally dmded 1nto two parts the basal

o Ruel C. 5., Miser, H. D., and Stephenson, L, W., op, cit.
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part consists of fine volecanic tuff, in part oxidized and altered
to dark-red plastic clays, and in part nonoxidized gray, yellow,
green, and grayish-purple bentonitic clays with some intercolated
detrital material; the upper part is composed of red and gray
mottled clays interbedded with sands. The red and gray mottled
clays are believed to represent, in part at least, reworked red
‘beds derived from the lower part of the red bed section. The-
red beds decrease in thickness westward on the flank of the Mon-
roe uplift and appear to interfinger with marine Tokio. The
relatlonshlp of the red beds to the underlying Comanche strata
is shown in several cross sections.

In considering the origin of the basal Upper Cretaceous. sedl— :
ments of southeastern Arkansas and the environmental condi- -
tions under which they accumulated, it is necessary to again re-

_fer to the differential warping of this region during the Upper
_Cretaceous, which was expressed in a broad, generally south-
_east-trending arch through southeastern Arkansas and north-
eastern Louisiana. The maximum uplift occurred in northeast-
ern Louisiana. The sea encroached upon this area of uplift from -
the west and southwest, submerging, in Tokio-Woodbine time,
_all unless the highest part of the uplift in northeastern Louisiana
may have been represented by an island. The character of the
" basal Upper Cretaceous sediments indicates frequent oscillations
__of the sea, during which the flanks of the uplift were alternately
submerged and raised above sea level, or at least to a plane
where erosion was effective. The Monroe uplift was a center
of volcanic activity which, in its earliest recognized stage of
-activity, is believed to he represented by the basal Upper Cre-
© taceous red beds.

The data, although far from bemg concluswe, suggest that
from this center of volcanic activity fine tuffs and ashes were
spread over and beyond the uplift. The volecanic material was .
in part water-laid and preserved from oxidation; in part de-
posited on land, where it was oxidized and altered; and in the -
aggregate may have attained a considerable thickness over the
uplift. As the complex differential warping of this region con-

- tinued, most of this material was removed from over the uplift
and redeposited in the Tokio-Woodbine sea, contributing a large
part of the red material in the basal Upper Cretaceous.

The foregoing discussion, briefly summarized, indicates that
the Upper Cretaceous sea first invaded southwestern Arkansas
.in Eagle Ford or early Austin time and gradually expanded to
. 8ubmerge most of the southern part of the state in Austin time.
The basal beds contain abundant volcanic material deposited in
shallow water and are thought to have been derived from vol-
canic vents situated in southwestern Arkansas and northeastern
Louisiana. The basal beds are oldest in the western and young- .
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est in the eastern part of the state. The sediments, inclusive
of the Tokioc formation, were evidently laid down in shallow
waters and from their lateral gradation in lithology indicate
varied and complex sedimentary environmental conditions which
were determined primarily by the rate of differential warping
in southeastern Arkansas and northeastern Louisiana, In gen-
eral the waters increased in depth toward the west and south-
‘west, where marine clays and shales intertongue with sands.
The sandy and in part lignitic zone at the top of the Tokio
formation, which is continuous into the Blossom sand of north-
east Texas, reflects a change in sedimentary environmental con-
ditions, probably brought about by a Gulfward shifting of the
shore line.

UPPER CRETACEQUS DEPOSITION AFTER TOKIO TIME
GENERAL STATEMENT

After a brief interval of emergence at the close of the Tokio,
the sea again invaded this region from the west in Brownstown
time, submerging southern Arkansas to the west of a line drawn
from northeastern Clark County into central Union County. A
series of marine sediments accumulated in this sea which in
southwestern Arkansas are composed of clays, marls, shales,
and some thin beds of limestone, totaling 200 feet in thickness.
To the east of central Clark, eastern Nevada, and western Union
counties, there is a rather abrupt change in the lithology, and
in a short distance a complete transition from marls to generally
fine-grained in part glauconitic sands takes place, and at the
same time the Brownstown sediments gradually decrease in thick-
ness to a feather-edge along the line previously defined as the
eastern limit of Brownstown deposition. The thinning and lat-
-eral changes from marls to sands towards the east indicate a
shallowing of the waters in which these sediments accumulated
and is interpreted to be the result of differential warping in
a southeasterly trend through southeastern Arkansas and north-
eastern Louisiana. It is furthermore indicated that the sandy
facies of the Brownstown accumulated near the shore, although
characteristic shore deposits have not been recognized.

Sediments of Brownstown age have not been definitely recog-
nized in eastern Arkansas, but it is probable that a part of the
Arkansas syncline in Desha Arkansas, and Phillip counties re-
ceived sediments at that time. : :

Changes in sedimentary environmental conditions at the end
of Brownstown deposition are evidenced in the Buckrange sand
member at the base of the Ozan formation. Where typically
exposed, the Buckrange sand is composed of quartz grains and
in some places contains as much as 50 per cent of glauconite. In
many places it also contains pebbles and graing of novaculite,
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phosphatic nodules, and shark teeth. The Buckrange sand ex-
hibits considerable range in thickness and composition but is
recognized as a distinct lithologic unit over most of southwestern
Arkangas, the adjacent parts of Texas and northern Louisiana,
as far south as Sabine Parish, more than 50 miles to the south
of its outerop in Arkansas. Wherever present, it is distinguished
by abundant glauconite. The pebble-bearing sand is less widely
distributed and in general is limited to a narrow belt, ranging
from a few to about 30 miles in width, that parallels the out-
crop and extends southeast through the Smackover and El Do-
rado fields in Arkansas. Pebble-bearing Buckrange sand is algo
‘present in the Haynesville’* and Homer fields.

The Ozan formation decreases in thickness to the east of cen-
tral Clark, Nevada, and Columbia counties and at the same time
changes laterally from marls to-sandy marls and sands, and as a
whole is more sandy. and micaceous than the underlying Browns-
town marl. Sediments of Ozan age are present in eastern and
northeastern Arkansas but their thickness, character, and dis-
tribution are not definitely known.

The prevailing marine conditions of sedimentation during
Ozan time continued without interruption to the end of Taylor
time with the deposition of a series of chalks and marls. The
differential warping through southeastern Arkansas and north-
eastern Louisiana which assumed an important role in determin-
ing the lithology and distribution of the earlier Upper Cretaceous
sedimentg, continued but with progressively diminishing effect.
The sea expanded to submerge most of the Coastal Plain of

" Arkansas.

The decrease in thickness of the Annona chalk from more
than 100 feet along the Texas line to its ultimate disappearance
along a line from southwestern Hempstead County through
northeastern Columbia County into southwestern Union County
is not due to truncation by an unconformity at the base of the
overlying Marlbrook marl but is explained in part as a mergence
"of the chalk eastward into the lower part of the Marlbrook and
in part as an overlap of the Marlbrook eastward over the Annona.,

- The factors which determined the eastern limits of Annena
chalk deposition likewige influenced Marlbrook sedimentation,
evidenced in the thinning of the sediments and the appearance
of sands in the lower part of the formation. The thinning and
the changes in lithology are marked mostly in a generally south-
east-trending belt which lies slightly east of the eastern limit
of Annona chalk deposition. The Marlbrook sea submerged all
of the Coastal Plain of Arkansas except,a narrow belt along the

18 Albertson, M., Possible explanation of large initiel prodoction of some wells in the Haynéwil]e
field, Louisiana; Amer. Assocc. Petrel. Geol., vol. 7, no, 37, pp. 295.296, 1923,
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present margin of the Coastal Plain to the northeast of Clark
County and the extreme southeastern part of the state. The
Marlbrook sediments in their typical development in northeast-
ern Arkansas are composed of chalks and marls which, east-
ward, merge into the Selma chalk of Misgissippi. The position
of the strand line in northeastern Arkansas is indicated in the
thinning of the sediments and transition from marls and chalks
to sands towards the northwest and their final disappearance
in the section a short distance east of the present margin of the
Coastal Plain,

Following the deposition of the Marlbrook, sedimentary en-
vironmental conditions again became favorable to the deposition
of chalks, which continued to the end of the Saratoga. The Sara-
toga, although a chalk deposit, containg beds of sand, gandy marl
and chalky sand where it crops out in southwestern Arkansas
and the same is generally true of the marginal beds in north-
eastern Arkansas. The Saratoga, elsewhere, is generally less
pure than the Annona chalk and contains only small amounts of-
sand, Dane' in describing the outcrop in southwestern Arkan-
sas concludes that a considerable break in sedimentation occurs
before the deposition of the Saratoga chalk but the evidence is
not in harmony with underground conditions over most of Ark-
ansas where there is a complete transition from the Marlbrook
into the Saratoga. The Saratoga sea submerged all of the Coas-
tal Plain of Arkansas except a narrow belt along the Ozark
province to the north of Clark County.

- The change from Saratoga to Nacatoch deposition is gradual
and in general transitional. The marked increase in the sand

content of the Nacatoch and the wide distribution of sands over -

southern Arkansag and northern Louisiana indicate crustal move-
ment of a higher order than prevailed during the deposition of
the underlying marls and chalks. The ecomplex lithology of the
sediments making up the Nacatoch appears to be the result of
rapidly changing sedimentary environmental conditions which
may result from variations in the rate of supply of sediments
together with differential warping of the sea floor rather than
widespread and frequent oacillations of the strand line. Differ-
ential warping of the sea floor is reflected in the variations in
thickness and to some extent in the lithology of the sediments.
(See Fig: 10.) Aside from the marginal sediments along the
Ozark province to the northeast of Clark County, the thinnest
Nacatoch deposits are in southeastern Arkansas overlying the
persistent southeast-trending line of warping which extends mto
northeastern Louisiana.

Although the Nacatoch formation as a whole decreases in

M Dage, C. H., Upper Cretaceous formations of southwestern Arkansas: Arkansas Geol, Survey
Bull,, no. 2, pp. 111 114, 1929,
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thickness and becomes increasingly caleareous to the south, it is
much more sandy in the southwestern part of Arkansas than
elsewhere in the state, excepting the marginal sediments in the
northeastern part. The meager data at hand concerning .the
Nacatoch in northeastern Arkansas indicate a progressive east-
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sediments. ‘
ward increase in calcareous content and mergence with the Rip-
ley formation of Migsissippi. In the southeastern part of Ark-
ansas and the adjacent paris of Louisiana and Mississippi, the
Nacatoch is represented in part by the Monroe gas rock, con-
sisting of generally porous crystalline limestones. Although
deposition was apparently continuous, there ig an abrupt change
in lithology from sand and sandy clay in the Nacatoch to marls
and shales in the overlying Arkadelphia marl. Arkadelphia
deposition progressed uniformly while at least 160 feet of sedi-
ments accumulated. It is probable that the Arkadelphia may
have been much thicker and may have included sediments de-
posited in the wake of the retreating Arkadelphia sea, which
sediments later were removed by erosion during the long interval
of emergence hetween Arkadelphia and Eocene-Midway time,

SUMMARY DESCRIPTION OF FORMATIONS
CHARACTER OF SURFACE FORMATIONS
} WOODBINE SAND
The Woodbine sand in southwestern Arkansas, according to
Dane?®, consists chiefly of sand and gravel, of which much is
water-laid, volcanic material with minor quantities of red and
dark-red clay intermingled. These beds are separated from the
underlying Comanche series by a marked unconformity in con-

# Dane, C, H,, op, cit.
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.;~“_'sequence of W}uch they rest upon Klamlchl clay along the Ark-

" ansas-Oklahoma line; whereas, further east across Little River, . 7.
. they rest upon successwely lower members of the Tnmty forma '
. tion. '

*The Woodbine typlcally consists of ohve-yellow Cross- bedded :
sand in which grains of quartz, decomposed green volcanic rock,
glassy kaolinized feldspar, and biotite are imbedded in a matrix
of bentonitic clay. There are several layers of cross-bedded
gravel with large, well-rounded cobbles of novaculite and igenous’
‘rock. In some beds these igneous cobbles are fresh; in others, -
they are completely altéred to soft clay. The base of the Wood-
bine is marked by a particularly striking, hut discontinuous,

" gravel bed which rests on a very irregular erosion surface.

The cobbles in this gravel consist dominantly of novaculite,
but there are some quartzite, chert, and a considerable quantity
‘of pebbleg of soft, decomposed igneous rock. The pebbles range
from a fraction of an inch to 4 inches in diameter and average -
-about 2 inches. This and other gravel in the formation uni-

formly have the yellowish mealy clay matrix which is even more -

prominent in the sandy beds. Above the basal gravel and alter-
'""-na_ting with the soft, mealy yellowish sands, are soft greenish
.. sands in which most of the grains are composed of what was once.

igneous material, now altered to an apparently structureless

~...green clay. The soft yellow and green sands contain concre-

tionary lenses and beds of hard greenish calcareous sandstone in
which quartz graing and novaculite pebbles are cemented by
white erystalline ealcite. The Woodbine sand also containg

. minor pockets and beds of massive red clay and of very dark-
- gray plant-bearing clay.

The Woodbine sand is between 250 and 350 feet thlck in south-

o -Western Arkansas

o . TOKIO FORMATION :

_ .Dane21 described these beds as composed principally of infer-
tonguing beds of dary-gray lignitic, fossiliferous clay, and
- cross-bedded gray coarse quartz pack sand, which weathers yel-
lowish and reddish. East of Saline River the Tokio formation
- eonsists principally of quartz sand and novaculite gravel; west
~of the river if contains an increasing amount of clay. Much of
‘the dark clay contains abundant shell prints, but some of it is-

- only sparingly fossiliferous. The Tokio also contains minor beds

.7 composed of reddish ferruginous fossiliferous sand, glauconitic
-gand, pebbles, shark teeth, white clay, dark leaf-bearing clay,

. highly lignitic clay, carbonaceous sand, and coarse novaculite
Cgravel. At the base of the Tokio there is a conspicuous and per- -
‘. .sistent gravel bed.

“% Dane, C. H., op. cit, -
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Three prominent tongues of the fossil print-bearing clay ex- .
tend eastward in addition to minor lenses and tongues of the
clay, the relationships of which have not, as yet, been deciphered.
These three major torigues are not sharply delineated and ter-

- minated but finger out eastward.

One tongue is near the base of the Tokio formation, just
. above the basal gravel. Another, which extends farther east, is

- near the middle of the formation. The third is at the top and

carries large lenses of very hard calcareous fine-grained gray
 sandstone with numerous fossils, sandy clay, and some glau-
conitic sand. - The two lower tongues are believed to coalesce
toward the west. The lower half of the formation consists
principally of clay. o '

Toward the east the Tokio truncates first the arkosic sen_ds R
of Woodbine age and then successive members of the Trinity ..~ -

formation until finally it rests dlrectly upon the Paleozmc base-
~ment rocks. :

The Tokio is about 300 feet thick from the vicinity of the |
Nashville westward but thins eastward and is overlapped by
“the Brownstown marl.

CHARACTHER OF SUBSURFACH BEDS
WOODBINE SAND AND TOKIO FlORMATION
GENERAL STATEMENT

For the reasons given in the following paragraphs, it has

seemed advisable to treat the subsurface eguivalents of the Tokio
formation and the Woodbine sand as a unit in this report,

~ rather than to attempt to differentiate them into distinct forma- . .-

tions which would entail many difficulties and, in the end, would |
prove to be an unsatisfactory ireatment.

_ * The Woodbine sand at the outcrop in Sevier, Howard and
- Pike counties, consists chiefly of cross-bedded sand in which
grains of quartz and decomposed volcanic rocks are imbedded
*" in a bentonitic clay. There are several layers of cross-bedded
gravels. The Woodbine sand is separated from the overlying
- Tokio formation by a distinct bed of conglomerate composed
‘chiefly of novaculite. The Tokio formation consists principally -

- of intertonguing dark-gary lignitic clays and cross-bedded sands
" west of Little River and of sands and novaculite gravel east of
- Little River. This formation thus exhibits a marked lateral
~ change in lithology in the short distance represented in the out- -

crop, and correspondingly marked lateral chang'es are found in = -

' thelr subsurface extension.

The conglomerate bed separatmg the Woodbme sand and the .. -

- Tokio formation is not recognizable a short distance south of

the eu_tcrop In most of Mllier and Lafayette counties and- ln _ L
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parts of Columbia County, the upper part of the series of beds
which comprises the Woodbine sand and the Tokio formation
consists of gray to dark-gray clays and shales interbedded with
generally cross-bedded and in part lignitic sands. The shales
are in part fossiliferous and contain a fauna similar to that in
the Tokio formation at the outerop. The lower part in the same
area is composed of sands, in part tuffaceous and containing thin
layers of gravel, interbedded with clay and shale. In most of
these areas the basal few feet of beds are made up largely of
red clays. In Caddo Parish, Louisiana, shales and clays of
Austin (Tokio) age rest directly on, or are separated by, thin
beds of ashy sand from the underlying Comanche rocks.

Towards the east the lateral changes in character of the com-
bined Woodbine-Tokio section are more pronounced than from
the outerop southward into Louisiana. The non-red section de-
creases in thickness and becomes increasingly sandy while the
‘red beds at the base increase in thickness.

The character and thickness of the Woodbine-Tokio section
along Mississippi River to the north of Drew and Chicot coun-
" ties are not known, but regional studies indicate that strata of
equivalent age are present in that area but may belong more
properly with the Upper Cretaceous sedimentary basin of Mis-
sissippi. These strata, where present, may resemble the Tusca-
loosa formation of Mississippi more than the Woodbine-Tokio
section as developed to the west of these areas in Arkansas.

BASAL UPPER CRETACEOUS RED BEDS
CHARACTER AND DISTRIBUTION )

The red beds at the base of the Upper Cretaceous, although
present over most of southern Arkansas, are most fully developed
in the southeastern part of the state, particularly in a crescent-
shaped area flanking the Monroe uplift on the north and west.
These beds lie unconformably upon eroded and truneated strata
ranging in age from Washita and Fredericksburg in the west-
ern to early Trinity in the eastern part of the state and are
overlain by strata ranging in age from Austin to Navarro. The
lower limits of the Upper Cretaceous beds are usually difficult
to determine in the. driller’s records as over a large area in
southeastern Arkansas they are in contact with red beds of
Trinity age. But where cored, the contact is in most places
determinable on the basis of the presence of volcanic material.

The basal Upper Cretaceous red beds are most typically de-
veloped on the flank of the Monroe uplift and attain their maxi-
mum thickness in Ashley and Union counties, but extend with
diminishing thickness into Calhoun, Bradiey, and Drew counties,
Thinner heds of red clays are present at the base of the Upper
Cretaceous in Miller, Lafayette, Nevada, and Ouachita coun-
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ties, The Gregory and Crain oil-producing sands in the Rain-
bow City field and the principal gas-producing sands of the
Richland field, Louisiana, are included in this series of beds.

In southeastern Arkansas the red beds are divisible into two
more or less distinet members. The basal member, present in
southern Union and Ashley counties and extending south into
Louisiana, is composed of red, brown, tan, and green to nearly
white, generally structureless, waxy bentonitic elays, interbedded
with white, green, and dark-brown sand and ashy sand. A defi-
nite sequence in the color schemes, repeated several times in the
section, begins with deep red and by imperceptible gradation
continueg through various hues to green, gray, and white. The
red and brown clays have the appearance of altered and ox1d1zed
bentonitic clays.

The upper member is composed of red, reddish-brown, and
purplish-brown clays interbedded with gray clays, sandy clays,
and in part, ashy sand and sandstones, with the non-red mem-
ber showing up a considerable part of the total thickness. Ben-
tonitie clays, although present, are thin, apparently lenticular
and generally highly aliered. The red beds in the lower part
of the Upper Cretaceous in the Rainbow City field and the
adjacent areas appear to be made up in part of reworked mate-
. rial from the lower member.

The presence of a stratigraphic break between the upper and
the lower member is suggested but the data are not conclusive.
THICKFESS .
The maximum thickness of the red beds in the basal part of
the Upper Cretaceous is slightly more than 300 feet in Union
County but decreases in thickness away from that area and
is not more than 20 feet thick in. the southwestern part of the
state.
CORRELATION

A number of cores obtained from the red beds at the base
of the Upper Cretaceous are reported to have contained Upper
" Cretaceous foraminifera, but it has been argued that the cores
were contaminated with drilling mud and that the fossils were
actually from strata above the red beds. Regardless of the
merits of the argument the fact persists that fossil remains are
very rare in, if not entirely absent from, the red beds at the base
of the Upper Cretaceous.

The base of the red beds everywhere is in contact with eroded
and truneated strata of Comanche age and, therefore, constitutes
a part of the Woodbine sand as defined by Danez,

The available records show that the red beds lense out east-

# Dane, C. H., op. cit.
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ward and are absent in southern Drew and Chicot counties and
in -eastern Morehouse and West and FEast Carroll parishes,
Youisiana. To the north of Drew County deep well records show
younger Upper Cretaceous strata in contact with the basement
rocks, indicating a complete lack of connection with the Tusca-
loosa formation of Mississippi which occupies the same strati-
graphic position in the section.

Section of Upper Cretaceous red beds in Shell Petrolewm Compony’s Cor-
roll No. 1 well in sec. 19, T. 18 S., K. 16 W, Umon County, Arkansas

Characfer Depth in feet
Upper Cretaceous red beds:

Upper' part light-gray friable tuffaceous sandstone which
grades downward intc tan and brick-red clays in the
lower part e 3089-3096

Top of core iz gray to green, co-arse-grained tuffaceous sand-
stone, which towards the middle, is mottled with brown
to black blotches; the bottom of the core is dark-gray
to brown compact clay.__ - 8096-3103

Brick-red compact, massive clay with a distinet waxy luster 3103-3110

Top of core iz grayish-green compact clay which changes

downwards to brown and brownish-red clay at the bottom 3110-3114
Top of core is gray to pinkish-gray hard medium to coarse-

grained sandstone with small inclusions of greenish-

gray to green tuff; the middle of the core is a green

and reddish-brown mottled tuffaceous sandstone which T

at the bottom has changed to deep-red .. ... 3114-3119
Gray and green coarse-grained tuffaceous sandstone with

small patches of red; the lower part of the core is

red fine sandy bentonitic clay. . 3119-3127
Top of core is green and red mottled clay, showing a grada-

tion inte brown and red in the lower part of the core._.. 3127-3135
Dark-red to purplish clay which, towards the bottom of the

core, changes to olive-green clay with a dlstmctly waxy -

appearance 31353140 -
White very fine-textured friable tuffaceous sandstone w}uch )

towards the middle of the core, is light-gray; bottom of

cora is red fine sandy clay. 3140-8150
Upper part is light-green fine to medium-grained tuffa-

ceous sandstone ‘with blotches of red; middle and lower

part is a brick-red slightly arenaceous elay..__...._ . 3150-3163
Dark reddish-brown fine-grained hard sandstone with in-

clusions of irregular lenses of gray sandstone becom-

ing more clayey toward the middle. The lower part is

brown hard clay with irregular patches of green sand... 3163-3168
' 3168-3279

“Top is thin bed of green and light-red mottled fine-grained
sandstone, traversed by fine veinlets of calcite; re-
mainder of core is light-gray, friable tuffaceous sand-
stone - 32793286

‘Light-green very flne-gramed cIa.yey sandstone containing
patches of light-gray to white sand; middle part of core
is a green waxy clay which grades dovwnward into
terra cotta and brown clay at the bottom of the core ___ 3286-3203

No core record; logged by drillers as sticky red clay.......... 3203-3343
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Green compact, waxy clay at the top, grading downward into
bluish-green fine pyretiferous clay; bottom of core. is
a gray very fine-grained argillaceous sand .. 3343-8334%

Partial section of the Upper Cretactous red beds in J. G. Marcum’s Mc-
Garry No. 1 well, in see. 10, T. 19 S., B. 4 W., Ashley County, Arkansas

© Character Depth in feet
Upper Cretaceous red beds:
Red shale and gumbo._____ _ e 3018-8034
Hard red shale N 3034-3051
* Red sandy shale - e 3051-3070
Red bed 3070-3072
Rock 3072-3073
Sand and shale (Core 3096-3099 feet, green sandstone with :
blotches of black sand)_. - e 3073-3100

Red shale and sandy shale (Core 3099-3103 feet dark—brown
clays; core 3103-3110 feet, red and browmsh clay;
core 3110-3114 feet, grayish-green massive clay at
the top and reddish-brown in middle and bottom of
ecore; core 3114-31156 feet, gray to pink gquartzitic sand-
stone; core 3115-3119 feet, green and reddish-brown
mottled tuffaceous sandstone; core 3119-3124 feet, tuf-
faceous sandstone, gray and green in upper part, grad-
ing downward inte reddish-brown at the base; core
3124-3127 feet, brown tuffaceous sandstone with irregu-
lar lenses of green sand; core 3127-3135 feet red and
green mottled clay at the top, grading into green clay
at the base; core 3135-3140 feet, darlered to purple clays
at the top, grading into olive-green clay at the bottom
of core) e 3100-3148
Hard sand (Core 3140-3150 feet, Whlte friable tuffaceous
sandstone, grading into gray sandy clay with blotches
of red in the lower part of the core, fragments of fossil
_ shells; core 3150-3154 feet, green tuffaceous sandstone;
core 3154-3164 feet, deep-red massive clay; core 3164-
3168 feel, brown sandstone at the top, and interbedded
brown and green clay and sand in lower half of core ___ 3148-3176
Red beds, hard and sandy . 31753184
Hard sand (Core 8179-3186 feet, gray tuffaceous sandstone,
core 8186-8194 feet, light-green fine-grained clayey sand-
stone in upper two feet, followed by green clays which
grade into brown clay at the base) 3184-3194

NON-RED WOODBINE AND TOKIO -

The series of non-red sediments comprising these formations
overlies the red beds at the base of the Upper Cretaceous where
these beds are present; elsewhere, they rest directly either on a
surface of eroded and truncated Comanche rocks, or on the base-
ment floor. The upper contact is with the Brownstown marl in
the western and central part, but.in the eastern part the contact
ig successively with the Ozan formation and the Marlbrook marl,
the result of progressive eastward overlap.

DISTRIBUTION AND GHARACTER

The subsurface distribution of this series of beds, as deter-

mined from deep wells, is shown in Figure 8. The northern
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limit is along a line drawn
through central Clark and
Dallas counties into Cleve-
land County. In southeast-
ern Arkansas these beds
extend eastward to a line
drawn through west-cen-
tral Ashley County into
southeastern Drew County.
No deep wells have pene-
trated these strata in the
infervening area, but the
strata may possibly con-
tinue into Mississippl and
merge by gradual transi-
tion with the Tuscaloosa
formation of that state.

This stratigraphic relation- -

ship is illustrated in Figure

11, a diagrammatic cross

section from southeastern
Arkansas inte north-cen-
tral Mississippi.

In Miller and Lafayette
counties and parts of Col-
umbia County, where this
gerieg attains its fullest de-
velopment, the upper 100 to
150 feet of beds is coin-
posed of gray to dark-gray
shales and sandy shales in-
terbedded with light-color-
ed generally fine-grained in
part glauconitic and in part
lignitic sands and sand-
stones. The contact with
the overlying Brownstown
marl is in most places
marked by lignite, which is
generally recognized by the
driller, making the contact
readily deferminable in
most of the well logs of
this area. '

The lower 150 to 400
feet of beds is composed of
generally thin beds of gray
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to green shales and sandy shales interbedde with white to green
" sands and sandstones. The shale members are in part calcare-
ous and in part noncalcareous and contain foraminifera at sev-
eral horizons in the upper half of the member. In places the
contact with the upper member is marked by a layer of gravel
composed of chert pebbles but also contains fragments of i igenous
rocks and novaculite imbedded in a bentonitic clay. Irregular
thin lenges of gravel are found at other horizong in thig area.
The sands are made up chiefly of fine to medium textured, at
some horizons coarse-textured, quartz grains but alse include
graing of igenous rocks and chert fragments. These sands are
generally. tuffaceous and are in part glauconitic.

The basal beds of the series have been cored at only a few
horizons in this area; most of the cores have been cut from the
sandstone members and have furnished little information con-
cerning the organic content of the shale and ‘clay members.

North and east of Columbia County these sediments decrease
jn thickness, become increasingly sandy, and contain more vol-
canic materials, especially_ in the southeastern part of the state.

THICKNESS

The Tokio formation and the Woodbine sand, as herein de-
fined, have a combined thickness of 600 feet in the southwest
corner of Arkansas; they thin gradually to the east and north-
east to 400 feet in western Union and northern Columbia coun-
ties, and to less than 100 feet thick in western Ashley County,
central Clark County, and central Dallas County. The thick-
ness of these strata in Cleveland County, parts of Bradley County
and Drew County, and in the area to the east and northeast, is

not known, The thickness of the non-red Woodbine and Tokio
" strata is shown in Figure 8, by means of isopach lines (lmes
of equal thickness).
RELATIONSHIP OF SURFACE TO SUBSURFACE BEDS .

The Tokio formation and the Woodbine sand, as developed
- at the surface in southwestern Arkansas, represent in part sedi-
ments deposited near the margin of the sea and in part sedi-
ments deposited farther seaward. Owing to the complex warp-
ing, the equivalent sediments, concealed elsewhere in southern
Arkansas by vounger strata, vary in lithology and thickness ac-
cording to the relationship to the margin of the sea and to the
structure of the sea floor upon which they accumulated.

The Woodbine sand, a lithologic unit, interfingers with ma-
rine shales of Austin age to the south of the cutcrop and in
northwestern Louisiana is represented almost enitrely by marine
shales and eclays. The Tokio formation grades laterally into
sands and contains volecanic material to the southeast of the out-
crop where it is not separable from the Woodbine sand. The
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combined Tokio-Woodbine section becomes sandy and inferfing-
ers with red beds.
. CORRELATION

The Woodbine sand, as exposed at the surface in southwest-
ern Arkansas, is correlated with the Woodbine sand of Texas
by Miser®, Dane®, and Stephenson®. The basis for the correla-
tion was the recognition of similar deposits of volcanic material
in the Woodbine sand of northeastern Texas and southeastern
Oklahoma which apparently are continuous with the Arkansas
outcrops. The Tokio formation, as mapped and defined by
Dane® in southwestern Arkansas, is correlated with the Austin
of the Texas section.

The typical Woodbine sand exposed at the surface in Arkan-
sas interfingers southward with marine shale of Austin age,
indicating that the Woodbine sand is in part younger than the
Woodbine sand of Texas and in part at least, may be as young
as early Austin.

Typical sections of the Woodbine and Tokio, as recorded in
deep wells, are given in the following tables.
Section of Tokio formation and Woodbine sand in Arkansas Netural Gos

Company’s Red River Lbr. Co. No. 4 well, sec. 18, T. 19 3.,
R. 24 W., Lafeyetie County, Arkansas

Character Depth in feet
Tokio formation and Woodbine sand:

Shale and sandy lime_ . 3043-3046
Sandy lime 3046--3051
Shale and sand 3051-3053
Sandy lime; salt water 3053-3057
Sand and shale : 3067-3060
Sandy shale 3060-3069
Shale : 3069-3084
Sand .. - : 3084-3085
Shale . 3085-3129
_Sandy shale 3129-3145
Sand 3145-3148
Sandy shale ' : 3146-31563
Sand; salt water 31563-3160
Sandy shale : : 3160--3167
Sand 3167-3175 .
Shale __ __ 3175-3177
‘Sand } ; 3177-3180
Sandy shale : 31803184
Gravel .and shale — : : 3184-3186

» Miser, H. D., and Ross, C. S., Veleanic tocks in the Upper Cretaceous of sounthwestern Arkan-
sas and southeastern Oklehoma; Am, Jour. Sci. Sth ser, vol. 9, no. 2, pp. 113-126, 1925,

2 Dane, C. H., Oil-beaving formations of southwestern Arkansas: U. S. Geol, Survey, Press Notice
8823, Sept. 10, 1926,
. Upper Cretaceous formations of ssathwestern Arkansas: Arkansss Geol, Survey, Bull.

2, 1020,
- * Stephenson, L. W., Notes on the stratigraphy of the Upper Cretaceous formations of Texas and
Arkansas: Am. Assoc. Petrol. Geo., Bull, vol. 11, no. 1, pp. 1-17, 1927,

2 Dane, €, H., Upper Cretaceous formation of sonthwesiern Arkansas: Arkansas Geol. Survey,
Bull,, no. 2, 1929,
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Sand 3186-3188
Bhale and gravel o 3188-3199
Sand and gravel ... . . 3199-3207
Sandy shale . 3207-3211
Sand ... — i 32113230
Shale ___.__.._ B 3230-32017
Sand and shale e 3207-3260
" Shale - ... 3260-3265
Gummy lime S . 3265-3268
Sand » .- 3268-3272
Shale ] . 3272-3280
Sand; salt water - 3280-3282
Sandy shale - 3282-3292
Shale .- i - - 3292-3300
Sand and shale__ 3300-3311
Sand . e 331143322
Sandy shale _ ... 3322.3335
Gummy lime . 33353342
Sandy shale : 3842-3364
Shale . S ... B364-3367
Sand -3367-3285
Sandy shale - 3385-3394
Sandy shale with streaks of sand 3394-3408
Shale S e e 3408-3416
Sandy shale. SN . 3416-34138
Sandy lime 3418-3420
Shale e 234203425
Sandy shale. - . 3425-3457
Shale and sand - 3457-3520
Upper Cretaceous red beds:

— -3520-3546

Red shale

Section of Tok‘io formation and Woodbine sand in Brown et al Spencer No.

1 well 7 see. 18, T. 18 S, R. 22 W,

Character

Columbie County, Arkansgas
Depth in feet

Tokio formation and Woodbine sand:

Sand and lignite (Core 2994-3000 feet, top of core is slightly
glauconitic sandstone; bottom of core is gray micaceous

Shale

Gummy shale

Sandy shale .

lignitic sandy shale) . _ 2993-3000
Shale, sand, and lignite e -~ 3000-3013
Hard sandy lime_ R S .-~ 3013-3019

et 3019-3024
Sand with streaks of shale (Gore 3024-3028 feet, greenish- -

' gray glauconitie, lignitic sandstone) 3024-8029
Sand and shale. _____. S e 3029-303%
3039-3046

Rock, sand and shale (Core 3047-3051 feet; top of core 11ght-

© gray, caleareous, slightly glauconitic sandstone; middle

and bottom of core medlum-gray, shghtly greenish,
glauconitic sandy shale)_ . SN 3046—3052
S S 3052-3063
Soft shale. . _. 3063-3079
Broken sand and shale — . . 3079--3096
Shale, sandy shale, and streaks of sand e 30963140
Hard sandy shale e eerenee. 31403160
3160-3177

Hard shale -
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2 Sandy shale, sureaks of sandy lime___ .. . . 8177-3211.
‘Gummy shale.-___......__ S el . 8211-8221
Sandy shale___ 3221-3234
-~ Hard shale, stréaks of sand . : - 3234-3250
Lo Gummy shale . 3250-3261
- Gummy shale with streaks of lime 3261-3298
Shale with streaks of lime bow]ders 3298-3323 :
Shale i 33238335 -
Upper Cretaceous red beds:
Red gumbo and shale ‘ 3335-3358
Sand _ e 33583367
Red shale and gumbo © 3867-3401
Hard shale and gummy shale e S — 3401-3408
Red shale ' - : 3408-3413 -

o Section of Tokio formation and Woodbine sand in Shell Petroleum Com-
puny’'s No. 1 well, in sec. 19, T. 18 S., K. 16 W., Union County, Arkansas

Character - _ .- Depth in feet_
~Tokio formation and Woodbine sand: '

- Sandy shale (Core 2759-2766 feet, dark-gray, slightly glau-
conitic and. arenaceous, calcareous shale; core -2766-
2773 feet, dark-gray sandy shale) . 2759-2773
- Sandy shale with streaks of sand (Core 2773-2781 feet, gray
thinly laminated shale and sand; core 2781-2788 feet,
- grayish-green indurated 'glauconitic fine and medium-
textured sand and gray arenaceous shale; core 2788-
2795 feet, gray sandy shale and fine-grained, green
‘sand) 2773-2795
Sandy shale (Core 2795-2802 feet, gray sandy slightly calea-. o
reous shale; core 2802-2817 feet dark-gray sandy shale 27952817 =
- Shale (Core 2B17-2824 feet, dark-gray compact shale and
arenaceous shale; core 2824-2832 feet, da.rk—gray slight- )
Iy sandy elay) 2817-2836
Sandy shale (Core 2832-2840 feet, dark-gray sandy clay. at :
* the top; bottom of core green glauconitic sand and §
sandy clay) 2836-2840

Sandy shale (Core 2840-2848 feet, dark- -gray sandy clay _

and fine-grained glaucomtm sand)_ et it 2840-2852
Hard sand - 2852-2854
‘Sandy shale (Core 2848-2855 feet, greemsh—gray fme-g‘ramed o

-slightly glauconitic sand and sandy elay)....__.___ . 2854 2858
Shale and g-umbo — _ 2858-2888 - -
Rock 2888-2889
Shale and shells (Core 2890-2895 feet, dark-g'ray shale ______ 2889-2918

Sand- (Core 2925-2932 feet, gray medium to ¢oarse-grained .
sand and sandy clay, shghtly lignitic and tuffaceous) .. 2918-2935 -

. - Gummy shale 2935.-2965
" "SBandy shale with streaks of sand.— oo 2065-2082
. Hard . lime_ - — . 29822985 .
Broken lime and sandy shale. .. .. : : 2985-3020 . .

Guinmy shale s e 3020-3085 -
Sand and sandstone ... : 30653075 _

- -Sand and lignite (Core 3068-8075 feet, gray and yellomsh
. lignite, friable sandstone; core 3070-3084 feet, argilla-

- .ceous coarse-grained lignitie sand, browmsh~gray lig-

" nitic thinly laminated sandy sha.le and dark-gray’ hgmtlc S L T

: clay) _ e i 3076-8085 -
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_ Gummy llme (Core 3084-3089 feet, tan plastic arenace-
© . ous ciay) : . 3085-3089
_Hard sand i 3089-3093
.Gummy lime (Core 3089-3096 feet, gray, medium-grained,
brittle sandstone with red and tan clays in the bottom
of core; core 3096-3103 feet, top is light tuff medium-
gramed sandstone and dark-gray compact, noncaleca-
reous clay) . 3093—310027

- Sectw'n. of Tokio formatwn a,nd Woodbine sand in Grote et al, Arden No. 1
: well, sec, 2, T. 13 8., R. 31 W., Litile Rwe'r Cownty, Arkansas

’ Chara,cter Depth in feet
Tokio formation and Woodbine sand:

: Soft greenish sandstone.. .. . 812~ 8156
Dark shale, sand rock : : 815 844

- Dark elay and glauconitic sand 844— 850
Dark shale 850- 880 .
Gray sand; salt water 880~ 896 -

© Dark shale fossil shells (Cuttings, sandy fossﬂlferous clay . :

: containing sand-grains and some small bits of carbo- .

naceous material) 896-1074

Coarse gravel (Well-rounded and subangular' pebbles of . :

novaculite, the largest % mches in diameter) __ . 10741076

Gray sand rock . 1076-1081

- Fine to coarse gravels, made up of quartz and novaculite .
 pebbles. __ i 1081-1114
~“Upper Cretaceous red beds :

" ' Red and gray clays 1114-1194

Gravels—chiefly novia.cuhte pebbles. ‘ 11941199

- Chocolate shale : - 1199-1219
Bluish-gray shale with stresks of red shale,,,_.______..; ......... 12191247

' Sectw'n of Tokio formation and Woodbine sand in Tarver et ol Swofford =~
- No. 1 well in seé. 14, T. 11 S., R. 25 W., Hempstead County, Arkansas

e Character Depth in feet
Tokm formation and Woodbme sand :

Pack sand. (Core 847 fest, very. fine gray—clayey sa,nd B
lignitic) 846 849

Lignite (Core 849 feet, impure shaly l:gmte, shg-htly sandy) 849- 865 -

"Blue shale — 865~ 879

‘Pack sand; water , 879~ 880

Hard packed sand : 880- 930

: Hard sandy shale (Core 936 feet fme—gramed light-gray
) sand slightly darker gray clay with lignitic plant frag-
ments, distinetly laminated by variation in percentage

of carbonaceous material) : : ~ 930~ 966
Gummy shale and pyrites S 965~ 981
Hard pyrite : : . ‘- 981-'983 .

~ Gummy shale and pyrite —— e 983-1013
- Gumbo .._ .. 10131019
~.. ‘Shale and bowlderq i i 1019-1029
" Gumbo — : : , .. 1029-1034
Blue shale . ' ' . 1034-1060
Gumbeo. ' S i . 1050-1053 -
Hard sandy lime R : : 1053-1065; .

gy

T For gection of Upper Cretaceous red series in. this well see pnragraph_desi:ribi'ng th_ege_rocks.-. '_ . . ': -
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Upper Cretaceous red beds: .
Red shale and gumbo - . 1065-1118

Red rock R S B 3 .25 & §:{1]
Broken red rock S 11201130
Gumbo . e e 11801185
Sandy shale and boulders ... _ 1135-1163
Red gumbo _ . 1163-1170
Base of Upper Cretaceous beds : . 1170

Section of Tokio formation and Woodbine sand in Lowisiune Refining Cor-
poration's Manley No. 1 well in see. 15, T. 15 8, B. 19 W,
Ouachite County, Arkansas

Character Depth in feet
Tokio formation and Woodbme sand:
Rock 2272.-2275
Sandy shale. - S 2275-2281
Sand ... 2281-2285
Sandy lime e . 2285-2291
Gummy shale_____ - : . 2291-2325
Sandy lime e 2325-2839
Gummy shale._.._ . - ' 2339-2344
Sandy lime_. e 2344-2354
Shale and shells. 2354-2389
Sand; oil show. . y _. 2389-2403
Shale and sand.__. .. . . 24032433
Lignite .. ___ . 2433-2436 -
Sand e e e e e e e ee s 2436-2486
Sand and shale .. . 2486-2496
Gravel . . e e A e e i 2496-2502
Shale with streaks of gravel . 25022533
Hard sand . 2533-2535
‘Upper Cretaceous red beds:
Red shale. . e - y 2535-2548
Sand e 2548.2554
Red shale .. . 2554-2657
Red and gray shale 2557-2592
Chalky shale .. . " . 2692-2597
- Sand ... . - . - 2597-2630
- Red and green shale 2630-2635
Base of Upper Cretaceous beds . 2635

Section of Tokio formation and Woddbine sand in Amerade Petroleum Cor-
poration's Matlock No. 1 well in sec. 10, T. 12 S., K, 13 W,,
Calhown County, Arkansas

Character . Depth in feet
Tokio formation and Woodbine sand:
Sandy shale_. . 2886-2915
Salt water sand (Core 2917-2922 feet, light-gray medium-
grained tuffaceous sandstone) ... . . 2915-2922
Band and shale (Core 2927-2932 feet, hg'ht-gray, fme—g'ram-
ed, tuffaceous sandstone} .. . . . _ 2922-2082

" Band and shale with streaks of lignite (Core 2982-2987 feet,

greenish-gray, nonecalcareous shale, with patches of fine-
textured tuffaceous sand) ... . . 2082-3080
Gummy chalk — 3080-3082
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Gummy shale e 3082-3097
Hard sandy lime .. S e e e e 3097-3107
Base of Upper Cretaceous_.._ . 3107

BROWNSTOWN MARL {RESTRICTED)
CHARACTER OF SURFACE BEDS

According to Dane®, where typically exposed, the Brown-
town marl consists of dark-gray calcareous clay or marl, which
weathers very deeply and becomes light greenish-gray and
brownish-gray. The unweathered marl may be nearly massive.
The weathered marl usually shows distinct bedding. In many
outcrops the marl containg a small percentage of very fine sand,
but characteristically it is free from palpable sand. The con-
tact between the Brownstown and the Tokio formations is a
slightly irregular surface, and borings filled with sandy clay
extend from the Brownstown into the Tokio. Locally, within a
few feet of the base, there are layers of hard, dense gray lime-
stone that carry numerous poorly preserved fossils. The Browns-
town marl completely overlaps the Tokio formation a few miles
east of Antoine Creek.

" Bastward, the formation becomes increasingly sandy. In
the lower part there are beds that weather reddish, composed of
fine-grained quartz sand, mixed with considerable gquantities of
marly material. Massive, blue-gray argillaceous sand, which
contains hard calcareous sandstone lenses and sandy marl is
also present. In the western part of its exposure the base of
the Brownstown is marked by pure, fine-grained, cross-bedded
quartz sand.

The Brownstown marl is from 200 to 250 feet thick in Hemp-
stead County and farther west but thins east of Hempstead
County.

' CHARACTER OF THE SUBSURFACE BEDS

Distribution and character—The Brownstown marl is pres-
ent everywhere in southeastern Arkansas to a line drawn from
near Arkadelphia in Clark County southward through central
Union County into Louisiana. To the east it is overlapped by
younger sediments but may reappear in the section in Lincoln
and Desha counties and in parts of Arkansas and Phillips
counties.

In Miiler and Lafayette counties and parts of Columbia and
Nevada counties, where it is typically developed, the Browns-
town mar! congists of dark-gray calcraecus clays, marls, and
shales, generally in massive beds and free of sand, with some
thin strata of impure limestone.

Eastward in Ouachita and Union counties, the formation

# Dane, G, H., Uppet Cretaceous formations of southwestern Arkansas: Arkansas Geol. Survey,
Buil. no 2, 1929.
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becomes inecreasingly sandy and is composed chiefly of fine-
grained in part glauconitic quartz sand and gray finely sandy
marls and clays. In its easternmost extension the Brownstown
marl is composed chiefly of fine-grained and argillaceous sands.

Thickness—The Brownstown marl is silghtly more than 200
feet thick in Miller County and farther east but thins east of
western Union and western Quachita counties.

Correlation.—The Brownstown marl is correlated with the
basal Taylor of Texas by Stephenson®; but Israelsky®, who has
made a critical study of the Upper Cretaceous ostracods, corre-
lates this formation with the Bonham clay of the Austin group
of Texas on the basis of their content of microfossils. Well sec-
tions drawn from Arkansas into Texas suggest that the Browns-
town marl of Arkansag iz the equivalent of the Bonham clay
of Texas.

A typical well section of the Brownstown marl is given
below: : -

Section of Brownstoun marl in Arkansas Natural Gas Company’s Red River
Lumber Company No. 4 well in sec. 18, T. 19 S.,, R. 24 W,
Lofayette County, Arkansas

Cha.ra.cter Depth in feet
Brownstown marl; .

i Shale 28322878
Shale with streaks of lime : 28782910
Sticky lime _ . 2910-2915
Shale . _ _ . i 2915-2950
Sticky shale — 2950-2959
Lime _._. : 2959-2960
Hard lime : 2960-2961
Gummy lime 2961-2969
Shale . 2969-3003
Sandy shale - . 3003-3006
Hard shale 3006-3026
Lime ... — . 3026-3027
Shale 30273043

Base of Brownstown marl . 3043,

0ZAN FORMATION
CHARACTER OF THE SURFACE BEDS
According to Dane?, the Ozan formaftion consists of sandy,
micaceous marl, typically exposed at the town of Ozan, Hemp-
stead County.

At the base of the formation in Sevief, Howard, and Hemp-
stead counties, there is a sandy marl or marly sand, 8 fo 8 feet
thick, containing as much as 50 per cent of coarse glauconitic

# Stephenson, L. W., Notes on the stratigraphy of the Upper Cretacerus formations of Texas and
Arkansas: Am. Assoc. Petrol, Geol., vel. 11, no. 1, 1927,

% Israelsky, M. C., Notes on the correlation of the Brownstown (restricted) formatiom wf Arkausaa
Am, Assoc. Petrol, Geol vel. 13, no. 6, pp. 683-684, 1929, .

3 Pane, C, H., op. cit,’
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graing. In many outerops it also containg thin, highly polished
pebbles and grains of black chert, phosphatic nodules, locally
numerous shells, phosphatic casts, and shark teeth. The coarse
sand lies on an irregular surface of the calecerous clay of the
Brownstown marl

The basal glauconitic sand of the Ozan formation crops out
a short distance north of the village of Buckrange, also 1 mile
northeast of the village on the road to Nashville, Howard County :
it is, therefore, named the “Buckrange sand.”

The Buckrange sand merges gradually upward into micace-
ous, very sandy, massive marl with extremely abundant small
oyster shells, frequently in coquina-like layers. There is a sec-
ond glauconitic sandy marl, 50 feet higher stratigraphically,
which is well exposed in Howard County. It seems to be rep-

- resented in Sevier County by a glauconitic, chalky marl. Both
glauconitic beds are represented in Little River County.

The upper part of the Ozan formation is almost uniformly
massive dark sandy, micaceous marl. Toward the top there are
some beds of poorly stratified and cross-bedded marly sand, in
which the quartz grains are very fine; a few beds of hard lime—
stone are also present. :

The Ozan formation is between 1560 and 250 feet thick in
Hempstead County and farther west but gradually thms toward
the east.

The Buckrange sand lentil of the Ozan formation thins to-
wards the edst; and inasmuch as the percentage of sand in the
Brownstown marl increases in that direction, the differentiation
of the Ozan and Brownstown becomes increasingly difficult and
has only been’ tentatively accomplished in Clark County and
thence eastward.

CHARACTER OF THE SUBSURFACE BEDS
Distribution and character.—The Ozan formation is present :
throughout southwestern Arkansas and eastward into southeast-
ern Union County, central Bradley County, northeastern Cal-
houn County, southwestern Dallas County, and northeastern
Clark County. To the east of these areas it is overlapped by
the Marlbrook mar} but may reapper in the sectlon in meoln
Desha, Arkansas, and Phillips counties. '

In the southwestern part of this area and extending eastward
to near the Smackover and El Dorado fields, the Ozan forma-
tion is composed of gray and greenish-gray micacecus marls and
sandy marls, with some thin lenses or beds of argillaceous lime-
stone and chalky marls in the southWwestern part of the area.
At the base of the formation is a persistent, generally glauco-
nitic sand member or a series of interbedded sands and sandy
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marls to which Dane® has given the name, “Buckrange sand.”
In its subsurface extension this sand member, which is an im-
portant oil and gas-producing horizon in seuthern Arkansas and
northern Louisiana, exhibits considerable variations in charac-
ter and thickness. In the Bradley district in southern Lafayette
County, it is about 40 feet thick, consisting of fine-grained
glauconitic, micaceous sand at the top; interbedded thin sands
and sandy shales in the middle part; and glauconitic sand, con-
taining fine grains of chert. In parts of Columbia and Nevada
counties this member is absent. Where present, the Buckrange
sand merges gradually upward into sandy marls, which in most
places contain abundant small oyster shells, frequently in co-
quina-like layers which are finely developed in the Haynesville,
Louisiana field, immediately south of Columbia County. In
places the upper part of the Ozan formation contains beds of
fine-grained generally glauconitic and marly sands and thin beds
of limestone.

The Ozan formation thins and becomes increasingly sandy
to the east of a line drawn from the outerop through southwest-
ern Cuachita and western Union counties into Louisiana, and,
as the sand content of the formations above and below increase
in that direction, the differentiation of the Ozan becomes in-
creasingly difficult.

In the Smackover field and in the area to the south, the Ozan
formation is made up of sands at the top and bottom with in-
termediate beds of marl and sandy marls. The upper sand is-
commonly called the “Meakin sand” or the “Louann sand”; the
Iower sand, the correlative of the Buckrange sand, is called the
. “Graved sand” ; both are important oil and gas-producing sands in
the Smackover field. The Meakin sand is white to gray micaceous
and generally fine-textured quartz sand. The Graves sand is
gray to greenish-gray fine fo coarse-textured gquartz sand, in
part glauconitic, and locally contains small phosphate and chert
pebbles and some volcanic material.

Farther to the east the Ozan formation is composed chiefly
- of sand and sandy marl.

Thickness.—The Ozan formation, inciuding the Bueckrange
sand at the base, is slightly more than 100 feet thick in Miller,
Lafayette, and parts of Columbia counties but gradually thins
toward the east.

Correlation.—The Ozan formation has been tentatively cor-
related with the lower part of the Annona chalk, as exposed in
the vicinity, of Clarksville, Texas®, partly on paleontologic

" grounds and partly by other evidence. According to Israelskys“
¥ Dane, C, Hy, op. cit

bod Stephenson L W., op. cit.
 Teraelsky, M. C., op, cit.
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the Ozan formation is the basal formation of the Tay}or group
of Texas.

A typical well section of the Ozan formation is given belomr,
and detailed sections of the Buckrange sand are given in the
description of the oil fields.

Section of Ozan formation in Arkanses Natural Gas Company’s Red River
- Lumber Company No. 4 well in see, 18, T. 19 8, B. 24 W,
: Lafayette County, Arkansas

Character ' Depth in feet

Ozan formation:

- Gumbo 2667-2682
Gypsum and broken lime - 2682-2694
Chalk . 2694-2696
Gummy lime. - S 2696-2720
Gummy shale and lime.____._ 2720-2783
Sandy shale and sandy lime ... . 27832789

Buckrange sand:

Caprock .- 2789-2792
Hard sand . - . 27922793
Sand - . 2793-2795
Sandy shale 27952798
Sand . . 2798-28B02
Sandy shale.. . : 2802-2808
Sand N 2808-2811
Sand and shale ' 2811-2813
Hard sand : 28132815
Hard sandy shale . . 2815-2832

ANNONA CHALK
GHARACTER OF THE SURFACE BEDS

Accordmg to Dane®, the Annona chalk in its surface expres-
sion is a massive, heavy-bedded hard white chalk which is spar-
ingly fossiliferons. At the westernmost exposure in Arkansas
in the Rocky Comfort area, it is apparently transitional at the
base into the Ozan formation, but east of this locality, where the
bed is exposed, there is a sharp break in lithology, and borings
filled with chalk extend from the base of the Annona into the
underlying sandy marl. The Annona chalk of southwestern
Arkansas is of Taylor age and is the equivalent of the upper
part of the Annona chalk as exposed at the type locality around
Clarksville, Texag.,

The Annona is approximately 100 feet thick in Little River
and Sevier counties but thins eastward through Howard County.
In westernmost Hempstead County, in the vicinity of Yancy,
it is only 2 or 3 feet thlck East of this locality it is not present
in the section. .

CHARACTER OF SUBSURFACE BEDS

Dzstmbut'wn and choracter—The Annona chalk underlies

¥ Dane, C. I'I op. cit.
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southwestern Louisiana éastward to a line drawn through cen-
. tral Hempstead and southwestern Nevada counties into the south-
. ._'eastern corner of Columbia County. To the east of this area,
" it is overlapped by the Marlbrook marl.

The Annona chalk is recorded in deep wells as hard chalk
with soft chalk and chalky marl at the top and bottom. Cores
of the Annona chalk show it to consist principally of white, gray, -
and bluish-gray generally massive chalk with some chalky marl,

which locally is sparingly glauconitic.

: Thickness—The Annona chalk is 10 feet thick in Miller
- ‘County, and 100 feet thick in central Columbia County, but thing
rapidly to the east of that area.

MARLBROOK MARL (RESTRICTED)}

. . CHARACTER OF THE SURFACE BEDS

- Dane* has redefined the Marlbrook marl, restricting it to -
the beds beneath the Saratoga chalk, which in previous reports,
had been treated as a member of the Marlbrook marl by Veatch
who also included the clayed beds in the lower part of the Naca-

toch sand as here differentiated. ;

The Marlbrook marl is a strikingly uniform chalky marl,
which is dark-blue when fresh and weathers deeply to a nearly
white color. It is free from palpable sand and is, therefore,
highly plastic when wet. - The marl commonly ocecurs in thick"
beds but locally is massive and devoid of bedding. Toward the
top it is fossiliferous and contains some coquina-like shell beds,

- The lower part of the Marlbrook marl contains some very chalky .
layers a few feet thick and is only sparingly fossiliferous. At
the base the Marlbrook is transitional into the Annona chalk in

' which are shaly layers in the upper part. Nevertheless, the -

¢hange from chalk is usually rather abrupt. When the Annona
is absent and when the Marlbrook rests directly on the Ozan
formation, there is a sharp contact and ev1dence of a break in

. sedimentation.

The Marlbrook marl is about 200 feet thick north of Sara-

toga, Howard County, but gradually thins eastward to only 50

‘feet in eastern Clark County. .-
CHARACTER OF THE SUBSURFACE BEDS

Distribution and charecter—The Marlbrook marl probably

underlies all of the Coastal Plain of Arkansas except a small -

- area in the southeastern corner and in a narrow belt along the - : .-

.margin of the Coastal Plain north of Clark County, where lt
~is overlapped by younger sediments.

In the southwestern part of the state the Marlbrook marl

. ¥ Dane, C. H ap. cit.

¥ Veatch, A, C., Geology and underground water resources of . northetn Lonmana and southern"

Arkansas: U. S, Geol. Survey, Prof Paper 46,
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:.'-"closely resembles the strata exposed at the surface north of

Saratoga, Howard County, and is composed of gray to dark-blue
marls with some chalky marl in the upper part and thin beds
. of chalk.in the lower part. If appears to be transitional into

*. the Saratoga chalk (above) and into the Annona chalk (beneath)..

. The Marlbrook marl maintains its general characteristics in’

" eastern Nevada, western Ouachita, and western Union counties,
where it begins to change laterally in character and becomes
increasingly sandy towards the east and the southeast. Through-
out most of southeastern Arkansas, the Marlbrook is composed
of marl, in part chalky, interbedded with fine sandy marl and
genera.lly fine-grained glauconitic sands; but locally in this area
it is composed principally of sands and marly sands.

The Marlbrook marl is overlapped by the Nacatoch sand
along the margin of this Coastal Plain to the north of Clark
County but reappears in deep wells located from 20 to 25 miles
basinward. The marginal beds are predominantly sandy but in
a short distance grade 'laterally nto marls and chalks, which
attain a considerable thickness in the central part of the Arkan-

sas synclme north of Drew and Chicot counties,

In that area the Annona chalk of southwestern Arkansas
may be present and together with the Marlbrook marl and Sara-
toga chalk form a lithologie unit which to the east merges with
the Selma chalk of Mississippi. (See Fig. 12.)

Thickness.—The Marlbrook marl is 200 feet thick north of

- Saratoga in Howard County and 150 feet thick in southwestern
Miller county. It is 150 to 175 feet thick in Lafayette and

Columbia counties and in parts of Nevada, Ouachita, and Union =~

counties but decreases in thickness in southeastern Arkansas.
The Marlbrook is estimated to range in thickness from a few -
feet in the western part to 200 feet or more in the southeastern
_part of the Arkansas syncline.
Correlation.—The Marlbrook marl is correlated by Stephen-
. son®, with the upper part of the Taylor marl of Texas.
" From the outcrop southward inte northwestern Louisiana it
grades laterally into chalks and is then not separable either
from the underlying Annona or the overlying Saratoga chalks.

‘. In the area of the Arkansas syncline the evidence suggests an

eastward gradation from marl into chalks identified. w1th the
Selma chalk of Mississippi. .

SARATOGA CHALK
CHARACTER OF SURFACE BEDS

e The Saratoga chalk which rests unconformably on the Marl- “
= brook marl, aceordmg to Dane®, is a comparatlvely thin forma-

o Stephenlon l- W., op. ¢it.
- ¥ BDane, C. H,, op. cit.
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tion, ranging from 20 to 60
feet in thickness. It was pre-
viously included as a2 member
of the Marlbrook marl but is
‘now treated as a separate for-
mation because it is separated
from the underlying barl by a
well-expoged and persistent
lithologic and faunal break.
The chalk rests on an irregu-

lar surface, and its basal few .

inches locally contain -glauco-
nitic sand. Almost everywhere
borings filled with glauconitic
chalk extend down into the
underlying marl. The lower
few feet of the Saratoga chalk
- congists of hard sandy or
marly chalk with disseminat-

ed glauconite and contains’

abundant large shells. The up-
permost Marlbrook is usually
" a pure dark-gray marl with-

out sand, which weathers

light-gray, but in its upper
few feet there are many small
. isolated pockets or lenses of

glauconitic chalk of the same -

character as the borings that
extend from the base of the

Saratoga into the marl. The-

upper part of the Saratoga
contains marl and clay and in
eastern Clark County includes
heds of chalky sand, contain-
ing abundant small black mac-
erated plant fragments.

CHARACTER OF THE SUBSURFACE BEDS
- Distribution and character
-—The Saratoga chalk under-
lies all of the Coastal Plain of
Arkansas except a narrow belt
adjacent to the Ozark prov-

ince to the north of Clark -

County, where it is overlapped
by the Nacatoch sand, and
possibly a small area in the
southeastern corner of the
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state, where the uppermost Cretaceous is repreéented by the
Monroe gas rock which has not been definitely correlated but
may be in part of Saratoga age.

In southwestern Arkansas, where it attains its fullest de-
velopment, the Saratoga consists of white and gray generally
“massive chalk with some interbedded marly chalk. The same

general characteristics are maintained throughout southern
Arkansas,

Thickness.—The Saratoga chalk is 150 feet thick in south-
western Miller County and 100 feet thick in most of Lafayette
and Columbia counties. This formation decreases in thickness
toward the northeast and east of this area, ra,ngmg from a few

. feet to 75 feet in thickness.

Correlation.—The base of the Saratoga, accordmg to Dane®,
clearly marks the base of the beds of Navarro age in Arkansas.
This eorrelation is predicated on the existence of an unconform-
ity at the base of the Saratoga chalk which also marks the base
of the Exogyra costale zone, Other workers in this region are
inclined to include the Saratoga in the Taylor group, thus placing
it at the top of the beds of Taylor age in Arkansas. To the south
and southwest in Louisiana and Texas the Saratoga chalk in-
creages as the Marlbrook marl decreases in thickness and be- >~
comes increasingly chalky, finally these formations together
with the Annona chalk at the base merge into an essentially con-
tinuous chalk formation. Eastward into Mississippi the Sara-

toga, Marlbrook, and Annona chalks are represented in the
Selma chalk,

NACATOCH SAND
CHARACTER OF SURFACE BEDS

As described by Dane®, the Nacatoch sand, which uncon-
formably overlies the Saratoga chalk, is a complex unit, com-
posed of cross-bedded yellowish and gray fine-grained quartz
sand, hard crystalline fossiliferous sandy limestone, coarse, rich-
ly glauconitic sand, fine argillacecus dark biue-black sand and
pure light-gray clay and marl. For some distance east of Little
Deciper Creek, the Nacatoch completely overlaps the Saratoga
chalk and rests directly on the Marlbrook marl. The Saratoga,
however, reappears from under the Nacatoch in the immediate
vicinity of Arkadelphia.

The Nacatoch sand is divisible into three lithologic units,
“which are continuously traceable from a point west of Wash-
ington, Hempstead County, eastward to Dobyville, Clark County.
These three units are completely gradational one into the other.
The lowest consists of bedded gray clay, sandy clay, and marl;

# Dane, C, H., op. cit,
% Dane, C, H., op. cit.
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dark clayey, very fine-grained sand and harder irregular con-.
“cretionary beds which contain lenses of calcareous fossiliferous
slightly . glauconitic, sand. Both eastward and westward, this
lowest part of the Nacatoch changes laterally to fine-grained
gray crogs-bedded quartz sand, which weathers yellowish and
contains partings and pockets of clay. The lowest unit is esti- .
mated to be 100 feet thick north of Washington and is about 60
feet thick near Qkolona, where it is almost pure elay. The mid-
dle unit consists of dark-greenish sand, which containg from
20 to 80 per cent of coarse glauconite graing and which weathers
lighter shades of green. The middle unit also contains hard,
irregular concretionary beds, cemented with calcite, and subor-
. dinate heds of dark blue-gray argillaceous, massive, fine-grained
sand. The greensand member is about 50 feet thick near Wash-
ington .and 40 feet thick near Okolona. East of Terre Noir
Creek, Clark County, it grades into gray quartz sand, which
weathers yellow, and contains small poorly preserved fossxl
prints and casts.

" The upper part of the Nacatoch sand is composed of un-
consolidated gray fine-grained quartz sand, which weathers yel-
lowish and reddish. Cross-bedding is commonly present in this
sand but is obscure unless revealed by differential weathering
of thin clay partings. Locally the sand is massive and structure-
less and contains a few hard lenses and beds of fossiliferous
sandstone, cemented by crystalline calcite; beds of gray and
white clay as much as 2 feet thick, are also present.

West of Washington and east of Dobyville, the Nacatoech
sand cannot be divided into the three units just described; in-
stead it consists chiefly of sand which is characteristic of the
upper of the three units. Between Saratoga and Fulton the
whole thickness of the Nacatoch apparentiy consists of sandy
beds of uniform composition, but, near Arkadelphia and for
some distance west, the lower part of the Nacatoeh consists of
dark-gray or greenish-gray massive argillaceous fine-grained
sand, which contains scattered grains of glaueonite. Distributed
through this massive sand are small lenses and beds of hard
dark-gray sandstone cemented by calcite. Some of the lenses
contain numerous fossils; others are nonfossiliferous. This
_ lithologic unit is at least 100 feet thick as exposed at High Bluff
on Ouachita River, but westward it grades rapidly to yellowigh
sand, which is only slightly argillaceous and contains only small
poorly preserved fossil prints,

The Nacatoch sand is about 400 feet thick in western Hemp-
gtead County but thins gradually eastward to abeut 150 feet
near Arkadelphia.
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CHARACTER OF THE SUBSURFACE BEDS

Distribution and character.—The Nacatoch sand underlies
all of the Gulf Coastal Plain of Arkansas except in a very nar-
row belt adjacent to the Qzark province to the north of Clark
County, wherein it is overlapped by Tertiary sediments. In the
southern part of the state, including the southeastern part of
Union County, the southern and eastern parts of Ashley County,
and most of Chicot County, the uppermost Cretaceous congists
of limestone, called the “Monroe gas rock,” which is believed to
include the equivalent of the Nacatoch sand as developed elge-
where in the state.

The Nacatoch formation, in general, is d1v131ble into two
lithologic units which are gradational one into the other but
recognizable through most of the Coastal Plain of Arkansas.
The lower unit is composed of gray clays and shales, finely sandy
clays, and, in some areas, containg thin beds or lenses of con-
cretionary limestone and sandy limestone. In the marginal
beds to the north of Clark County, this unit consists prineipally
of fine-grained, in part glauconitic sand with thin concretionary
beds. In parts of southeastern Arkansas, including parts -of
Union, Ouachita, Calhoun, Bradley, Dallas, and Cleveland coun-
ties, it is composed primarily of finely sandy clay and sandy
" marl with thin lenses of limestone.

The upper unit is composed chiefly of gray fme—gramed gands
interbedded with clayey sands, sandy clays, and calcareous sarid-
stones. The greensands, prominently developed in the vicinity
of Washington, Hempstead County, appear to be represented in
this unit, locally at least, by beds of glauconitiec sand and sand-
stone. In general, there is an increase in the calcareous and
argillacecus content of this unit towards the south and south-
west from Hempstead and Clark counties and the area of the
Arkansas syncline towards the axis of the syncline. Lenticular
structure of the individual members composing this part. of the
Nacatoch is strongly suggested by the available records.

The responsiveness of the Nacatoch to environmental condi-
tions is indicated by the marked lateral changes in lithology and
thickness, recognizable locally in many places; but prominently
exhibited. in the area of the Smackover field where the forma-
tion is composed prineipally of sand over the Norphlet dome
area but grades laterally into sandy clays and clays, interbedded
with thin and generally lentlcular sands on the flanks of the
dome.

The Nacatoch sand is an 1mporta.nt oil and gas-producing-
horizon in the El Dorado, East El Dora,do Llsbon, Smackover,
and Irma fields. . - .
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Thickness,—The maximum thickness of the Nacatoch sand
recorded is in southwestern Miller County where it is 575 feet
thick. It decreases in thickness towards the east of Miller
County and is 250 to 300 feet thick in Columbia and Nevada
counties but is only 125 to 250 feet thick in Union, Quachita,
Cleveland, and southern Dallas counties. In the area adjacent
to Mississippi River north of Chicot County, the Nacatoch is
probably not less than 300 feet thick.

MONROE GAS ROCK

The “Monroe gas rock” is applied to a series of erystalline
limestones forming the principal gas-producing horizon in the
Monroe gag field in Louisiana. Inasmuch as this name is in
common usage, and the correlation of these strata with the
standard Arkansas section is not definitely determined, it seems
advisable to retain the name for the present.

The Monroe gas rock is extensively developed in northeastern
Louisiana but continues into southern Union County, southern
and eastern Ashley County, and northern Chicot County, Arkan-
sas. In these areas it rests on strata ranging in age from Marl-
brook to Lower Trinity and is overlain by strata of Midway
formation (basal Eocene age). The areal distribution of the
Monroe gas rock coincides closely with the extent of the Mon-
- roe uplift.

The Monroe gas rock is composed of white and light gray
hard generally porous crystalline limestone, which in some places
contains small amounts of fine quartz sands. To the north of
the area of its typical development in southeastern Arkansas,
~ the Monroe gas rock interfingers with the Nacatoch sand; this

condition is well illustrated in the record of the Arkansas Fuel
Qil Company’s Crossett Lumber Company No. 1 well in sec. 1,

T.19 8., R. 7T W., Ashley County.
THICKNESS

The Monroe gas rock is from 200 to 800 feet thick in south
ern Ashley and Chicot counties but decreases in thickness to-
wards the north and northwest.

CORRELATION OF THE NACATOCH SAND AND THE MONROE GAS ROCK

The Nacatoch sand is correlated with the Navarro forma-
tion of Texas, which has not yet been subdivided. It may be the
equivalent to a zone of somewhat glauconitic gray sands and
sandy clays, containing caleareous and fossiliferous lenses, which
is extensively developed in northeastern Texas. To the east it
is in part the equivalent to the Ripley formation of Tennessee
and Mississippi.

The correlation of the Monroe gas rock, in part at least with
the Nacatoch sand, is indicated by the fact that beds of typical
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Monroe gas rock lithology interfinger with Nacatoch sand in
Union and Ashley countieg, but in part it may be the correlative
of the Saratoga chalk. The Arkadelphia marl has "not been
recoghized as a distinct lithologic unit in the area wherein the
Monrce gas rock is typica]iy developed; whether or not this
formation is also represented in the Monroe gas rock is at present
unknown.

. ARKADELPHIA MARL
CHARACTER OF SURFACE BEDS

The Arkadelphia marl is the uppermost formation of the
Gulf series and overlies the Nacatoch sand unconformably, rest-
ing upon an irregular surface of slight relief which probably
represents only a brief time break. The basal few feet of the
Arkadelphia marl contains hard gray sandstone, lenses of fos-
siliferous gray limestone, and gray calcareous sandstone, lenses
of fossiliferous sandy gray limestone, and gray calcareous sandy
clay.  The remainder of the formation consists almost exclugive-
ly of dark marly clay and marl, which weathers light-gray. The
marl and clay are poorly bedded or massive and in most places
have a markedly conchoidal or lump fracture. The marl is pre-
vailingly free from sand and contains locally a few layers of
dense gray concretionary limestone or white impure chalk. The
Arkadelphia marl characteristically contains shell fragments and
foraminifera and in some outcrops yields an abundant fauna,
although locally it contains no fossils.

The Arkadelphia marl along its outcrop has a thickness of
about 150 feet which decreases eastward to about 120 feet in
eastern Clark County.

CHARACTER OF THE SUBSURFACE BEDS

Distribution and character—The Arkadelphia marl is pres-
ent throughout the Coastal Plain of Arkansas, except in a small
area which includes parts of Ashley County and most of Chicot
County, where the Midway formation rests directly on the Mon-
roe gas rock. It has not been determined whether the Arka-
delphia marl has been removed by erosion or changes laterally
in character in -this area.

The Arkadelphia marl is remarkably uniform in character
throughout southern Arkansas and northern Louisiana and is
recognized in Missigsippi where it is included in the Ripley forma- .
tion. It is composed chiefly of dark-gray to nearly black marly
clay and marl but contains beds of chalky marl and thin- beds
and lenses of chalk, and locally, thin beds or lenses of sandstone
and sandy shale in the basal part of the formation.

Thickness.—The top of the Arkadelphia marl is an erosion
surface developed during a long period of emergence. The thic_k—
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ness of the formation, nevertheless, is remarkably uniform,
rangmg from about 50 to 150 feet, with the g'reater thlckness
m the sduthwestern part of the state.

Correlation.—The Arkadelphla. marl is the upper part of the
Exogyra costate zone and is represented in northeast Texas
by the upper part of the Navarro formation. The Arkadelphia
marl is recognizable as a distinet lithologic unit in Mississippi
where it i3 included in, and. forms the upper part of, the Ripley
formation.

Typical well sections of the Nacatoch sand and Monroe gas
rocks are given in the following tables.

Section of Nacatoch sand in Magnolia Petroleum Céﬁpany’s‘ We_stm‘orelcmd
No. 1 well in sec. 9, T.'19 S, R. 27 W., Miller County, Arkonsas

Character Depth in feet
Nacatoch sand: _

Hard sand . . . i : 1831—1842
Hard lime rock ... N, S . 1842-1854
"Hard sand : - : 1854-1876
. Broken ilme. R 1876-1880
Sand : : 1880-1896
Hard ime .. . .. S 1896-1910
Sand — - 1910-1922
Broken lime__ . 1922-1932
Sand - S 1932-1995
Lime rock _ e 1995-2000
Broken lime and sha.]e ..... : 2000-2007
Shale ._.__ . . 2007~2012
Sand - : - 2012-2038
‘Sand and shale : e 20382067
Rock - 2057-2070
Shale - . 2070-2115
Sand i e e e e 2115-2132
Hard rock - ' 21322135
Sand ) e e 2135-2234
Sand and shale.._ . . ‘ : . 2284-2254
Shale . : 22542265
Sand and shale R e, 22652305
Hard shale — — . 2305-2337
Hard sand and shale : 2337-2368
Shale and rock : .- 2868-2391

Section of Nacatoch sand in Arkonsas FuellOd'Commys Longino and
- Goode No, 1 well in’ gec. 14, T 18 8, R 20 W Colwmbw, County, Arkansas

Character Depth in teet
Nacatoch sand: .

Sand ' N L - 196&1_967
Lime B : , 1967-1969
Sand - ‘ 1969-1971
Sand and shale . _ : ' - 1971-1973
Sand .. e 19731980
Sanay hmestone_ L 1980-1984

" Sand : g il 19841991

,é
4
.’,;.‘;;
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Broken sandy Wime.. . . . _ 1991-1993
Sand. i .. 19931999
Broken lime.. .. . . N 19992003
Sand — 2003-2005
Sandy limestone N . 2005-2007
Sand i 2007-2009
Sand and shale - 2009-2014
Broken sand : — 20142016
‘Sandy lime___._ . 2016-2020
Limestone __._ O 20202023
Sand and shale . . . 2023-2024
Sand and sandy limestone. i . e 2024-2052
Sand and shale. e 2052-2060
Shale- . . : . - 2060-2063
Sand and sandy lime e e 20632087
Sand and shale ... — s 2087-2093
Sand and sandy limestone e 2093-2130
Iimestone and shale i . 2130-2138
Sand, sandy limestone, and limestone .. e 2138-2163
Shale e e S e . 2183-2174
Sandy limestone _ 21742177
Gummy lime S . 2177-2210
Gummy lime and shale , S . 2210-2266

Section of Nacatoch sand in Talbot and Markle’s Copeland Neo. 1 well in
sec. 31, T. 19 S., R. 19 W., Columbie County, Arka.nsa,s '

Character Depth in feet
Nacatoch sand :

Sand with shale breaks; oil show..__ .. 2287-2295
Sand — 2295-2305
Sand and shale ~ _. 23052313
Sand .. — .. 2313-2332
Hard sandy lime. . - . 2332-2346
Shale and boulders.. . .. 2346-2425
Shale . - 2425-2465
Hard sand...—._.._. — 2465-2469
Gumbo and lime... N 24692545

Section of Ncwa.toch sand in Shell Petroleum Company’s C‘a:m'oll No. 1 well
' in sec. 19, T. 18 S B. 16 W., Union County, Arkansas

Character Depth in feet

Naéatoch sand:

Sandy shale (Core 2039-2046 feet, gray sandy shale, dark-
gray compact clay, and fine-grained glauconitic sand;
core 2048-2050 feet, gray fine sandy clay with irreg'ular
patches of gray fine-grained sand)

Hard sand, cap rock (Core 2053 feet, gray medium-grained
hard slightly glauconitic sandstone) I

Seft gray sand (Core 2056 feet, gray medium-grained slight-
ly clayey sand) .. 2054-2066

Gray sand and shale (Core 2063-2073 feet, gray clay, fme-

" grained argillaceous sand, and sandy elay) . 2066-2073

Gray sand (Core 2073-2080 fee!, gray fine to medium-grain-
ed In part clayey sand, and thin lenses of gray com-
pact clay)

Shaley sand

2037-2050

2050-2054

20732087
... 2087-2091
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" Sandy shale (Core 2087—2095 feet gray compact Shale and .
sandy_ shale) . . 2091-2095

Sﬁcky shale (Core 2105-2115 feet, gray, medium-grained
argillaceous sand) : _ 2095-2121
Hard sandy lime 2121-2130

Soft sand (Core 2128-2135 feet, gray sandy shale, sand, and

clay) . . 2130-2137

. Broken sandy lime (Core 2135-2145 feet, gray silty sand and
sandy shale; core 2145-2155 feet, gray sandy shale) .. _ 2137.2170
Stick shale (Core 2155-2175 feet, gray silty sand and sandy
" shale) - .. 2170-2228
. Sandy shale (Core 2230- 2237 feet, dark- gray marl) . 2228—2245

Section of Nacatoch sand in N a,twml Gas and Fuel Corporation’s Cordell No.
: 1 well in sec. 9, T. 18 8, R. 18 W., Union County, Arkansas

) Chara.cter * Depthin feet‘
Nacatoch sand: .
Limestone and streaks of hard shale... . .. 2192-2212
Gray limestone : e 22122215
Hard sandy shale; show of ofl . 2215-2228

Sand (Core 2234-2240 feet, light-gray fine-grained calca-
recus sandstone; core 2240-2247 feet, light-gray, fine-
- grained caleareous sandstone; core 2247-2254 feet, medi-
um-gray calcareous sa.ndstune) ______ 2228-2254
Hard sandy shale and streaks of oil sand- ( Core 2254-2270 -
feet, medmm—g’ray fine to medlum-g‘ramed "caleareous
sandstone) . - 22542270
Lime and shale i i} 2270-2318

.Sectw'n. of Nacatoch sand in Pure Oil Corporation’s Gregory No. 1 well in
gsec. 10, T. 17 8, B. 14 W,, Urnion County, Arkansas

N Character : : ' Depth in feet

Nacatoch sand: ‘
Sand with streaks of shale. . — 2135-2150
Limestone . 2150-2161
Sandy shale _ 21612176
Rock : e e e 2175-2176
Shale i 2176-2197
Broken rock and sand i .o 21972200
Shale and sand rock S 2200-2220
Sand with hard streaks _' — - 2220-2240
Limestone with streaks of sand .. - 2240-2258
Chalk and sand with streaks of shale. _ 2258-2288

Seatwn of Nacatoch sand in Louisiana Ol Refining Corporation’s Manley
No. 1 well in see. 15, T. 15 8., B. 19 W., Ouachita County, Arkansas

Character Depth in feet
‘Nacatoch sand:

Sand; show of oil : 14841492
Hard gray lime..._. - y . 1492-1500
Sandy lime . : S, : 1500-1560
.Hard lime. . . i 1550-1588
Broken lime, and shale : I, 1588-1643
Lime e . 1643-1653.
Shale R e : i 1653-1693

. Gumbo and shale | : . 1693-1738

i
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Section of Nacatoch sand in Arkensas Natural Gas Corperation’s Tate No
1 well in sec. 4, T. 9 8., B. 11 W., Cleveland County, Arkansas

Character . ) Depth in feet
Nacatoch sand:

Sand : 2930-2955
Sand and shale 20512961
Sand and limestone 2961-2992
Hard shale and limestone_. . . 2992-3030
Hard sandy shale . e 3030-3048
Shale and streaks of limestone. i . 3048-3080

Section of Nacatoch sand in Ohio Oil Company’s Taylor No, 1 well in gec.
29, T. 98, B. 17 W., Dallas County, Arkansas

_ Character . i Depth in feet
- Nacatoch sand: .
Sand _ S . e 1051-1220
Sandy shale... - — ; . 1220-1234
Shale and chalk . : : 1234-1252

Section of Nacutoch sand in Atlantic Oi Producing Company’s Moffat No,
1 well in sec. 28, T. 16 S., B, 8 W., Ashley County, Arkansas

*. Character . Depth in feet
Nacatoch sand: '
Hard sand and chalky sand (Core 2778-2784 feet white cal-

‘careous sandstone) . 29762789
Sandy chalk 2789-2790
Sand (Core 2790-2792 feet, hght-gray calcareous sandstone) 2790-2796
Broken lime rock 2795-2806.
Sand 28062810
Soft sand with thin streaks of lime (Core 2811-2816 feet,

medium-gray friable caleareous sandstone) .. . 2810-2816
Hard broken lime 2816-2830
Chalky shale. (Core 2839-2345 feet g'ra.y, fnable, calcareous

sandstone) . e 2830-2845
Sandy chalk and streaks of shale - .. 2845-2879
Chalk (Core 3009-3016 feet, medmm—g’l‘ay caleareous sand-

stone) . 2879-3034

- Section of Nacatoch scmd i Arkomsas Fuel 0l Company’s Crossett Lumber
Company No. 1 well in see. 1, T. 19 S, B. 7 W., Ashley County, Arkansas

Character : ) Depth in feet

Nacatoch sand:
Hard sand and lime (Core 2714-2718 feet, white sa.ndy lime-

stone} L. 27142718
Hard sandy hme (Core 2719-2721 feet, light-gray sandy :

limestone) _ — .. 2718-2721 .
Sand (Core 2721-2727 feet, hght—gray sandy limestone) . 27212727
Sand (fresh wateér) (Core 2727-2733 feet, light gray soft,
' fine-grained sandstone) . . 2727-2733
Lime {(Core 2733-2740 feet, medmm—gray, soft calcareous

sandstone) . e 27332745
Hard lime and streaks.of sand - . 27452757

Sand and streaks of lime (Core 2757-2762 feet, medlum-gray,
soft calcareous sandstor_le) : 2757-2762




108  GEOLOGY OF THE GULF COASTAL PLAIN IN ARKANSAS

Sandy shale and lime (Core 2762-2768 feet, light-gray, cal- -
. - careous sandstone) 27622783
- Hard sandy shale . 2783-2788
- Hard sand and lime (Core 2790-2793 feet, white fine sandy,
crystalline limestone (Monrce gas rock) ; core 2793-2798
feet, light-gray porous, sandy, crystalline limestone; core
2798-2802 feet, medium-gray hard caleareous sandstone
and shell fragments; core 2802-2803 feet, light-gray
hard calcareous sandstone and soft medium-gray calea-
recus sandstone) 2788-2803
Sand 2803-2805
Sand and lime (Core 2805-2807 feet, whlte very slightly
sandy, porous, crystalline limestone WIth fossils (Mon-

roe gas rock) 2805-2807
Lime and sandy shale (Core 2807-2812 feet, gray calcareous
sandstone) 2807-2812
Lime and shale 2812-2833
-Hard lime . 2833-2840
- Lime and shale : 2840-2862
- Hard lime and shale 2862-2873
. Hard lime and shale {Core 2873-2879 feet, light-gray sandy
limestone) . 2873-2913
Sandy ‘shale and lime (Core 2913-2920 feet, gray calcareocus
sand) 2913-2932 -

Seetion of Monroe gas rock in the Texas Company’s Goy No. 1 well in sec.
33, T. 16 8., RB. 4 W., Ashley County, Arkonsas
Character " Depth in feet
Monroe gas rock: '
" Gag rock (Cuttings 2866-2867 feet, white hard, porous, sandy
- limestone, containing a considerable amount of crystal-
line calcite; core 2867-2867%% feet, white hard, porous,

erystalline limestone, containing many medium-sized -
quartz grains)___, 2866-2889

Broken gas rock (Core 286714-2899 feet, white hard, porous,

crystalline limestone) 28892859
Gas rock 2899-2924 '
Broken gas rock (Core 2024-2929 feet, white hard fme-

-grained sandy limestone). 2924-2954

Sandy chalk (Core 2054-2959 feet, white, medium-hard,
limestone, in part crystalline with a small amount of

Afine quartz grains) 2954-2959
Broken gas rock 2959-2984
Chalk rock (Cores 2084-2986 feet, white hard erystalline
limestone) 2984-3003
Gas rock 3003-3048 :
Broken chalk and gumbe 3048-3088 5

Gas rock (Cores 2986-3105 feet, white hard and medium-
hard limestone, in part crystalline, containing a few
guartz grains) 3088-3114




TERTIARY SYSTEM
‘GENERAL STATEMENT

The Tertiary system in Arkansas is represented chiefly by
.the Eocene series, which is divisible into four formational units
and which has a maximum thickness of nearly 5,000 feet. The
- Pliocene is thought to be represented by the Lafayette sands
and gravels expogsed in Crowley's Ridge in northeastern Arkan-
sas and tentatively correlated with the Citronelle formation of
Louisianarand Mississippi. The Oligocene and Miocene series
are not represented in Arkansas {(See Table 1.}

EOCENE SERIES
GENERAL STATEMENT

The Eocene series of Arkansas consists of sands, sandy clays,
and clays in part lignitic and carbonaceous and of marine clays,
sandy clays, clays and marls, in part glauconitic and containing
thin beds and Ienses of limestone and chalk. The series con-
tains an abundance of siderite and ferruginous coneretions, irreg-
ular thin lenses of bentonitic clay, and locally irregular Ienses
and boulders of quartzite.

- The Eocene sediments are from 1,600 to 2,000 feet thick in
the southwestern part but increase in thickness to more than
4,000 feet in the eastern part of the state.

The Eocene formations have not been mapped in detail, and,
in - general, their characteristics are indifferently recorded in
deep wells. Because of these facts, the Eocene sediments are
described under the broader formational units, as follows:

Tertiary system
Eocene series
Jackson formation
Claiborne formation
Wilcox formation
Midway formation

MIDWAY FORMATION
Lo DISTRIBUTION
The Mldway formatlon crops out in a narrow, more or less
~continuous, belt 1 to 5 miles in width, extending from the Texas
line in northern Miller County to Little Rock, Pulaski County.
Northeast of Little Rock, the formation has been recognized in
a small area near Cabot, Lonoke County, and in a narrow out-
crop, not more than half a mile in width, extending from the
vicinity of Bradford, White County, to Depart Creek, southern
Independence. County. Elsewhere in this area the Midway is
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overlapped by younger Eocene strata or concealed beneath
Quaternary alluvial deposits.
CONTACT OF MIDWAY FORMATION WITH UNDERLYING ROCKS
From the Texas line northeastward to Ouachita River in the
vieinity of Arkadelphia, the basal Midway lies directly on the
Arkadelphia mar] of Cretaceous age. Where the Midway again
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F1ogure 13.—Cross section through Jackson

appears at the surface between Arkadelphia and Malvern, it lies
directly on strongly folded and truncated strata of Paleozoic
age, which form the basement floor upon which the Coastal
Plain sediments were deposited. This relationship of the basal
Midway to the basement rocks appears to continue northeast-
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ward to the border of the state. (See Fig. 13.) The rocks in
contact with the base of the Midway formation range widely in
lithology, consisting of marls in the western part, principally of
slates and novaculites between Arkadelphia and Little Rock,
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and principally of sandstones and shales to the northeast of
Little Rock; the sediments at the base of the Midway exhibit
correspondingly wide ranges in lithology. (Fig. 14.)
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: The Cretaceous-EOcene contact exposed in the NW1j, sec. 26,
T. 11 8., R. 23 W., 2.9 miles east of Emmett on the old highway
from Emmett to Prescott, has been described by Dane®:

“At this place a ditch north of the road'exl)oses a ledge of

L hard, yellow-weathering, gray earthy limestone about a foot

thick. This ledge is concealed above by soil. The limestone is
sandy and contains abundant fossil shells, very few of which
are well preserved, and, dark, long rhombs of calcite. It grades

. downward into calcareous, slightly sandy clay and then into a

calcareous waxy clay containing some poor shells, including
probably Ostrea pulaskensis, an Eocene form. :

©: *“About three feet below the hard limestone is a bed of marl,
" g foot thick, containing phosphatic nodules and some phosphatic

. fossil casts, as well as numerous foraminifera, and small shells,

In this zone there are yellowish lenses of sand, six inches long
. and one inch thick, containing abundant rotten shells of fora-

minifera. The marl below them is thickly studded with small
phosphatic nodules..... There is little doubt that the zone of
.phosphatic nodules marks the base of the Midway.”

Other localities in which the base of the Midway is exposed
are found between Emmet and Hope, Dane® described another
outerop located 4.4 miles north of Hope, along the road to DeAnn,
about a mile south of the bottom of Flat Branch of Terre Range
Creek. . At this locality the top of the Arkadelphia marl is a
‘massive, dirty chalk with a slightly irregular upper surface, on
which rests a bed that ranges in thickness from half an inch to
10 inches. Where thin; this bed is sandy marl, in which most
of the grains are rounded particles of black and gray phosphate,
nodules of caleite, and grains of glauconite, The bed coniains
1rregular nodules of light-gray phosphate, the largest half an
“inch in diameter, small fragments of Ostrea, fish teeth, and nu-
merous foraminifera; where thicker, it is a gray, calcareous
sandy clay in which are embedded masses of dirty chalk like

- that exposed below, 6 to 9 inches in diameter. In the sandy
. ¢lay are embedded specimens of Ezogyra costata of the Arka-
" delphia type. The relations here indicate that this sandy layer

o iz the basal Midway formation, and that the Exzogyre in it are

. reworked from the underlying Cretaceous, together with the
lumps of white marl. :

The base of the Mldway formatlon has not been recogmzed*
-west of Hope in Hempstead County

In the vicinity of Malvern, where the Midway rests directly

: on. Paleozoic slate and novaculite, the basal bed COHSiStS of

: 1 Dane, C. H., Upper Cretaceous formations of ajuthwestern A!hansaa Arkansu Geol, Survey
K Bull 2, 1929, p. 154. .
: e Bane; C. H., "@p. cit.
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gravel ‘made up chiefly of fra-gments of novacullte embedded in
clay. At Bradford, White County, the basal bed of the Mid-
way is composed. of thin layers of gravel, consisting of pebbles
and cobbles of soft brown sandstone, which range in size up to
6 and B inches in diameter, with average diameters of one-half
to one inch. The gravels are derlved from the Paleozoic rocks
underlying this area.

The lower 25 to 50 feet of beds in the Midway formation are
made up of calcareous clays, marls, limestones, and sands which,
in Arkansas, are recognizable as a distinet zone in the Midway,
extending from Hope, Hempsiead County, northeastward into
Independence County. The zone has been recognized to the
west in Texast and to the east in Mississippi, where it is cor-
related with the Clayton limestone of Midway age.

In Hempstead and Nevada counties, where this zone has heen
examined and described by Dane®, the zone consists chiefly of
gray calcareous clays with thin lenses of yellowish earthy lime-
stone and contains locally small lenses of fine sand at the base
East of Quachita River, where the Midway again appears
‘at the surface, the sand at the base and the overlying limestone
have increased in thickness. In sec. 8, T. 1 8., R. 13 W,, the sand
at the base of the Midway is 5 feet thick, and the overlying lime-
stone is 12 feet thick. A section expésed on Fourche Creek in .
Pulaski County exhibits the same thickness of sand with 14
feet of limestone above it. To the northeast of Litile Rock
the limestone becomes increasingly sandy, and in Independence
County consists of limestone beds 1 to 114 feet thick, interbedded
with thin beds of gray and yellowish-gray sands. The basal
beds of the Midway are abundantly fossiliferous. '

The remainder of the Midway formation consists of dark- .
gray noncalcareous clays, which, on the outerop, appear light
brownish-gray and bedded and show an irregular, conchoidal
fracture. Fresher exposures are darker gray and nearly mas-
gsive but show obscure laminations. The upper, generally non-
calcareous Midway is nearly free from sand but contains at
some places a few small flakes of Muscovite. In some places
this clay contains beds of concretionary sand, a fraction of an
inch to an inch thick, streaks of limonite, hard black broken
nodular and siderite concretlons Fossils are very rare in the
upper Midway. '

The contact of the Mldway with the overlymg Wilcox forma-
tion is observable at only a few localities but is well exposed in
the vicinity of Lanesburg, Nevada County, where the charac-
teristic dark-gray noncaleareous Mldway clay exposes a slightly

# Plummer, H, J., Foraminifera of the Mldway fomutmn in Texas: Texas Univ,, Bull. 26“ PR

206, 1926,
- fd Dane C. H., op. cit,
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irreguiar surface, in contact with irregular thin beds and lenses
of lignite and lignitic clays which, in turn, are overlain by
lipht-colored sands belonging to the Wilcox formation.

LOCAL DETAILS

An outcrop of the basal Mldwa.y in a gully along the Okalona
road 1.3 miles northwest of Beirne in Clark County, is described
by Danes.

“Here, there are 20 feet of very slightly calcareous light-
gray clay, with poor bedding. At the base of this, there is about
a foot of massive sandy mari containing numerous small, irregu-
lar, brown and black phosphatic nodules and colites, shark and
fish teeth, echinoid spines, foraminifera and a few glauconite
graing.”

A number of outerops of the Midway are deseribed by Har-
ris¥ and by Stephenson and Crider® of which the following are
representative of this formation,

Section of Lower Midway in sec. 8, T. 1 8., E. 13 W., Pulaski County

{G. D. Harris)
Thickness
Character in feet
Soil S, 1
Enclimatoceras limestone; yel]omsh and gray, more or less friable,
exterior of fossils often stained brownish by iron oxide; re-
plete with Enclimatoceras wlrichs, 1 to 12 inches in diameter.__ 12
Ostren hmestone, eompact, light-gray limestone, containing nu-
merous specimens of Ostrea puloskensis 3

Turritella limestone; light vellowish and gray, somewhat sandy,
often honeycombed and cavernous, weathering irregularly; at

base, especially replete with Tuﬂ*itellco PUOTEORR e e B4
Sandstone, light yellowish e 234
White compact sand, tinged yellow on exterior and containing

gcattered blue nodules; exposed thickness 2

Generalized Section ot Bradford, White County, Arkansas

(Stephenson and Crider) '
Thickness

Character in feet
Top of terrace capped with gravel (Lafayette formation?).... ...
Red calcarecus clay ; 5-10
Gray calcareous clay e 210
Layers of limestone interbedded with unconsohdated sand . 20

Thin layer of gravel, consisting of pebbles and cobbles of soft
brown sandstone which range in size up to 6 or 8 inches in
diameter, with 'an average diameter of one-half to one inch.
These are derived from rocks of Paleozoic age — . ¥ 1

Unconformity

Paleozoic sandstone and shale

4 Dane, C. H., op. <it,, p. 158,

41 Haysis, G. D., The Tertiary geology of southern Arkansas: Ark. Geol. Survey Ann. Rep. for
1892, wol. 2, 1894,

48 Stephenson, L, W., and Crider, A. F., Geology and ground waters of northeastern Arkamsaa:
1. S. Geol. Survey Water- Supply Paper 399, 1916.



TERTIARY SYSTEM 115

Section in o cut of the St. Lowis Iron Mountain ond Southern Roilway one-
quarter of a mile south of Grandglwise, Jackson County

{Stephenson and Crider}

Thickness
Character in feet
Top of hill and slope covered with brownish sandy loam and over-
grown with vegetation S, 25

Midway formation:

Limestone in layers 1 to 134 feet thick, interbedded with thin-
ner layers of soft gray calcareous sand; the limestone con-
tains small greenish pebbles of sandstone which are par-
ticularly abundant in layers 5 to 8 feet above base; the
upper and lower surfaces of the limestone layers present
numerous rounded and irregular concretionary projec-
tions which extend upward and downward into the in-
tervening layers of sand; the limestone contains an abund-
ance of imperfectly preserved fossil remains, among which
T. W. Vaughan has identified the following: Balane-
ohyllin sp., Tornatelln bella Conrad, Furritelle mortoni
Conrad, and Mesaliz pumile (Gabb) - 22

THICKNESS

The maximum thickness of the Midway formation along the
outerop in Arkansas is present in the southwestern part of the
state, where it iz not less than 400 feet thick; northeast of
Ouachita River the thickness decreases. (Fig. 15.)

FAUNA AND CORRELATION

The fossils of the Midway formation of Arkansas have bheen
studied by Harris® and others who have identified the follow-
ing species listed by Stephenson and Crider¥:

Fossils from the Midway formation of Arkenses

Belanophyllia sp.

Cucullaea macrodonta Whitfield
QOstrea erenulimarginata Gabb
Ostrea pulaskensis Harris

Pecten alabamiensis Aldrich
Venericardia planicosta Lamarck
Calyptraphorus velatus Conrad
Tournatella bella Conrad

Natica alabamiengis Whitfield
Turritella alabamiensis Whitfield
Turritella mortoni Conrad
Turritella multilira Whitfield
Mesalia pumila Gabb

Potamides alabamiensis Whitfield
Tubulostium dickhauti White
Volutilithes limopsis Conrad 7
Volutilithes petrosa (Conrad) 7
Enclimatoceras ulvichi White
Calianassa ulrichi White

T Hanis,'ﬁ. D., op, cit. )
0 Stephenson, L. W., and Crider, A, F., op. cit,
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On the evidence of the contained fauna, these beds are cor-
related with the Midway group of Alabama, the lower calcareous

.
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FIGURE 15.—Cross section through Dallas and Calhoun counties.

and fossiliférous zone being regarded as the equivalent of the
Clayton limestone of Mississippi.
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CHARACTER OF THE SUBSURFACE BEDS
DISTRIBUTION AND CHARACTER

The Midway formation which underlieg all of the Gulf Coas-
tal Plain of Arkansas, maintains the same general Iithologic
characteristics throughout this region.

~ Through most of southern Arkansas the contact between the
Midway and the underlying Cretaceous is marked by a bed of
white to gray ash, having a maximum observed thickness of
approximately 6 feet. Above the ash bed, there are 50 to 100
feet of gray caleareous clay and shale with interbedded thin
lenses and layers of chalk and limestone. 1In some places, es-
pecially in the northeastern part of the state, thin sands are
locally recorded in deep wells. This part of the Mzdway con-
tains-a distinet marine invertebrate fauna.

The remainder of the Midway formation consists pr1nc1pally
of gray, noncalcareous clays and shaly clays, containing an
abundance of siderite concretions. The upper few feet to 50
feet or more in most places are sandy and not easily distinguished
from the overlying Wilcox formation into which it is transi-
tional, but, in general, it is somewhat finer in texture and lacks
the brownish: tmge which is characteristic of the Wilcox forma-
tion. :

A few arenaceous foraminifera are present in the Midway
above the basal calcareous zone, but they are rarely found in
the upper 300 feet of the formation.

THICKNESS

The Midway formation ranges in thickness from 450 to 600
feet, with the greater thickness in the Arka.nsas synchne in the
castern part of the state.

A typical deep well record of the Mldway is gwen below -

Section of Midway formtwn in Shaffer Qil and Refining Company’s Long-
Bell No. 1 well in sec. 36, T. 5 5, R. 12 W,, G?‘cmt County, Arlansas -

Character ' . Depth in feet
Midway formation:

Gray sandy shale (Core 2181-2196 feet, dark-gray, inter-
laminated siit and micaceous clay; core 2196-2236 feet,
same as above; core 2236-2256 feet, same as above; core
2256-2264 feet, medium gray noncalcareous sﬂty shale,, _
siderite concretlons) .. 2170-2264
Medium sandy shale {Core 2265-2280 feet, medium gray' a ]
noncalcarsous silty shale; siderite concretions) .. 2264-2300
Gummy shale (Core 2305-2317 feet, medium-gray noncal- '
careous, silty clay; few graing glauconite) ... 2300-2345
Sandy shale (Core 2345-2360 feet, medium-gray, noncaleare- ‘
ous silty clay; few grains glaveonite and fish remains) 2345-2360
Gummy shale (Core 2384-2403 feet, medmm—gray noneal-
careous clay) . - . 2360-2402
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Lime 2402-2403
Gummy shale (Core 2403- 2423 feet, medium-gray to dark-

gray, noncalcaresous shaly clay) : 2403-2511
Gumbo 2511-2543

Limy shale (Core 2546-2550 feet, light-gray calcareous
ghaly clay; abundant Midway foraminifera; core 2564-
2875 feet, same as above;. core 2575-25900 feet, same as
above; core 2590-2610 feet, light-gray calcareous clay
with conchoidal fracture; Midway foraminifera; core
2610-2620 feet, same as above; core 2620-2756 feet, medi-
um-gray calcareous shaly clays; Midway foraminifera) 2543-2935

WILCOX FORMATION
HISTORIGAL SUMMARY
The name “Wilcox” was proposed by Criders in 1906 for a
geries of sands, clays and lignite interposed between the Mid-
way group below and the Claiborne group above, which are
typically exposed in Wilcox County, Alabama.

Other terms have been applied to this formation. Harris®,
in deseribing the Tertiary of Arkansas used the term “lignitic
stage.’” Veatch®® in 1905, applied the name ‘“Sabine formation”
to these strata in Louisiana and Arkansas, taking the name from
Sabine River in Sabine Parish, Louisiana, and Sabine County,
Texas, where they are typically exposed. In the United States
Geological Survey publications, subsequent to 1906, the name
“Wilcox” has been applied to this formation.

DISTRIBUTION

The Wilcox formation crops out in almost continuous belt
6 to 20 miles in width, which extends from the Texas line in
northern Miller County to Little Rock. Northeast of Little Rock
it is generally concesled beneath Quaternary alluvial deposits
but appears at the surface in local areas in Lonoke and White
counties, and on the flanks of Crowley’s Ridge in Poinsgett, Craig-
head, Greene, and Clay counties. ’

The Wilcox formation is composed principally of sands and
sandy clays but contains beds of carbonaceous clays and lignite,
siderite concretions, and locally, thin beds and lenses of ben-
tonitic clay and.lenses and boulders of quartzite. The forma-
tion, although exhibiting marked lateral variations in lithology
is, through most of its outerops in southwestern Arkansas,
divigible into four more or less distinct lithologic units which
are gradational one into the other. A fairly complete section of
the Wilcox formation is exposed between Laneshurg and Rosston,
Nevada County, where the section is as follows:

51 Crider, A. F., Geology xnd mineral resources of Mississippi: U, S. Geol. Survey, Bull. 283, pp.
25.28, 1906.

52 Hamris, G. D., The Tertiary geclogy of southern Arkansas: Arkansag Geol. Survey, Amn. Rept.
1892, vo[ 2, 1894,

Veltch A. C., Geology and underground water resources of northern Luulslann with notes on

ad)ommg dutncts Loumam Geol, Survey Rept, of 1905, 1907,

———=Geology and underground water resources of northern Lnuumm and sonthern Arkansas:
U. 5. Geol. Survey, Prof. Paper 46, 1904,
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Section Wilcox formation between Loanesburg and Rosston
’ Thickness
Character in feet

Generally fine-grained, in part argillaceons and carbonaceous gray

and yellowish-gray, irregularly bedded sands. Contains fer-

ruginous concretions 34 to 1% inches in diameter, and some

thin beds of gray clay. 150-200
Brown, dark-gray to black, slightly sandy carbonaceous and lig-

nitie clay, containing thin beds of gray sands, abundant con-

cretions of limonite and weathered siderite, 12 to 18 inches in

diameter, with a rather definite horizon of much weathered

siderite concretions about one foot thick near the top of thezone - B0
White to gray and yellow, generally, massive, cross-bedded, medium

to coarse-grained sand which weathers yellow to red, contains

thin partings of white to gray clay and locally, thin lenses of

bentonitic clay; grades upward into clayey sands and in the’

upper 50 feet or more, contains gray and brown lignitics, very

sandy clay; lenses and boulders of quartmte are present in

the lithologic unit N 250
Generally sandy clays and clayey sands, lignitic at the contact and

for some distance above the contact. Contains siderite con-

cretions . - S - 50

In general the carbenaceous content of the Wilcox forma-
tion increases to the west and east of Nevada County. The lig-
nite beds are especially well developed to the north of Camden
in northern Ouachita County, where a workable bed of lignite

6 feet thick has been mined. The horizon in which this bed:

oceurs is correlated with the carbonaceous clay member in the
upper part of the Wilcox formation. Beds of lignite oceur at
many other localities. '

THICKNESS OF WILLCOX FORMATION

The Wilcox formation along its outcrop m Arkansas ranges

in thickness from 500 to 600 feet.
: CORRELATION . .

The Wilcox formation ag developed in Arkansas is the equiv-

alent of at least a part of the Wilcox group of Alabama.
SUBSURFACE BEDS
DISTRIBUTION AND CHARACTER

The Wilcox formation underlies all of Arkansas to the south
and east of the outcrop. In general it maintains the same char-
acteristics as along the outcrop but contains more clays and
carbonaceous material, especially in the southeastern part of
the state.
o THICKNESS
. The Wilcox formation is from 500 to 600 feet thick in the
south central part of the state but increases in thickness fowards
the east and west. In southern Miller and Lafayette counties
it is from. 800 to 1,000 feet thick and is probably more than
1,500 feet thick in Desha, Lincoln and Arkansas counties in the
southeastern part of the state.
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Cere record of Wilcow formation in Cambrian Trust Company’s Fee No. 1 .
well in gsec. 3, T. 9 S, RB. 8 W., Lincoln County, Arkansas

Character Depth in feet
Top of Wilcox formation:
Dark-brown shale with light-gray silt partmgs small patches

of lignite present 19112133
Light-brown waxy clay with leaf impressions ... 2133-2212
Light-brown lighitic ¢lay 22122242
Light-gray, fine-grained sandstone and black lignitic shale .. 2242-2247
Light-gray clay 2272-2297
Gray and light brown lignitic clay with siderite and calea- .

reous lignitic sandstone boulders i 2322-2382
Brown sandy lignitic clay : 2382-2412
Light-gray calcarecus, lignitic sandstone (boulders) __ _____ _ 2412-2415
Light-gray, very fine-grained sandstone 24242443
Medium-gray noncalcareous sandstone 2443-2458
Medium-gray noncalcarecus clay and lignite .._. . 2458-2469
Brown lignitic clay. ) 24822502
Light-gray lignitic clay 2502-2508
Light-brown lignitic elay... . 2508-2532

. Medium-gray shaly clay. g . 2532-2547
Light-gray silt stone e 256472557
Light-brown lignitic clay - 25572574

" Medium-gray lignitic, noncalecareous sandstone . ... 2547-2589
Interlaminated light-gray fine sand and dark-gray clay e 2589-2613
Lignite and brown lignitic clay _ - 2613-2622
Light-gray clay.... 2625-2643
Light-brown lignitic. clay — 2654-2671
Lignite . 26712683
Light-brown lignitic clay 2683-2699
Light-gray, fine-grained sandstone _ . 2699-2706
Light-brown lignitic lay..— .~ : 2712-2745
Light-gray noncalcareous, fme—gramed sandstone ... .. 2745-2763
Light-gray friable sandstone _ _ 2763-2767
Dark-gray calcareous sandstone (boulders) . 2767-2776
Medium-gray clay__. 2776-2793
Light-brown lignitic clay and hgmte N 2793-281b6
Light-brown lignitie clay_..__ . , . 2815-2834
Light-brown clay... 2834-2847
Light-gray, ashy-appearing sandstone 28472896

Total depth of well . (2896

' CLAIBORNE GROUP

The Claiborne formation, as shown on the geologic map of
Arkansas (See Pl. II) is inclusive of the Claiborne group which
in the adjoining states has been divided into several formational
units. The Claiborne sediments exposed at the surface in Ark-
ansas consist chiefly of sand and ferruginous clays in the south-
western part, and of sands and carbonaceous clays in the south-
eastern part of the state and contain only slight amounts of
glauconite which characterizes the Claiborne sediments in Texas,
Louisiana, and Mississippi These sediments contain poorly pre-
served fossil remains, chiefly in the form of casts.

by A Lt R G
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The Claiborne -nomenclature has been the subject of much
discussion and some controversy during the past year, the re-
sult of detailed field studies in different parts of the Gulf Coastal
Plain., The more recent papers dealing with this subject are:

Ellisor, A. C., Correlation of the Claiborne of east Texag with
the ‘Claiborne of l.ouisiana: Am. Agsoe. Petrol. Geol. Bull,
vol. 13, pp. 1333-1350, 1929, ‘

Wendlandt, E. A., and Xnebel, G. Moses, Lower Claiborne of
east Texas with special reference to the Mount Sylvan salt
dome and salt movement: Am. Assoe. Petrol. Geol, vol. 13,
pp. 1350-1361, 1929,

Shearer, H. K., Geology of Catahoula Parlsh Louisiana: Am.
Assoc. Petrol Geol. Bull,, vol. 14, 1930.

Renick, B. C., Recently discovered salt domes in east Texa.s Am
Assoc., Petrol Geol, Bull,, vol. 12, 1928.

Moody, C. L., Tertiary history of region of Sabine uplift: Am.
Assoc. Petrol. Geol. Bull,, vol. 15, pp. 531, 552, 1931.

The last mentioned paper contains a very excellent discus-
sion of the regional Claiborne stratigraphy in which the corre-
lation and nomenclature is most logically presented. Moody’s
correlation is given in the following table: :

TABLE 4.—Correlation of the Clwibom group*

Liouisiana

Age East Texas and Mississippi
Arkansas
Cockfield . Coukfield - Cockfield
Cook Mountain Cook Mountain Wautubbee mari
Tertiary | Claiborne
Hocene Group Sparta sand ‘ Sparta sand Kosciusko sand
Weches ' Weches
Mount - Winona sand
Selman -
Queen City jQueen City|Cane River|:
Tallphatta
Reklaw Reklaw .

* MJo C. L., Tertiary h;story of reglcm of Sabine uplift: Am Assoc, Petrol,
Geol. Bull, vlol 15, "p. B26 1931

The basal Claiborne beds, the equivalent of the Reklaw of
Texas, crops out in a narrow belt from Texas to OQuachita River.
To the northeast of Ouachita River thesé beds have not heen
recognized definitely, and it seems probable that they are over-
lapped by younger Claiborne strata. The basal Claiborne strata
" are composed of clays and ferruginous sandy clays with platy
concretions and irregular beds of limonite, They contain small
amounts of glauconite which has been generally altered by
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Core record of Wilcor formation in Cambrian Trust Company’s Fee No. 1
well in sec. 3, T. 9 8., R. 8 W., Lincoln. County, Arkansas

Cha.ra.c_ter Depth in feet
Top of Wileox formation; , '
Dark-brown sbale with light-gray silt partings small patches

of lignite present 1911-2133
Light-browm waxy clay with leaf impressions. ... 2133-2212
Light-brown lignitieclay . 2212-2242
Light-gray, fine-grained sandstone and black lignitic shale . 2242-2247
Light-gray clay 2272-2297
Gray and light brown lignitic clay with siderite and calca-

recus lignitic sandstone boulders ) 2322-2382
Brown sandy lignitic clay : 23822412
Light-gray caleareous, lignitie sandstone (boulders) ... _ 2412-2415
Light-gray, very fine-grained sandstone .. 2424-2443
Medium-gray noncalcareous sandstone 2443-2458
Medium-gray noncaleareous clay and lignite . 24582469
Brown lignitic clay i 2482-2502
Light-gray lignitic clay 2502-2508
Light-brown lignitic clay e 25082532

. Medium-gray shaly clay. : 25322547
Light-gray silt stone .. 2547-25567
. Light-brown lignitic clay. .. 2557-2574
" Medium-gray lignitic, noncalcareous sandstone ... ... . 2547-2589
Interlaminated light-gray fine sand and dark- gray clay ....... 2589-2613
Lignite and brown lignitic clay - 26132622
Light-pray - clay — 26252643
Light-brown lignitic clay ' 2654-2671
Lignite _ 2671-2683
Light-brown lignitic clay. 2683-2699
Light-gray, fine-grained sandstone : 2699-2706
Light-brown lignitic clay - 2712-2745
Light-gray noncaleareous, fine-grained sandstome .. ... 27452763 .
Light-gray friable sandstene 2763-2767
Dark-gray calcarecus sandstone (boulders) . . 2767-2776 '
Medium-gray clay... .. 27762793
Light-brown lignitic clay and lignite . 2793-2815
Light-hrown lignitic clay . 28152834
Light-brown clay 28342847
Light-gray, ashy-appearing sandstone 2847-2896
Total depth of well 2896

CLATBORNE GROUP

“The Claiborne formation, as shown on the geologic map of
Arkansas (See PL II) is inclusive of the Claiborne group which
in the adjoining states has been divided into several formational
units. The Claiborne sediments exposed at the surface in Ark-
ansas consist chiefly of sand and ferruginous clays in the scuth-
western part, and of sands and carbonaceous clays in the south-
eastern part of the state and contain only slight amounts of
glauconite which characterizes the Claiborne sediments in Texas,
Louisiana, and Mississippi. These sediments contain poorly pre-
served fossil remains, chiefly in the form of casts.
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The Claiborne nomenclature has been the subject of much
discussion and some controversy during the past vear, the re-
gult of detailed field studies in different parts of the Gulf Coastal
Plain. The more recent papers dealing with this subject are:

Ellisor, A. C., Correlation of the Claiborne of east Texas with
the Clalborne of Louisiana: Am. Assoc, Petrol Geol. Bull,,
vol. 13, pv. 1333-1350, 1929.

Wendlandt, E. A, and Knebel, G. Moses, Lower Claiborne of
east Texas with special reference fo the Mount Sylvan salt

dome and salt movement: Am. Assoc, Petrol. Geol, vol. 13,
pp. 1350-1361, 1929.

Shearer, H. K., Geology of Catahoula Par1sh Louisiana: Am.

Assoc. Petrol Geol. Bull,, vol. 14, 1930.

Renick, B. C., Recently discovered salt domes in east Texas: Am

Assoc. Petro_l Geol. Bull,, vol. 12, 1928,

Moody, C. L., Tertiary history of region of Sabine uplift: Am.

Asgsoc. Petrol. Geol. Bull.,, vol. 15, pp. 531, 552, 1931,

The last mentioned paper contains a very excellent discus-
sion of the regional Claiborne stratigraphy in which the corre-
lation and nomenclature is most logically presented. Moody’s
correlation is given in the following table: :

TABLE 4—Correlation of the Claiborne group*

Louismna.

Age East Texas Missiseippi
. . Arka.nsa.s
Cockiield . Cocktield Cockfleld
Cook Mountain Cook Meuntain Wautubbee marl
Tertiary |Claiborne :
Hocene Group Sparta sand Sparta sand Kosciusko sand
. Weches Weches N
Mount : : Winona sand
Selman :
Queen City [Queen City|Cane River
: Tallahatta
Rekla.w Reklaw 7

Mb C. L., Tertiary h]stl:rry of region of Bahine uplift: Am Assoe, Petrol.
Geol. Bull., wl 15,"p. 526 193

The basal Claiborne beds, the equivalent of the Reklaw of
Texas, crops out in a narrow belt from Texas to Ouachita River.
To the northeast of Quachita River these beds have not been
recognized definitely, and it seems probable that they are over-
lapped by younger Claiborne strata. The basal Claiborne strata
" are composed of clays and ferruginous sandy clays with platy
concretions and irregular beds of limonite. They contain small
amounts of glauconite which has been generally altered by



122  GEOLOGY OF THE GULF COASTAL PLAIN IN ARKANSAS

weathering, giving the sediments their characteristic red and
brown coloring. The basal Claiborne is 25 to 50 feet thick.

The overlying Queen City sand ig represented in Arkansas
by a series of light-colored sands interbedded with clays and
sandy clays, generally gray, but, where weathered, also red and
brown. This part of the Claiborne contains some lignitic ma-
terial and thin lenses of ferruginous sand.

The equivalent of the Mount Selman of Texas ig represented
in the central part of the state by ferruginous sands and clays
which are in part glauconitic. The glauconitic beds increase in
thickness both towards the west and east,

The Sparta sand is represented by generally massive white
and grayish-white sand with partings of white and reddish clay.

The Upper Marine member, the equivalent of the Cook Moun-
tain of Texas, as developed in Arkansas, is composed of sands
and clays in part glauconitic and ferruginous.

The Cockfield formation crops out principally in southeastern
Arkansas. West of Ouachita River it occupies an area which
includes the southeastern part of Columbia County, all of Union
County, and that part of Quachita County lying south of the
Smackover fault. To the east and northeast the continuity of
the Cockfield outerop is interrupted by the wide flood plain of
Ouachita River, but again appears at the surface in northeastern
Calhoun County and extends northeastward through Grant
County and southeastward through Bradley County with dimin-
ishing width. The Cockfield consists of generally light-colored
sand, in part lignitic, ferruginous sands and gray to dark-gray
lignitic clays.

SUBSURFACE BETS

The Claiborne group is at the surface or underlies a large
part of the Coastal Plain of Arkansas. It consists of non-
marine sands and clays and marine glauconitic sands, clays, and
marls which in the adjoining states have been divided into several
formations that are generally recognizable in Arkansas. These
formational units are not recognizable in the driller’s logs but
are known from a few widely spaced wells which have carefully
sampled these sediments. These records, although incomplete,
suffice to determine in a general way the distribution, charac-
ter, and thickness of the formational units of the Claiborne group
in southern Arkansas.

The Claiborne group increases in thickness from west to
east; it is from 900 to 1,000 feet thick in the western and cen-
tral parts of the state and not less than 1,500 feet in the Arkan-
sas syncline in Arkansas County.
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The Mount Selman, which in Texas is divided into Weches
at the top, Queen City sand, and Reklaw at the bage, is present
throughout southern Arkansas. The members vary, some in
character and thickness, and the formation as a whole increases
in thickness to the east. The Weches and Reklaw members of
the Mount Selman consist principally of glauconitic sands and
clays but contain lignitic clays in the eastern part of the state.
The Queen City member consists prineipally of sands with subor-
dinate beds of lignitic clays and some thin beds of lignite, The
Mount Selman is about 250 feet thick in the southwestern and
central parts but increases to more than 500 feet in the eastern
part of the state.

The Sparta sand consists of generally massive light-colored
sands with subordinate beds of clays. It is 325 to 400 feet thick
in the western and central parts but decreages to 200 feet or
less in the eastern part of the state,

The Cook Mountain formation congists chiefly of glauconitie
sands, clays, and marls. It is 100 to 150 feet thick in the south-
wegtern and central parts of the state and slightly more than
200 feet thick in southern Bradley County. It increases in thick-
ness to the east and northeast of Bradley County where its
maximum thickness probably is not less than 400 feet,

The Cockfield formation inereases in thickness to the east
and is more than 200 feet thick in central Bradley County. It
is probably 300 to 400 feet thick in Arkansas County.

TACKSON FORMATION

The Jackson formation crops out at the bage of Crowley’s
Ridge in northeastern Arkansas and south of Arkansas River
in Jefferson, Lincoln, Drew, and Bradley counties. It consists
of sands, clays, and fossiliferous marls. The sands are white
to gray, massive and thin-bedded; vary in texture from fine to
coarse, and in places contain glauconite and lignite. The clays
are gray, dark-gray, blue, and green, massive and laminated and
in part lignitic and glauconitic. The marls consist-of caleareous
and glauconitic elays and thin calcareous and glauconitic.sands,

The Jackson formation increases in thickness to the east but
its maximum thickness is not determinable in any of the well
records.

Partial section of Reklaow (Cane River) in Ohio Oil Company’s Jerome Lum-
ber Company's No. 1 well in seec. 13, T. 16 S, K. 4 W,
Drew County, Arkansas

Character Depth in feet
Shale and gumbo . - 1386-1388
GUMBO e 1388-1398

Shale and bould ers._;k 13981401
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Broken sandy gumbo {Core 1386-1388 feet, chocolate-colored
mudstone; core 1399-1404 feet, same &as above; core
1410-1412 feet, chocolate-brown sandy, ealcarecus shale;
_core 1412-1419 feet, chocolate—brofwn, calcareous, glauco-

nite shale) _ 1401-1419
Gumbo - 1419-1451
Hard formation ; . 14511452
Gummy chalk . 14521470

Gumbo -and sandy shale (Core 1473-1480 feet; light-gray,
glauconitic marl; core 1480-1487 feet, chocolate-brown,

calcareous glauconitic marl) e 1470-1499
* Gumbo 1499-1500
Sand . 1500-1507
.Sandy shale (Core 1494-1504 feet, light-gray glauconitic

marl) 1507-1516

Greensand (Core 1507-1521 feet, interfingering chocolate-
brown calcareous mudstone and light-gray glauconitic
. marl) 1516-1548
Brown sand and shale (Cores 1521 1543 feet, Ilght -gTeen,
glauconitic sandstone; core 1543-1550 feet, light-brown,
caleareous, glauconitic, sideritic, micaceous, fine-grained
sandstone) _____ - 16548-1573




STRUCTURAL GEQLOGY
GENERAL STATEMENT

‘The Gulf Coastal Plain strata of this region are composed
chiefly of sands, shales, and limestones deposited near or at
moderate distances from the margin of the sea in which they
accumulated. They rest on a peneplained surface developed in
highly folded and presumably faulted rocks which range in age
from late Paleozoic to pre-Cambrian. The strata are gently
warped, the dips are generally less than 75 feet and rarely more.
than 150 feet per mile in the Upper Cretaceous and Tertiary.
strata, and seldom more than 150 feet per mile in the Comanche
strata. The local structural features consisting of domes, anti-
clines, structural terraces, and normal faults are of small mag-
nitude.

The known deformation history of the Gulf Coastal Plam
sediments began with the downwarping and generally south and
southwest tilting of the Quachita peneplain® and submergence
by the early Cretaceous sea. The downwarping continued, with
minor interruptions, to the end of the Comanche epoch when
the strata were uplifted, tilted to the south and west, and local
structural features of small magnitude were developed. The:
uplift was followed by an interval of erosion during which the
newly uplifted strata were truncated and the terrain was re-
duced to a peneplain. This plane of truncation marks the most
consplcuous unconformity in the Coastal Plain sediments of this
region,

The Upper Cretaceous was essentially a period of down-
warping and marine sedimentation, but differential warping of
the sea floor is reflected in a general upward movement of
southern Arkansas and northern Louisiana, as contrasted with
the adjacent areas of depression. The differential warping was
most pronounced in a southeasterly trend through southeastern
Arkansas and northeastern Louisiana, evidenced in the marked
thinning of the Upper Cretaceous sediments over these areas.
At the close of the Cretaceous period the waters retreated from
the Continental borders; southerm Arkansas and northern
Louisiana emerged and for a considerable period of time re-
mained above water. The uniform thickness of the Arkadel-
phia marl (uppermost Cretacecus) and the Midway formation
(basal Eocene) and the similarity in lithology suggest that the
retreat of the Cretaceous sea was accomplished without marked
warping of the strata. The pronounced hiatus in northeastern
—Wiser, H. D., and Puardue, A, H,, Geol ‘Atlas Hot Springs f;olio.

Melton, F, A., and McGuigan, F. D., The depths to the bese of the Trinity sandstone and

the present attinde of the Jurassic peneplain in southeastorn Oklahoma and sowthwestern Arkansas: Am,
Asspc. Petrol. Geolozist Bulk., vol, 2, no. 10, pp. 1005-1014, 1923,
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Louisiana, where basal Midway sediments are in contact with
gtrata and range in age from late Cretaceous to early Trinity,
19 considered to be the result of sedimentary environmental con-
ditions during Upper Cretaceous time, rather than of uplift at
the end of the Cretaceous period and subsequent erosion in the
interval of emergence prior to Midway deposition.

The relative crustal stability characterizing the Upper Cre-
taceous ended with the Midway, and a period of crustal insta-
bility was initiated, which continued with variable intensity to
the end of the Tertiary period. Southern Arkansas and north- -
ern Louisiana, relative to the surrounding areas, were markedly
elevated by differential warping, a movement that culminated
in uplift and the permanent withdrawals of the Gulf waters from
these regions in the Miocene epoch. The regional as well as the
local structural features recognizable in the strata assumed their
final form in this episode of uplift.

- Subsequent erosion developed a penneplain in the uplifted
Cretaceous and Tertiary strata which, in the Pliocene or early
Pleistocene epoch, was covered with sands and gravels of the
Lafayette formation which was correlated with the Citronelle
formation of Louisiana and Mississippi. The Pliocene or early
Pleistocene peneplain was uplifted and tilted towards the south,
and the present topography was sculptured by erosion .

STRUCTURAL FEATURES

The regional monoclinal structure of the Gulf Coastal Plain,
-dipping gently towards the coast, is modified by transverse
warping, resulting in broad gentle upwarp between shallow,
broad depressions along the inner margin of the Coastal Plain.
The structural salient, inclusive of southern Arkansas and
northern Louisiana, and the East Texas and Mississippi embay-
ments (Pl XI) are typical examples of such structural fea-
tures

The Sabine uplift in northwestern Louisiana and. the Mon-
roe uplift in northeastern Louisiana are integral parts of the
structural salient but have sufficient” structural individuality
to be broadly outlined in form. These uplifts, separated by a
shallow syncline, are broad, dome-like folds 75 to 100 mlles in
diameter. (Figs. 16 and 17.)

" Numerous minor structural types which may be divided into
normal structures, including normal faults, and salt-dome struc-
tures are superimposed on the structural salient and the larger
uplifts.

The normal structures include anticlines, domes, gtructural
terraces, faults, and synclines. The dome-like structures are
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the dominant form, but the anticlinal form is present in south-
eastern Arkansas. The structural relief is generally less than
150 feet. The faulfs, which in Arkansas occur in a generally
east-west trending zone, are normal with throws, some about

500 feet high. The known faults in- Louisiana. are associated
with domes.

The salt-dome structures include the typical salt domes, gen-
erally 4 to 6 miles in diameter with a central salt core which has
pierced and sharply tilted the inclosing strata. The salt-dome
structures should, perhaps, include the Homer, Bellevue, and
Pine Island domes®, large domes with diameters of 10 to 15 miles
and structural relief of over 1,000 feet. Salt has not been en-
countered in these domes, but gravimetric surveys mdlcate its
presence at considerable depths.

The normal folds include the anticlines, domes, and strue-
tural terraces shown, by contour lines in Plates XI and XII.
These folds are generally dome-like in form but anticlinal folds
are present in soufheastern Arkansas. (Pl. X1} The structural
relief is generally less than 150 feet.

The faults, which in Arkansas occur.in a generally east-west
trending zone, are normal faults with displacements up to
slightly more than 400 feet. The known faults in Louisiana are
associated with local domes. ‘

DEVELOPMENT OF THE MAJOR STRUCTURAL FEATURES

The dominant movements recorded in the Coastal Plain sedi-
ments are negative movements reflected in the downwarping of
the sedimentary areas, and resulting in a general Gulfward in-
clination of the strata. The downwarping was not continuous
but was interrupted by briefer periods of uplift and emergence
and was varied by differential warping transverse to the Coastal
Plain margin. The final result of the complex warping, which
began in the Cretaceous and continued to the end of the Tertiary,
was the development of the structural features now recognizable
in the strata of this region.

The warping reflected in the Coastal Plain strata is thought
to be genetically related to the development of the Gulf of Mexico,
and seemingly involves horizontal migration of suberustal ma-
terial at considerable depth. In a sense, the warping is inde-
pendent. of preexisting lines of weakness in the basement com-
plex. On the other hand, the stratigraphic evidence clearly indi-
cates that preexisting lines of weakness were important factors

55 Sp, jqoner, W. C., Homer Oil Field, Claiborne Parish, Louisiana; Strasture of Typical American
(811} F:lelliﬁ Am, "Assoc. Petrul Geol., pp. 196-223, 1929,

Teas, L. P., Bellevue 0il Field, Bossier Parish, Lnuxshm. Structure of Typical American
0il Fields, Am, Assoc, Petrol, Geol,, pp. 229-283, 1929,

Crider, A. F., Pine Island deep sands, Caddo Parizh, Luumnxm Structure of Typical American
0i] Fields, Am, Assoe. Pewol. Geol., pp. 168-195, 1920,
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in the determination of deformational trends in the Coastal
Plain strata. In this eonnection it seems advisable to consider
briefly the broader structural features of the basement floor on
which the Coastal Plain sediments accumulated,

The dominant structural features of the basement rocks are
the Ouachita Mountains of Arkansas and southeastern Oklahoma
and their continuation under the Coastal Plain sediments.

Deep well records’ have rather definitely established the fact
that the Ouachita Mountains continue under the Coastal Plain
from southeastern QOklahoma in a general soUth-southwest trend
to the vicinity of the central mineral region and thence in a
general wegterly trend fo the Marathon region in southwestern
Texas. Their continuation from the vicinity of Little Rock,
Arkansas, into northeastern Louisiana and Mississippi is indi-
cated by the available data, though not definitely proved at this
time. (See PL.IIL) '

The Ouachita Mountains®” were developed in a normal though
complex orogenic cycle which began with lateral thrusting in
the Carboniferous and culminated in vertical uplift in the Per-
mian. .

The structure of the basement rocks to the south of the known
limits of the Quachita Mountaing is not determinable, but cer-
tain conditions may be inferred from the stratigraphy and struc-
ture of the Coastal Plain strata.

The salt in northern Louisiana and northeastern Texas, prob-
ably of Permian age, indicates that the central zone of the
Quachita Mountain system in its widest development had broken
down and subsided, resulting in the development of the sedi-
mentary basin to the south of the present Ouachita Mountains
in. Permian time. The relationship of the salt basin to the
present Quachita Mountain front further suggests that in its
final development the mountains may have terminated in a
normal fault with the downthrow towards the basin. The pres-
ent Ouachita Mountains may then be considered as the frontal
part of a longer Ouachita Mountain system

Whatever_ the history of this region may be, it includes an
interval of erosion, during which the Ouachita Mountains were
reduced to a peneplain.

58 Miser, H. D., anod Sellards, E. H., Pre-Cretaceons rocks found in wells in Gulf Coastal Plain
south of Quazchita Mountaina: Am. Assoc. Perxol Gaol. Bull,, vol, 15, pp. 801-818, 103I,

Sellards, E. H., Rocks underlying Cretaceous in Ba[cm‘les fault zone of central Texas: Am. Assoc
Petrol. Geol. Bull,, vol. 15, pp. 819-827, 1931.

5 Powers, Sidney, Age of the folding of the Oklahoma Mountaine—the Onachita, Arbuckle, and
Wichita Muuutama of Oklahomn and Llsno-Burnet and Marathon uplifis of Texas: Geol Soclery of
America, Buil, vol, 39, pp. 1031-1072, 1928,

Vao der Gracht, W. A. J. M., van Waterschoot, The permo-Carboniferous orogency in the sob.
central United States: er]mndehnger dex Kuninklyke Akademie Von Wetenschappen te Amsterdam
(Tweeadn sectic) Deel 27, MNo. 3, 1931,
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‘The early Cretaceous sea transgressed this peneplain from
the south and southwest, submerging eastern and southern
Texas, western Louisiana, and southwestern Arkansas. The sea
was limited in its landward extent to a line which coincides
clogsely with the Ouachita Mountains as projected under the
Coastal Plain. The parallelism between the strand line and the
QOuachita Mountains (Pl. I1I) precludes the possibility that this
relationship is fortuitous, The limitation of the strand line
obviously was not due to the existence of topographic relief but
1o differential movement along a preexisting line of weakness
in the basement rocks. The movement was differential and
the result was depression on the side towards the Gulf. The
strand line remained constant throughout the Comanche in
Arkansas and northeastern Louisiana and in Texas to the end
of the Trinity. The persistency of the differential movement
along this line is evidenced not only in the permanency of the
strand line but also in the marked increase in the thickness of
the Comanche sediments on the basinward side of this line of
weakness, a condition that is finely illustrated in Arkansas.

- Marked rejuvenation of movement along this line in south-
eastern Arkansas and northeastern Louisiana at the end of the
Comanche is evidenced in the pronounced tilting of these strata.

Continued differential warping along the projected Quachita
Mountain trend through southeastern Arkansas and northeast-
ern Louigiana ig evidenced in the marked thinning of the Upper
Cretaceous strata., Its influence in lafer geologic time is evi-
denced by the persistent zone of faulting which extends from
southwestern Texas into southeastern Arkansas.” From the fore-
gone brief discussion it is obvious that the structure of the Oua-
chita Mountaing agserted a marked influence on the structure
of the Coastal Plain strata.

. The intense crustal activities during the Tertiary are re-
flected in the Gulf Coastal Plain. strata. The Gulf migrated
back and forth over this region, and differential warping, both
transverse to and parallel with the continental border, was pro-
nounced. The influence of the Ouachita Mountain trend was
less marked, but it nevertheless asserted a pronounced influence
on the structural features of this region in their ultimate de-
velopmeni, The structura) salient, inclusive of northern Louisi-
ana and southern Arkansas, began to take shape in the early
Tertiary and reached its final form. in the Miocene. '

The two outstanding individual features of this salient are
the Sabine uplift in northwestern and the Monroe uplift in
northeastern Louisiana. The Monroe uplift is situated on a
pronounced deformational trend through southeastern Arkan-
aad. northeastern Louisiana, which extends into Mississippi, and
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which coincides with the projected trend of the Ouachita Moun-
tains. Comanche sediments of moderate thickness, which were
sharply flexed at the end of Comanche deposition, were de-
‘posited over the Monroe uplift. The Monroe uplift began to rise
relative to the surrounding areas in early Upper Cretaceous time,
ag evidenced by the thinning of the sediments and overlap over
the flank. The upward movement continued in the Tertiary
and its final form was attained in the Miocene. The Sabine
uplift wag the site of thick deposits of Comanche sediments, and
shows only slight tendencies to rise at the end of the Comanche
and during the deposition of the Upper Cretaceous. In fact, its
real development began with Wilcox deposition and its final
form, as that of the Monroe uplift, was reached in the Miocene.
In the amount of relative uplift, they are comparable, but the
Sabine uplift stands higher with reference to sea level.

From the foregone brief statements it is obvious that the
Sabine and Monroe uplifts are of similar type, differing only
in the time factor involved in their development. They are cer-
tainly the result of vertical movements originating at depth and
transmitted upward to the incompetent Coastal Plain strata.
Their possible origin will be briefly considered.

If the development of deeps, such as the Gulf of Mexico, in-
volves horizontal migration of subecrustal material at depth, it
offers a plausible explanation for the origin of the differential
warping to which this region was subjected and for the de-
velopment of such structural features as the Sabine and Monroe
uplifts.

The differential warping incidental to the lateral displace-
ment of suberustal material at depth was influenced by pre-
existing lines of weakness in the basement rocks, clearly evi-
denced by the parallelism of such lines of weakness to the de-
formational trends in the Coastal Plain strata. This relation-
ghip is especially pronounced in the Cretaceous, a period of
relative crustal stability. The intense crustal activities during
the Tertiary necessarily implies that greater volumes of sub-
crustal material were displaced, and the resultant forces thus
brought into existence were perhaps adequate to overcome, in
part at least, the influence of preexisting lines of weakness and
to establish new deformational trends, normal to the areas of
subsidence.

The structural features such as the Sabine and Monroe up-
lifts are clearly the result of vertical upthrust, and their de-
velopment seemingly requires ifruption of subcrustal material
into that part of the earth’s crust underlying the area of dis-
turbanee. The localization of the areas of disturbance may have
been selective rather than fortuitous, selective because of the
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irregularity of the surface in contact with the suberustal ma-
terial or because of existing weakness in the overlying crustal
rocks. Volumetric changes incidental to crystallization prob-
ably were factors in determining the ultimate height to which
the area was elevated with reference to the surrounding areas.

As an alternative hypothasis it may be argued that differen-
tial movements along a preexisting fault in the basement rocks
may have accomplished the same results and that the origin of
these uplifts would then be analogous to the larger structural
features of Oklahoma and Kansas.

DEVELOYMENT OF MINQOR STRUCTURAL FEATURES

The minor structural features are believed to be the indirect
result of regional warping, and their origin postulates differen-
tial movements in the basement rocks and salt movements.

In the first case, the movement in the basement rocks may
be either failure incidental to warping or rejuvenation of move-
ment along preexisting faults; the resultant differential move-
ment propogated upward to the incompetent Coastal Plain strata
is reflected in folding, either domal or anticlinal in form, de-
pending upon the length of the fault along which the move-
ment originated. Where the differential movement is of suffi-
cient magnitude, failure occurs in the Coastal Plain strata and
normal faults are developed. The folds in Oklahoma and Kan-
sas which have originated in this manner are generally as-
symetric with a steeper limb on the downthrown side of the
fault in the basement rocks. In those areas, however, the sedi-
ments involved in the folding are relatively thinner and of a
higher degree of competency than the Coastal Plain strata of
this region.

In the second case, the flexing of the strata is the result of
salt movements in which salt may have been concentrated along
salt anticlines or in salt plugs. The extreme case is illustrated
in the typical interior salt domes where a salt core half a mile
to a mile in diameter has pierced the surrounding Cretaceous
and Tertiary strata and, in some instances, reaches nearly to the
surface, These domes arc characterized by steeply dipping
flanks but of small areal extent. The Homer, Bellevue, and Pine
Island domes on the basis of gravimetric data must be considered
23 salt domes of large dimensions which have no penetration
of the salt into the oldest recognized Trinity strata. Interme-
diate between these extremes are folds of small dimensions which
may have originated either from salt movements or from differ-
enital movement in the basement rocks.

Both types of folds may show contemporaneous folding,
slicht upward movement during the deposition of the sediments,
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as reflected in the thinning of the sediments, and, in some places,
in modification of the lithology. of the overlying sediments, The
fact that such movement occurred during deposition is no eri-
terion of their origin as contemporaneous folding is common to
both types of folds, It is a faet that most of the oil and gas-
producing folds in this region give evidence of contemporaneous
folding in some degree, but their final development occurred
during episodes of regional upwarp. The first episode in the
Guif Coastal Plain history dates from the end of the Comanche,
and the second, during which the structural features now recog-
nized in this repion attained their final form, dates from the
early Miocene.

The Arkansas fault zone, a persistent zone of faulting which
extends in a general east-west trend across southern Arkansas,
consists of a series of grabens 1 to 3 miles in width, with maxi-
mum displacements of slightly more than 400 feet. This zone
of faulting is probably continuous westward into the Balcones
or Mexia fault zones in Texas. These faults are not obviously
related to the development of local folds, such as the faults in
the Homer, Bellevue, and De Soto-Red River fields in Louisiana,
but are thought to be related to the flexure on the basement
rocks. It is of interest {o note that the maximum displacement
along these faults, as well ag most faults in the Mexia and
Balcones fault zones, is less than 500 feet.

STRUCTURE OF THE COMANCHE (LOWER CRETACEOUS)

The tilting and truncation of the Comanche strata immedi-
ately following their deposition resulted in a pronounced angular
unconformity between these and the overlying Upper Cretaceous
strata; in wide differences in the sirike, direction, and rate of
dip; and in the structural features in general.

Comparatively few wells have penetrated the Comanche
strata to any considerable depths. Factors that have combined
to increase the difficulty of determining accurately the struc-
tural features of these strata are: Truncation, which brought
progressively older beds in contact with overlying Upper Cre-
taceous towards the north and east; and the physical character
of the sediments which, except for the anhydrite zone, of limited
areal extent, lack beds possessing sufficiently well-developed in-

dividual characteristics to be recogmzed from one area into
another.

The choice of datum planes is, therefore, limited to either the
top or the base of the anhydrite zone of the Glen Rose forma-
tion. The data available is insufficient for detailed mapping

and barely adequate to indicate the major structural features of
thic racinn
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A generalized picture of the structural features of the Co-
manche strata in southwestern Arkansas and northern Louisi-
ana is'given in Plate XII, a structure contour map drawn on the
base of the anhydrite zone of the Glen Roge formation.

The principal structural features of the Comanche strata
shown in Plate XII are: (1) a south and southeast-dipping mono-
cline along the outer margin of the area mapped; (2) a syncline
which separates the area of monoclinal structure from the Sa-
bine uplift, (8) the Sabine uplift in northwestern Louisiana,
and (4) the Bellevue and Homer domes.

STRUCTURE OF THE COMANCHE (LOWER CRETACEQUS)
IN SOUTHWESTEREN ARKANSAS

The structure of the Comanche strata in southwestern Ark-
ansas on the bagis of available data is monoclinal with an east-
west strike through Little River County and parts of Hemp-
stead County and beyond that area generally southeast. The
dip is to the south and southwest at the rate of 50 to 100 feel
per mile. A pronounced syncline, wherein the base of the an
hydrite zone lies about 6,000 feet below gzea level, enters the
southwestern corner of the state; it continues into Lafayette
County and then turns south into Louisiana where it is a pari
of a regional syncline that parallels the Sabine uplift. - The
depths to the base of the anhydrite zone in the area mappec
ranges from less than 1 ,000 feet below sea level in Little Rive:
and Hempstead counties to 3,000 feet below sea level in south
-western Union County, and more than 6,000 feet below sea leve
in ‘southern Miller County.

That the structure of the Comanche strata in southern Ark
ansas is far less simple than is pictured on the basis of tht
meager available data is an obvious conclusion, as evidenced by
the changes In direction of strike and rate of dip. It is scarcely
probable that structural features comparable to those in north
ern Louisiana are present in this area, but there are no dat:
to preclude the existence of local folds such as are generalh
assoclated with oil and gas aceumulations.

The strueture of the Comanche strata that lie east of thl
-anhydrite zone iz not determinable but their subsurface distribu
tion indicates that in general they maintain apprommately th&
same southeast strike although the rate of dip may vary. It i
an area of active warping, and it seems probable that local field:
of considerable magnitude may be present.

STRUCTURE OF THE COMANCHE (LOWER CRETACEOUS)
IN NORTHERN LOUISIANA

The. most consgpicuous structural feature of the Comanch
strata in northern Louisiana is the Sabine uplift in northwester:
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Louigiana but includes the adjacent parts of Texas. It is a
large dome-like fold more than 80 miles in length from north
to south. The structural relief is more than 1,000 feet above the
normal altitude of the Comanche strata. It is defined on the
east by a syncline which enters Lafayette County, Arkansas,
from the south and thence continues westward through Miller
County into Texas. Superimposed on the Sabine uplift are two
conspicuous domes: Pine Island dome in northern Caddo Parish
and Bellevue dome in central Bossier Parish, which show strue-
tural reliefs of more than 1,500 feet above the normal altitude
of the Comanche strata on the uplift. The development of these
domes was in part contemporaneous with the deposition of the
Glen Rose formation, indicated by the gradual thinning of this

formation over the domes, especially pronounced over the Belle-
vue dome.

The Homer dome in Claiborne Parish is a pronounced struec-
tural feature in the Comanche strata, indicated by the record
of the Louisiana Oil and Refining Company’s Langston No. 10
well in sec. 19, T. 21 N., R. T W., which passed from the basal
Upper Cretaceous into the lower half of the Neocomian, a hiatus
representing nearly 3,000 feet of Comanche strata, which prob-

ably is represented in part by nondeposition and in part by
truncation.

The pronounced increase in the rate of dip of the Comanche
strata and the truncation of the Glen Rose formation in the
Richland field and the adjacent areas indicate a departure from
the normal monoelinal structure in that area and, perhaps, over
a considerable part of the Monroe uplift. The available data
are, however, inadequate to determine either the form or extent
of any existent structural features.

STRUCTURE QOF THE UPPER CRETACEOQUS ROCKS
'GENERAL FEATURES

Southern Arkansas, northern Louisiana, and the adjacent
parts of Texas and Mississippi constitute a distinet structural
unit of the Gulf Coastal Plain geclogic province which may be
broadly defined as a structural salient extending from the Qua-
chita Mountains Gulfward into central Louisiana. It is defined
to the south by the Angelina-Caldwell flexure®, to the west by
the East Texas embayment, and to the east by the Mississippi
embayment. It is shown in Plate XI, a structure contour map
drawn on top of the Nacatoch sand.

The structural salient, as broadly defined abov.e, includes a
number of more or less well-defined structural unities, each ex-
hibiting individuality in some degree. The more important of

™ Veawh, A. C., G-eology and underground water reacurces of southern Arkansas and northemn
Louisiana: U, 5. Geol. Survey Prof. Paper 46, 1906
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these are: (1) A marginal monoeline, a south and southeastward
dipping monocline between the outer margin of the Coastal Plain
and the Arkangas fault zone in southwestern Arkansas; (2) the
Arkansas fault zone, a series of grabens extending from Miller
County eastward into Bradley County; (3) the Arkansas syn-
cline, a broad synclinal basin in northern and eastern Arkansas
and the adjacent parts of Mississippi; (4) the Sabine uplift, a
large dome-like uplift in northwestern Louisiana; (5) the Mon-
roe uplift, a large fold in northeastern Louisiana and extending
into southeastern Arkansas; (6) the Angelina-Caldwell flexure,
a well-defined southward dipping monoclinal flexure crossing
Louisiana from Sabine Parish into Madison Parish and into
Miggissippi; (7) the Bellevue and Homer domes in Louisiana,
large quaquaversal folds of high structural relief; and, (8) the
interior salt domes of Louigiana, small guaquaversal folds with
a central core of rock salt. The above enumerated structural
features are described in more detail in the following paragraphs.

STRUCTURAL FEATURES IN ARKANSAS
THE MARGINAL MONGULINE

The strata lying between the Texas line and Ouachita River
and between the margin of the Coastal Plain and the Arkansas
fault zone, an area of 40 to 60 miles wide from south to north
and 60 to 70 miles long from west to east, show prevailing south-
east dips at the rate of 35 to 75 feet per mile. To the northeast
this marginal monocline merges into the western limbp of the
Arkansas syncline,

Superimposed upon the monocline are a number of struc-
tural terraces which have modified the strike and rate of dip
locally, but pronounced anticlinal folds are not known to exist
within this area.

THE ARKANSAS FAULT ZONE
A series of grabens extending from Miller County eastward
into Bradley County is herein designated as the Arkansas fault
zone (See Pl. XIII). The western part of this zone has been de-
seribed in detail by Rankin® and more detailed descriptions of
- the individual grabens will be found in the descriptions of the
Irma, Stephens, and Smackover fields, and in the county re-
ports. :

In order from west to east, these grabens are designated as
_the Fouke, Lewisville, Falcon, Irma, Buena Vista, Stephens, and
Smackover grabens. They are of similar type, differing chiefly
in length and only slightly in width and in the amount of throw.
The average width ig from 114 to 4 miles and the throw from
200 to 500 feet. The faults are characterized by low-angle fault

% Rankin, C. L., Faulting in southwestern Arkansas: Am, Assoc, Petrol. Geol. Buil,, vol. 14, 1930,
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planes, dipping into the graben at an angle which in most places
approaches 45 degrees.

RELATIONSHIP OF FAULTS TO STRUCTURE

The trend of the faults appears to be independent of the
strike of the strata which they cut. The Lewisville and Irma
grabens trend roughly parallel with the Stéphens graben at an
angle of approximately 45 degrees, and the Fouke, Falcon, Buena
Vista, and Smackover grabens trend at right angles to the
strike. The grabens occur in a zone intermediate between an
area to the north, where the structure is monoclinal, and the dip |
is to the south and east; an area of more diversified structure
to the south which is related to, or influenced by, the Monroe and
Sabine uplifts.

‘Along the south sides of the grabens are local areas of closure
ranging from a few to more than 100 feet, which are best de-
veloped along the Lewisville graben at Stamps, and along the
Falcon, Irma, and Smackover grabens, and which in the Irma
and Smackover areas are more or less closely related to oil and
gas-producing areas. The relation of the closure to the grabens
is not determinable, but the faulting was incidental to the up-
lift of the region which must have progressed to a considerable
elevation before faulting occurred, at least, sufficient to cause
the development of the local structural features such as charac-
terizes the Smackover and Stephens fields which do not appear
to be related to.the faulting, The closures along the Lewis-
ville, Falcon, and Irma grabens, however, may be directly related
to the faulting with which they are associated.

AGE OF FAULTING .‘

The faulting was coincidental w1th the regional uphft early
in Miocene time.

RELATION TO TIE BALCONES FAULT ZONE

The Arkansas fault zone has been considered as the east-
ward continuation of the Balcones fault zone of Texas to which
it is genetically related if not an actual continuation. This zone
of faulting closely parallels the Cretaceous-Tertiary contact from
eastern Arkansas into southwestern Texas.

THE ARKANSAS SYNCLINE

The Arkansas syncline, a restricted part of the upper Missis-
sippi embayment, includes most of eastern Arkansas north of
Bradley, Drew, and Chicot counties. It is a broad synclinal
trough, plunging gently southward along its axis which closely
follows the course of Mississippi River into northern Desha
County where it is deflected by the Monroe uphft and trends
shghtly east of south into: Mississippi.-

The generalized structure of the Arkansas syncline is Shown
in Plate XIV, by contour lineg drawn .on top of the Upper Cre-
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ftacecus at intervals of 500 feet and in more defail in Plate
XV. The Cretaceous rocks reached in comparatively few wells
widely scattered through this area suffice to determine its gen-

eral features but are entirely inadeguate to determine the de-
tailed structural features.

In the area to the north of Dallas, Cleveland, and Lincoln
counties, the strata dip from the Coastal Plain margin towards
Mississippi River at the rate of 25 to 75 feet or more per mile.
In the area to the south, the strike is irregular, conformmg to
the conflguratlon of the Monroe uplift and the dip in consequence
ranges in direction from east to north. The rate of dip in this
area is from 20 to 75 feet per mile.

The deepest part of the synchne is estimated to be in Desha,
Philiips, and Arkansag counties, where the top of the Cretaceous
is estimated to be more than 4,500 feet below sea level.

The Arkarisas symcline began to form during the Upper Cre-
taceous, but ifts principal development took place during the
deposition of the Wileox and Claiborne formations of Eocene
age.

MONROR UPLIFT

The Monroe uplift is a pronounced structural feature of
northeastern Louisiana, southeastern Arkansas, and the adja-
cent part of M]SSISSlppl and in 2 sense is the eastern counterpart
of the Sabine uplift in northwestern Louisiana. This structural
feature was developed through a complex series of geologie events
but was primarily the result of differential warping of the ses
floor with reference to the surrounding area.

The Monroe uplift is situated in a generally northwest-south
east trending line of weakness which coincides with the pro
jected trend of the Ouachita Mountaing under the Coastal Plair
sediments. Movements along this line of weakness deferminec
the eastern limits of the Comanche seas, as well as the pro
nounced flexing of the Comanche strata. The upward move
ment along this line continued through the Upper Cretaceous
indicated by the thinning of the sediments and overlap over ths
-area of upwarp. The result of these movements was the de
velopment of & generally northwest-southeast trending arch, ex
tending from the Ouachita Mountains, southeastward into Mis
sissippl for an indeterminate distance., The stratigraphic evi
"dence indicates that the Monroe uplift (Fig. 17) as a localizec
structural feature began to take form in the Upper Cretacecus
but although the upwarp was accentuated in this area, it, never
theless, maintained its anticlinal form to the end of the Cre
taceous.

The upwarp continued in the Tertiary, evidenced by thin

- winee of the Wilcox formation (Fig. 18) over the uplift, but th
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intense crustal activities of this period established new deforma.-
tional trends which modified the original structural form. The
Angelina-Caldwell monoclinal flexure, formed in the Tertiary,
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trends northeast-southwest across Louisiana into Mississippi and
now constitutes the southern flank of the Monroe uplift, giving
it a dome-like form.
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The generalized structure of the Monroe uplift is shown in
Figures 16, 17 and 18, by contour lines drawn respectively on
the base of the Upper Cretaceous, the top of the Upper Creta-
ceous, and the top of the Wilcox formation of Eocene age. The
structure on the base of the Upper Cretaceous is that of an
assymetric dome whereas the structure on the top of the Upper
Cretaceous and the top of the Wilcox formation iz that of a
. broad structural terrace.



PART II

OIL AND GAS FIELDS

INTRODUCTION

THE PRODUCING FIELDS

The producing areas of the Gulf Coastal Plain of Arkansas,
except for the small areas of Lafayette and Miller counties, are
situated within a generally southeast-trending belt 15 to 20 miles
wide, which extends from the Irma field in Nevada County
through central Union County to the Louisiana line. This belt
continues in the same direction into Louisiana to include the:
Monroe and Richland gas field. (See Pl. XI.) The producing
areas described are listed below and shown in Plate XVI.

Producing areas in southern Arkansas
Principal oil-producing fields

Smackover field Union and Ouachita. eounties

El Dorado field Union County

Lisbon field Union County

Irma field Nevada County

Stephens field Columbia and Ouachita counties
Champagnolle district.

East El Dorado field Unicn County

Woodley pool Union County

Rainbow City field Union County

Other producing areas

Urbana ‘ Union County
Sec. 14, T, 18 S, R. 14 W. Union County
Sec. 2, T. 18 8, R. 16 W. Union County

Mount Holly Ouachita County
Bradley *  Lafayette County
Garland City Miller County -

HISTORICAL SUMMARY OF PRODUCTION

The first well drilled in the Coastal Plain of southern Arkan-
sas that yvielded oil in sufficient quantity to suggest the presence
of commercial production was the S. S. Hunter’s, Lester and
" Holton No. 1 well, in seec. 13, T. 15 S., R. 19 W. This well was
-completed April 16, 1920, at a depth of 2,131 feet. A small
quantity of oil was bailed from this well, which, as proved by
later development work, was drilled in the Stephens graben, 2
"~ miles east of the Stephens field. A few days after the Hunter
well was completed, (April 22, 1920), gas was discovered by the
Congtantin Refining Company in the El Dorado field on the
Hill lease in gec, 1, T. 18 S., R. 16 W., at a depth of 2,226 feet:
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The initial daily production of gas in this well was 40,000,000
cubic feet. On January 10, 1921, nearly a year after the dis-
covery of gas, the first oil well was completed by Busey and
Mitchell on the Armstrong lease in sec. 31, T. 17 8., R. 15 W,,
with an initial daily oil production ranging from 3,000 to 10,000
barrels ifi the Nacatoch sand. - The completion of this well
marked the beginning of an intensive search for oil and led tc
the discovery of the following fields: Irma, October 1921; East
El Dorado, January 10, 1922; Woodley, April 12, 1922; Smack-
over, April 10, 1922; Stephens, June 8, 1922; Lisbon, Decembez
31, 1925; Rainbow City, January 22, 1927; and Garland City.
October 10, 1932,

From 1921 to January 1, 1934, the south Arkansas field:
have produced 388,392,686 barrels of pipe-line oil. Pipe-line rur
figures for all oil-producing fields in south Arkansas with the
exception of the small Bradley pool in Lafayette County, were
compiled by the Geological Dept. of the Gulf Refining Co. o
Louigiana from this company’s records. It should be noted tha
the pipe-line production figures used do not take into considera
tion either the oil used as fuel in the field or the oil wasted. Nt
accurate figures are obtainable of these amounts. The accumula
tive Arkansas gross production figures which include oil used ir
the field for fuel and oil wasted in addition to pipe-line runs, ar«
estimated to be from about 2 to 8 per cent higher than the ac
cumulative pipe-line figures to January 1, 1934. The productio
of pipe-line oil for each field is shown in Table 7. As a matter o
interest the following figures show the difference between th
total pipe-line runs, the Am. Pet. Inst. actual production figure.
and the U. 8. Bureau of Mines production figures. Comparativ
figures of the pipe-line runs and the A. P. L. actual productio:
estimates for separate fields are given in Table 7TA.

Comparison of pipe-line runs, A, P. I., and U. S, Bur. of Mines for
Arkansas, 1921 to 1928, inclusive

Pipe-line runs A P I U. 8. Bur. Mine
barrels barrels barrels

e 10,630,228 10,742,610 10,473,00
_ 15,649,318 16,462,950 12,712,00
38,214,499 44,102,050 36,610,00
. 43,391,994 48,068,300 46,028,00
72,868,203 80,823,000 77,398,00
. B7,3887h¢ 68,704,000 58,332,00
30,036,823 40,483,600 40,005,00
. 30,707,283 32,091,600 32,096,00
24,364,415 256,372,700 24,917,060
_ 19,266,797 i 20,179,650 19,663,00°
14,736,605 15,826,750 14,791,00
11,550,605 12,464,500 12,051,060
_ 10,657,146 11,474,400 11,608,00

388,392,586 416,586,010 396,684,00

Future production estimates, given in Table 5 and with fiel
discussions, are made on the assumption that the rate of declin
will continue in accordance with the trend of the field declin
curve. The use of new production methods, however, may in
¢rease the production rate and the total amount recovered.
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TARLE 5.—Summary of pive-line production of southern Arkansas fields ~
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Woodley T zd0] ~ 445,882| 1,816) 7 I
AGE AND CHARACTER OF THE RESERVOIR ROCKS
STRATIGRAPHY

The reservoir rocks in this region are in the Cretaceous sys-
tem. The principal producing sands are in the Gulf series of
that system, except in the Mount Holly, Urbana, and Garland
City districts, where some oil is produced from the Comanche
geries. The ages and names of the producing sands and .areas
are shown in Table 6.

TABLE 6.—Producing sends in the oil fields of southern Arkansas

Series Growp | Formation | Froaucing Field or district
R e T
ast El Dorado, Lishon,
Navarro | Nacatoch { Nacatoch Woodley, Stephéns, and’
Irma fields
Smackover; a little pro-
Meakin |duetion in the El1 Dorado
Taylor Ozan field
Gulf ¥ Buckrange
(Graves of | Smackover Stephens, and
- [Smackover) Y
(Upper Austin Tokio- 2600-foot | Smackover, El Dorado
Cretaceous) Woodbine [to 2900-foot| and Rainbow City fields
: “Upper s
Tokia Crain and : : .
Woodbine Cll::(ti:ag:eeggs Gregory Rainbow City field
Upper A
Comanche Trinity Garland City
- Trinity {Paluxy)
(Lower Glen Rose Mount Holly district
Cretaceous) Travis Peak Urbana district
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NACATOCH FORMATION

The Nacatoch formation is the most widely distributed pro
ducing formation of the Upper Cretaceous series in Arkansa:
and Louisiana. This formation consists predominantly of sanc

“but contains subordinate beds of shale, clay, and arenaceous
limestone, with a persistent bed of shale at its base. It is mor¢
than 400 feet thick in the western part of the state and dimin-
ishes in thickness toward the east. The thicknesg of the Naca
toch sand in the producing areas ranges from 150 feet in the E
Dorado and Rainbow City fields to 300 feet in the Irma anc
Stephens fields. In the extreme southeast corner of Arkansas
and in parts of southeastern Union and Ashley counties adjacen!
to the Louisiana line, the Nacatoch loses its lithologic identity
but is probably represented in these areas by the Monroe gas
rock, a limestone formation that is the principal producing bec
in the Monroe gas field in Louisiana. .

The oil and gas in the Nacafoch formation are found gen
erally in the first 10 to 50 feet of its beds, which consists of
fine to medium-textured sand and sandstone, in part argillaceous
and in part calcareous, .and of inferbedded lenses of clay. Ir
the El Dorado, Lisbon;, East El Dorado, and Stephens fields
the lenticular structure of the producing sands was an import
ant factor that influenced to a large extent the accumulatior
of the oil and gas in the reservoir rocks.

The large initial daily production of the wells on the Norphlet
dome and the exceptional recovery per acre were reflected in the
favorable sand conditions in this area where the Nacatoch sanc
was 150 feet thick and consisted of fine to coarse-grained sanc
and sandstone which became more and more argillaceous -anc
consequently less porous on the flanks of the anticline.

0ZAN FORMATION

The Ozan formation contains two o0il and gas-producing
sands, the Meakin and the Buckrange sands. The Buckrang:
sand at the base of the Ozan formation is widely distributed ir
both Louisiana and Arkansas, but the Meakin sand is restrictec
in areal extent.

MEAKIN SAND

The oil and gas production from the Meakin sand ig limitec
chiefly to the Smackover field where it yields light oil of 26° tc
28° A. P. L gravity in the Louann district. In the Norphlet dis-
trict this sand, generally called the “Primm sand,” yields gas.
The Meakin sand is composed of white to gray, micaceous, gen-
erally fine-grained and well-sorted quartz graing with interca
lated thin lenses of calcareous sandstone.



Smackover -

El Dorado

Year Light oil

Yearly Accumulative Tearly Accumulative
1921 | 10,630,228 | 10,630,228 -
1922 | 10,560,841 | 21,191,069 ‘
1923 4,640,075 | 25,831,144 5,308,450 | 5,308,450 | 2f
1924 2,871,310 | 28,702,454 | 11,715,061 | 17,023,511
1925 2,220,718 | 30,923,167 | 9,482,993 | 26,506,504 | 5¢
1926 1,894,382 32,317,549-' 5,524,808 | 32,031,312 | 4!
1927 1,662,445 | 34,479,994 | 3,788,527 | 35,769,839
1928 1,.464,261 85,944,255 | 2,662,480 | 38,432,319 | 21
1929 1,305,267 | 37,249,622 | 2,075,745 | 40,508,064
1930 1,192,640 | 88,442,162 1,788,153 | 42,246,217
1931 976,263 | 89,418,425 1,284,510 =43,530,'72'.' u
1932 815,040 | 40,233,465 995,588 | 44,526,315
1933 700,645 | 40,984,110 | 863,560 | 45,389,875

40,934,110 45,389,875 27(
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BUCKRANGE SAND

The Buckrange sand is the principal oil-producing sand in
the Stephens field and in the Bradley district in Lafayette Coun-
ty. - The Graves sand, the stratigraphic equivalent of the Buck-
range sand, is a prolific oil-producing sand of the Norphlet
district of the Smackover field. '

The Buckrange sand increases in thickness from west to
east and reaches its maximum thickness along a belt extending
from the Smackover field southward into Louisiana. In the
area east of the Smackover field, where the Ozan formation
consists principally of sand, the Buckrange is not recognizable
as a distinct lithologic unit, In the Smackover field the Buck-
range sand or its equivalent, the Graves sand, consists of gray
to greenish-gray, fine to coarse-textured quartz sand. This
sand is in part glauconitic and in some localities contains pebbles
of chert. The Buckrange sand is 15 to 20 feet thick in the
Norphiet district of the Smackover field. In the Stephens field
the Buckrange sand is 30 to 50 feet thick, made up of alternating
thin beds of sandstone and shale with 5 to 10 feet of sand at the
top. In the Bradley district the Buckrange sand ranges in
thickness from a few inches to 5 feet. To the south and west
of the Stephens and El Dorado fieids the Buckrange sand is gen-
erally thin and in local areas is absent.

TOKIO-WOODBINE

. The Tokic-Woocdbine section, divided into an upper non-red
member and a lower red member, contains several oil and gas-
producing sands. In the upper member are several sands in the
Smackover field but the most important is the 2,600-foot, or
“Third sand.” In the Rainbow City field oil and gas are pro-
duced from a sand 2,750 to 2,850 feet in depth. In the northern
part of the El Dorado field oil production was obtained from a
sand at a depth of 2,900 feet. The 2,600-foot at Smackover
field, the 2,900-foot sand at El Dorado field, and the 2,750-foot
sand in the Rainbow City field oceur'at about the same position
in the stratigraphic column,

The lower member of the Tokio-Woodbine section contains
two oil and gas-producing sands, the Crain and Gregory sands,
both of which are productive in the Rainbow City field. The
Crain sand lies from. 75 to 125 feet below the top of the red
beds at a depth of 3,000 feet below the surface. This sand pro-
duces oil in the eastern part of the Rainbow City field. The
Gregory sand lies from 150 to 200 feet below the Crain sand at
an gverage depth of 3,200 feet below the surface. This sand is
the principal producing horizon in the western part of the
Rainbow City field.
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The Crain and Gregory sands are made up of several more
or less continuous lenses of sand.

TRINITY GROUP

The production in the Urbana distriet in Union County is
obtained from a sand in the Travis Peak formation which lies
about 350 feet below the base of the Upper Cretaceous.

The Mount Holly district produces a small amount of oil
from a sand zone in the Lower Glen Rose near the contact with
the base of the Upper Cretaceous.

The oil production in the Garland City distriect in Miller
County is obtained from one or more sands in the upper part
of the Trinity group.

 STRUCTURE
GENERAL FEATURES

The structure of this region is the result of a series of move-
ments that included regional downwarping and sedimentation,
differential warping of the sea floor during sedimentation (con-
temporaneous folding),. and regional upwarp. Two principal
episodes of upwarp, one occurring at the end of the Comanche
epoch and the other in the Miocene epoch, are clearly recogniz-
able; disconformities are present 'in the intervening sediments
which, although not of regional extent, may be significant in
their relation to the origin and accumulation of oil and gas.

The regional structure of southern Arkansas, as determined
on the top of the Nacatoch sand, is shown in Plates I and XI.
The sfrike ranges from east and west to north and south and
the dip from south to east. The dips are uniformly low, general-
ly less than 25 feet and rarely more than 75 feet to the mile,
The most conspicuous structural features are the grabens, which
traverse the region from west to east and, in a general way,
separate the marginal monocline to the north from the more
complexly deformed area to the south. The producing fields
are in the area south of the zone of faults.

The principal structural features in the area producing the
oil and gas consist of a series of gentle folds generally trending
in a southeasterly direction that extend from the fault zone
nearly to the Louisiana line. The extreme western fold extends
from the Stephens field into the northwest corner of T. 19 S.,
R. 16 W. Adjacent to this on the east is a similar parallel fold
upon which are situated the Louann district of the Smackover
field, and the El Dorado and Lisbon fields. The easternmost
fold begins with the Norphlet dome of the Smackover field and
extends southeastward through the Rainbow City field into the
the northwest corner of T. 18 8., R. 13 W., where its axis swings
sharply to the east through the Urbana district. A syncline
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that trends in general from east to west separaicsythese two
folds from the Monroe uplift whose northern. stension into
Arkansas is marked by the northern dip of the, Js along the
Loyisiana-Arkansas line.

The regional structure inferred from a horizon in the lower -
part of the Tokio formation would no doubt  » appreciably dif-
ferent in detail from that of the Nacatoch ar © Meakin gands,
owing to the considerable range in thickness of that formation
in the oil and gas-producing region, but the data available are
not sufficient to show the structural details of that formation.

STRUCTURE OF THE COMANCHE SERIES

The Comanche series was uplifted and tilted to the west and
southwest at the end of the Comanche epoch. The uplift was
followed by an interval of erosion, during which the Comanche
strata were truncated from west to east and the region reduced
to a peneplain upon which the beds of the Gulf series were de-
posited. The subsurface distribution of the Comanche series is
shown in Figure 5. :

The structure of the Comanche series, as it can now be de-
termined, is shown in Plate XII, contours drawn on top of the
anhydrite zone of the Glen Rose formation. The eastern limits
of this zone lie a short distance southwest of the El Dorado and
Smackover fields. In the area farther east, the Comanche series
containg no individual members or beds that can be traced from
well to well.

The Comanche beds strike northwest and djp in an easterly
to southeasterly direction at the rate of 75 to 100 feet to the
mile. This same dip probably prevails eastward beyond the area
shown in Plate XII. ,

GENERAL RELATION OF STRUCTURE TCO THE ACCUMULATION
OF OIL AND GAS

The 0il and gas deposits in the Coastal Plain of Arkansas
occur under a variety of structural types ranging from lenticular
sands to well-defined anticlinal and domal structures. In the
areas where well-defined anticlinal or domal structure is asso-
ciated with the oil and gas accumulations there is a definite ten-
dency to accumulate in the highest accessible part of the reser-
voir; that is, at the crest of the structures. The structural types
and thelr relation to the oil and gas accumulation are classified
in Table 10.

The Norphlet dome in the Smackover field and the Irma
faulted anticline are the most pronounced local structural fea-
tures of the oil and gas-producing areas of southern Arkansas.
The Norphlet dome, which is roughly circular, has a diameter
of 4 miles and a closure of 70 feet. The principal feature in the
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TABLE 10.—Structural types and their relations to accumulation

of oil and gas
¥ Field % Type of structure Relations of structure to accumulation
Smackover 0Oil and gas accumulated over high-
| Dome est part of a dome
Norphlet district Oil and gas accummlated over a ter-
. Terrace limited on race, but distribution determined
Louann district north by fault by lensing of reservoir sand
Naeatoch oil and gas accumulated on
east flank; localization determin-
ed by structure of reserveir sand
El Dorado Anticline 0il and gas in 2900-foot sand accum-
ulated on local dome, superimpos-
ed on anticline
. Oil and gas accumulation determin-
East El Dorado | Terrace ed by lenticular structure of res-
ervoir sand
0il and gas aceumulated over high-
‘Woodley pool Dome est part of dome
] . Accumulation determined by lenticu-
Rainbow City Terrace lar structure of reservoir sand
) Accumulation determined chiefly by
Stephens Terrace structure of reservoir sand
In part anticline '
Lisbhon and in part syn- | Accumulation determined by strue-
eline ture of reservoir sand
Accumulation on highest part of
Irma Faulted anticline fold
Bradley district | Probably terrace Accumulation in lenticular sand
Urbana district | Not determinable
Garland City Not determinable | Probably lenticular sands

Trma field is a fault that trends generally from east to west and
that has a displacement of 400 feet to the north. On the south
side of the field the Nacatoch sand has a closure of 50 feet
against the fault. The producing area lies within the closure
on the Nacatoch sand.

ORIGIN AND ACCUMULATION OF OII- AND GAS

Qil and gas accumulations occur under a variety of condi-
tions as related to depth, age of the inclosing beds, character of
the reservoir rocks, and structural types. They appear to be
the combined results of a number of factors which are either
unknown or imperfectly understood. There is almost universal
agreement that oil and gas originated from organic maferial
buried in the sediments, but there are wide differences of opin-
ion concerning the processes of alteration of the organic ma-
terial and concerning the mode of accumulation. In geologic
literature the view is generally held that the source beds are
massive organic shales and limestones deposited under condi-
tions favorable to the growth of organisms. Generally the shales
and limestones in contact with or near the reservoir beds are
favorable as the source for the oil and gas. The above stated
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viewpoint necessarily impliew migration of the oil and gas from
the source beds to the reservoir beds, and migration of the oil
and gas through the reservoir beds, to their ultimate site of
accuniulation. A less commonly held viewpoint is that the oil
and gas originated at, or near, the site of accumulation. For
the oil accumulation of southern Arkansas and northern Louisi-
ana, the writer favors the viewpoint that the oil originated at,
or near, the site of accumulation. The reasons for holding this
viewpoint will be briefly discussed.

The principal oil-producing fields of southern Arkansas occur
in a generally northwest-southeast trending belt 10 to 15 miles
wide and 50 miles long. This belt continues intoe Louisiana
where it includes the Monroe and Richland fields, giving it a
total length of 110 miles. The oil and gas-preducing belt coin-
cides with an area of marked changes in- the character of the
Upper Cretaceous sediments as contrasted with the area imme-
diately to the west and the southwest.

The sediments decrease in thickness, become increasingly
sandy, and generally depart widely in character from the more
typical marine sediments in the adjacent area to the west. These
changes are not closely related to the strand line of the Creta-
ceous sea. The changes in the character of the Upper Creta-
ceous sediments may be considered of regional extent in that
they effect the oil and gas-producing belt and the adjacent areas
to the east, but locally the sediments vary widely from place to
place within this area. It is a well known fact that sediments
are sensitive to environmental factors. This fact has been aptly
summarized by Twenhoefel' in the following statement: “The
sediments are responses to environmental conditions operating
on the character inherited from the parent rocks and previous
processes, and deposition of all varieties is due to environmental
factors operating at the places of deposition. Inorganic sedi-
ments have high degrees of sengibility to environmental fae-
tors.” The above statement is equally applicablé to regional and
local variations in the sediments.

It is the writer’s opinion that the principal factor which de-
termined the variation in the character of the sediments in this
arep was differential warping of the sea floor during deposition.
The Cretaceous sediments accumulated on a peneplained sur-
face of highly folded and faulted rocks which may range in age
from late Paleozoic to pre-Cambrian. The lowering of the pene-
plain to accommodate the accumulating sediments was accom-
panied by differential movements in the basement rocks, prob-
ably along existing lines of weakness. These movements were
propagated upward into the overlying sediments producing a

* Twenhoefel. W. H., Environmemt in sedimentatipn and stratigraphy: Geol, Soe, America, Bull., -
vol, 42, 1931, p. 423,
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“gentle arching of the sea floor. The regional feature on which
the oil and gas-producing belt is situated appears to have been
an active line of weakness, possgibly related to the Ouachita Moun-
‘tain system in its underground extension to the southeast. The:
differential warping of the sea floor in this area appears to have
been more or less continuous, although of varying intensity, to .
the end of the Cretaceous. The local changes, most pronounced
in the oil-producing areas, are expressed by the thinning of all,
or a part of the sediments and in lateral changes in the charac-
ter of the sediments, or both. Such changes are interpreted to-
be the result of slight differential movements of .the basement
rocks which, owing to the complex stresses involved in their
movements may have been either intermittent or continuous for
long periods of time. The principal effect of the differential
warping of the sea floor was the modification of the eurrent ac-
tion by which the sediments were distributed over the sea floor.
Tn the areas which rose even slightly above the normal level of the -
sea floor, the current action was more active, and the sediments
were agitated and sorted. The resulting tendency was for the

. heavier material to accumulate over the higher areas and the
finer material and the muds to accumulate over their flanks and
in adjacent depressed areas. Tt is not unreasonable to assume
that where evironmental factors locally modified the character
of the sediments, organic life may have been more abundant,

-and conditions for the preservation and burial of the organic .
material may have been more favorable. Accepting this ex-
planation it is then posaible to postulate the existence of localized
concentrations of organic material as the source of the oil and
to obviate the necessity of assuming the long distance migra-
tion of the oil to its site of accumulation. This viewpoint em-
phagizes the importance of contemporaneous folding and sedi- .
mentation in relation to 6il accumulation.

Local changes in the character and thickness of the sedi-
ments are strikingly illustrated in-the Smackover field. Qver
the Norphlet dome the Nacatoch formation consists chiefly of
sandg with subordinate beds of shale. The formation increases
in thickness down the flank and changes laterally to shale with
subordinate beds of sand. In many, if not all, of the producing
areas, the reservoir rock iz most porous over the producing area
decreasing in porosity towards the margins of, or beyond the
producing area, apparently as the result of the presence of in-
creasing amounts of argillaceous material.

The oil produced from the Nacatoch sand in the El Dorado
district ranges from 19° to 36° A. P. 1. gravity. In the El Do- -
rado field proper the grav1ty is from 33° to 36° and the East El
Dorado f1eld the gravity is 19° to 20°. These two last producing
areas are separated by a barren zone about 4 miles wide, but the
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_sand in thls zone as ev1denced by several wells is contlnuous )
from one area into the other. In the other producmg fields -
there are marked differences in the gravities of the oils pro-
‘duced, which fact suggests a local source for the oil and, further-
more, suggests that the gravity and composition of the oils de-
pend upon the composition of the organic material from which
they were derived.
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© FIGURE 19.—Map showing oil and g'a.s poesibilities in the Gulf Coastal
Plain in Arkansas.

. Most oil-producing areas are of anticlinal structure in some
form, whether anticlinal and domal structures, or structural
“terraces. In other areas the oil is confined by virtue of the struc-
‘ture of the reservoir rock, either lensing of the sand, or lateral
. -decrease in porosity. Furthermore, many anticlinal structures
“are barren of oil and gas; a fact that gives additional weight to
~'the viewpoint that the oil and gas originated near the site of
' 1ts accumulation.

"' In considering the possibilities of oil production in the areas
“which are untested, or are inadequately tested in the Gulf Coas-
~tal Plain it is necessary to primarily consider their gtratigraphy.
- For convenience, the Coastal Plain is divided into four areas
iy (See Fig. 19), each one possessing general characteristics which
~.may-have a bearing upon its oil possibilities. These are dis-



cusged in the decending order of what is believed to be their
"importance.. In area 1 the Upper Cretaceous strata, including
most of the known oil and gas-producing horizons 'of this re-
gion, are present beneath the Tertiary strata. It also is under-
lain by strata of Comanche age which have not been adequately:
tested to determine their oil and gas-producing possibilities.
From present evidence this area is believed to be the most fav-
orable for commercial oil and gas accumulation in the Gulf Coas-
tal Plain in Arkansas. In Area 2 the Comanche strata are ab- -
sent. The Upper Cretaceous sediments are from 200 to 800 feet
thick and include some of the known oil and gas-producing
horizons. It is also an area of thick Tertiary sediments. This
area, although not thoroughly tested, has yielded few shows of
oil ‘and gas. It is, therefore, considered fo be less favorable for
oil and gas accumulations than Area 1. In Area 3 most of the
Upper Cretaceous strata are exposed at the surface. Comanche
strata underlie the Upper Cretaceous through most of the area,
but they are relatively thin as compared with the area to the
gouth, and, this area seems less favorable for oil or gas accumu-
lations than Areas 1 or 2. Area 4 represents the area wherein
the Comanche strata are absent and the Upper Cretaceous is
- ‘thin and represented by marginal deposits.” This area cannot

‘be considered as favorable for future exploration for oil and gas.



THE SMACKOVER FIELD
LOCATION AND DIVISIONS

" The Smackover field includes more than 40 square miles in
‘Tps. 16 and 16 ., Rs. 15, 16, and 17 W, on the line between Oua-
chita and Union counties. The town of Smaekover, for which
the field was named, stands near the center of the producing
‘area. The field is divided into the Louann or light-oil district
‘on the west, and the Norphlet or heavy-oil district on the east.

HISTORY OF DEVELOPMENT

. 'The discovery well in the Smackover field, the il Operator’s
Trust Murphy No. 1 well in sec. 8 T. 16 8., R. 15 W., blew out
April 14, 1922, forming a crater 450 feet in diameter and 50
feet deep. The well had an initial open-flow production of
:30,000,000 cubic feet of gas and a rock pressure of 950 pounds
in the Nacatoch sand at a depth of approximately 2,024 feet be-
‘low the surface. This well was drilled near the apex of the
“Norphlet dome.

.7 'The first oil-producing well in this field was the V. K. F. Oil
“Company’s Richardson No. 1 well in sec. 29, T. 15 S., R. 156 W_,
which was completed in the Nacatoch sand July 1, 1922, at ap-
-proximately 2,000 feet. In October 1922, the production was
_extended westward into sec. 4, T. 16 S., R..16 W., opening up ’
“the Louann distriect. The production in the Nacatoch sand was
below expectation and resulted in exploitation to possible deeper
-'0il zones and in the discovery of the Meakin sand which yields the
Tight oil produced at Smackover at depths varying from 2,230
to 2,850 feet below the surface. The Graves sand was discov-
“ered by the Lion 0il and Refining Company in their Graves No.
‘6 well in gec. 8, T. 16 S., R. 15 W., which was completed January
© 28, 1925, at a depth of 2,501 feet. Later- deveIOpment work re-
“vealed the occurrence of oil and gas deposits in the Tokio- Wood
'bme section which underlies the Graves sand.

The peak of the production in this field from all sands was
..reached in 1925, when the yearly output was 69,000,000 barrels,
“of which 9,500,000 barrels was light oil (23° to 28° Baume) and
59,500,000 barrels was heavy oil (18° to 23° Baume). The high-

est monthly output,was 1,182,900 barrels of light oil-during June
1924, and 8,201,500 barrels of heavy oil during May 1925. Up
~to January 1, 1934, the Smackover field had produced 315,401,428
barrels of oil, of which 45,389,875 barrels was light oil and
+270,011,553 barrels was heavy oil. On January 1, 1930, 962
~wells produced 5,290 barrels of light oil, an average production
“of 514 barrels per well; and 2,036 wells produced 41,837 barrels
- of heavy oil, an average of 20%, barrels per well on that day.
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- The eastern part, or the Norphlet dome, of the Smackover -
field has been described by Bell, Haury, and Kelly® in a paper
dealing chiefly with the engineering problems of the field. The
geology of the Smackover field has been described by H. G.
Schneider?, to whom the writer is indebted for the geologic struc-
ture map of the Graves sand and for much other valuable infor-
mation#hat is incorporated in this paper. The same writer? has
deseribed and named the preducing sands of the field. The
names thus given, except that of the Blossom sand, are used
in this paper.

STRATIGRAPHY
GENERALIZED SECTION

The .Claiborne formation is at the surface in the Smackover
field, but deep wells have penetrated all of the beds of the
Eocene and Gulf series and more than 1,300 feet of the Comanche
geries. The stratigraphie section for the field is shown in
Table 11. '

CRETACEOQUS SYSTEM
COMANCHE SERTRES

The Comanche series is represented in the Smackover field
by a part of the Lower Glen Rose, the Travis Peak, and by a
series of chalky limestones which are provisionally assigned to
the Neocomian. The Glen Rose strata are present only on the
west side of the louann distriet and perhaps in the graben to
the north of the preducing area; in the remainder of the field
the basal Upper Cretaceous lies in contact with the Travis Peak
formation.’

NEOCOMIAN ?

In the Neocomian is included more than 600 feet of chalky
limestone penetrated in the Lion Oil and Refining Company’s
Hayes A-9 well in sec. 4, T.- 16 S., R. 15 W., Norphlet district.
The limestone series lies with apparent unconformity on a salt
mass and is overlain by the Travis Peak formation.

TRAVIS PEAK FORMATION

The Travis Peak formation consists of red, brown, purplish-
brown, greenish-gray to dark-gray clays, shale and sandy shale
interbedded with light-colored to brown sands and sandstones.
The clay and shale members are most prominent in the upper
part and the sand members predominate in the lower part of
the formation. The sand is fine to medium-grained in the upper

1 Bell, H. W,, Haury, P. S., and Kelly, H. B, Pre].lmmary report on the eastern part of the
Smackover, Ark.meas, oil and gaa field: Atkaneas State Bur of Mines, 1523,

% Schneidér, H. G., Smackover ofl field, Ouachita and Union counties, Arkansas: Am, Inst, Min.
and Mer, Eng., Trans,, vol. 70, pp. 1076-1099, 1924,

3 Schneider, H., G., Names of producing sands in the Smsckover, A::keilsns, field: Am, Assoc,
Petrol. Geol, Bull, vol. 9, no. 7, pp. 1116-E1Y7, 1925,



156° GEOLOGY OF THE GULF COASTAL PLAIN IN' ARKANSAS

TABLE 11.—Generalized section of the formations-in the Smackover field

v

Sys- Thickness

tém Series Formation in feat Character of tﬁé, beds
‘Qua- .
.+ ter. |Recent . 0-50 Surface alluvium

NAry

Unconformit;
b ed Sand, gravel, and clay, lignitie sand

Claiborne 500+ and clay, ferruginous sand and
— glavconitic sand and clay. ’

. .
E 2 Wileox 700-750 | Lignitic sand and clay
E E Bluish-gray to dark-gray clay, with
H Midway gidertte concretions, Lower 50 feet
560 dark-gray calecareous and fossili-
Unconformity ferous clay..
Arkadelphia Gray and darkng'ra.y mar! and shale

marf . 90-100 and some chalky marl
- Sand and calcareous sand, with some
interbedded shale and sandy shale,
Nacatoch sand | 150-200 |  Gray shale at the base. Oil and
‘ gas—producing sand,

Saratoga chalk
and Marlbrook | 175-200 | Marly, chalk and marl with inter-
marl bedded sandy marl and chalk

Mlcaceous sand, shale, and sandy
. shale, Meakin sand at top and
Ozan 170-180 Graves sand at base. 0Ol and gas-
producing sands
‘ Chiefly tuffaceous sand- and sand-
Tokio- gtone with some interbedded tuff,
Woodbine 225-600 clay, and sandy clay. In part hg-'
. nitie, 0il and gas-producing beds
Red, gray and white clay interbed-
Redbeds | 0-150+ | ded with sand. Section consists
largely of tuff
Gray to green clay and impure lime-
stone. Sandstone only in the ex-
Glen Rose 0-2004+ 'trelme western part of Smackover
- field
_ | Interbedded red, brown, purple, and
Travis Peak [ 2000+ gray. clay and light-colored sand
and sandstone

Neocomian 600 | Chiefly chalky limestone

Gulf

Cretaceous

—! Unconformity

Clomanche
('T'rinity
group)

part buf is somewhat coarser grained in the basal part of the
formation.

The Travis Peak formation is 2,000 to 2,100 feet thick in
the Smackover field.

GLEN ROSE FOERMATION

No data are available to show definitely the character of
the Glen Rose formation in the Smackover field ; however, a few
miles to the west it consists of gray to green and red clay and
shale interbedded with impure limestone and fine-grained sand
-and sandstone. ' Its maximum thickness in the western part of
the Louann district is not more,than 200 feet. .
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GULF EERIES .

: A generahzed sectlon of the Upper Cretaceous formatmns in
~ the Smackover field is shown in Figure 20.

TOK!O-WOODBINE .
| snaceine siaat The basal Upper Cretaceous red

] te AN GAS 2oNE dome (See Pl VI) but are present on
;'Mc,«mcusmm the ﬂanks WheI'E'theY are f]’.‘om 50 ’
150m200° to 150 feet thick.-
AA%OGR GHALK The non-red Tokio-Woodbine sed-
g 5‘4%,m1 . iments consist chiefly of white to
S s pale-green sands and sandstones in-

terbedded with gray and green clays,.
sandy clays, and some thin beds of

MEANIN BIL AND GAS ZONE

= grains generally in a matrix of vol-
=188’ . canic tuff. The formation confaing
| s o ang e zone oceurs as finely comminuted particles:
, : and ag fine streaks along the beddmg s
TOKID FORMATION planes o

225800
l%ﬁz?;’gizﬁz'ff;’:;mm The non-red Tokio-Woodbine sec-

over the top of the Norphlet dome,
but its thickness increases to 300 to

1 DIt ANG GAD (N LOGAL AREAS

e s e 510 Teet on the south and east flanks
el of this dome and is 500 feet thick in

FiURE  20.— Generalized the western part of the Louann dis-
gection of Upper Cretaceois {nint

ion in th ackover
f?égmtl n in the Sm : OZAN FORMATION

: The Ozan formation in the Smack- .
over field is represented by an upper and lower sand member -
_and an intermediate shale member. Its basal member is the
Buckrange sand, or the “Graves sand” ag it is known in this
field, It consists of gray to greenish-gray micaceous and in part
glauconitic, fine to coarse-grained sand and sandy clays. It is
from 30 to 40 feet thick. Over the Norphlet dome where it is a
prolific oil-producing horizon the sand is generally coarse and -
contains pebbles of chert. The thickness of the productive sand -
is from 12 to 20 feet. The intermediate member consists of fine-
ly micaceous and glauconitic gray and green clayey marls and .
sandy clays and lenses of glauconitic sand. The Buckrange sand

is 90 to 125 feet thick.

" 'In the Smackover and Union County fields the upper memb_e‘r'j '
“of the Ozan formation is known as the “Meakin sand.” It con-

beds are either absent or thin over
the highest part of the Norphlet -

bentonite and subangular quartz -

some carbonaceous material which -

tion is from 225 to 275 feet thick
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sists of sands and sandy clays which in lithology closely resemble
the Graves sand except that the grains are somewhat finer. The
Meakin sand is 85 to 45 feet thick in the eastern part of the field
but decreases towards the west and is not found west of the
Louann district. The oil and gas-saturated portion is variable
in thickness over the field.

MARLBROOK AND SARATOGA CHALKS

The Marlbrook and Saratoga chalks consist mainly of gray
shale, marl, and chalky marl, but include some beds of sandy
clay and calcareous sand. They are 175 to 200 feet thick in the
Smackover field.

NACATOCH FORMATION

The Nacatoch formation contains beds of sand, shale, clay
and chalky sandstone, but the different beds constituting the
formation vary widely in thickness with the producing area of
the field. Over the Norphlet dome it consists of sand and subor-
dinate beds of shale and clay; the shale and clay members in-
ereage in thickness down the flanks of the dome until they con-
gtitute the greater part of the total thickness of the formation -
in the Louann distriet.

The sand consists of fine to medium-grained gquartz and
ranges in color from gray to green, its shade depending upon
the quantity of glauconite it contains. Its porosity ranges wide-
ly and is determined by the quantity of argillaceous material that
it includes and by the degree of its secondary calcification.

The Nacatoch formation is 150 feet thick on the Norphlet

dome and more than 200 feet thick in the western part of the
Louann district.

AREADELPHIA MARL

The Arkadelphia marl consists of dark-gray calcareous shale
and marl, which in this area have a thickness of 90 to 110 feet.

TERTIARY SYSTEM
EOCENE SERIES
MIDWAY FORMATION

The Midway formation congists mainly of gray and blue non-
calcareous clay, containing many siderite concretions. At some
places its basal 25 to B0 feet consist of calcareous clay. The
formation is 500 to 550 feet thick.

WILCOX FORMATION

The Wileox formation contains chiefly lignitic sand, sandy
clay, and clay but includes thin beds of lignite. It contains an
abundance of calcareous and siderite concretions. In the Smack-
over field this formation includes two sands, known as the “500-
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foot water sand” and the “900-foot water sand,” which have
caused considerable difficulty in drilling. The Wilcox forma-
tion ig 700 to 750 feet thick in the Smackover field.

CLAIBORNE GROUP

Over most of southern Arkansas, the Claiborne group con-
sists of several formafions which are continuous westward into
Texas. The same formational units no doubt are present in the
Smackover field but owing to lack of defailed data they cannot
be recognized in the well records. The Claiborne consists chiefly
of sands and subordinate beds of glavconitic sand and elay in
the upper part. The basal 75 to 100 feet of beds consists of
glauconitic sand and marl, and chocolate clays. The Claiborne
group is 450 to 600 feet thick in the Smackover field.

STRUCTURE

The rocks at the surface in the Smackover field consist in
part of Recent sand and alluvium and in part of magsive sands
of Claiborne age, which, owing to their charatcer, are not adapt-
ed to detailed mapping. The structure maps of the field are
determined from studies of well records.

SUBSURFACE STRUCTURE

The most detailed structural map must be made up from well
records. While any of the producing sands furnish a satisfac-
tory datum plane, the Meakin and Graves sands are the most
satisfactory because of their uniform thickness and distribution
in the Smackover field. The interpretation of the structure,
using the top of the Meakin sand as a datum plane, is shown
in Plate XVII. The structure of the Norphlet dome by H. G.
Schneider, contoured on the top of the Graves sand, is given
in Plate XVIII.

The most prominent structural features in the Smackover
field are the Norphlet dome on the east, the Louann terrace
on the west, and the east-west trending down-faulted block on
the north.

The Norphlet dome, named by Schneider4, is of roughly cir-
cular form, and its beds dip 25 to 75 feet to the mile away from
its apex which is in sec. 4, T. 16 S., R. 15 W. The lower rate of
dip is to the west, the higher rafe is to the east and northeast.
The highest part of the dome, measured at the fop of the Meakin
sand, is between 2,100 and 2,125 feet below sea level. It is
represented in Plate XVII by an area of 2,000 acres inclosed by
the 2,125-foot contour line. The lowest closing confour line of
the producing area is 2,175 feet below sea level, the amount of

4 Schpeider, H. ©C., Smackover oil field, Ovachkita and Unfon couniies, Arkansas: Am. Inst. Mia.
and Met. Epg.. Trans., vol. 70, pp, 1076-1099, March 1924,
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.cIosure on the dome varymg from 50 to 70 feet. The produc—
“tive portion of the dome is, therefore, 8 square miles. ‘

. The Norphlet dome is separated from the Louann district
by a narrow saddle in the northeast corner of T. 16 S., R. 16 W,
which merges into well-defined northward and southward plung-
ing synclines.

: The Louann terrace, named by Schneider® to designate the
‘structural feature of the Smackover field east of the Norphlet
- dome, is a broad, relatively flat area of about 20 square miles,
~'bounded on the north by the Smackover graben; on the east by
“-a syncline having a general northerly trend, which separates
:~this area from the Norphlet dome; and on the southwest by a
syncline plunging to the southwest that extends into the south-
east corner of T. 15 8., R. 17 W. On the northwest the Louann
Aterrace merges into the regional monocline structure of this
.region, which dips to the south. Near the Smackover graben
© - the Meakin sand is 2,100 to 2,125 feet below sea level, and there
" ig a small closure of the 2,125-foot contour line in sec. 6, T. 16
3., B. 16 W., but in general the terrace is defined on the east,
south, and southwest by the 2,150-foot contour line.

: The Smackover field is bounded on the north by a fault which
- hag a general east to west strike and traverses the central part
. of T. 15 8., Rs. 15, 16, and 17 W. The downthrow is fo the
- north; where it can 'be accurafely determined, the amount of
.- displacement is 450 to 475 feet. The most accurate data at hand
'is obtained from the Atlantic Oil Production Company’s Row-
- land wells in sec. 29, T. 15 8, R. 16 W., drilled just south of the
" fault, and from the Transcontinental Oil Company’s Minor No.
- 1 well in sec. 20, T. 15 8., R. 16 W,, drilled on the downthrown
“gide of the fault. The producing wells on the south, or up-
thrown side, of the fault encounter the top of the Nacatoch sand
~at depths of 1,850 to 1,855 feet below sea level and have a normal
“gtratigraphic section to the bottom of the hole.

- The Transcontinental Oil Company’s Minor No. 1 well en-

~countered the top of the Nacatoch sand at a depth of 2,330 feet

below sea level, the top of the Meakin sand at 2,685 feet below

-7 'sea level, and the top of the Tokio-Woodbine section at a depth of

. 2,743 feet below sea level. The interval from the top of the Naca-

- toch sand to the top of the Meakin sand is normal, but the interval

“from the top of the Meakin sand to the top of the Tokio is only

.60 feet, instead of the normal interval of 180 to 190 feet. The
- Graves sand and a part of the Ozan clay are absent, and it is,
“therefore, inferred that the fault plane passes through the Ozan.
- formation about 60 feet below the top of the Meakin sand. By
: pro;ectlng this peint to the Nacatoch fault trace, which is ap-

'."“Schneirler H. G., op. cit, ’
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proximately located by the wells drilled in this area, it is found
“that the fault plane has a northward inclination of 45° to 55°. -
A cross section of the fault is shown in Figyre 21.
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- Picure 21,—South to north cross section of Smackover faultr in seec.
20,.T. 15 8., R. 16 W., Louann district.

) STRUCTURE OF THE COMANCHE SERIES
The Comanche series is separated from the overlying Gulf
series by a pronounced erosional unconformity which has trun-
cated the beds of the Comanche series. The regional strike of
. thig series is to the northwest and the regional dip is southwest
(See Pl XIT and Fig. 3) Deep wellg drilled a few miles to the.
west of the Louann district encounter beds of Glen Rose age in
- contact with the base of the Gulf series, but deep wells drilled
in the Smackover field encounfer red shales and sand of Traws
Peak age at the same stratigraphic position.

"The structure in the Comanche beds is not determlnable

owing to the absence of beds having sufficiently marked indi-
vidual features to be correlated from well to well. The normal
regional dip of the Comanche beds is 75 to 100 feet per mile

to the west, and that of the Gulf series iz 25 to 30 feet to the
east. This difference in dip would indicate that unless the Co-
manche strata in the Smackover field depart from the normal

_ regional dip the post-Comanche deformation was mot- sufficient
~ - to overcome the initial dip of these beds. The structure of the’
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... Comanche beds may, theréfore, be less pronounced .than_ thaf
5 of the overlying Gulf series.

RELATION OF STRUCTURE TO THE ACCUMULATION
OF OIL AND GAS

The deposits of oil and gas in the Smackover field may be

; " gaid to be normal to the structure in that they show a tendency
.- to oceupy the highest part of the fold or the reservoir rock in
" :which they are inclosed. The relation observed suggests that

‘the structure is the dominant feature that has determined the

accumulation of oil and gas, although the localization of oil and
. gas in different parts of the field has been defermined to some
L extent by the character of the reservoir beds, chiefly their len-

ticular structure and their porosity. Well sections through the
" Smackover field, showing correlation of the oil and ga.s-produc—

‘. ing sands are shown in Plate XIX,

PRODUCTION ‘
DISTRIBUTION AND CHARACTER OF PRODUCING SANDS

L The limits of production of the four principal producmg'
. sands in the Smackover field are shown in Figure 22,

The uppermost or Nacatoch sand is productive over an area

o of 29,500 acres which includes both the Norphlet and Louann

. districts. It is the most widely distributed oil and gas-produe-
. ing sand in the Smackover field. This sand is most productive
in ‘the Norphlet district where the structure is well-defined and

. “the sand is most uniform in character and thickness. The pro-
sio-ductive area, nevertheless, extends far down the south and

" southwest flank of the Norphlet dome (See Pl XVII) where -

the distribution of the oil and gas is obviously independent of

| - the deformation of the inclosing beds and probably related to
‘the character of the sand. In the Louann district the sand

-, members of the Nacatoch progressively decreases in thickness

.+ toward the west. The distribution of the oil and gas is erratic

. -and was apparently determined by the character and structure
. -of the sand lenses rather than by the deformation of beds.

The Meakin sand, which is productive over an area of about

o X 9,600 acres, yields the light oil of the Smackover field. This sand

. underlies both the Norphlet and the Louann districts. In the
. Norphlet district the Meakin sand produces gas and some oil;
“-whereas, in the Louann district, it produces oil and some gas.
The productrve area is not continuous from one district to the

other but is separated by a barren area 38 to 4 miles wide. In

__4-__1-the Norphlet distriet the oil and gas accumulated over the high-
- v -est part of the structure, but in the Louann district the accumu--
... lation has been modified by the westward lensing of the sand,
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“and thls, rather than the: structural deformatmn, has determmed
the western limit of the productlve area.
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FIGURE 22.—Outline map of Smackover field showing area,l d1str1bu-' '

tion of different producing sands.

The relation of gas to oil in the Meakin sand of the Smack- -
over field is interesting, for there is no obvious reason why

this sand should yield chiefly gas in the Norphlet district and :

‘chiefly oil in the Louann district. = ,
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The Graves sand is productive only in the Norphlet district,
where it covers about 6,500 acres. The producing area coincides
closely with the outline of the Norphlet dome. /

The Third sand has a total producing area of 9,125 acres,
covering 555 acres in the Louann district and 8,575 acres in the
Norphiet district.

In the Norphlet distriet the productive area of the Third
sand coincides closely with the outline of the dome. In the
Louann district the Third sand and deeper sands are productive
in a crescent-shaped area on the southeast side of the district.
The accumulation in this area is due to the lensing of the sands
toward the northeast.

In the Smackover field there are four principal oil and gas-
producing sands, all in the Gulf series of the Cretaceous sys-
tem, as shown below:

Producing sands in the Smackover field

Depth in feet Depth in feet Averaige gravity
Name below helow of oil
suriace gea level Degree A. P. 1.
Nacatoch . 1926-2150 1800-18%0 20
Megkin 2230-2360 2100-2175 25
Graves ... .. 2340-2500 2240-2300 21
Third or 2600-foot . __ 2550-2660 2420-2500 19-24

In addition to the producing sands listed above, there are
several sands in the Tokio-Woodbine section that have yielded
some oil and gas {See Fig. 23).

TABLE 12.—~Sand discovery wells in the Norphlet district, Smackover field

(o} - . Depth bel
Discovery well Location p&%n Prg’ﬁiﬁm Ii%-g?,%% §§' pyoa&?iaﬁd
0Oil O tors’ Trust Apr. 14| 50,000 M. ]
Musnty Now 1oov | 816-15| 1922 | cu. ft. gas* |2025 T. D|Nacatoch
K. F. 0il Co. Tuly 31
Ve e Ol Co.  12g.15-15] 1923 | 300 bbls. |2048-2066 [Nacaboch
July 8 | 33,000 M (Prér)nﬁgas
Ro: Petrol. Corp. ury " . san en-
B Ry VTP | 11616 1922 | cu. ft. gas |2320-2322 [kin sand
ion 0il & Refg. Co. Jan. 28
Lion Oil & Refx 3.16-15{ 1925 | 1000 bbls. |2490-2501 |Graves
T, & P. Coal & O. Co. June 6
Laney No. B 3.15-15| 1925 | 800 bbls. |2576-2583 |Third sand
D. N. Stewart ot al Nov. 24| 20,000 M, _
Murphy No. 1| 9-16-15| 1926 |cu. ft. gas (2726-2738 [Deep sand
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TABLE 13.—Sand discovery wells in the Louann district, Smackover field

C - . bel
Discovery well Location pé%%n prgii:}:;%%on ?;,%E% gge ;l%w pl;,?&rf’s agfd
Oct. 23
Masil;{ffl a 4-16-16| 1922 | 150 bbls. {2009-2010 | Nacatoch
1. Co. Dee. 15
Federal Fotrol Co. | g16.16| 1923 | 25 bhls. |2244-2265| Meakin
Danei al, Mar. 2 .
e o 416-16| 1928 | 50 bbls. |2610-2620 | Third sand
Gulf Refg. Co. Apr. 20
Saxon No. 1_____ | 5-16-16| 1923 62 bbls. [2619-2624 | Deep sand

NACATOCH SAND
The Nacatoch sand, known also as the “Shallow sand” and
“First sand,” is productive over an area of more than 45 square

O YR NAGATOCH SANG
OiL AND GAS

NACATOCH SANG

SARATOGA CHALK
AND 200-)
MARLERDON MARL

G| MEANIS SAND
DIt AVD OAS

GULF SERIES

GITAN FORMATION J
400

s s e T U GRAV! SAND
BUCKRANGE SAND A e o

CHIEFLY WATER BEARING

TOKI? FORMATION s Gic AND GAS

GCRETACLQUS

CHIEFLY WATER BERRING

Ol ANG OAS Y LOGAL
AREAT

UPPER GRETACEOLS
806

REC BEDS

Freore 23.—Section showing oil and
gas-producing horizons in Smackover
field. Cored in Ramage et al, Ezzell
No. 1 well, sec. 24, T. 16 S, R. 16 W.
Figures give depth below the Naca-
toch sand.

miles. (See Fig. 22.) It is
found at depths of 1,925 to
2,150 feet below the surface
or 1,800 to 1,890 feet below
sea level.

The Nacatoch sand exhib-
its marked lateral changes in
character, Over the Norph-
let dome it is made up chiefly
of sand and subordinate beds
of clay and shale, but to the
east, south, and west it eon-
sists chiefly of clay and shale
and subordinate beds of sand
and limestone. In the area
west of the Norphlet dome,
the sand appears to grade lat-
erally into sandy clay and
from sandy clay into clay and
shale until, in the western
part of the Louann distriet,
the formation is made up
mainly of clay and shale and
subordinate lenses of sand.

The sand members are
generally gray but are green-
ish-gray to green where they
contain glauconite and con-

sist of fine to medium quartz grains generally subangular in
ghape. The poroisty of the sand varies widely, depending upon
the amount of argillaceous material it includes and upon the

depree of cementation.

The Naeatoch is 150 feet thick in the Norphlet district and
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consists principally of sand. The oil and gas are confined to
the upper 100 feet of its beds, which may be called the Naca-
toch oil and gas zone. The sand over the highest part of the
dome contained gas and in slightly lower portions structurally,
oil, but the zone was saturated at few places throughout with
oil and gas.

In the eastern part of the Louann district, where the sand
memberg were thinner than those in the Norphlet district, there
were several beds of oil-saturated sand and intervening beds of
dry or water-bearing sand. In the western part of the Louann
district, the saturated sand is in the upper part of the forma-
tion.

The average gravity of the Nacatoch oil is 20° A, P. I. The
largest recorded initial daily production from the Nacatoch sand
was 25,000 barrels of oil and 50,000,000 cubic feet of gas.

MBEAKIN SAND

The Meakin sand was named by Schneidert from the farm
on which the discovery well was drilled. The Meakin sand is

known also as the “Louann sand,” the “2,200-foot sand,” and

the “2,300-foot sand.” It is the light-oil sand of the Smack-
over field, yielding oil of 26° to 28° A. P. L. gravity. This sand
ig the principal oil sand in the Louann district, where it is pro-
.ductive over an area of 9,600 acres. The Meakin sand is not. a
large producer in the Norphlet district, although some gas has
been obtained from its upper part, in what is commonly called
the “Primm gas zone,” and some oil from its lower part.

The Meskin sand is found at depths of 2,230 to 2,360 feet
below the aurface or 2,100 to 2,175 feet below sea level.

The Mezkin sand marks a period in the depositional history
when the strand of the sea, in which the Ozan sediments were
Jaid down, migrated basinward, and coarse materiale were de-
posited along the margin of the sea. The Meakin sand, there-
fore, represents a marginal unconformity at the top of the
Ozan formation. The western limit of the Meakin sand coincides
with the western limit of the productive area in the Louann
district, and the lensing of the sand, rather than the structure,
has defermined the limits of oil production in that part of the
field.

The Meakin sand is a while to gray micaceouns generally
fine-grained and well-sorted quartz sand, containing thin lenses
of indurated sand (the cap rocks of the driller’s records). The
following is a typical core record of the Meakin sand: '

R o Lo.t3._ T 0 .

e v e
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Section of Meakin sand in the Texas Company’'s McAdoo No. 1 well in
sec. 16, T. 16 S, R. 16 W.

Depth in feet
0Oil sand —_— - 2802 -2306
Sand _. . - 23056 +~2316
Shell _ SR , 2316 ~23161%
Sand __ e , 231614231824
Rock — R 231825 -2320
Sand; salt water .. 2320 -2826
Sand . . 2326 -233014
Cap rock _ e 233014233135
Hard sand — — .. 2381142340
Soft sand —_ R 2340 -2342
Shale with streaks of sand __________ e 2342 2347
Roek . e _ 2347 -2348
Siandy shale S 2348 -2365

Accordmg to Schne1der7 the top of the Meakin sand produced
oil in the area adjacent to the fault in the Louann district, but in
T. 18 8., R. 16 W., the oil-saturated sand was 20 to 25 feet below
the top of the Meakin sand.

The average initial daily production in the Meakin sand was

200 barrels of oil and 30,000, 000 cubic feet of 2as.
GRAVES SAND

The Graves sand, named for the farm on which the discovery
well, the Lion 0il and Refining Company’s Graves No. 8 well,
‘was drilled in the SW14 of SW1/ sec. 3, T. 16 S., R. 15 W., is the
most productive bed in the Norphlet district. The Graves sand
is the stratigraphic equivalent of the Buckrange sand which
lies at the base of the Ozan formation. The Graves sand is
found at depths of 2,340 to 2,600 feet helow the surface, or 2,240
to 2,300 feet below szea level. The production from this sand

is limited to the Norphlet district where it covers an area of
6,530 acres.

The Graves sand congists of gray to greenish-gray and fine
to coarse quartz grains, varying in shape from angular to round.
This sand is glauconitic in part and in places contains small
pebbles of phosphate and chert. Intercalated with these beds
of sand are thin lenses of indurated sand and lenses of thin beds
of argillaceous sand, which have modified the porosity of the
Graves sand, as shown by the wide range in the initial produec-
tion of the wells. The Graves sand is 35 to 45 feet thick in the

Norphlet district, and the oil-producing part of the sand is 15
to 20 feet thick.

The oil in the Graves sand has an average gravity of 21°
A. P. 1. The average initial daily production per well was’

about 2,000 barrels, but several wells had an initial daily produc-
tion of 15,000 to 70,000 barrels.

7 5chneider, H. G., Personal cemmunication,
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THIRD OR 2,600-FOOT SAND .

' ‘The discovery of the “Third” or “2,600-foot sand” antedates

that of the Graves sand. It was the third producing sand found

“in the field. Schneider® correlated this sand with the Blossom
sand, but there appears to be no adequate reason for the corre-

o lation.

The Third sand is found at depths of 2,550 to 2,650 feet be-
low the surface. It is a series of sand beds and of intercalated
thin beds of clay, of which the upper member, sometimes. called
the “Reynolds gas sand,” produces chiefly gas, and the lower
“member, sometimes called the “Lawton sand,” produces oil. The -
Third sand is gray, dark-gray, and green, and congists of fine
to coarse quartz grains, varying in shape from angular to round,
which is generally embedded in a matrix of volcanic tuff, At
some places the sand is arkosic and contains small pebbles of
chert and igenous rock. The thickness of the sand ranged from

40 to 50 feet. Its productive area covered 8,575 acres in the
- Norphlet district and 2,600 acres in the southeastern part of the
- Louann district. The oil ranges in gravity from 17° to 24°

AP L

The largest wells had an initial daily production of 3,000
barrels of oil and 40,000,000 cubic feet of gas, but the average
-daily initial production was small.

DEEP SAND .
~ Below the Third sand, near the base of the Tokio-Woodbine
gection, there is a persistent bed 10 to 40 feet thick, known as
“Deep sand,” congisting of white coarse tuffaceous sand. This
sand has yielded gas from the upper part and in places some

o oil from the lower part but is not a highly productive sand in

the Smackover field.

POSSIBILITY OF PRODUCTION FROM DEEPER SANDS
A few wells drilled into the Comanche series have obtained
. ghowings of oil and gas in the red shale and sand of the Trinity
group but have made no commercial production. These wells,

- which were favorably located with respect to the structure of

the beds that are now producing, may be considered adequate
.tests of the immediate areas in which they were drilled and
“have made the prospect of obtaining oil or gas from deeper sands

“"in the Smackover field seem less favorable.

¥ Schneider, H, G., Smackover oil field, Ouachita and Union counties, Arkansas: Am, lnst Mln ’

e : 'and Met. Eng,, Trans., vol 70, pp. 1076-1099, March 1924,

A Ball,, vol 9, mo 7, pp. 1116-1317, 1925.

. Names of producing sands in the Smeckover, Arkansas, f:eld Am. Assoc. Petrol Geol S
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PRODUCTION 1922 TO 1933 INCLUSIVE:

The largest oil well completed in the Smackover field had
an initial daily production of 25,000 barrels in the Naeatoch
sand. Several wells produced at the rate of 5,000 to 10,000
barrels daily. The largest gas wells had initial daily volumes of
30,000,000 to 50,000,000 cubic feet.

Wells completed in the Meakin sand had average initial daily
productions of 200 barrels of 0il and 30,000,000 cubic feet of gas.

The average initial daily production of oil from the wells
in the Graves sand was approximately 2,000 barrels, but a num-
ber of wells produced 15,000 to 70,000 barrels a day.

Wells drilled to the deeper sands had small average initial
daily productions, but some of the larger wells produced 3,000
barrels of oil and 50,000,000 cubic feet of gas.

On January 1, 1930, there were 2,998 producing wells in the
Smackover field, of which 962 produced 5,290 barrels of light
oil, an average of 514 barrels per well on that day, and 2,036
wells produced 41,837 barrels of heavy oil, an average of 2014
barrels per well on that day.

The oil production from the Smackover field is separated into
light oil and heavy oil. The light oil is obtained chiefly from the
Meakin sand in the Louann district, and the heavy oil from the
Nacatoch, Graves, Third, and Deep sands. The Smackover field
to January 1, 1934, had produced a total of 315,401,428 brarels
of oil; 270,011,553 barrels of heavy oil and 45,389,875 barrels of
light oil. The yearly production is shown in Table 14.

TABLE 14—0il produced in the Smackover ficld from 1822 to 1933, inclusive

. Year Light oit . Heavy oil L Total -
1922 4,596 745 4,506,745
1923 5,308,450 25,603,985 30,812,435
1924 11,715,061 © 26,612 501 38,227,562
19256 9,482,993 59,56563,485 69,036,428
1926 5,524 808 45,884,972 ' 51,409,780
1927 3,738,527 30,717,116 © 34,456,843

-1928 . 2,662,480 - 21,203 759 23,866,239
1929 2,075,745 16 793,254 18,868,999
1930 1,738,153 © 13,339,815 15,077,968
1931 1,284,610 10,164,077 11,448,587
1932 995,588 8,292,649 9 288,137
1933 _ 863,560 7,449,345 8,312,906
Totals . ... . 45,389,875 270,011,553 815,401,428%

* It ig estimated thet between 5,000,000 and 10,000,000 barrels of oil pmduced
in the Smackover field have been lost due to fires, f]oods Beepaga
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TABLE 1b.—Estimatied production by sands in the Norphlet district

. Heavy-oil district

Year Nacatcoh Graves Meakin, Third Totals
and Deep sand
4,596,745 e S 4,596,745
25,503,985 25,503,985
26,612,501  _____ 26,512,501
16,545,900 40,856,635 2,150,900 59,553,435
11,125,700 30,743,272 4,016,000 45,884,972
B,312,800 19,279,000 3,125,316 30,717,116
6,760,600 12,236,659 2,216,500 21,203,759
6,404,600 8,784,300 1,603,754 16,793,254
5,731,600 6.339,015 1,269,300 13,339,815
5,158,400 3,993,130 1,012,547 10,164,077
4,580,000 2,850,000 862,549 * 8,292,549
4,170,000 2,580,000 699,345 7,449,345
Totals ... 125392,731 |, 127,662,611 16,956,211* 270,011,553

* The small production from the Meakin sand and the Deep sand is included
in the production of the Third sand.

ESTIMATED FUTURE PRODUCTION

The future production of the Smackover field, as estimated
from the production decline curves and rate cumulative curves,
is shown in Figures 24 and 25, prepared by Roy T. Hazzard.
Future estimates are made assuming present production meth-
ods are unchanged. The estimated yearly production is given
as follows:

Estimated future production in the Smackover field for
1984 to 1938 inclusive

Year ' Light il Heavy oil - Total

1934 792,000 6,510,000 7,302,000
1935 690,000 5,700,000 6,390,000
1936 612,000 5,075,000 5,687,000
1937 540,000 4,560,000 5,100,000
1988 oo 492,000 4,115,000 - 4,607,000
1939 444,000 3,755,000 4,199,000
1940 398,000 3,445,000 3,843,000
Total . _ 3,968,000 33,160,000 32,127,000

The oil reserves of the Smackover field are listed below:

Ofl reserves of the Smackover field

Rarrels Total
Light oil recovered to end of 1983 ... 45389875
Estimated future produetion of light oil to end .
of 1940 3,968,000 49,357,876
Heavy oil recovered to end of 1938 ... ... 270,011,558
Estimated future production of light oil to¢ end
of 1940 33,160,000 303,171,553

Total estimated recovery of oil to the end of 1940, 352,529,428
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The area producing light oil includes 9,600 acres. This had
given an acre yield of 4,740 barrels to January 1, 1934, and an
estimated total recovery per acre of 5,141 barrels to the end of
1940. The heavy oil is produced from the Nacatoch and Graves

504,600,000

é— i :
3 : .
g2 ¢ 3 , VB2 E g 3
EH Fddin b
_§§§§§§§3§§ :
L §2275Fza02 2 o
SEES i gégggsggﬁg ¥ 4
H | Efga: :
i : / )
5 s F ’. e
L % i

33,000,500
1931

Dac
2o
o .
=l
930

30,000,000
A .
D)
® e
i 3
LI
928

1928

-

B
N

VEET

P
o
HLHOW ¥OJ ‘S73HEVE NI "NOILINGO¥d ZDYEIAY ATiVO /
e

el |

926

-—-)'.:’/

1925

h CTAELK LR SHIGTS

Fieaure 24— Rate-cumulative curve, and production-decline curve,
Smackover field, Arkansas, light-oil district. *Future estimates made as-
suming present production methods unchanged.

sandg and from several sands in the Tokio formation, but as the
production from each sand is not known, the acre yield cannot
be accurately determined.

METHOD OF DRILLING

The rotary method of drilling was used in the Smackover
field, but a number of wells that were drilled to the Nacatoch
sand were deepened later with cable tools. In the early stages
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of the development of the Norphlet dome, large volumes of arte-
sian water were encountered under high pressure, due to gas
that had entered this sand from the cratered gas wells drilled
on top of the dome. This water caused drilling to be difficult
and made it necessary to set an additional string of 8-inch cas-
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Ficure 2b—Rate-cumulative ecurve, and production-decline curve,
Smackover field, Arkansas, heavy-oil district., *Future estimates made as-
suming present produetion methods unchanged.
ing in some wells to exclude the water, In wells drilled under
normal conditiong, 200 to 350 feet of 10-inch surface casing was
set to exclude the surface water, but the wells drilled. to the
Nacatoch sand were cased with 6-inch casing, cemented on top
of the sand, and completed with from 50 to 150 feet of 414-inch
blank and perforated liner.

The wells drilled to the Meakin sand, execept those that were
deepened after testing the Nacatoch sand, set 10-inch surface
‘caging and 6-inch casing on top of the sand and were completed
with 4V4-inch perforated liner,

Most of the wells drilled to the Meakin and Graves .sands
in the Norphlet district set 8-inch casing through the Nacatoch
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sand and 6-inch casing on top of the producing bed and were
completed with 414-inch perforated liner. The deeper wells that
did not test the upper sands set 10-inch surface casing and 6-
inch casing on top of the producing sand.

CHARAGCTER OF THE OIL

The Smackover crude oil is brownish-black and, according
to the United States Bureau of Mines' standard, has an inter-
mediate and naphthene base. Its gravity ranges from 19° to 28°,
A P L

The oil from the same sand in different parts of the field,
especially that from the Tokio-Woodbine sands, shows congid-
erable range in gravity which is due in part to the methods of
treating the oil before it is turned over to the pipe-line companies
and in part to the inherent properties of the oil. The available
data, however, are unfortunately not complete enough to permit
an elaboration of this statement. Summary analyses of Smack-
over crude oil follows:

Andalyses of Smackover crude oil
(U. 8. Bureau of Mines Bull 291.LAna.lth5: No. 6 and 7, B, A, Landry; No. 8,

P. Calkin)
Bample No, [ ’ T 8
Producing sand . Nacatoch Nacatoch Third
Depth (feet) 2,045-2,096 1,940-2,620 2,680-2,636
Color brownish-black brownish-black brownish-black
Specific gravity 936 916 .899
A, P. I gravity 19.8 . 23.0 25.9
Viscogity at 70°F. -
{Saybolt seconds) 870 910 310
Viscosity at 100° F.
‘{Saybolt seconds) 340 200 - 150
Pour Point (°F) below 5 below B below b
Sulphur (per cent) 2.40 2.10 2.00
First drop (°C) __— 88 53 68
First drop (°F) 190 127 154
' SUMMARY
Sample No. &
Specific A P T
) Per cent - gravity gravity
- Gagoline light ends ... — e S
‘Total gasoline naphtha .. 73 T8 50.4
Kerosene distillate .. . o R
Gas oil 17.8 864 32.3
Nonviscous lubricating distillate ... 10.6 898-.921 26.1-22.1
" Medinm Igbricating distillate .. 6.9 921533 22,1-20.2
Viscous Jubricating distillate ... . 5.6 933943 20,2-18.6
Total distillate (per cent)___..___48.2 Carbon residue of residuum . 13.4
Residuum {per cent) . ___48.8 Carbon residue of crude..__ _____- 6.5

Base of crude ofl_________ Naphthene
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SUMMARY
. Sample No, 7 _
- Specific A. P. I
. Per cent gravity gravity .
Gasoline light ends 2.0 120 65.0
Total gasoline and naphtha __ .. 139 765 : 53.6
Kerosene distillate 3.6 .824 40.2
Gas oil - - 170 .Bb69 33.2
Nonviseous lubricating distillate .. ~ 102 T 877912 29.9-23.7
Medium lubricating distillate ... ___ 9.6 912-.924 23.7-21.6
Viscous lubricating distillate .. . I e
Total distillate . 541 Carbon residue of residuum _ ... 14.6
Residuum (per centy .. 429 Carbon residue of crude._ . .. - 6.3
Base of crude oil.________ Intermediate
SUMMARY
'Sample No, §
: Specific AP T
: . . Per cent gravity . gravity
Gasoline light ends 2.0 703 69.8
Total gasoline and naphtha . . 13.4 .751 56.9
Kerosene distillate . 8.6 .B16 41.9
Gas ofl ... 137 856 33.8
Nonviseous Iubricating distillate ... 12.2 BT75-.903 30.2-25.2
Medium lubricating distillate ... .. 8.1 903-9 25.2-23.8
Viseous lubricating distillate e e - P
Total distillate . ... 560 Carbon residue of residuum .. _12.9
Residuum (per ecent) .. ... 41.0 Carbon residue in crude . B3
. Base of crude ofl.........Intermediate

Swmmary onalyses of Smackover crude oil
(Gulf Refining Company Lahoratory)

5 "
IRl B 3 BT PN P
Corppany; ool motin  |n o |BC 150t 2 |28 28
Zale
s- 187051 5 |95 5y
<2 e a8 & |&f|as
Gulf Refg. Co.
T. C. Murphy No. 3
Nacatoch sand oo _[sec. 9, T.16, R.13 20.7 90 12,17 Below 0] 0 { 9.0
.Reserve Petrol. Co.
. Fea No. 1
Mesakin sand ... |sec. 30, T.15, R.16[26.2| 70 |1.80!Below 0| 0 |18.0
Standard Oil Co. .
Murphy & Hardy No. 7
Graves sand ... _lsee. 4,T.16, R.15|21.3] 70 [2.08{Below 0| 0 [14.5
Federal Petrol. Co. ' .
Flenniken No., 6
2600-foot (Third sand) ....... see. 6, T.16, R.15I21.8’115 2.01jBelow 0| 0 |11.6
' . ! '
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B. T. U. content of Smackover crude
fLion Oll Rfg. Co. letter, 9-27-3% Chief Chemiat)

Stock B. T. U.perlb. B, T. T. per gal.
Smackover crude ,, - 19,020 148,025
Pressure tar 18,716 154,230
Smackover residuum : 18,710 167,450
Raiiroad fuel (150 vis.) - 18,820 157,345,
32/36 furnace oil 19,680 140,156

WATER CONDITIONS

Accurate data of water produetion in the Smackover field
are not available but it is estimated that not less than 75 per cent
of the fluid produced is water.

- The followmg' are analyses of water from the Graves sand
and Meakin sand respectively:

Analysia of water from the Graves sand in the Smackover field
{(Analyst, Fort Worth Laboratories)

‘Water sample 2631 from Marked Murphy A-8, sed¢, 8, T. 15 n, 15 3,
Union County, Arkansas, Teceived from Lion Oil Refining Company El I:)Ora. do.
Properties of reaction Per cent
Primary salinity ... _. . 78.06
Secondary salinity , 21.714
Primary alkalinity . . None
Secondary alkalinity 0.20
Per cent 80, in SO« plus Cl 0.02
Ratio CO; to SO, : 0.10
Partsg per
Constituents million
Sodium (Na) _ 21,851.8 .
Calcium {(Ca) 3,802.0
Magnesium (Mg) . 943.5
Iron and aluminum oxides (FexQOpu ALOe) . 12.0
Sulphate (SO.) 11.1
Chlirode (Cl) : 42,800.0
Carbonate {(COs) . 69.6
Silica (8i0:) . 200
Reacting
value Per cent
Alkalies
Sedium (Na) 948.66 39.08
Alkaline earths
Calcium (Ca) e 189.72 7.80
Magnesium (Mg) . 77.56 3.17
Strong acids
Sulphate (80.) ... 0.23 0.01
Chloride (Cl) 1,206.96 49,89
" Weak acids
Carbonate (CO;) , 2.32 .0.10
Hypothotically : Fiiea. T 8 pahon
Calcium carbonate {(CaCOs) . . - 116.0 © 6,72
Calcium sulphate (CaSOy) . 15.7 0.91
Calcium chloride (CaCl) .. .. 10,3665 602,42
Magnesium chloride (MgCL) o~ —  3,694.7 214.00
Sodium chloride (NaCl) _ .. b55/2656.1 3,205.67

69,458.0  4.029.72
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Analysis of water from the Meankin sand in the Smackover field
{Analyst, Fort Worth Laboratories)
Marked wells A-2 galt water sample from northwest corner §SW1iy, SEY% see, 25,

T. 1§ W, 17 8., Union Counly, Arkansas, feceived from Atlantic Qil Producing
Compa.ny, Da.lla.s Texas.

Properties of reaction Per cent
Primary salinity 78.22
Secondary salinity 21.68
Primary alkalinity — . None
Secondary alkalinity 0.10
Per cent 80, in 80: plus CI -~ 018
Ra.tio 003 to 304 0, 5b
A Parts per

Constituents millien
Sodium (Na) 16,388.7
Caleium (Ca) ———  3.280.0
Magnesium (Mg) 850.0
Iron and aluminum oxides (FexOs ALOW)y . . 50.0
Sulphate (S0.) : 94.8
Chloride (Cl) 38,000.0
Carbonate (CO:) 33.6
SBilica (8i0.) 35.0

Reacting
value Per cent
Alkalies
Sodium (Na) - e 853.40 39.11
Alksline earths
Calcium (Ca) 183.67 7.64
Magnesium (Mg} R 69.87 3.25
Strong acids
Sulphate (804) 19.67 0.09
Chloride (Cl) 1,071.80 49.86
Weak acids
Carbonate (CO;) 1.12 0.05

Hypothetically Partgper (Grains per

combined as million U. 8. gallon
Caleium carbonate (CaCOQys) . 566.0 3.25
Calcium sulphate (CaSO.) e 134.0 777
Caleium chloride (CaCl) e .. . 8,9144 517.20
Magnesium chloride (MgCl) . 3,325.0 192,95

Sodium chloride (NaCl) .. ... 492175  2855.00

61,646.9 3,676.17



THE EL DORADO FIELD
LOCATION AND EXTENT

The El Dorado field is in western Union County. It extends
from the northern part of T. 19 8., R. 15 W., into the south-
east corner of T. 17 S., R. 16 W, a distance of 10 miles, has a
maximum width of 2 miles, and embraces an area of 7,740 acres.
The town of El Dorado, for which it was named, is on the north-
east side of the field,

HISTORY OF DEVELOPMENT

The discovery well of the El Dorado field, the Constantin
‘Refining Company’s Hill No. 1, in sec. 1, T. 18 S,, R. 16 W., was
completed April 22, 1920, with an initial production of 40,000,000
cubie feet of gas and a spray of oil produced from the Nacatoch
sand at depths of 2,226 to 2,242 feet., On January 10, 1921,
nearly a year later, Mitchell and Bugsey completed their Arm-
strong No. 1 well, in sec. 81, T. 17 8., R. 15 W., which yielded
from 15,000,000 to 35,000,000 cubic feet of gas and 3,000 fo
10,000 barrels of fluid, which included much water. By Febru-
ary this well was producing 1,000 to 1,500 barrels of clean oil
daily.

Quoting from Bell and Kerrs, “after about fifteen days blow-
ing wild water began to appear and the fluid turned to a brown-
ish color. Efforts to control the well were unsuccessful. The
water increased rapidly until the oil and gas were completely
choked off, limiting the well’'s productive life to about forty-
five days. The well had either been drilled too deep or ‘drilled
itself’ into bottom water by the unrestrained flow of gas. The
well was abandoned during the latter part of April 1921.”

A deeper sand was discovered May 7, 1922, by the El Dorado
Natural Gas Company’s Frazier No. 1 well in sec. 6, T. 18 8., R.
16 W., which produced 10,000,000 cubic feet of gas and 2,000
barrels of salt water from a depth of 2,629 feet, The produc-
tive bed was the Meakin sand, which lies at the top of the Qzan
formation, This sand was tested in many wells, but in none was
it a large producer of oil and gas.

A third sand was discovered by the Natural Gas and Petro- -
leurn Company’s Mellor No. 1 well in sec. 1, T. 18 8., R. 16 W,
completed September 4, 1922, with an initial daily production
of 600 barrels of oil from depths of 2,948 to 2,952 feet. This
sand is in the Tokio-Woodbine section and occupies the same
stratigraphic position as the Third sand in the Smackover field.

Y Bell, H, W., and Kerr, J. B,, The El Dorado, Arkansas, oil and gaa field: State Bur. of Min.,
Manuf, and Agri., Litile Rock, Avk., 1922,
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The production from this sand is not large and is llmlted to a
small area in gsec, 1, T. 18 8., R. 16 W.

A peak productlon of 1, 746 294 barrels was reached in the
El Dorado field in August 1921

To January 1, 1934, the El Dorado field had produced
40,934,110 barrels of oil, and it is estimated that an additional
2,670,000 barrels will be produced during the next five years.
On January 1, 1934, there were 257 producmg wells that had
an average daily production of 9 barrels.

TOPOGRAPHY

The topography of the El Dorado field is shown on the El
Dorado quadrangle of the topographic atlas of the United States.
The field extends along the divide between Cornie Bayou on.
the west and Bayou de Loutre on the east. Both streams flow,
in general, southeastward. The stream bottoms are from 180 -

- to 200 feet above sea level and the crest of the divide at a few
places reaches an altitude of 300 feet, but the general altitude
of the field is between 220 and 260 feet.

STRATIGRAPHY
GENERALIZED SECTION

The rocks at the surface in the El Dorado field consist of
sand and sandy clay belonging to the upper part of the Claiborne
formation {the Cockfield formation of Louisiana and Texas).
Deep wells have penetrated all the beds of the Gulf series and
several hundred feet of the Comanche series. A generalized sec-
tion of formations in the field is shown in Table 16.

GCGRETACEOUS SYSTEM
COMANCHE SERIES

The Comanche series ig represented in the El Dorade field
.by a part of the Lower Glen Rose formation and the Travis
Peak formation of the Trinity group. The Travis Peak forma-
tion is probably underlain by sediments of Neocomian age but
none of the deep wells drilled in the field have penetrated all
of the Trinity group.
TRAVIS PEAR FORMATION
The upper 500 feet of the Travis Peak formation was cored
in the Gulf Refining Company’s Rosa L. Cook No. 1 well in
sec. 1, T. 18 8., R. 15 W, on the east side of the El Dorado field.
~The core record is shown graphically in Figure 26. It consists
chiefly of red shale and sandy shale interbedded with generally
massive sand in the upper part and white, gray, pink, and brown
- sand interbedded with red clay and shale in the lower part.
The total thickness of the Travis Peak formation has not been
" drilled in the El Dorado field but is probably not less than 2,000
- feet thick.
QLEN ROSE FOBRMATION
The Glen Rose formation has been penetrated in several wells
~in the area adjacent to the El Dorado field, but the most de-
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TABLE 16.—Generalized section of formations in the El Dorado field

ngﬁ- Series Formation Tkil-[ilc}f{ezﬁss Character of the beds
: Sand, sandy clay, and clay, in part
Claiborne [1100-1150 ferrugmous and lignitic; glauconi-
E %’ | tic sand and clay at base
g ] Lignitic sand and clay; siderite and
2 ] Wilcox 250 | limonite concretions abundant _
Midway Blue and gray, mainly nonealeare-
clay . 500 ous clay containing conecretions -
Uneconformity Blue, greenish-gray to dark - gray
Arkadelphia 90-100 shale and marl; some chalky shale
marl in lower part
Chiefly gray and greenish-gray fme—
Nacatoch sand | 150-175 grained argillaceous sand; sandy
clay and shale at the bhase
Saratoga challk | 20-30 |Gray chalk
Maribreok |Gray and yellowish-green marl, clay,
§ marl 200-225 and chalky marl
2 ‘-ﬁ Meskin sand at top (5-25 feet of
3 |5 argillaceous, micaceous, argillace-
& ous fine-grained sand, micaceous
~ Ozan 140-150 elay, marl, and sandy elay). Buck-
range (Graves) sand 'at base (20
to 30 feet thick); fine to medium-
grained gray and greenish-gray
_ gand
Brownstown Gray clay and sandy clay; white,
ma;'l gray and green tuffaceous sand
Tokio- 450-650 | and sandstone; red and brown clay
Woodbine and thin beds of tuff _
Unconformity Thin beds of limestone; red, brown,
: and gray shale and white, pink,
-1 Glen Rose 300-350 and brown sand and sandstone;
E’%g decreases in thickmess toward the -
BEE east
85!’“ Red, gray, and purple shale and
Travis Peak 15004 white, pink, and brown sand and

sandstone

tailed records are from the Gulf Refining Company’s Rosa L.
Cook No. 1 well in sec. 1, T. 18 8., R. 15 W. Section of th_ls
well follows:

Sectwn in Gulf Refining Company’s Rosa L. Cook No. 1 well, sec. 1, T, 18 S,
R. 15 W., Undon Couniy, Arkcmsas

stg;g Series |Group F??gla_ i]?lef%te]t Character of the beds
- 3166-3169
= Tokio- Coarse-grained tuffaceous sand
o | Woodbine| Uncon-
2 formity [Gray fossilifercus limestone; red,
g ; brown, and mottled, dominantly
9 % by Glen 3163 3174 caleareous shale and. sandy shale,
*é g = Rose - few microfossils
& & 5 3220-3223 | Greenish-gray hard sandy shale;
8 3223-3224| . gray calcareous shale
Travis Red noncalcareous shale and hg— :
Peak - |3244-3268| nitie sandy shale*

W A= Aakn i @ mastian mna
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FIGURE 26.—Core record of a part of the Tokio formation and the

Trinity group in Gulf Refining Company’s Rosa L. Cook No. 1 well, gec, 1
T. 18 8., R. 156 W,, Union County, Arkansas.

surface,

?

Figures give depth below:



THE EL DORADO FIELD 181

In the El Dorado field the Glen Rose is represented by the
Lower Glen Rose which consists of gray fossiliferous limestone
and shale interbedded with fine-grained sands and red and brown
gshales, The Glen Rose is probably less than 100 feet thick on
the east side of the field but increases in thickness towards
the west.

GULF SERIES
‘'TOKIO-WOODBINE .

The basal 200 to 300 feet of beds of the Gulf series consists
principally of red and brown clays interbedded with white, gray,
and greenish-gray tuffaceous sand and subordinate beds of
light-colored clay and bentonitic clay.

The remainder of the Tokio-Woodbine section consists chiefly
of white, gray, and greenish gray in part tuffaceous sands, in-
terbedded with gray sandy clay, clay and shale, which are in-
part lignitic. The average thickness of the non-red Tokio-
Woodbine section is about 400 feet.

OZAN FORMATION

The Ozan formation in this area is divisible into three mem-
bers: Meakin sand at the top, an intermediate shale member,
and the Buckrange sand at the base. It is 140 to 150 feet thick,
and consists of fine to medium-grained quartz sand and gray
to greenish-gray micaceous and glauconitic Sandy marl and
shale.

MARLBROOK MARL AND BARATOGA CHALK

The Marlbrook marl and Saratoga chalk consist principally
of gray to yellowish-gray marl and chalky marl. On the east
side of the El Dorado field, the Marlbroock marl contains small
quantities of fine sand, and is 200 to 225 feet thick. The Sara-
toga chalk also contains argillaceous chalk., It is 20 to 30 feet
thick. . The combined thickness is, therefore, from 225 to 255
feet.

NACATOCH SAND

The Nacatoch sand consists prineipally of gray to greenish-
gray argillaceous sand and gray to greenish-gray sandy shale
and shale. The principal producing horizon of the El Dorado
field is in the upper part of the Nacatoeh sand. The Nacatoch
gand is 150 to 175 feet thick in the El Dorado field but increases.
in thickness toward the west.

ARKADELPHIA MARL

The Arkadelphia marl consists of shale varying in color
from blue to green and gray to dark—g‘ray and chalky shale. If
iz 90 to 100 feet thick.
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TERTIARY SYSTEM
EOCENE STERIES

MIDWAY FORMATION

The Midway formation consists principally of gray and blue
noncalcareous clays containing many siderite concretions. The
lower 50 to 75 feet of beds are calcareous and fossiliferous. In
this area the Midway is about 500 feet thick.

WILCOX FORMATION

The Wilcox formation contains clays, sandy clay and sand

and is in large part lignitic. It is 550 to 575 feet thick in the
¥l Dorado field.

CLAIBORNE GROUP

The Claiborne group is represented in the El Dorado field
by about 900 to 1,000 feet of beds. The Cockfield formation,
consisting of lignitic clays and sands, i at the surface in the
field. Depending upon the surface elevation it is from 150 to
200 feet thick. The Mount Selman formation consists of glau-
conitic sand and clay and is about 170 feet thick. The Sparta
sand consists of generally massive sands and is 325 feet thick.
The Mount Selman, chiefly glauconitic sand and clay, is 60 to
70 feet thick. The Queen City consists of sand and clay, in part
lignitic, and is 115 feet thick. The Reklaw consists of lignitic
clays and glauconitie sand and mar! and is about 75 feet thick.

STRUCTURE
GENERAL FEATURES

The structure of the region in which the El Dorado field is
situated is shown in Plates XX and XXI. Tt is an area of
gentle uplift, bounded on the north by the Arkansas fault zone
and on the gsouth by the Monroe uplift of Louisiana. Tt is ¢harac-
terized by a series of generally northwestward-trending anti-
clines, which, toward the south, have the ends of their axes de-
flected to the east or to the west, marking the influence of the
Monroe uplift.

The rocks at the surface in the El Dorado field consist in
part of Recent sand, clay, and gravel and in part of massive
sand of Claiborne age, which, owing to their character, are not
suitable to detailed mapping. Subsurface maps were according-
ly prepared which show the strueture of the area.

SUBSURFACE STRUCTURE

The interpretation of the structure, as derived from con-
tours drawn to the top of the Naeatoch sand, is difficult, owing
to the fact that the field was developed by highly competitive
and rapid drilling methods in order to reap the benefit of the
large flush production obtained from wells completed in ad-
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vance of the offset wells on adjoining leases. Such drilling does
not ordinarily afford accurate logs of the formations penetrated
and most of the records are unreliable. This fact and the
lateral changes in the reservoeir rock have caused different in-
terpretations by geologists of the structural configuration on
the top of the Nacatoch sand. Thege differences of opinion are
illustrated in the published maps of the subsurface structure
of the field®, and differ widely.

The most satisfactory datum plane in this area is the Meakin
sand, as a number of deep wells were drilled to this horizon and
afforded sufficient data for the determination of the generalized
structure,

The structure of the Meakin sand is shown in Plate XXIL
The contour lines are drawn on top of the sand at intervals of
25 feet. Asg interpreted it is an elongated northwestward-trend-
ing anticline that extends from the southwest corner of T. 17
N, R. 16 W., to the north-central part of T. 19 8., R, 15 W.
The 2,275-foot contour line incloses an area 2 miles wide on both
sides of the line between T. 18 S,, R. 16 W., and T'. 18 S,, R. 15
W. The highest part of the structure appears to be in a small
area in sec. 1, T. 18 5., R. 16 W., inclosed by the 2,250-foot con-
tour line. :

STRUCTURE OF THE COMANCHE SERIES

The structure of the Trinity beds, which are separated frem
those of the overlying Gulf series by an angular unconformity,
is not determinable except in a general way becauge only a few
well have penetrated these beds. The Trinity beds strike south-
east and dip southwest. Unless these beds have been locally
deformed in the El Dorado field, the dip, as determined from
the Shell Petroleum Company’s Carroll No. 1 well in sec. 18,
T. 18 S., R. 15 W,, and the Gulf Refining Company’s Rosa L
Cook No. 1 well in sec. 1, T. 18 S.,, R. 15 W, is to the southwest
at the rate of about 50 feet to the mile. :

RELATION OF STRUCTURE TO ACCUMULATION OF OIL AND GAS

The oil and gas accumulation in the deep sand coincides with .
a small dome outlined by the closure of the 2,250-foot contour
line in sec. 1, T. 18 S, R. 16 W.

The structure of the Nacatoeh sand is not readily determined
but appears to be a terrace with a slight inclination toward the
east. The sand is continuous in all directions beyond the pro-

19 Hesld, K. C., and Rubey, W. W., E! Dorado oil figld in Arkemsas not on an anticling: Am.
Assoc, Petrdl, Geol., Bull,, vol. 6, no, 4, p. 858, 1922,

Bell H. W., and Kerr, J. B., The El Doredo, Arkansas, oil and gae fields: Arkansas Bur. of Min.,
Mannf,, and Agr,, Little Rock, 1922,

Powers, Sidney, Review of Eldorade, Arkansas, oil and gas field: Am. Assoc, Petrol, Geol,, Bull.,
ecl. 6, p. 555, 1922

-------
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ducing area of the El Dorado s e 2350 nara
field. The character of the res- LR
ervoir rock, chiefly the decrease '
in it porosity towards the west
and north, is believed to have
been the dominant factor in de-
termining the localization of oil
and gas at this horizon.

‘A cross section of the oil and
gas-producing Nacatoch sand in
the El Dorado field is shown in
Figure 27.

- PRODUCTION
PRODUCTIVE AREA

There are 7,740 acres in the
productive area of the El Dorado
field. The wells have not been
spaced according to a definite
plan, but the area per well
ranged from 2 to 10 acres,

THE PRODUCING SANDS

The Nacatoch iz the principal
producing sand, but the Meakin
sand at the top of the Ozan for-
mation and the 2,900-foot sand
in the Tokio-Woodbine section
have yielded small quantities of
0il and gas, especially in sec. 1,
T. 18 8, R. 16 W, and the adja-
cent parts of the adjoining sec-
tion, but neither was an import-
ant producing sand.

NACATOCH SAND

The Nacatoch sand is 150 to
175 feet thick and consists prin-
cipally of gray to greenish-gray
fine to medium-grained gener-
ally argillaceous quartz sand and -
sandy clay, but it aslo’'includes a
gray shale member, 20 to 50 feet
thick, at its base. The quantity
of ‘argillaceous material it con-
tains varies from place to place,
but in general the sand decreas-
es-and the clay increases from
east to west.
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The 011 a.nd gas are’ obtamed from the upper 50 feet of the -
Nacatoch sand and generally from its uppermost 5 to 15 feet -
{See Fig. 23), but lenses of oil-saturated sand are found lower
in the section. The oil and gas-saturated sand is underlain by
salt water throughout the field and nearly all of the wells made
considerable water with the oil. The production of the wells
- appears to have been determined primarily by-the texture of the
sand and the quantity of argillaceous material it contained.

Detailed records of the Nacatoch sand in the producing area -
are not available, but core records from the Guif Refining Com-
pany’s Rosa L. Cook No. 1 well in sec. 1, T. 18 8., R. 15 W., on
the east side of the field (Fig. 28), and the Shell Petroleum

ORAY CALCAREOUS SANDY SHALE

DARK GRAY FINE“GRAINED SAND AND
 ARGILLACEOUS SAND.

ARKAOELPHIA MARL ?

BROWNISH GRAY FINE-GRAINED SAND,
SOMEWHAT ARGILLALEOUS

GRAY FINE- GRAINED SAND

_ GRAY MEDIUN - ORAINEDR SANG
GRAY FINE-GRAINED SAND

GRAY AND GREEHISH‘GRAY SANDY SHALE
CRARY ARGILLACEOUS SANG

NACATOCH SAND

GRAY SANDY SHALE

GRAY FINE TO MEDIUM-GRAINED SANDSTONE
LIGHT-GRAY GHALKY SHALE

CRETACEOUS - GULF SERIES

SARATOGA CHALK CRAY CHALK

: = CHALKY SHALE
—--% GRAY SHALE

MARLBROOK MARL,

2300~ :
‘FIduRE 28.—Core record of Nacatoch sand and Saraboga cha.lk m Gqu
Refining Company’s Rosa L. Cook No. 1 well, sec. T. 18 8., 5 W.,
Union County, Arkansas.” Figures gwe depth below surface

Company's Carroll No. 1 well in sec. 19, T.18 8, R. 16 W, on .
‘the west side of the field, which are falrly representatlve sec-
tions, are as follows:

Section of Nacatoch sand in Gulf Refmmy Co'm.mny s Rosa L. C’ook No. 1' -
well in sec. 1, T. 18 S, R. 15 W, .

Formation ' Depth in feet
Arkadelphia marl: ‘ ' ,
‘Gray calcareous sandy shale: ; .. 2065-2074
Nacatoch sand: ' L
. Dark-gray fme grained argﬂlaceous sand.__ . 2074-2092

Gray and brownish-gray fine-grained argﬂlaceous sand 20922128
Gray fine-grained sand, in part argillaceons. . .. _ 2128-2147
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Gray medium-grained sand i . 2147-21857
Gray very fine-grained sand 2157-2162
Gray and greenish-gray sandy shale 2162-2180
Gray slightly argillaceous sand 2180~2187
Gray sandy shale 2187-2206 .
Gray fossiliferous fine to medium-grained sandstone...._ . ___ 22062219 -
Light-gray ecalcareous shale 2219-2235
Saratoga chalk:
Gray chalk : 2235-2262

Section of Nocatoch sand in Shell Petroleum Company’s Carroll No. 1 well
insec. 18, T. 18 S, B. 16 W.

Formation Depthin feet
Arkadelphia marl:
Gray finely arenaceous clay 2032-2050

Nacatoch sand:
Gray medium fine-grained sparingly glauconitic sandstone ... 2050-2053

Gray medium-grained slightly silty sand 2063-2063
Gray clay and fine-grained silty sand 20632073
Gray medium to fine-grained sand and argillaceous sand _.___ 2073-2080
Gray sandy shale 2080-2087
Gray compact shale and sandy shale 2087-2095
Sandy shale 2095-2105
Gray medium-grained silty sand 21052115
Gray sandy shale, sand, and clay 2115-21385
Gray silty sand and sandy shale . 2135-2145
Gray sandy shale e 214521556
Gray silty sand and sandy shale 2155-21%56
Dark-gray marl shale and sandy shale 21752245
Saratoga chalk: .
Hard gray chalk : 22452256

MEAKIN SAND

The Meakin sand is found throughout the El Dorado field
at depths of 2,250 to 2,300 feet below sea level, but it has yielded
oil and gas in considerable quantities only in sec. 1, T. 18 8., R.
16 W,, and the adjacent parts of the adjoining sections, which
constitute the highest part of the anticline as determined on
the top of the Meakin sand. . The records of the wells in that
area indicate that the greater part of the total thickness of the
sand is water-bearing and that only a thin layer at the top is
saturated with oil and gas.

The Meakin sand in this area is 10 to 20 feet thick and con-
sists of white and gray fine to medium-grained micaceous sand.
2,900-FOOT SAND ‘
The 2,900-foot sand has been penetrated in several wells,
especially in sec. 1, T. 18 8., R. 18 W., where it has produced oil
and gas. Its stratigraphic position corresponds closely to that
of the Third sand of the Smackover field. It consists of white
to gray, fine to medium coarse-grained tuffaceous sand. The

{
|
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records available from the field show that it has a thickness of
20 to 25 feet.

The production from this sand was limited to a small area
in see. 1, T. 18 8, R. 16 W., which coincides with the highest
part of the El Dorado anticline,

POSSIBILITY OF PRODUCTION FROM DEEPER SANDS

A number of deep wells drilled in different parts of the El
Dorado field have penetrated and tested the Meakin and Graves
sands and the several sands in the Tokio-Woodbine section. The

‘negative results of these tests, although not final because of the

generally lenticular structure of the sands in the basal part of
the Gulf series, points to the conclusion that the possibility of
obtaining oil and gas in these sands 1s not very promising.

The possibility that oil and gas have accumulated in the
Comanche series will perhaps depend largely upon the presence

of local structure in these beds, which has not yet been de-
termined.

PRODUCTION 1921 TO 1933 INCLUSIVE

The largest oil wells completed in the El Dorado field had
initial daily productions ranging from 5,000 to 10,000 barrels
of fluid, of which about 60 per cent was water and emulsion.
The largest gas wells produced from 30,000,000 o 50,000,000
cubic feet. During December 1933, the production from 231
wells was 54,415 barrels, a daily average production of 714 bar-
rels per well.

The oil produced from the Nacatoch and from the Deep sand
was not separated, but as the Deep sand produced only a very
small percentage of the total production of the El Dorado field;
this fact is not important. Up to January 1, 1984, the field had
produced 40,934,110 barrels of oil. The production in barrels
by years is listed below:

Ol produced in the El Dorado field from 1921 to 1933 inclusive

Year Barrels* Year Barrels*
is2y 10,630,228 1928 . .. 1,464,261
1922 10,660,841 1929 . ... 1,305,267
1923 4,640,075 1930 ... ... 1,192,640
1924 2,871,310 1931 . 976,263
1928 2,220,718 1982 815,040
1926 1,894,382 1983 o 700,645
1927 1,862,445 —_———

* Pipe-lineg rumns.
ESTIMATED FUTURE PRODUCTION .
The future production of the El Dorado field, as estimated

from production-decline curves and rate-cumulative curves, is .
shown in Figure 29, prepared bv Royv T. Hazzard. These esti-

40,934,110



L)

LeE!

WY

sl fel Rt piadl

1€61 0E8l 626! g26l

926l

260

26!

£26

2261

TVFEiTTTT

TITTTITETTT

FITHITTTI

Z:____Z:.:l_u:__:: TR TLTT TP TITTT

o

TITTTTTTTT

S

Bogos Q0| "

IRELEARA LI LAN1RA TV ITTETTITETT
oo ﬁ

Bt

PTTTTIRTATT

TTHTTITIT

TTITTTITTT

TTTTTTITIT]

AL

. S8 0Ifa00br 061 ONI OL 4L WLOL Q3LYHILS]
00020 oL .
oo002F M6l
Q00P0T  OFGT 000RLY 96!
COMGET  BE6I 0300s  GEel
QOORE  BEEI oogle  bEG

+ NOILONGOY4 TUNLNJ CIINHUISY
CIGERES - £06I OND 0L WHN UM 0T3A
SREAHUPLL IOVIHN  ALINON]
¢1ag Ol bEE P - €561 40 ONT 0L JYIA0OT 1D

<Gt -bER NV 11 KOING0KD J5W8IRY AIVG
(E2-FEBINYE $711M ONIN004d 439WAN
o 9E-EE 0 4O ANAVID
THYS HIOLOVH - ONYS ONINGRA
SHOHEY 011U 0avHea 11
JAHNT NG HOLIDOAOK]

— 1T T

FiGurE 29. — Rate - cumulative

curve and production-decl
Kl Dorado field, Arkansas.

*Fu-

ine curve,
ture estimates made assuming pres-

ent produetion methods unchanged.

000000 05 QDO S

GO000SE

GOOBR00E

0000052

g
»ra 0T

. “pszereo

&

unw?i

= 5198 ORS00 P -Or6l GH3 O 61IA WKL GILVKLS)
SYSHYYY Q134 00Ve00 13
INUYY JALLYINHNT 2iYY

0006

G0l

HLNOK ¥GZ STINUYE NI NOUINACHY ASVHIAY A1V

a

002009

C1IYVE N NOILINA0YS RIALROW



THE EL DORADO FIELD 189
mates are made assuming present production methods are un-
changed. The estimated future production by years follows:

Estimated future production in the El Dorado field
from 1934 to 1840, inclusive

Year Barrels Year Barrels
1934 613,000 1938 378,000
1935 540,000 1939 339,000
1936 474,000 1940 308,000
1937 420,000

Total 3,072,000

The oil reserves of the El Dorado field are given below:
Oil reserves of the El Dorado field

Barvels
0Oil recovered to January 1, 1934 40,934,110
Estimated future production to end of 1840 8,072,000
Total estimated recovery of vil to the end of 1940 44,008,110

The producing area of the El Dorado field is 7,740 acres,
giving an acre yield of 5,289 barrels to January 1, 1934, and an
estimated total recovery per acre of 5,684 barrels to the end
of 1940,

METHOD OF DRILLING AND OF HANDLING PRODUCTION

The methods of drilling and handling production employed
in the El Dorado field have been described in detail by Bell and
Kerrll. The rotary method of drilling was used in the El Do-
rado field, although many wells were drilled to the top of the
producing sand and then completed with eable tools.

The common practice of casing the wells in the field was to
set two strings of casings. The first string consisted of about
200 feet of 12%4-inech conductor pipe to exclude the surface
water; and a second string, usually 6-inch, wag set on top of
the producing sand or a few feet above it. The wells were com-
‘pleted with perforated liners, screen pipes, or a combination of
liner and sereen pipe.

No unusual difficulty was encountered in drilling, but con-
siderable difficulty was experienced in completing the wells,
owing to presence of bottom water in the producing sand and
the lack of an impervious parting between the oil and water
zones, which obtained in the southern part of the field.

CHARACTER OF THE OIL

The Nacatoch oil in the El Dorado field has a gravity rang-
ing from 33° to 86°, according to the records of the Gulf Refining
Company’s properties in the field. Bell and Kerr'? give 37.5° as

12 Bell, H. W., and Kerr, J. B., The El Dorado, Arkansas, ofl and gsas f.iald: State Bur, of Min.,

Manuf., and Agr,, Littie Rock, 1922,
R B W nmd Far ¥ B e ot
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“the maximum and 35.5° as the average gravity for the field.
. Ley® gives a gravity range of 28° to 36°, and points out that
the gravity progressively increases from west to east. Although
i‘not offered as an explanation of the lateral variation in gravity,
.t is of interest {o note that the'decrease in gravity closely par-
- -allels the increase in the volumn of free gas contained in the
'sands.

" The oil obtained from the 2,900-foot sand has & gravity of 82°.
‘An analysis of the Nacatoch oil follows:

- Properties of erude oil from the Nacatoch sand in Kl Dorado fwld
(U. 8. Bureau of Mines Bulletin 291) -

[ ‘Baume gravity ... _ 3430 Specific gravity ... 0.852
" Saybolt Universal viscosity Percentage water 0.1
S Bt TR 57.0. below 5°F
~Saybolt Universal viscosity Pour test e _below

Coat 100°F : 46.6 Percentage sulphur F—— 0.83
' Distillation, Bureau of Mines (Hempel Method)

- Temper- Percent Sum’  Sp. gr. °B. Vig- Cloud Temper- .
- ature °C. cut per cent cut cut cosity  test {("F.) ature. (°F.) _
o AR DISTILLATION BAROMEI‘ER, 749 mMM. FirsT Drop, 31° C. (B8°F.)
"~ Up to 5O e . .  Upitol22
©. - b0-T5 4.5 - 4.5 0.680 75.9 et s 122-167
;- 786-100 4.2 8.7 01 69.7 —— e _ 167-212
100-125 7.1 15.8 122 63.9 e - 212-257
- 125-150 6.2 22.0 .746 5.7 — [ 257-302
= 150-175 b.1 27.1 ST2 51.3 e 302-347
175-200 3.6 30.7 795 46.1 — P 347-392
- 200-225 3.5 . 342 810 42.8 392-437
" 225-250 4.4 38.6 823 401 . — 437-482
250-275 b1 43.7 833 38.1 —— 482-527
G VAcuUM DISTILLATION AT 40 MM. S .
Up to 200 5.5 5.5 853 34.1 446 18 Up to 392
200-225 8.5 12.0 860 32.8 45 30 302-437
225-250 5.9 17.9 874 30.2 60 b2 437-482
e 250-275 5.4 23.3 890 27.3 81 T2 482-527
o 215300 4.6 27.9 903 25.0 132 91 527-572
Carbon residue of residuum 10.3.
APPROXIMATE SUMMARY )
o _Gasolme and naphtha : 30.7 0.785 - 60.5
;. Kerosene 13.0 825 40.1
“ir o Gas ofl . 12.0 857 334
&2 Light lubricating distillate i 11.8 - .882 28.7
+ " Medium lubricating distillate — 46 - 908 25.0

WATER CONDITIONS

- Most of the wells producing oil in the El Dorado field made
+“considerable water when first completed. Bell and Kerr!* esti-
_mate that at least one-third of the gross productmn in October

1 Ley, H. A., The relation of quality of ml to structure’ at El Dorado, Arkansas: Am. Assoc.
Petml GeoI Bull "gol. 7, no. 4, pp. 350.361,
. ell. H. W., and Ker:, J. B., op. cit.
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921, was water. In December 1929, it was estimated that of the
total fluid lifted, 10 per cent was oil and 90 per cent water,

‘The water produced in this field is primarily botfom water,
which is in contact with and immediately underhes, the oil-
saturated sand.

" Bell and Kerr® state that “there is httle doubt that over 90

per cent of the water produced at El Dorado is a combination
" of bottom water and edge water.”

The trouble with water was aggravated by drllhng too deep'
into the- sand and by allowing the wells to flow to their full
capacity.

The character of the water in the Nacatoch sand is shown
in Table 17.

TABLE 17.—Composition of water from the Nacatoch sand
. in the El Dorado field
(U. 8. Buréau of Mineg Bull. 281)

Well Locationf Na | Ca | Mg | Cl1 | Cos ‘Analyst

‘Total solid
parts per
million of
water

Mich, Ark. No. 1..133-18-15/41.21] 9.47| 0.79(48.52] 0.01] 59,500 | W. B. Larch, U. 8.

. ‘ Bur. of Mines
Lucas Tomberlin . : _
 Crawford No. 1....|31-17-15]36.20] 2.80] - —. 61.00) . _..i 63,200 |W. F. Fulton, La.

0il Refg. Co,
Chew 0il & Gas
Rowland N, 1...| 5-18-15|37.20] 1.99|.- ....169.9 | —....| 74,660 |W. F. Fuilton, Ta.
. : 01l Retg. Co.
‘Rowe & Rowe ’ :
Prait No. I._.... -1 7-18-16/38.40f 0.90] — .|60.7 | — .| 65,600 | W. F. Fulton, La.
] - : 0il Refg. Co.

15 Bell, H. W., and Kerr, J. B., op. cit.



THE LISBON FIELD -
LOCATION AND EXTENT .

The Lisbon field lies 3 miles northeast of the El Dorado field
~ and 5 miles south of the Smackover field in T. 17 8., R. 16 W,
“in Union County. It embraces an area of 2,640 acres. ‘ :

HISTORY OF DEVELOPMENT

- The discovery well in the Lisbon: field, the Raines et al Du-
“~mas No. 1, in zec. 9, T. 17 8., R. 16 W., was completed Decem- -
"ber 81, 1925, with an initial daily production of 85 barrels of

“oil from the Nacatoech sand at depths ranging from 2,060 to
2,070 feet. The peak production was reached in 1926 when the

o field produced 2,388,062 barrels of oil. On January 1, 1934, the
... Lisbon field had produced 5,669,088 barrels of oil, and it is esti-
- 'mated that an additional 380,000 barrels will be produced dur-
ing the next five years. In 1929 the production declined to
444,367 barrels. On January 1, 1934, there were 201 produe-
‘ing wells, which had an average daily production of 2 barrels.

STRATIGRAPHY

The rocks penetrated in the wells drilled in this area are
essentially similar in character and thickness to those in the
El Dorado field already described.

" STRUCTURE
GENERAIL STATEMENT -
The surface rocks of the Lisbon field consist chiefly of ma-
~ rine sands and lignitic clays of Cockfield age, which, owing to
their character, are not suitable for detailed structural mapping.
The structure of the Lisbon field accordingly is illustrated by
maps drawn on top of the Nacatoch and Meakin sands.

SUBSURFACE STRUGTURE

L The generalized subsurface structure of the Lisbon field is

- :shown on Plate I, contour lines drawn on the top of the Nacatoch
- sand, and in Plate XXI, contour lines drawn on top of the Mea-
2 kin sand.

The structure of the Nacatoch sand is not readily determin-
able but appears to take the form of a structural terrace. As
shown by contours drawn on the top of the Meakin sand, the
- Lisbon field is on an antielinal structure which is apparently
= the northwest continuation of the El Dorado anticline. The
.. highest part of the fold is represented by the closure of the

- 2.275-foot. contour line, which inclosed an area of about 4 square
“-miles. The northern part of the field extends into a syncline
~which parallels the anticline on the north and east.
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RELATION OF STRUCTURE TO A.GCUMULATION OF OIL AND GAS

In the Lisbon, as in the El Dorado field, the accumulation
of oil and gas is not definitely related to anticlinal structure but
appears to have been determined by the character and strue- .
ture of the reservoir rock.

The occurrence of oil and gas deposits in Arkansas is inti-
mately associated with regional uplifts involving deformation
of the Tertiary and Cretaceous rocks. In general the area of
accumulation coincides closely with local domes and anticlines.
There are, however, several exceptional areas in which the accu-
mulation of oil was controlled by the character of the reservoir
rocks rather than by local foldings. For example, the principal
factor that determined the distribution of oil in the Nacatoeh
sand of the Lisbon field appears to have been the lentlcular strue-
ture of the reservoir sand.

PRODUCTION .

‘ PRODUCTIVE AREA
The producing area of the Lishon field includes a total of
2,640 acres on which to January 1, 1934, 341 wells have been
drilled. The average spacing is 7.7 acres per well. In the south-

" ern half of the field the spacing was 10 acres per well; in the
northern half jt ranged from 4 to 10 acres per well.

THE PRODUCING SAND

The producing horizon in the Lisbon field is the Nacatoch
sand, which lies at depths of 2,075 to 2,125 feet. Oil and gas -
are cbtained from the uppermost 25 to 30 feet of beds, which,
according to the available records, consists of lenses of sands
interbedded with shale and sandy shale.. The sand Ienses de-

 erease in thickness and become increasingly argillaceous on the -

flanks of the producing area. The lateral changes in the char-
acter of the reserveir appear to have been one of the factors that -
determined the extent of the producing area. Typical records
of the Nacatoch sand follow:

Section of Na,cmtock. sa,nd in Ackerly and Buddleson’s B. Murphy No. 1 'well
in sec. 1, T. 173 R .16 W.

Depth in feet

Hard sand; show of oil and gas. , 2112-2118
Hard sand, shale and boulderﬁ 21182125
False cap rock : : 2125-2128
Hard black sand; show of gas ; 2126-2130
Black rock 2130-2132
Brown sandy shale : 2132-2138
Rock : 21382140

" Hard sand; gas show 2140-2145
Hard sandy limestone 2145-21566

" Cap rock S— — 2155-2158

. -.Band; oil show : : 2168-2168 .
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* ‘Section of Nacatoch Sand in Roxana Petroleum Company's Flournoy No. 4
well in sec. 4, T. 17 S, R. 18 W. )

. . . : Depth in fest

Cap rock 2088-2089

Sand : 2089-2095
Shale .. 2085-2097"
Sand and hard shell rock 2097-2110
Sand with streaks of shale 2110-2122
- Shale 21222124

Section of Nacatoch sand in Pure Qi Company’s Dumas No. 2 well in
sec. 9, . 17 S,, E. 16 W,
R : . Depth in feet
Gil sand 20842085

Sandy shale 2085-2090
Sand and shale; showing oil 2090-2109

. .Section of Nacatoch sand in Keen and Woolf Oil Compuny’s Sleughter No.
; 1 well in gec. 10, T. 17 S, B. 16 W.

. Depth In feet
Oil sand; show of oil : _ 2085-2093
Broken sand 20932101
Sand; water 2101-2102
Sand and shale 2102-2136
Shale and gumbo. . _ 2136-2165

Sec-tum of Nucatoch sand in Lion Oil Refining Company's Goodwin No. 2

well in sec. 16, T, 17 8., BE. 16 W. '
Depth In feet

Cap rock . 2082-2083
Soft sand 2083-2091
Soft sandy shale : : 2091-2105
Gumbo 2105-2108

" Seetion of Nacatoch sand in Lion Oil Refining Compoany’s Mitchell A-6l
well in sec. 17, T. 17 S, R. 16 W,
: : Depth in feet

Cap rock ' 2071-2072

Sand 2072-2082
Cap rock : 2082.-208214
Sand 2082142100
Shale ' 2100-2104
Hard sandy shale 2104-2120
Gumbo 2120-2134 -
Sandy lime _ - 21842175
Gumbo. § 2175-2215

Section of Nacatoch sand in Ohio Odl Company’s Patterson and Mitchell No.
1 well in sec. 20, T.17 S, R. 16 W.

Depth in feet
Sand : ' 2136-2140
Cap rock 2140-2141
Sand 2141-2149
Broken sand 2149-2150
Sandy shale 21502189

- POSSIBILITY OF PRODUCTION FROM DEEPER SANDS

: The Meakin and Graves, sands of the Tokio-Woodbine sec-
‘tion, are present In the Lishon field, but they have not been pene-
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'Lra.ted by deep wells sunk on the hlghest parts of the fold nor in
the area inclosed by the 2,275-foot line. All of these formations
are potential reservoirs of oil and gas, and they should be tested
on the highest part of the fold, preferably near the southwest
corner of see. 15, T. 17 8, R. 16 W,

-~ PRODUCTION 1926 TO 1933 INCLUSIVE

The initial daily production of the largest oil wells completed
in the Lisbon field ranged from 500 to 700 barrels. The initial
daily volume of the gas wells, which were drilled on the west
side of the field, ranged from 500,000 to 40,000,000 cubic feet.
The production during December 1933, was 11,612 barrels from

174 wells, a.daily average production of slightly more than 2

barrels per well. . From 1926 to 1933, inclusive, the Lisbon field
has produced 5,669,089 barrels of oill. The yearly production
in barrels is listed below:

oil prod.uced in the Iisbon field from 1926 to 1933 inclusive

Year . - Barrels* Year Barrels*
1926 2,338,062 1930 . 331,663
1927 — 1,298,413 1931 . 242,388 .
1928 - 699,027 1932 . 178,538
1929 : — 444,367 1933 136,640
5,669,089

* Pipe-line rung
' ESTIMATED FUTURE PRODUCTION

The future production of the Lisbon field is estimated fro'rh
production-decline curves (Fig. 30), prepared by Roy T. Haz- -

zard.  These estimates are made assuming present production -

methods are unchanged. The estimated yearly production over
a period of seven years-is given-as follows:

Estimated future production in the Lisbon }'ielcl from 1884 to 15840, inclusive

Year ) Barrels Year . Barrels
1934 - 106,000 1938 . e 50000
1935 85,000 1939 - 43,000
1936 . __ 71,000 1940 ' 37,000
1937 59,000 : ' B —
. 451,000

The oil reserves of the Lishon field are shown below:
Oil reserves of the Lisbon field

. Barrels

0il recovered to January 1, 1934... . 5,669,089 .
Estimated future produetion {o end of 1940 451,000
Total estimated oil recovery to end of 1940 - 6,120,089

The producmg area of the field is approximately 2,640 acres,
- giving an acre yield of 2,148 barrels to the end of 1933 and an
_estimated total recovery per acre of 2,318 barrels at the end
of 1940. -
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METHOD OF DRILLING

The rotary method of drilling was used in the Lisbon fieid.
: The common practice was to set 150 to 200 feet of 10-inch or
* - 12l4-inch conductor pipe. The 6-inch casing was landed on
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FigurRe 30.—Rate-cumulative curve and production-decline curve, Lis-
bon field, Arkansas. *Future estimates made assuming present production
- methods unchanged. : ’

i top of, or just above, the producing sand. Al sti*ings of casing
" were cemented. The wells were completed With_ perforated liner

or screen pipe.

CHARACTER OF THE OIL _
The gravity of the Lisbon oil :Eanges from 84° to 35° A. P. 1.
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A detailed aﬁalysis is not available, but a summary analysis
follows:

Summry analysis of c‘mde oil from Ligbon field

AP L gravity (°) 34.3
Flash point °F. (*C) Below 60
Sulphur per cent 8. D _ 1.02
Pour point 4-20
Gasoline (per cent) 26.3

WATER CONDITIONS

In the Lisbon field the Nacatoch sand has produced little
water except in wells drilled on the eastern edge of the field
where a few wells showed water, most of which was due to faulty
casing. The difference between the conditions in this field and
those in the El Dorado field may, perhaps, be attributed to the
fact that the productive 2one of the Nacatoch sand in the Lisbon
field is thin and low in porosity but completely saturated and,
owing to the low porosity, the oil is removed faster than the
normal movement of the water.



THE EAST EL DORADO FIELD
LOCATION AND EXTENT

The East El Dorado field is in the western part of T. 17 S.,
R. 14 W., Union County. The producing area is irregular in
shape. It lies chiefly in secs. 17, 18, 19, and 20 but also includes-
a small area in sec. 12, T. 17T S,, R. 15 W,

HISTORY OF DEVELOCPMENT

The discovery well of the East El Doradoe field, the Terry
Summerfield 0il Company’s Smith No. 1 well in sec. 30, T. 17
5., R. 14 W., was completed January 10, 1922, with an initial
daily- yield of 10,000,000 cubic feet of gas in the Nacatoch sand,
recorded at depths of 2,200 to 2,207 feet. A total of 152 pro-
‘ducing wells, or 143 oil and 9 gas wells, have been drilled in the
field. The production peak was reached in 1923, when the field
produced 2,111,509 barrels of oil. In  December 1929, there
were 81 wells with an average of 8 barrels per well. -

TABLE 18.—Generalized section of formations in the East El Derado ﬁeld.

Age |Series|  Formaien Thickness Character of the beds
. ) Sand, sandy clay, and clay, in part
Claiborne 1400- 11gn1t1c and in ,pa.rt gIauéomtlc
b ® Wilcox | 1450 Lignitic sand and clay
32 5 Midway clay 500 Blue and gray, chiefly noncalcarecus
E E Unconformity clay containing siderite concretions
Blue, greenish - pgray to dark-gray
Arkadelphia 15+ shale and merl; c¢halky shale in
marl n lower part
Principally gray and greenish-gray
Nacatoch sand | 150-160 argillaceous fine-grained sand and
sandy chalk
Saratoga chalk | 20-30 | Gray chalk
Marlbrook 145-1 55' Gray and greenish-gray chalky ms.rl
mar} in part finely sandy
Micaceous gray and green sand and
@ £ Ozan 70-85 sandy clay
§ C ] Chiefly tuffaceous sand and sand-
g Toekio- 350-375 stone with interbedded clay, sandy
° Woodbine clay, and thin lenses of tuff, in
5 part Hgnitie
Red beds Dominantly red eclays interbedded
2560-300 with tuffaceous sand and hght-
Unconformity colored clay
]
822 Lower 0-50 | Red, brown, and gray shale, with in-
§53!_ Glen Rose ' terbedded sand
EE'& . . Red, pink, purple, and gray shale,
o Travis Peak | 15004 white to brown sand, and sandstone
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STRATIGRAPHY

The character of the rocks penétrated in this field, except in
minor details, is gimilar to those penetrated in deep wells in the
El Dorado field. A generalized section of formations is given
in Table 18,

RELATION OF STRUCTURE TO THE ACCUMULATION
OF OIL AND GAS

The structural feature of the area in which the East El
Dorado field is situated is a terrace defined by the 2,325-foot
contour line, drawn on top of the Meakin sand in Plate XX.
The producing area is, in part, on the terrace and in part on its
flank and bears no direct relation to the structure of the beds
including the producing sand. The localization of the oil and
gas appears to have been determined by the character and struc-
ture of the producing sand, which consists of a lens or lenses of
porous sand in the upper part of the Nacatoch. This bed de-
creases in porosity toward the west, apparently owing to a pro-
gressive westward increase in the argillaceous material in the
sand.

PRODUCTION

PRODUCTIVE AREA

The producing wells, 143 oil and 9 gas wells, were not spaced
accordmg to a definite schedule but vary from 21/2 to 160 acres
Ri4W RI3W

==

SAND )
6 A5 4 3 - 7
. T
- 17
. s
NACATOCH 54 21 22 F ‘24 15 20

FIcURE 31.—8ketch map showing producing areas in East El Dorado
and Rainbow City fields, Umon County, Arkansas,
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per well. To determine the total producing ares of the field, it
.was ‘assumed that a well will drain 10 acres, which was taken
as the basis for the estimates in the areas where the wells were
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FIGURE 32.-—East El Dorado field showing location of wells.. Figures
give depth below surface.

spaced at the rate of more than 10 acres per well. So measured,
the total producing area of the field is 1,330 acres. (See Fig.
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31. A map of the East El Dorado field showing locations of
wells is shown in Figure 32.

THE PRODUCING SANDS

The principal producing bed in the East El Dorado field is
a sand in the upper part of the Nacatoch sand. One well, in
the southeast corner of the SW14 of NE14 of sec. 18, T. 17 S,
R. 14 W., produces oil from the lower part of the Tokic-Wood-
‘bine section, 2,865 to 2,86714% feet in depth. This well is offset
by a dry hole, and several other wells drilled fo this horizon
were dry, indicating that the prospect of additional oil produc-
tion from that horizon is not favorable.

NACATOCH BAND

The Nacatoch sand . is from 150 to 160 feet thick and ¢on-
sists chiefly of gray to greenish-gray, fine-grained argillaceous
sand, sandy clay, and calcareous sandstone, and of subordinate
beds of clay and shale. Production is obtained in the upper
part of the Naeatoch at depths from 2,135 to 2,215 feet below
the surface in a sand member, which,. according to the available
records, ranges in thickness from 2 to 20 feet. Toward the west
there i8 an appreciable increase in the argillaceous material in
the sand and a corresponding decrease in its porosity, which have
determined the western limits. of the accumulation of oil and
gas. The variation in the porosity of the producing sand in the
field is indicated by the initial daily production of the wells,
which range from 5 to 3,000 barrels. Most of the gas wells are
in the western part of the field. A typical section of the Naca-
toch sand is ag follows:

Section of Nacatoch sand in Patt Marr ot al, Moody No. 2 well
in sec, 16, T, 17 S, R. 14 W.

Depth in feet

Cap rock . 2248224914
Broken sand; show of oil and gas i 2249142268
Gumbo : : o 2268-2277
Hard limestone . .. 2277-2285
Hard and soft limestone. - ..2285-2298
Gumbo ‘ — . 2268-2312
Hard sandy limestone i . 2312-2322
Broken . limestone . _— 23222380
Hard sandy limestone .. 2380-2414

The Nacatoch sand has not been cored in the field, but its-
gection probably does not differ essentially from that cored in
the Gulf Refining Company’s Rosa L. Cook No. 1 well in see. 1,
T. 18 8., R, 15 W,, shown in Figure 28. The limestone recorded
in the above section of the Nacatoch sand probably is fine-
grained calecareous sandstone and sandv shala.
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POSSIBILITIES OF PRODUCTION FROM DEEPER SANDS

The possibilities of obtaining oil and gas in the Upper Cre-
taceous sands below the Nacatoch is not promising, in view of
the results attained by the deep wells which have penetrated
these sands. - The Meakin and several sands of the Tokio-Wood-
bine section in the East El Dorado field have been penetrated
by the following wells given in Table 19:

TABLE 19.-Deep wells drilled in the East El Dorado field

Location| Depth Pro-
S. T. R, ! in feet Bed tested due-

Name of well :
tion

Lower part of
7-17-14(|2871  |T'okio- Woodbine|Dry
section

Clark & Greer Drlg. Go.’.s Tuffts..No.l

. : | Lower part of

Wingfield et al Polk & Ezzell No. 3| 7-17-14{2865 |Tokio- Weodbine|Dry

section ’

) . Lower part of .

Magmnolia Petrol. Co.’s Moody Neo. 4.[17-17-14|2880 |Tokio- Woodbine|Dry

o - section

: ) : Lower part of

Wingfield et al Tuffts No. 1. [18-17-14|{2860 . |Tokio- Woodbine|Dry -
_ . - section

"{ Lower part of

Nat. Gas. Prod. Go.’s Tuffts No. 1 __[18-17-14|2910 {Tokio- Woodbine|Dry
. : section

’ Lower part of [180
Stock et al Ezzell No. 1. {18-17-14{2867 % i Tokio- Woodbine [bbls.
. - section oil

Lower part of

Tokio- Woodbine|Dry
| | section

. ) , | Lower part of

Gulf Refg. Co.'s McGough No. 1____.._-I29~17-14 3073 |Tokio- Woodbine|[Dry
: section

v

Zoder et al Allen No. 6. ... .. - |18-17-14[2981

| Lower part of [Show
Gulf Refg, Co.’z Gaddy No. 2______[30-17-14 Tokio- Woodbine|of
I | | section igas

PRODUCTION 1922 TO 1933

The East El Dorado field has produced 6,795,872 barrels of
oil to the end of 1933. The production from 55 wells during the
month of December 1988, was 10,943 barrels, a daily average
production of 614 barrels per well. The production in barrels
‘distributed by years is listed below:

03l produced in the East El Dorado field from 1922 to 1933, inclusive

Year Barrels*  Year ' Barrels*
1922 . S - 363,408 1928 ‘329,798
1923 2,119,158 1929 - 271,923
1924 1,348,681 1930 226,926
19025 742,898 1931 172,238
1926 542,663 1932 i 174,300
1927 376,860. 1933 127,019

£,795,872

# Pipe-line runs’
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E}S-TIMATED' FUTURE PRODUCTION

The future production of the East El Dorado field, as estimat-
ed from production-decline curves and rate-cumulative ecurves,
is shown in Figure 33, prepared by Roy T. Hazzard These egti-

FigUre 33.—Rate-cumulative curve and pro-
duction-decline curve, East El Dorado field,

Arkansas. Future estimates made assuming
present production methods unchanged.
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‘mates are made assuming present production methods are un-
changed. The estimated future production by years and.the oil
reserves are algo listed.

Estimated future prod‘mtio_n'in the East El Dorado field
from 1834 to 1940, inclusive :

Year Barrels Year Barrels
1934 -~ 126,000 1938 __ .. . . 87,000
19835 114,000 1939 i : 81,000
1936 104,000 1940 ___. 75,000
1937 i 96,000

6R3.000
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Oil reserves of the East Bl Dorado field

Barrels
0il recovered to January 1, 1934 6,795,872
Estimated future production: to the end of 1940 683,000
fotal estimated recovery of oil to end of 1940 7,478,872

The producing area of the East El Dorado field is 1,330 acres,
giving an acre yield of 5,110 barrels to the end of 1932, and an
estimated total recovery per acre of 5,623 at the end of 1940.

METHOD OF DRILLING

The rotary method of drilling was used in the East El Do-
rado field. The usual practice was to set 150 to 200 feet of
10-inch or 12V4-inch pipe on top of the sand, or a few feet above

the sand. Both strings were cemented. The wells were com-
pleted with liners.

CHARACTER OF THE OIL

The oil produced from the Nacatoch sand is brownish-black
and has a naphthene base. Its gravity ranges from 19.5° to
21.5° A. P, 1. Its properties are shown by the following analysis:

Analysis of crude oil from the Nacatoch sand in the East El Dorado field
(U. 8. Bureau of Mines Bulletin 231)

Color e brownish-black Viscosity at 100°F, (Saybolt
Specific gravity .. _.927 seconds) . 260°
AP Lgravity... . 211 Pourpoint F,______________ below b
Viscosity at T0°F, (Saybolt First drop (°C) __.. e B
seconds) - 660° First drop ("F)__._. 187
Sulphur (per cent).........c...1.B0
SUMMARY
Specific A P, I
Per cent gravity gravity
Gasoline, light ends O
‘Total gasoline and naphtha ... 11.6 784 49.0
Gas oil . 19.3 366 31.9
Nonviscous lubricating distillate._. . _ 9.4 .902-.920 25.4-22.3
Medium lubricating distillate ... 7.2 .502-,932 22.3-20.3
Viscous lubricating distillate ____ ... 5.8 .932-937 20.3-19.5
Total distillate . . b3.2 S
Residuum 54.0 Carbon residue of crude oil....... B
Carbon regidue of residunmm.._..13.4 Base of crude.._.__ . Naphthene

WATEER CONDITIONS

Most of the wells in the East El Dorado field made con-
siderable water when they were completed, particularly the
wells that were drilled more than 3 to 5 feet into the producing
sand, At present, 80 to 85 per cent of the total fluid lifted is
salt water.



THE WOODLEY POOL
LOCATION AND EXTENT

The Woodley pool is in the northwest corner of T. 18 S., R.
14 W., 2 miles south of the East El Dorado field and 4 miles
east of the El Dorado field. The producing wells are distributed
over an area of 690 acres, but the actual producing area, which
is in secs. 5, 6,.7, and 8, T. 18 8., R. 14 W., is not more than 240
acres.

HISTORY OF DEVELOPMENT

The discovery well, known as Lovett No. 1, was drilled by
T. J. Woodley et al, in sec. 5, T. 18 S,, R. 14 W. It was com-
pleted April 12, 1922, with an initial daily volume of 40,000,000
cubic feet of gas 1';1 the Nacatoch sand from depth of 2,148 to
2,168 feet. In all, 16 oil and 8 gas wells have been drilled in
the field. These wells had initial daily productions ranging from
10 to 150 barrels of oil and 500,000 to 40,000,000 cubic feet of
gas,

The highest yearly production was 75,772 barrels which was
produced during 1928, During November 1929, the field pro-
duced 180 barrels from 16 wells, a daily average of 11 barrels
per well. :

STRATIGRAPHY

The formations at the surface and those encountered in
drilling in the Woodley pool are similar in character and thick-
ness to those in the East El Dorado field to the north.

STRUCTURE

The subsurface structure of the Woodley pool is shown in
Plate XX by contour lines drawn on top of the Meakin sand.
{See also Fig. 34.) A small dome is defined by the closure of
the 2,250-foot contour line, which incloses an area of about 8,000
acres, or slightly more than 4 square miles. A Iow saddle on
the north separates this area from the terrace upon which the
East Bl Dorado field is situated: a similar zaddle on the west
divides the Woodley dome from the El Dorado anticline. The
beds on the east dip at the rate of 20 to 35 feet per mile,

RELATION OF STRUCTURE TO ACCUMULATION
OF OIL AND GAS

The gas occupies the highest part and the oil the south and
east flanks of the dome.
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PRODUCTION
PRODUCTIVE AREA

The producing wells (16 0il wells and 8 gas wells) were not
spaced according to a definite plan but are irregularly distributed
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FIGURE 34.—S3tructure contour map of Woodley pool drawn on top of
the Nacatoch sand. Figures give depth below sea level.

through secs. 5, 6, 7, and 8, T. 18 S, R. 14 W. The total pro-
ducing area of the field, based on the assumption that one well
will drain 10 acres, iz 240 aecres.

THE PRODUCING SAND

The ¢il and gas in the Woodley pool are obtained from the
Nacatoch sand. The sand is known only from the driller’s rec-
ords but appears to be essentially similar in character to the
Nacatoch sand in the East El Dorado field.

POSSIBILITY OF PRODUCTION FROM DEEPER SANDS

The possibility that oil and gas will be obtained from some
of the sands which underlie the Nacatoch is not promising as

| MILE
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several deep wells have tested many of these sands with nega-
tive results. The deepest well drilled, the Gulf Refining Com-
pany’s Rosa L, Cook No. 1 well, in sec. 1, T. 18 8., R. 15 W,
penetrated several hundred feet of the Travis Peak formation.
(See Flg. 26.) The deep Wells drilled in the Woodley pool are
listed in Table 20.

TABLE 20.—Deep wells drilled in the Woodley pool

Company and . Depth Teepest forma-
Locat : -
name of well on in feet tion penetrated

Gulf Refining Co.’
Roga T CookNo 1 |see. 1,7T.18 8, R 15 W.| 3765 |Travis Peak

Marr & Hoosier

Norton No. 1 sec. 12, T. 18 S, R. 15 W. | 3508 |Travis Peak
Belmont et al :
Hollis No. 1 |sec.13, T.18 S, R. 15 W.| 2615 |Meakin sand

Gulf Refining Co.’ - '
Townsond No. 1o |sec. 6, T.18 8., R.14 W. | 3622 |[Travis Peak

Woodley et al Tokio-Woodbine
Hill No. 1. gec, 7, T.18 8, R. 14 W.| 2966 |red beds

PRODUCTION 1923 TO 1933, INCLUSIVE

The initial daily production of the oil wells drilled in the
Woodley pocl was 10 to 150 barrels. The gas wells had initial
daily capacities of 500,000 to 40,000,000 cubic feet. In Novem-
ber 1929, the field produced 18¢ barrels of oil from 16 wells, a
-daily average of 11 barrels per well. The gas has been prac-
tically exhausted

The Woodley pool produced oil and gas. The gas was in part
piped into El Dorado and in part used as drilling fuel in the
El Dorado and the East El Dorado fields. No records are avail-
able to show the quantity of gas produced. The total oil pro-
duced from 1923 to 1933 inclusive was 435,882 barrels. The pro-
duction in barrels, distributed by years, is listed below.

Oil produced in the Woodley pool from 1928 to 1933, inclusive

Year Barrels* Year Barrels*
1923 17,613 1929 __ . 43,526
1924 40,127 1930 _ _ 49,667
1925 _ e 35,870 1931 26,996
1926 _ ... 356,323 1932 __ — : 28,601
1927 60,239 1933 . 22,167
1928 : 75,754 _ e

435,882

* Pipe-llne runs,

Production during December 1933, was. 2,277 barrels from
12 wells, a daily average production of 6 -barrels per well. The
estimated productive area is 160 acres from which 435,882 bar-
rels of oil have been produced, giving an average yield of 2,722
barrels per acre to the end of 1933.
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The data available are inadequate for estimating accurately
the future production of the Woodley pool.

METHOD OF DRILLING

The rotary method of drilling was used in this field as in all
the fields of this region. The common practice wag to set 150
to 200 feet of 10 to 1214-inch conductor pipe and 6l4-inch cas-
ing on top of the sand. Most of the wells were completed with
414-inch liner.

CHARACTER OF THE OIL

The oil produced in the Woodley pool is essentially like that
produced in the East El Dorado field. Its properties are shown
by the following analysis:

Analysis of Nacatoch crude i Woodley pool
(U, 8, Bureau of Mines Bulletin 291)

3pecific gravity 929 Viscosity at 100°F. (Saybolt
A P. Lgravity ... __208° seconds) 310
Percentage of sulphur .. 180 Pour point ... below §°
Viscosity at 70°F. (Saybolt First drop (°C) oo 6
seconds) 690 First drop (°F.) 169
Color . oo _brownish-black
Specific A, P. L
Per cent gravity gravity
Gasoline light ends 4.2 T R
Total gasoline and naphtha . 71 786 48,5
Kerosene distillate — ———— e
Gas oil 23.2 .864 323
Nonviscous lubricating distillate ______. 104 .897-.920 £26.3-22.3
Medium lubricating distillate ... 59 .020-.927 22.3-21.1
Viscous lubricating distillate . _ 48 .927-.933 21,1-20.2
Total distillate 51.2 I I
Residuum (per cent) ... .45.8 Carbon regidue in crude oil
Carbon residue of residuum.. . 12,7 (per cent) 5.3
Base of crude oil....______._Naphthene

WATER CONDITIONS

The oil-producing wells in the Woodley. pool began to pro-
duce water a short time after completion and at the present time
it is estimated that of the total fluid lifted from the wells 50 to
80 per cent is salt water.



THE RAINBOW CITY FIELD

LOCATION AND EXTENT

The Rainbow City field, sometimes called the “Champagnolle”
or the “Calion field,” is in the northwestern part of T. 17 S., R.
14 W., and the northewestern part of T. 17 8., R. 13 W., in
Union County.

HISTORY OF DEVELOPMENT

The discovery well of the Rainbow City field, the Ohio Oil
Company’s Crain No. 1 well in gsec. 1, T. 17 8., R. 14 W, was
completed January 22, 1927, with an initial daily production
of b0 barrels of oil. The oil was obtained from a sand at a
depth of 3,000 to 8,014 feet below the surface, or about 130 feet
below the top of the red beds at the base of the Upper Creta-
ceous series. This sand, which had never before produced oil
or gas, was named the “Crain sand.”

A deeper producing sand was found after the completion of
the Pure Qil Company’s Gregory No. 1 well in sec. 10, T. 17 8,
R. 14 W., on April 4, 1928. This well had an initial daily pro-
duction of 2,037 barrels of oil from what is known as the “Greg-
ory sand” which lies at a depth of 3,141 to 3,153 feet.

In the development of the field, gas and some oil were dis-
covered in the basal beds of the non-red Tokio-Woodbine section
at a depth of 2,750 to 2,850 feet. This sand, which corresponds
closely with the Third sand of the Smackover field, produces
chiefly gas but at some places yields small quantities of oil.

STRATIGRAPHY

The rocks at the surface in the Rainbow City field belong
to the upper part of the Claiborne formation of the Tertiary
system, but deep wells have penetrated several hundred feet of
the Trinity group of the Lower Cretaceous. The data available
indicate that the Glen Rose formation is absent in this field and
that the basal bed of the Upper Cretacecus series rests uncon-
formably upon the red shale and sand of the Trinity group. A
generalized section showing the beds in the field is given in
Table 21.

STRUCTURE

The structure of the Rainbow City field is shown in Plate
XX by means of eontour lines drawn on the top of the Meakin
sand at intervals of 25 feet.

The principal structural feature of the area in which the
Rainbow City field is situated is a generally northwest-south-
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TaBLe 21 —Generalized section of formations in the Rawmbow City field

§7% |Series| Tormation | Tricjiess 7 Character of the beds
- Sand, sandy clay, and clay, in part
Claiborne lignétic;dsome beds cif glauconitic
o T sand and ¢lay in the lower part
- | 1400-1500 [—— T .
g § Wilcox Lignitic sand and elay., Siderite and
e & limonite coneretions _
Blue and gray dominantly nonecalea-
Midway clays | 500-550 reous clay. Siderite concretions
Unconformity abundant
Arkadelphia’ 70-100 Blue, greenish-gray to dark-gray cal-
marl - h careous shale and chalky shale -
Chiefly fine - grained argillaceous
Nacatoch sand | 150-160 sand, sandy clay, and calcareous
s sandstone
; 10 to 20 feet of gray chalk at top
Sa;?l?gﬁ:galk 175 below this a gray to greemsh—gra§
brook mar—l " elay and marl with some {fine
- or arl . sand;-in part chalky
24 ] Chiefly gray micaceous sand, sand-
- & Ozan 75 stone, and sandy clay; in part
T glauconitic
{% Chiefly gray to white sand and sand-
B Tokio- 300-385 stone, in part tuffacecus, and gray
& Wocdbine - to green clay with some tuff in
v 50-7 part lignitie
_6 -700 Dominantly red clay with interbed-
ded light-colored clay, sand, ~and
Red beds 250-326 | ° - sandy clay; in ‘part tuffaceous.
Crain sand in upper part; Greg—
i oty sand in lower part
Unconformity
[}
rEem Glen Rose Not recognized; probably abszent-
gé E, Travis Peak Red, brown, purple, and gray clay
o formation B shale and gray to purple sand

east trending anticline with the Norphlet dome of the Smack-
over field on the northwestern and the Urbana district on the
southeastern end. The anticline plunges towards the southeast,
but the plunge is-arrested in several places by small closures.
and structural terraces. The Rainbow City as well as the East
El Dorado field is situated on a broad structural terrace over
which the Meakin sand lies from 2,300 to 2,350 feet below sea
level.

The structure of the Crain and Gregory sands, the oil pro-~
ducing members of the field, show an even more pronounced
flattening of the dlp in this area.

RELATION OF STRUCTURE OF ACCUMULATION
OF OIL AND GAS

The relation between structure and the accumulation of oil
and gas in the Rainbow City field is obscure, for although the.
aren. coineides more or less closely with a structural terrace, only
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a part of the terrace ig underlain by oil and gas-producing sands.
The productive area is not confined to the terrace but extends
beyond it, down the dip. The lenticular structure of the pro-
ducing -sands, rather than the structure of the inclosing strata,
appears to have defermined the distribution of oil and gas in
this field.

PRODUCTION
PRODUCTIVE AREA

The producing oil and gas wells in the Rainbow City field
were dﬁlled within an area of 3,200 acres. (See Fig. 31.)

The producing area of the Gregory sand is about 1,000 acres
on which 75 oil-producing wells were drilled. The spacing of
the wells ranged from 3 to 10 acres per well. The most produc-
tive Gregory sand wells were in the NW14 of SW14 of sec. 11,
the S14 of SE1j4 of sec. 10, and in the adjacent part of sec. 15
T. 17 S, R. 14 W,

The producing area of the Crain sand is about 1,200 acres
on which 46 oil-producing wells and 12 gas-producing wells were
drilled. The spacing of the Crain-sand wells was on the basis
of 10 acres per well.

The welig drilled to the base of the non-red Tokio-Woodbine
section, which produced chiefly gas, are distributed over the
western and southern part of the Rainbow. City field.

A map of the Rainbow City field showing locations of wells
is given in Figure 35.

THE PRODUCING SANDS

The oil and gas produced in the Rainbow City field is ob-
tained from three zones in the Tokio-Woodbine section of the
Gulf series, The upper producing zone is in the basal part of
the non-red Tokio-Woodbine section. The second and third
zones, called the “Crain” and “Gregory” zones, are in the red
beds in the basal part of the Gulf series.

The upper producing zone is made up of lenses of sand inter-
bedded with lignitic clay and sandy clay and has at its base a
fairly persistent sand member which the drillers designate as
the “salt and pepper sand.” The zone is 90 to 115 feet thick.
The sands in the upper part yield some o0il and gas, but the prin-
cipal producing member is the basal sand which lies at depths
of 2,755 to 2,860 feet below the surface. The oil has an average-
gravity of 24°. Most of the producing wells outside of the main
Gregory sand producing area, are in the western and southern
part of the field. The production from this zone is chiefly gas
but a few wells were completed which had initial daily produc-



Typical well sec-

{See also Fig. 36.)
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tions ranging from 10 to 400 barrels of oil.

tions of this zone are as follows.
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Depth in feet
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pany’s W. K. Gregory No. 1 well in see. 156 T. 17 8, E. 14 W.

0il sand and shale
Gumhbe and streaks of oil sand.

Section of upper oil and gas-producing zone in Magnolia Petrolewm Com-
Sandy shale
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Gumbo 2768-2773
Gummy shale 29732977
Lignite and shale 27772779
Gumbo 2779-2782
Shale and streaks of oil sand 2782-2791
Sandy shale 2791-2798
Lime and shale 2798-2801
Sandy shale 2301-2813
Gray sand 2813-2817
Sandy shale 2817-2843
Sand 2843-2846
Sandy lime 2846-2848:
Limy shale 2848-2849
Sand (salt and pepper sand) 2849-2851
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FIGURE 36.—Coré re;:ord of a part of the Tokio formation and the Up-
per Cretaceous red beds in Pure Oil Company’s Gaddy No. 1 well, see, 13,
T. 17 S., B .14 W. Figures give depth below surface.

Section of upper oil and gas-producing zone in Magnolia Petrolewm Com-
pany’s W, K. Gregory No. 2 well in see. 15, T. 178, R. 14 W.

Depth in feet
Gumbo 2730-2738
0il sand .. 2738-2740
Gumbo 2740-2743
Broken sand 2743-2744
0il sand 2744-2745
Sandy shale _ 2745-2747
Qil sand 2747-2748
Shale and lignite — 2748-2749
Salt water sand 27492754
Sand and lignite .. 2754-2756
Sandy shale 2756-2771
Gumbo 27712772
Salt water sand _ 2772-2803
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Gumbo '2803-2805
Sandy shale 2805-2808
Hard sandy shale 2808-2809
0il and gas sand 2809-2811
Broken gas sand 2811-2815
Hard gas sand 2815-2316
Broken gas sand 2816-2820
Hard gas sand 2820-2822

CRAIN SAND

The Crain zone, named after the farm on which the discov-
ery well was completed, is about 100 feet thick. It is divided
into two producing zones: (1) an upper sand, sometimes called
the “Estes sand,” which lies from 50 to 75 feet below the top of
the old series, and (2} a lower sand, or the Crain sand proper.
The latter is separated from the Estes sand by about 50 feet of
red shale and sandy shale. In the western part of the field in
the Gregory area a few wells produce oil from the Hstes sand,
and it is probable that oil from this sand has been passed up by
many wells drilled to the Gregory sand in this area.

The Crain sand proper is productive chiefly in the eastern
part of the field, in secs. 1 and 2, T. 17 S., R. 14 W, and secs. 6
and 7, T. 17 8, R. 13 W., where the top of the producing sand is
found at an average depth of 3,000 feet below the surface. It is
‘a persistent bed, 50 to 75 feet thick, made up of lenses of sand of
varying thickness, interbedded with strata of sandy shale. The
character of the sand, its texture, and the quantity of argilla-
ceouis and ashy material associated with it were the principal
factors that determined the initial capacity of the wells,

The Crain sand has yielded chiefly oil, but gas has been ob-
tained from it in a few wells drilled on the west and south sides
of the Crain producing area.

A small quantity of oil produced on the extreme northwest
flank of the Crain area was of low gravity (21° to 26°), but the
normal gravity ranges from 31° to 34.5°. The low gravity of
the oil obtained on the northwest flank is believed to be due to
its association with salt water. '

In the western part of the field the Crain sand is not easily
recognized in the driller’s logs, a fact which suggests that it is
not as thick in that part of the field. Most of the wells, how-
ever, were drilled to the Gregory sand, and perhaps their logs
do not accurately record the beds above that sand.

GREGORY SAND
The Gregory sand, named after the farm on whieh the dis-
covery well was drilled, is found at an average depth of 3,200
Teet below the surface. It appears fo be recognizable through-
out the Rainbow City field, but it is thickest in the western part
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of that field, especially in secs. 10 and 11, T. 17 8., R. 14 W,
where the largest oil wells are situated.

The Gregory sand is 2 to 25 feet thick and is made up of
fine to coarse-grained quartz sand, which laterally exhibits a
wide range in its content of argillacecus material. and, conse-
quently, in its porosity. '

The Gregory sand produces chiefly oil, which ranges in grav-
ity from 32° to 35.5°, but a few wells produce considerable vol-
umes of gas with the oil.

The following partial records show the driller’s interpreta-

tion of the beds penetrated in the Crain and Gregory producing
zone:

Seetion in Skelly Oil Company’s Perdue No. 3 well
in gec. 10, T, 17 S, B, 14 W,

Depth in feet

Red beds ... . 2966-3000
Broken limestone 3000-3030
Hard shale 3030-3038
Red beds 30383178
Sandy limestone 3178-3203
Sand; show of oil and gas__..._] —.-8203-3204
Red gumbo | 32043207
i Gregory sand zone
Sand; showof oil e .3207-3211
Broken formation; show of oil_ . —3211-3224
Blue shale 5 3224-3228
Red shale i 322B-3248

Seetion in Lion Oil and Refining Company’s Kelly No, 1 well in
gec. 9, T. 17T 8, E. 14 W.

Depth in feet
Red beds 29602967
Red shale and gumbo . 2967-3010
Sandy limestone 3010-3019
Red beds 8019-3114
Sand and shale __ 3114-3117
Cap rock i 3117-3118
‘Sand; salt water 3118-3121
Limestone 8121-31238
Sandy shale _..3128-3137
Limestone 3137-3152
Shale 3152-81756
Hard sandy shale : ; _ -3175-3180
Shale 8180-3187
Chalky sand; oil .. ) 81873195
Limy oil sand ___________..._ﬁ,----..j Gregory sand zone {4 -..3195-3204
0il sand 32043206
Red beds B 3206-3210

Section in Ohio Company’s Warren No. 1 well in
gsee. 10, T. 1T 8., R. 14 W.
Depth in feet
Red shale 3008-3067
Rock _3067-3068
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Gray shale and sand 30683072
Blue and red shale 30723076
Red shale 3075-3077
Rock 3077-3078
Red shale and limestone 3078-3084
Red shale -3084-3151
Cap rock ) 315613152
Red shale 3152-3179
Cap rock ) 31793180
Sand; show of oil 31803185
Sand and red shale 3185-3197
Red shale and chalk 3197-3200
Sand and red shale 3200-3204
Chalk and red shale ...3204-3208
Blue shaleand sand ...} (. 3208-3214
0il sand } Gregory sand zohe { ,,,,,,,, 3214-3216
Limestone .. 3216-3220
Red shale and lime 3220-3256

Section in Pure Oil Company’s E. F. Gregory B-1 well in
sec. 10, T. 17 S, R. 14 W.
Depth in feet

Red gumbo and streaks of limestone 29552985
Red shale ‘ : 29853016
Hard sand 1 3018-3032
Red shale and streaks of limestone._f Crain sand zone {3032—3035
Hard sand 3035-3040
Red shale 30403082
Hard limestone 3082-3086
Red shale and streaks of hmestone 3086-3100
Hard shale 3100-3110
Red gumbo 3110-3135
Hard limestone 3135-3141
Red gumbo and streaks of limestone 3141-3172
Hard red sandy shale 31723180
Red shale 3180-3194
(il sand 31943202
Red gumbo and soft sand ........ } Gregory sand zone { ________ 3202-3206
Red gumbo 3206-3260

Section in Ohio O Company’s Connor No. 1 well in
gec. 11, T. 17 S, R. 14 W.

Deapth in feet
Red shale 2875-2908
Cap rock 2908-2909
Sand 2909-2915
Red shale 2915-2998
Broken sand and shale 2998-3010
Hard cap rock 30103011
Sand and shale; little oil : 30113018
Bluesghale .. . . 3018--3023
Qap rock 3023-3024
Red shale __....3024-3025
Sand and shale; show of 011,-_} Crain sand zone { ______ 30253036
Blue and red shale . o - 3036-3044
Red shale 3044-3051
Cap rock 30513052
Red shale 3052-3063

Sand and hard ghale __ 3063-3064
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Red shale 3084-3074
Sand 3074-3080
Sand; little oil 3080-3083
Broken sand, shale and limestone 3083-3139
Limestone . 3139-3140
Red shale : 3140-3199
Chalky shale 3199-3202
Sandy shale 3202-3213

Hard caproek ... ] 32133214
Hard sand Gregory sand zone < _____3214-3221
Sandy shale and limestone . ... e3221-3235
Section tn Pure Oil Company’s W, E. Gregory No. 3 well in
sec. 15, T. 17T S, R. 14 W.

Depth in feet

Red beds 3963-3028
Sand { Crain sand zone ).....3028-3045
Limestone and red beds 3045-3067
Hard sand and limestone ... . . 30673072
Red beds ; k 3072-3150
Red sandy shale . . 3160-3162
Sandy c¢halk 3162-3164
01l sand 3164-3169
Red and gray shale . 31673175
Sand; show of oil : 31756-3177
Shale and sand _— o 31773190
Sandy limestone 3190-3192
Shale 3192-3198
Sand ( Gregory sand zone ) _____ 3198-3210
Gray shale 32103211
Sand and red shale 3211-3217

Section in H, L. Hunt et al, J. D. Gregory No. 1 well in
see. 16, T. 17 S, R. 14 W,
Depth in feet

Red beds 297563004
Sandy limestone : 30043008
Red beds — 3008-3012
Black shale : 3012-3018
Sand ( Crane sand zone )____..3018-3022
Red beds . - 3022-3044
Limestone and sandy limestone 3044-3069
Sand; show of oil 3069-3079
Record missing . 30793088
Limestone 3088-3092
Red shale and streaks of limestone 30923104 -
Sandy limestone - . 3104-3108
Cap rock 3108-3110
Hard sand 3110-3114
Tuffacecus 3114-3124
Sand 31243129
Limestone ) - 3129-3130
Red beds 3130-3187
Hard limestone 3187-3188
Soft sand; show of oil .. .- } {____“3188—3209
Red beds Gregory sand zone { . _3209-3213
Brown sand 82133217
Shale and chalk 3217-3239

Red beds 3239-3243
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PRODUCTION 1927 TO 1933, INCLUSIVE

The initial daily production of the wells in the Rainbow City
field ranges from 5,000 to 6,000 barrels of oil, and from 2,000,000
to 60,000,000 cubic feet of gas.

The Gregory sand in secs. 10, 11 and 15, T. 17 S, R. 14 W,
yielded the largest quantities of oil, and the upper sand the larg-
est quantities of gas. The best wells in the Crain sand pro--
duced 1,000 to 1,800 barrels a day.

The initial closed-in pressure of the gas wells was 1,120
pounds, ‘which had declined to 175 pounds on January 1, 1930,
with a corresponding decline in the volume of gas.

In December 1929, the Rainbow City field produced 160,952
barrels of ligﬁt oil from 97 wells, an average of 1,659 barrels per
well, and 10,540 barrels of heavy oil from 7 wells, an average of
1,506 barrels per well for the month.

The oil produced in the Rainbow City field is obtained from
three zones, which yield oils of different gravity. The total
production to the end of 1929 was 6,115,222 barrels. The yearly
production in barrels during the period from 1927 to 1929, in-
clusive, ig given below.

Oil produced in the Rainbow City field from 1927 to 1929, inclusive

_ Gregory area Cl_-air_l area
vear From | FErom i wiyeq | Mixed | Crain Crain
Toklo | Gregory | geavys ligntt heavy light
1927 7,734, -24,693
1928 . . . 36,288(2,387,447| 343,768| 244,119 ' 68,154 405,953
1929 | 49,103|1,282,302 72,289 316,983 40,984 8.33,405
Total . 85,301(3,669,749| 416,057| 561,102| 116,872 1,264,051

* Dilz from Tokio and Crain sands mixed.
t Oils from Crain and Gregory aands mixed

For the years 1927, 1928, and 1929 it has been posgible to
separate the production according to the sand from which it was
produced. Subsequent to 1929 it is not possible to separate the
production either by sands or according to the.clagsification of
light oils and heavv oils.

During December 1933, the production was 33,694 barrels
of oil from 76 wells, a daily average production of 14 barrels
per well.
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Qil production in the Rainbow City field from 1827 to 1933, inclusive

Year Barrela*® Year Barrels*
1927 34,427 1931 ... 920,244
1928 . ... 8,487,396 1932 | 614,167
1929 . 2,597,623 1933 __. 447,986
1930 1,471,141 —_—

9,681,974

* Pipe-line runs.

The estimated future production for Rainbow City field, as
estimated by Roy T. Hazzard, is given below. These estimates

were made assuming that present production methods are un-
changed,

Estimated fulure produétian of Rainbow City field from
1984 to 1940, inclusive

Year Barrels Year Barrels
1934 - 348,000 1938 158,000
1935 276,000 1939 134,000
1936 - : e 224,000 1940 : 117,000
1937 . 186,000 ——————
1,443,000
Oil reserves of the Rainbow City field
0l recovered to end 1933 9,681,974
Estimated foture produetion to end of 1940... 1,443,000
Total estimated recovery to the end of 1940 11,024,974

Most of the gas produced in this field was obtained from the
upper sand. The total volume of gas marketed outside of the
field is not known, but it probably d1d not exceed 5,000,000,000
cubic feet.

METHOD OF DRILLING

The rotary method of drilling was used in the Rainbow City
field. The common practice of casing the wells was to set 100
to 200 feet of 10-inch to 1214-inch conductor pipe and 6-inch to
654-inch casing on top of the producing sand. Both strings
were cemented. The wells were completed with liners.

CHARACTER. OF THE OIL

Detailed analyses of the Rainbow City crude oils are not yet
available, but the following summary analyses show the essential
characteristics of these oils.

Analyses of crude oil from the Rainbow City field
(Summary analyses of Rainbow City cmde)
Gregory sand

A P Lgravity.__ ... 334 Flash point {° F) below_____.____80°

Sulphur (per cent) 8. D...__.__1.09 Pour point (°CG)_.... . . -—20°

Gasoline (per cent)______-__.._______M__ 27 Naphtha (per eent) .. 0
Tokio sand

A P. I gravity .. _.21.0 - Flash point (°F)__. . 110°

Sulphur (per cent) 8. D..___.__.1.49 Pour point, below ... ____ - 0

Gasoline {per cent)_ . D XNavohtha {per cent) /4
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WATER CONDITIONS

Most of the wells made a considerable volume of water when
first completed, and 25 to 75 per cent of the total fluid now
lifted is salt water. The character of the water in the Gregory
sand zone is shown in the following analyses.

Analysis of water from the Gregory sand in Mwrdock Dumas No. 2 well in
gec. 11, 7. 1T S., B. 14 W.

Properties of reaction Per cent
Primary salinity 74.6
Secondary salinity i 25.0
Secondary alkalinity 0.4
Chloride salinity 100.0

Parts per

Constituents million
Iron and aluminum oxides (FesQs;, ALOs) . . . — 76.0
Silica (Si0:) 68.0
Calcium (Ca) 5,566.0
Sodium (Na) 21,875.0
Magnesium (Mg) B568.0
Chioride (Cl) 44,992.0
Bicarbonate (HCQ.) ‘ 275.0
Suilphate (S0.) 28.0

Reacting
vaiue Per cent
Alkalies
Sodium (Na) 951.0 10.9
Alkaline earths
Calcium (Ca) 277.7 1.8
Magnesium (Mg) 46.7 1.8
Strong acids
Sulphate (S0.) 05
Chloride (Cl) 1,270.0 49.8
Weak acids
Bicarbonate (HCOs)} . .. 4.5 0.2
2,650.4 100.0

Hypothetically Parts per  Grains per

combined as million U. 8. gallon
Calcium bicarbonate (Ca[HCO,1s).. .. 239.9 1391
Calcium sulphate (CaSO0.) 33.8 1.96
Caleium chloride (CaCl) . . 15,064.0 873.20
Magnesium chloride (MmCL) ________ . 2,217.2 128.52
Sodium chleride (NaCl) .. . .. 55,602.0 3,223.30

73,300.0 4,240.89

Analysis of water from the Gregory sand in the Pure Oil Compuny’'s E. L.
Gregory No. 2 well in see. 11, T. 17 S., E. 14 W.

Propertles of reaction Per cent
Primary salinity 74.2
Secondary salinity 25.0
Secondary alkalinity ' 1.4

Chloride salinity 100.0
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. Parts per
Constituents million
Iron and aluminum oxides (Fe:0s, ALOs) oo .. 48.0
Silica (Si0:) 44,0
Calcium (Ca) 5,915.0
Sodium (Na) 23,620.0
Magnesium (Mg) 8410
Chloride (Cl) 48,218.0
Bicarbonate (HCO:) 192.0
Sulphate (SO.) .. 30.0
Reacting
value Por cent
Alkalies
Sodium (Na) 1,027.0 371
Alkaline earths
Caleium (Ca) 205.7 10.7
Magnesium (Mg) —— e o 69.0 2.6

Strong acids
Sulphate (SO:). . A

Chloride (Cl) 1,370.0 49.6
Weak acids '
Bicarbonate (HCO,) 31 d
2,765.4 100.0
Hypethetically Parts per Gra{ns per
combined as million . 8, galien
Caleium bicarbonate (Ca[HCO:1.) ... 746.0 43.24
Caléium sulphate (CaS0.) . — 51.0 2.89
Calcium chloride (CaCl) oo~ 14,7910 857.44
Magnesium chloride (MgGl) — - 3,287.0 190.58

Sodium chloride (NaCl) .. 60,0400 - 3,480.57

78,915.0 4,676.72

Analysis of water from the Gregory sand ot depths of 3117-3137 feet in the
Pure Oil Compony's E. F. Gregory No. 9 well in gee. 11, I 17 S,, B. 14 W.

Propertiea of reaction Per cent
Primary salinity T79.6
Secondary salinity ___ 17.4
Tertiary salinity . : S 4.8
Secondary alkalinity ' 17.4
Chloride salinity 100.0

Parts per

Constituents million
Iron and aluminum oxide (Fe:0s ALOs) o 58.0
Silica (8i0.) 84.0
Calcium (Ca) - 760.0
Sodium (Na) ... 4,986.0
Magnesium (Mg} _ : 122.0
Chloride (Cl} .. 9,859.0
Bicarbonate (HCO:) . 213.0
Sulphate (S0.) 8.0

Reacting
value Per cent
Alkalies

Sedium (Na) ____ 217.0 39.8
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Alkaline earths
Calcium (Ca}
Magnesium (Mg) ... .

Strong acids
Sulphate (S0.)
Chloride (Cl)_.

Weak acids
Bicarbonate (ECOs) .

Hypothetically :
combined as

Calcium bicarbonate (CalHCOQ,l:)_._ . -

Calcium sulphate (8aS0.) .

Calcium chloride (CaCl) ... . .

Magnesium chloride (MgCL) .. . -

Sodium chloride (NaCly _ . . -

Amnalysis of water from the Gregory sand at depths of 3170-3178 feel in the
Pure Oil Company’s E. F. Gregory No. 9 well in sec. 11, T. 17 S, E. 14 W.
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38.0 6.9
10.0 6.9
2 —
278.0 50.9
3.5 6
Partg per  (Grains per
million . 8, galien
470.0 27.24
13.6 0.79
816.2 4789
4779 27.69
14,170.0 821.45
15,947.5 925.06

Properties of reaction Per cent
Primary salinity 75.0
Secondary salinity 25.6.
Secondary alkalinity 2.6
Chloride salinity . I 100.0

FParts per

Congstituents million
Iron and aluminum oxides (Fe.Os, ALO:) .. . 48.0
Silica (Si0:) 54.0
Calcium {Ca) — . 6,464.0
Sedium (Na) . 24,738.0
Magmnesium (Mg) . 622.0
Chloride (Cl) 50,118.0
Biearbonate {HCOs) 228.0

Reacting
valoe’ Percent
Alkalies
Sodium (Na) 1,076.0 37.6
Alkaline earths .
Calcium (Ca) 323.2 11.3
Magnesium (Mg) 51.2 1.8
Strong acids
Sulphate (S0:) _—
Chloride (C1) 1,415.0 49.3
2,869.5 100.0

Hypothetiocally Parts per  Grains per

oombined as million U. S. gallon
Calcium bicarbonate (CafHCO,1.) __. -~ - 1,179.1 67.77
Caleium sulphate (CaS0.)

Calcium chloride (CeCl) _ . 15,281.9 855.90
Magnesium chloride (MgCL) ___ . 3,087.6 177.25
Sodium chloride (NaCl) . .. 62,8495 3,643.46

82,368.1  4,744.38




THE STEPHENS FIELD
LOCATION AND EXTENT

The Stephens field, named for the town of Stephens, is lo-
cated in T. 15 S., R. 20 W., Columbia County, and T. 15 S., R.
19 W., Quachita County. The Louann district of the Smack-
over field lies 12 miles to the east, and the Irma field, 12 miles
to the northwest.

HISTORY OF DEVELOPMENT

The discovery well in the Stephens field, in the Hude and
Aarnes Brown No. 1 well in gec. 13, T.-15 8., R. 20 W., was com-
pleted June 8, 1922, at a depth of 2,082 feet. The initial daily
production was 33 barrels of 29.3° Baume oil in the Buckrange
sand at a depth of 2,076 to 2,082 feet.

Before the discovery well in the Stephens field had been
completed S. S. Hunter et al and the Standard Oil Company
had drilled several wells north and east of that field in T. 15 8.,
R. 19 W. The S. S. Hunter et al Lester and Holton No. 1 well
in sec. 13, T. 15 8., R. 19 W., was completed July 16, 1920. It
produced a small quantity of oil from depths of 2,125 {0 2,131
feet.  This well proved to be drilled in the graben that limits
the Stephens field on the north. The showing of oil in this well,
gaid to be the first authentic showing obtained in a well in
southern Arkansas, stimulated a search for oil that led to the
discovery of the Stephens field.

The quantity of oil produced in the Stephens field in 1922’
was 28,325 barrels, and the greatest production was during the
year 1924, when the field produced 787,133 barrels. The great-
est monthly production was made in August 1923, when it was
88,899 barrels, which compared with the output in August 1930,

27,094 barrels, shows in a general way the decline of produc-
tion in the field.

TOPOGRAPHY

The Stephens field is drained by Smackover Creek, which
flows eastward in a broad, flat valley that stands at an average
altitude of 190 feet above sea level. The interstream areas are
gently rolling hill Jands that range in altitude from 240 to 290
feet above sea level. The higher points are in the western part
of the field.
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STRATIGRAPHY
GENERALIZED SECTION

The rocks at the surface in the Stephens field consist of
masgive light-colored to reddish sand, sandy clay, and thin bedded
ferruginous clay belonging to the Claiborne group of the Eocene
series, Some beds are hard and contain limonite. Deep wells
in the field have penetrated all the formations of the Gulf series
and more than 1,900 feet of the Trinity group of the Comanche
series; and wells a short distance away from the field have pene-
trated an even greater thickness of the Trinity group. A gen-
eralized section of formations underlying this field is shown in
Table 22,

CRETACEOUS SYSTEM
COMANCHE SERIES

The Comanche series is represented in the Stephens field
by the Lower Glen Rose and Travis Peak formations and, prob-
ably, by a series of marine beds of Neocomian .age below the
Travis Peak formation. The Comanche rocks have been pene-
trated in several wells drilled in the field, but notably in the
Hude and Aarnes” Brown No. 1 well in gee. 13, T. 15 S, R. 20
W., and in the Louisiana Oil Refining Corporation’s Manley No.
1 well in sec. 15, T. 15 S, R. 19 W. The greatest thickness
glightly more than 1,900 feet of beds, was recorded in the last
named well, but the total thickness of the Comanche series in
the Stephens field is estimated to be not less than 8,500 feet.
The upper beds of the Comanche series were removed by ero-
sion before the beginning of Upper Cretaceous sedimentation,
and the basal beds of the Gulf series now rest unconformably
on the Lower Glen Rose of the Trinity group.

TRINITY GROUP
TRAYIS PEAK FORMATION

The greatest thickness of these beds in this area is recorded
in the Louisiana OQil Refining Corporation’s Manley No. 1 well,
which penetrated slightly more than 1,000 feet of beds between
depths of 3,468 and 4,502 feet below the surface. (See Fip.
87.) These beds consist of generally fine to medium-grained
sand and sandstone, sandy clays and clays. The beds of the
upper 400 feet range in color from light-gray to brick-red, red
being the dominant color. The beds of the lower 600 feet range
from light-gray to pink and purplish-red and include subordi-
nate beds of red. The sand members increase in thickness to-
wards the base of the section., Thin beds of conglomerate were
recorded at depths of 4,086 and 4,185 feet. The first of these
beds was made up of limestone pebbles in a sand matrix, firmly
cemented. The lower bed of conglomerate, cored at 4,185 feet,
congisted of chert pebbles. The largest of these, 1.5 inches in
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TABLE 22.—Generalized gection of formationa in the Stephens field

Stgxsx; Group Formation T?:lc}f{éleiss Character
Pl o Sand, sandy clay, and fer-
S| 5 . Undifferen- - ruginous sand and clay.
T -8 Claiborne tiated 300-400 | oo glauconitic sand at
gl ®Ay base
Light - colored to brown
. sand, sandy clay, and
Wileox 550 clay.’ In part lignitie.
Nonmarine
Gray noncalcareous clay
. and shale. Lower 50 feet
Midway clays 500 gray and dark-blue shale,
. with fossils
Navarro Unconformity
Arkadelphia 90-100 [ Dark-gray to black shale;
clays in part chalky
' Sand and sandy shale, calé
A careous sandstone, an
. Nacatoch sand | 315 sandy limestone. Lower
El 100 feet gray shale
Saratoga chalk] 15-30 {Gray and white chalk
Maribrook Gray marl and shale; in
marl part chalky
250
Annona chalk White and bluish - gray
chalk
@ Taylor Ozan formation Gray shale and fine sandy
H (Buckrange | 150-160| shale. Buckrange sand
g sand at base) (20 to 30 feet) at base
§ Medium - gray to dark-
5 Brownstown 100 gray shale and fine-tex-
marl tured sandy shale and
sand
. Gray shale, sandy shale,
Austin Tokio and and sand. Some glan-
Woodbine sand 350-400 conite and voleanie ash
Arkosie sand with matrix
Unconformity of volcanic ash
Washita Absent,
Fredericks-
2 bure Absent
8 Gray and greenish-gray
°E’ Lower /25-950 shale. Some red and
8 Glen Rose brown shale. Argillace-
ous limestone and sand
Light - gray to brick - red
Trinity generally fine - grained
. gand and sandstone.
Travis Peak | 1500+ | Gray to red shale, clay
and sandy clay. Fall
thickness not penetrated
in Stephens field

diameter, was in a matrix of calcareous sand.

It is estimated

that the Travis Peak formation is from 1,800 to 2,000 feet thick
in the Stephens field.
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GLEN ROSE FORMATION

The Glen Rose formation is repre-
sented in the Stephens field by the Low-
er Glen Rose, consisting of fine-grained
sand, sandstone, sandy shale, mudstone
and sandy. and argillaceous limestone.
It is 900 to 1,000 feet thick. In physi-
cal appearance it bears some resemb-
lance to the part of the Trinity forma-
tion at the outerop in southwestern
Arkansas, which includes the De Queen
and the Dierks limestone members.

The most detailed section was ob-
tained from the Louisiana Oil Refining
Corporation’s Manley No. 1 well in sec.
15, T. 15 8., R. 19 W., which penetrated
835 feet of beds of Lower Glen Rose
age. {(See Fig. 37.) - The upper 375
to 400 feet of beds consisted mainly of
fine-grained gray to green and pur-
plish-gray sand and sandstone; red,
brown, and greenish-gray clay; shale;
and sandy shale; and subordinate beds
of sandy limestone. The beds in the
lower 500 to 525 feet are made up of
green and gray mudstone, shale and
sandy shale, some brown and red clay,
and thin beds of sandy, earthy lime-
stones and subordinate beds of sand and
sandstone. The limestone is in part
oolitie.

A few marine fossils have been ob-
tained from the limestone members in
the lower half of the formation. Astarte
pikensis, Ostrea sp. and Corbula sp.
have been recognized.

A typical core record of the Glen
Rose and Lower Trinity formation is
given as follows:

ScALE I FEFT

TRAVIS Pram

FN ROSE FORW

F16URE 37.—Section of Trinity rocks penetrated in Louisiana Qil Refining Company’s Manley No. 1 well, see. 15, T, 15 8., R.
East Stephens field. Figures give depth below the Glen Rose formation.

19 W.,.
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Section of Trinity rocks recorded in Louisiana Qi and Refining Company’s
Manley No. 1 well in sec. 15, T. 15 S,, B, 19. W.
Character Depth in feet
Glen Rose formation:

Hard red shale {Core 2635-2640 feet, mottled gray and pink,
fine-textured sandsione; core 2640-2645 feet, light-gray,
fine-textured sandstone mottled with brown) ... 2635-2646

Blue shale and streeks of sand (Core 2645-2650 feet, mottled
brown, gray and purple sandy clays; core 2650-2652
feet, pale greenish-gray calcareous sandstone; core 2662-

2654 feet, light-pray calcareous elay balls in a matrix
of fine-textured sands) 26462657

Red shale (Core 2654-2660 feet, brick-red sand; sand and
broken shale; core 2661-2686 feet, light-gray fine-grain-
ed sandstone) 2657-2686

Broken red shale (Core 2686-2689 feet, light-gray fine-
grained sandstone and greenish-gray clay; core 2689-

2696 feet, mottled brick-red and gray fine sandy clay;

core 2696-2706 feet, brick-red fine sandy shale)_________._ 2686-2706
Red bed 27062712
Sand 2712-2722
Hard broken sand 2722-2738

Sand (Core 2712-2725 feet, light-gray fine-textured calcare-

ous sandstone; core 2727 feel, interlaminated very fine-

grained sandstone and shale; core 2735-2742 feet, light- .

gray fine-grained caleareous sandstonme) ... 27382743
Red bed (Core 2743-2750 feet, reddish-brown mudstone; core

2750-2755 feet, mottled purple and yellow fine-textured

sandstone; core 2755-2760 feet, mottled brick-red and

gray clays; core 2760-2765 feet, brick-red clays; core

2775-2780 feet, yellow and brown -fine sandy clays) ... 2743-2786
Sandy shale (Core 2784-2790 feet, greenish-gray shale con-

taining numerous shell fragments and much pyrite)___ 2786-2794
Sandy limestone 27942799
Sand (Core 2790-2803 - feet, light-gray ca.lcareous, fine-

grained sandstone) 27992803
Black shale and sand (Core 2803-2811 feet, medium-gray,

noncalcareous shale) 2803-2811
Blue sandy shale (Core 2811-2817 feet, mottled pale-green

and light gray fine-textured sandstone} . 28112817
Sof't blue sand (Core 2817-2822 feet, pale-green, fine-grained :

sandstone) 2817-2822
Red and blue sandy shale (Core 2822-2828 feet, medium gray,

fine-grained sandstone) 2822-2828
Gray sandy shale and lignite (Core 2828-2836 feet, light to

dark-gray, fine-grained sandsione, in part lignitic) ____. 28282836

Red and blue sandy shale_ - 2836-2840
Hard red shale (Cores 2836-2850 feet, purple, fine-grajned
sandstone) 28402850
Broken red shale S 2850-2875
Soft sand 2875-2894

Hard shale (Core 2875-2894 feet, light-gray fine-grained
sandstone; core 2894.2900 feet, medium-gray limestone. -

containing shell fragments) 28942900
Shale and shells 5 . 2900-2910
Red shale : 2910-2911

'0il dand - 29112917
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Red and blue shale (Core 2900-2914 feet, moitled purple and
gray fine-grained sandstone)
Fine-grained sandstone (Core 2919-2931 feet, purple clay
and mottled and purple and yellow, fine-grained sand-
stone)
Red and blue shale (Core 2931-2945 feet, purple sandstone
and laminated dark-gray shale and sand; core 2945-
2948 feet, medium-gray, finely sandy clay with pockets
and patches of fine-textured sand; core 2948-2955 feet,
gray sandy and argillaceous limestone, shell fragments;
core 2955-2956 feet, light-gray fine-textured sandstone;
core 29566-2964 feet, gray, fine-grained sandstone mottled
with purple; core 2964-2975 feet, purple, finely sandy
clays and shale; core 2975-2988 feet, mottled purple and
gray finely sandy shale)
Red shale
Gumbo
Shale and streaks of sand -
Hard, gray shaly limestone (Core 3030 feet, light-brown,
dense limestone)
Sandy lime
Hard sandy shale
Hard sand (Core 3060-3064 feet, light-gray, mottled with
rusty-brown, fine-grained sandstone)
Shale
Red and blue shale (Core 3094-3117 feet, olive-green calcare-
ous clays containing some fine sand and shell fragments;
core 3117-3118 feet, brown silty shale)
Hard lime
Hard sandy lime (Core 3119-3125 feet, light-brown, calcare-
ous fine-grained sandstone; eore 3125-3180 feet, alter-
nating thin beds of dark and light-gray =zrenacecus,
oolitic limestone; core 3130-3140 feet, light and medium-
gray arenacecus and argillaceous limestone, shell frag-
ments; core 3140-3145 feet, light-gray fine-grained cal-
careous sandstone and hard, gray, sparsely oolitic lime-
stone; core 3145-31560 feet, light-gray calcareous fine-
grained sandstone; core 3150-3164 feet, light-gray, im-
pure limestone with partings of green fine-textured
sandstone} .
Hard green limestone (Core 3164-3167 feet, gray, dense
limestone; shell fragments; core 3167-3178 feef, gray
and greenish-gray calcareous shale; shell fragments;
core 3178-3181 feet, greenish-gray, ecalcarecus, very fine-
grained sandstone)
Blue gummy shale {Core 3181-3183 feet, gray clay with thin
streaks of light-gray sands)
Bandy lime (Core 3183-3186 feet, gray caleareous shale;
shell fragments; core 3186-3189 feet, gray, caleareous
clay sandstone)
Hard shale {Core 3189-3194 feet, gray claystone; core 3194~
3199 feet, greenish-gray clay with interlaminated fine-
grained gray sandsione)
Lime and shale (Core 3199-3208 feet, gray sandy shale with
thin stringers of light-gray calearcous sandstone; core
3208-3209 feet, light-gray calearecus fine-grained sand-
gtone) :

2917-2929

2929-2931

2931-2983
2983-2997
2997-3000
3000-3010
3010-3030
3030-3045
3045-3065
30565-3064
3064-3068

3068-3120
3120-3126

31253164

3164-3181

3181-3188

3183-3193

3193-3199

31993215
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Sandy lime : 8215-3223
Hard shale (Core 3211-3216 feet, gray calcareons fine

grained sandstones, shell fragments; core 3217-3230 feet,

greenish-gray silty clay and shale; core 3230-3231 feet,

gray, argillaceous limestone; Osirea fragments)_ . 322393231 .
Shale and lime {(Core 3231-3235 feet, gray, argillacepus

limestone; core 3235-3237 feet, gray calcareous silty

shale, Astarte pikensis 7; core 3237-3240 feet, gray

earthy limestone; shell fragments; core 3240-3247 feet,

brownish-gray silty clays; containing a few casts of

pelecypoda) - 3231-3265
Lime and shale (Core 3280-3288 feet, chocolate-colored mud-

stone; core 3296-8300 feet, mottled reddish-brown and

gray argillaceous fine-grained sandstone; core 3300~

3308 feet, dull reddish-brown silty elay) .. . 3265-3311
Red and blue shale (Core 3308-3314 feet, gray, yellow and

brown shale; core 3814-3316 feet, gray, fine-grained

sandstone; core 3818-3328B feet, medium-gray, earthy

limestone containing Astarte pikensis, Corbule sp. and

small Osirea sp.; core 3328-3334 feet, medium-gray, cal-

carcous silty shale; core 3334-3337 feet, gray argillace-

ous limestone} 33113337
Brown shale and streaks of lime (Core 3334-3340 feet gray

and brown silty shale and gray earthy limestone}...._ 33373354
Hard sand (Core 3347-3356 feet, hard gray slightly cal-

careous shale) i 3354-3360
Broken red shale (Core 3355-3364 feet, white, fine-grained

sandstone; core 3364-3396 feet, brown and purple silty

shale) . 33603400

Hgard shale and streaks of lime (Core 3396-3404 feet, gray,
calcareous shales and earthy limestone Ostracods) - 3400-3406
Hard lime 3406-3445
Hard shale and streaks of lime 3445-3454
Hard lime ; 3454-3468

Travis Peak formation:

Shale and streaks of lime 3468-3520
Hard lime and sandy lime 3520-3546
Red shale 3b45-3558

- Red and black shale (Core 3560-3565 feef, medium-gray,
fine-grained, sandstone) 85b68-3565
Hard red shale 3565-3592

Red and blue shale {Core 3592-3598 feet, medinum-gray sand-
stone) 3592-3602
Shale .. 3602-3644
Lime __ 3644-3654
Red shale (Cote light greenish-gray silty elay) . . 8654-3659
Hard shale and lime 36593688

Hard shale and sandy shale (Core 3692-3698 feet, light-red
medium-grained sandstone; core 3698-3705 feet, pray

and reddish-brown eclay in alternating thin bands)...___. _ 3688-3708
Red shale and streaks of lime 3708-3791
Sand 3791-3806

Gummy shale (Core 3794-3796 feet, finely banded reddish-
brown and gray clay; core 3796-3807 feet, pink sand-
stone with small patches of calcarecous sand; core 3807-
8808 feet, light-gray, fine-grained sandstone) ... - 3806-3808
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Sand
Red and blue shale
Hard sand
Sandy shale (Core 3936-3940 feet, mottled purple and gray

shales; core 3940-3946 feet brick-red, very fine-grained
sandstone)

Red and blue shale
Hard sia.hdy lime (Core 4086-4087 feet, conglomerate made
up of limestone pebbles up to half an inch in diameter
in a sand matrix; core 4087 feet, purple sﬂty elay) ...
Rock:sand

Shale
Broken red sandy shale
Hard sand
Red sandy shale
Hard sand

Sandy shale

GEOLOGY OF THE GULF COASTAL PLAIN IN ARKANSAS

38083820

38203921
39213937

3937-3946
39464084

40844087
40874092
40924094
4094-4110
41104111
41114125
41254130

Red sandy shale (Core 4130-4140 feet, purple clayy ...
Hard shale and lime
Broken sandy shale (Core 4185 feet, purplish conglomerate
made up chiefly of chert pebbles up to 134 inch in diam-
eter in a matrix of calcareous sandstone)
Hard red sand
Shale (Core 41B5-4202 feet, purple sandstone) . ___
Hard sand and broken sand {Core 4207-4222 feet, mottled
green and gray clay and pink sandstone; core 4222-
4235 feet, mottled purple and green sandstone; core
4239-4245 feet, pale-pink sandstone; core 4245-4259 feet,
mottled purple and green slightly calecareous, fine-grain-
ed sandstone; core 4253-4270 feet, light-gray, pink, and
purple fine-grained sandstone)
Red shale with streaks of hard sand (Core 4263-4283 feet,
light-gray and purple sandstone)
Hard sand and shale
Hard red shale and sand (Core 4310-4318 feet, mottled pur-
ple and yellow sandy clay and light-gray sandstone;
core 4318-4325 feet, light-pink, friable sandstone; core
4433 feet, mottled purple and vellow sa:ndstone' core
4349-4353 feet, gray shale with laminae of fine sand)____.
Hard shale and sand (Core 4367-4375 feet, light-gray sand-
stone; core 4375-4385 feet, light-pink fnable sandstone,
and light-pray clay with siderite pellets)____-._,‘ .

Hard shale
Hard sand

Sandy shale
Hard sand
Hard sand with streaks of shale.,
Hard sand
Hard shale and streaks of lime e

Hard sand (Core 45602 feet, light-gray sandstnne) —

GULF SERI.ES (UPPER, CRETACECUS)

41304135
41354154
41544173

41734185
4185-4198

. 41984202

4202-4275

42754295

4295-4311

43114369

4369--4386
4386-4403

- 44034421

44214427

... 44274439
. 4439-4455

44b5-4473
44734493
44934502

A section of Upper Cretaceous formations in the Stephens

field is shown in Figure 38.
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TOKI0 FORMATION AND WOODBINE SAND
The few wells in the Stephens field that have passed through
the basal beds of the Gulf series have supplied but a partial
‘record of the lithology of these
strata. The total thickness of the

Arkdsiainis Tokio formation and the Woodbine.
sand is from 350 to 400 feet, with
waacamze | the larger thickness in the south-

western part of the area.

The upper heds are composed of
generally gray and greenish-gray
acabel fand sands and sandstones interbedded
with gray shales and sandy shales,
These beds are in part lignitic and
contzin some volcanic materials
and lentils of gravel at the base.
The bagal 100 {o 125 feet of beds
congists principally of gray to
green, generally tuffaceous sand-
== stone, with subordinate beds of
e shale and clays, which in places
== are pink, reddish-brown, and pur-
= ple in color.

— BROWNETOWN MARL

Tp| | Ameons olaik The Brownstown marl is 90 to
= 100 feet thick, composed of gray
ovan sorcaSsion shales, marls, and sandy shale with
sog——~——--—=- thin lentils of glauconitic sand-
BMM@:W ) Stone.

Sararoga Cheik

Scqle of Fost

o0 -

GZAN FORMATION

Prowstemn Mart The Ozan formation is compos-
= ed of gray to greenish-gray shales,
marls and sandy shales. The up-
per 15 to 20 feet of beds are thin
Thio Farmation sandstones interbedded with sandy
ghale, yielding shows of oil in many
places within the field. 'The lower
15 to 20 feet of beds are included
in the Buckrange sand, the basal
member of the Ozan formation, in-
cluding the Buckrange sand is 150
Poaithine St to 160 feet thick in the Stephens
field. '

,,,,J 'MARLBROOK MARL AND ANNONA CHALK

¥Frourg 38.—Section of Upper i
Cretaceoys Tormations in Staphe The Marlbrook marl is composed

ens field. of generally light-colored clays and

zoo -

ro0e_ 4
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marls, in part chalky, which in the lower part grade into gray
and white chalks of Annona age. Their total thickness is 250
‘feet in this area.

SARATOGA CHALK

The Saratoga chalk, composed of hard gray and white chalk
is 15 to 30 feet thick in the area of the Stephens field.

NACATOCH FORMATION

The Nacatoch formation consists of three more or less well-
defined members. The upper 10 to 35 feet of beds is com-
posed of sandy shale interbedded with generally soft sands. The
intermediate member, 150 to 175 feet thick, consists chiefly of
calca.reous sandstone and arenaceous limestone with subordinate
thin beds of shale; the lower 100 feet of beds consists of gray
and blue shales. The total thickness of the Nacatoch formation
iz 300 to 315 feet.

ARKADELPHIA MARL

The Arkadelphia marl, 75 to 100 feet thick, is composed of
dark-gray calcareous shale and marl.

TERTIARY SYSTEM
EOCENE SERIES
MIDWAY CLAYS

The Midway consists chiefly of noncaleareous gray and blue
clays containing an abundance of siderite concretions. The
basal 25 to 50 feet of beds are calcareous and fossiliferous. The
Midway clays are 500 to 550 feet thick in the Stephens field.

WILCOX FORMATION

The Wilcox formation in the Stephens field is made up of
sands, sandy clays, and clays which are in. part lignitic. In
general the basal 150 to 175 feet of beds are gray sandy clays
with sands at the base. These beds are overlain by 250 to 300
feet of massive light-colored sands. Resting upon the massive
sand member is 75 feet of gray clays characterized by an
abundance of limonite and siderite concretions. The uppermost
100 feet of beds consists of gray mieaceous and lignitic sands. -

The total thickness of the Wilcox formation is 500 to 550
feet.

CLAIBORNE GROUP

The Claiborne beds in the Stephens field are 300 to 400 feet
thick and consist of inassive sands in which are included thin
beds of clays, containing glauconite and concretions of limonite
and siderife. The basal beds consist of glauconitic sand and
clays.
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PRODUCING HORIZONS
BUCKRANGE SAND

The Buckrange sand, the basal member of the Ozan forma-
tion, is the correlative of the Graves sand in the Smackover field
and the producing sand of the Haynesville, Louisiana, field. It
is commonly designated as the Blossom sand by the drillers,
based on an erroneous correlation of the sand with the Blossom
gsand of Texas.

The Buckrange sand in the Stephens field is from 30 to 50
feet thick, made up of alternating beds of sands and sandy
shales. The oil ig obtained from the uppermost 5 to 10 feet of
beds. The sand is made up of fine to medium-textured generally
subrounded guartz grains, with some grains of glauconite, fine
particles of mica and fine particles of igneous rock., The porosity
is uniformly low, but variable, depending on the amount of
secondary cementation and the amounts of argillaceous mate-
rial it contains. In the main part of the Stephens field the sand
is fairly uniform in character and thickness but decreages in
porosity and in thickness to the west, and by reason of this
change determines the limits of the producing area in that di-
rection. The Buckrange sand in the Stephens field lies from
1,890 to 1,960 feet below sea level.

NACATOCH SAND

The Nacatoch sand has yielded shows of oil and gas in the
main part of the Stephens field, and a few small oil ‘and gas
wells in the area east of the town of Stephens, but is not an
important producing horizon.

The oil and gas are obtained from the uppermost 15 feet of
the Nacatoch sand which is made up of thi nalternating beds
of sands and clays. The depths to the top of the Nacatoch sand
range from 1,150 to 1,300 feet below sea level.

STRUCTURE

The surface expression of the strueture of the Stephens field
is not easily determined owing to the slight structural relief
and to the character of the strata exposed at the surface.

SUBSURFACE STRUCTURE

The structure of the Stephens field and the adjacent area
is generalized in Figure 89. The contour lines are drawn on
the top of the Nacatoch sand at intervals of 50 feet. The struc-
ture is a terrace or structural nose which is limited on the north
by a graben. The regional dip is to the south and the south-
east. The faults that define the graben have a general north-
west trend and the graben is about 2 miles wide. The displace-
ment of the faults is not less than 250 feet to the north of the
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field but decreases to a few feet in the area northwest of the
field. In the area southeast of the field the data are not suffi-
cient to permit an estimate of the displacement. The dip of the
fault planes are not readily determined because of lack of ac-
curate data, but probably approximate 45 degrees.
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FIGURE 3%.—Structure contour map of region arcund the Stephens
field. Contours drawn on top of Nacatoch sand. Contour interval 50
feet. Figures give depth-below sea level.

The structure of the main producing area is shown in detail
in Plate XXII. The contour lines are drawn on top of the Buck-
range sand at intervals of 20 feet. Mapped in detail, the strue-
ture is a low-dipping, southeastward-plunging structural nose,
The dips along the axis range from 15 to 25 feet per mile but
increase toward the south and north to 50 and 75 feet per mile.

The structure of what is commonly called the “East Steph-
ens field” is shown in Figure 40. The contour lines are drawn
on top of the Nacatoch sand at intervals of 10 feet. By ‘using
the smaller contour interval it is possible to show a contour line
closing against the fault.

STRUCTURE OF THE COMANCHRE SERIES

The structure of the Comanche strata differs essentially from
the structure of the Upper Cretaceous and Tertiary strata owing
. to the unconformity that separates the Comanche from the Gulf
geries. As only a few deep wells have been drilled into these
beds, it is not possible to determine the structure in detail, but
it is generalized in Plate XII. This map suggests that the beds

dip to the sputhwest at the rate ©f 75 to 90 feet per mile.
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RELATION OF STRUCTURE TO ACCUMULATION OF OIL AND GAS
The accumulation of cil in the Stephens field may have been
determined by the gentle arching of the strata inclosing the oil
and gas-producing sands. The local distribution of the oil, how-
R-19W
mill

EXPLANATION
= QL WELL ¥ GAS WELL < DRY HOLE

o 2000 4000
SCALE ) IN FEET
1000 3000 5000

Fi1gure 40.—Structure contour map 6f East Stephens field. Contours
drawn on top of Nacatoch sand. Interval 10 feet. Figures give depth be-
low sea level,

ever, appears to have been determined by the character of the
reservoir rocks, chiefly by its lenticular structure and by its
lateral gradation from sand to argillaceous sand.

PRODUCTION
PRODUCTIVE AREA

The total area capable of producing oil in the Stephens field
cannot easily be determined, for, owing to the small initial pro-
duction of the wells, the field was not drilled according to a
definite plan of well spacing. On the leases that were com-
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pletely drilled, the wells were spaced to give 10 acres per well,
and, in order to determine a representative acre yield for the
field, it has been assumed that the producing area includes 10
acres for each well drilled. On that basis the producing area is
2,850 acres.

THE PRODUCING SANDS
BUCKRANGE SAND

The principal producing sand in the Stephens field is the
Buckrange sand, the basal member of the Ozan formation. This
gand is also called the “Stephens sand” and ‘“Blossom sand.”
It ig correlated with the Graves sand of the Smackover field
and with the producing sand of the Haynesville field in Louisi-
ana. The Buckrange sand member in the Stephens field is from
80 to 50 feet thick and is made up of alternating beds of sands
and sandy shale. The oil is obtained from the upper 5 to 10
feet of sand which consists of small, generally subrounded
graing of quartz, some grains of glauconite, fine particles of
igneous rock and fine flakes of mica. Its porosity is uniformly
low but variable, depending upen the gquantity of argillaceous
matter it contains and on the degree of secondary cementation.
The depths to the top of the Buckrange sand in the producing
area range from 1,890 to 1,960 feet below sea level.

NACATOCH SAND

The Nacatoch sand has yielded shows of oil and gas in wells
drilled in the main part of the Stephens field but not in com-
mercial quantities. In the area east of the town of Stephens
gome oil and gas are produced from the uppermost 15 feet of
the Nacatoch sand, which consists of alternating thin beds of
gsand and shale. The sand is reached at depths ranging from
1,150 to 1,300 feet below sea level.

PRODUCTION 1922 TO 1933, INCLUSIVE

The initial production of the wells in the Stephens field was
low compared with that of other fields in Arkansas. The Buck-
range sand yielded wells with an initial production of 75 to
100 barrels a day, but the average was about 25 barrels a day.
It is worthy of note that no gas was produced from the Buck-
range sand. The wells in the Nacatoch sand had higher initial
productions, ranging from 50 to 400 barrels a day. The gas
wells had initial yields from 8,000,000 to 15,000,000 cubic feet
a day.

A total of 289 wells was completed; 288 oil and 6 gas wells.
In December 1933, the field had 177 producing wells, all in the
Buckrange sand, which produced 17,444 barrels, an average daily
production of slightly more than 3 barrels per well.
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The total production to January 1, 1934, was 4,816,057 bar-
rels. This production distributed by years is given below:

O produced in the Stephens field from 1322 to 1938, inclusive

Year Barrels* Year Barrels*

1922 28,325 1929 363,633
1923 625,218 1930 315,987
1924 . 787,133 1931 272,368
1925 642,967 1932 187,401
1926 : 552,131 1933 141,296
1927 501,674 B —
1928 418,074 4,816,067

* Pipe-line runs

With an estimated productive area of 2,850 acres the average
vield to the end of 1933 iz 1,700 barrels per acre.

ESTIMATED FUTURE PRODUCTION

The future production of the Stephens field, as estimated
from production decline curves and rate cumulative curves, is
shown in Figure 41, prepared by Roy T. Hazzard. These future
estimates are made assuming that present production methods
are unchanged. The estimated yearly production over a period
of seven years and the oil reserves to the end of 1940 are given
as follows:

Estimated future production in the Stephens field from 1284 to 1940

Year Barrels | Year Barrels
1934 209,000 1938 158,000
1935 : 192,000 1939 148,000
1936 180,000 1940. 139,000
1937 168,000 I
1,194,000

Gl reserveg of the Stephens field

’ Barrela
(04l recovered to January 1, 1934 4,816,057
Estimated future production to end of 1940 1,194,000
Total ultimate oil recovery to the end of 1940 6,010,057

Agsuming the producing area of the Stephens field to be
2,850 acres, the acre yield to the end of 1933 is 1,690 barrels and
the estimated total recovery per acre is 2,112 barrels to the end
of 1940,

METHOD OF DRILLING

The rotary method of drilling was used in the Stephens field,
and neither the drilling nor the completion of the wells presented
any notable difficulty. The common practice was to set 100 fo
150 feet of 10-inch casing to exclude the surface waters. The
wells completed in the Buckrange sand set 1,975 to 2,025 feet of
6-inch casing and the wells were completed with 70 to 90 feet of
41%-inch blank and 35 to 45 feet of 4l4-inch perforated liner.
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In the wells completed in the Nacatoch sand 1,450 to 1,610 feet
of 6-inch casing were set and the wells were completed with 40
to 100 feet of 414-inch liner,
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ens field, Arkansas. Future estimates made assuming present production
methods unchanged.

PROPERTIES OF CRUDE 011l IN THE STEPHENS FIELD
The properties of the oil in the Stephens field follow:

Sample No. 281001, Mark A. Stephens field, Ouachite County Arkansas,
Nocatoch sand, Well No. 8, see. 21, T. 15 8, R. 19 W.

Specific gravity .o ———. 0.877 Saybolt Universal viscosity

A P.IL Gravity._______..._ 299 at 100° F.. . B0egec

Percentage of sulphur.._....._ . 1.63  Percentage of water ... 0.7

Saybolt Universal viscosity Pour point .. __..._.___below 5° F.
at 70°°F. . . -130sec, Color .. brownish black
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Digtillation by Bureaw of Mine { Hempel method)

Temper- . Percent Sum Sp. gr. A, P, 1. Viscosity Cloud Temper-
auure (°F) cut per cent cut cut at 100°F. Test (°F) ature (°F)

AR DISTILLATION BAROMETER, 744 MM. FIRST DROE, 49 C. (120°F.)

Uptob — — — . — Uptol22

b0-75 4.7 4.7 0.683 T8.7 e e - 122-167

75-100 3.9 8.6 707 68.6 — S 167-212
100-126 1.1 .97 N e 212-267
125-150 3.5 13.2 136 608 . 257-302
160-175 - 4.0 17.2 S58  bb2Z —— 302-347
176-200 4.2 21.4 -778 b0.4 O 847-392
200-225 4.4 “25.8 195 465 . ——— 392-437
226-250 4,6 30.4 810 43.2 I R 437-482
250-275 5.8 36.2 826 39.8 R 482527

VAcUUM DISTILLATION AT 40 MM,

Up to 200 41 41 0.851 34.8 41 10 Up to 392
200-225 5.3 94 0858 334 45 25 392-437
225-50 5.6 15.0 0.874 80.4 57 45 437-82
250-75 5.8 20.8 0.890 27.5 80 65 482-527
276-300 5.7 26.5 0.901 25.6 130 80 B27.72

Residoum, per cent . 36.9 Distillation loss, per cent_.. .. — 04

Carbon residue of residumm,- Carbon residue of crude,

per cent 1581 per cent b.6
APPROXIMATE SUMMARY
Percent-  Specific A.P.I.  Viscosity

Light gasoline (end-point,212°F) 8.6 0.694 724 —

Total gasoline and naphtha. . 21.4 0.731 621

Kerosene distillate . —_ 990 0.803 447

Gas oil . 15.0 0.844 36.2 .

Nonvigecous lubricating distillate. 11.0 0.865-0.894 382.1-26.8 b0-100

Medium lubricating distillate_.._ 6.3 0.894-0906 26.8-24.7 100-200

Viscous lubricating distillate ... 0.0 Above 200

Residuum 36.9 0.985 122

Distillation loss ... e 0.4

Sample No. 281002, Mark B: Arkansas, Stephens ficld, Ouachita County,
Nacatoch sand sec. 21, T. 15 S, K. 19 W., well No. 1

Specific gravity . .. 0982 Saybolt Universal viscosity at

A.P. L gravity . 12.60 100° F. . above 2,000 sec.
Percentage of sulphur ... 2.87 Percentage of water . 202
Saybolt Universal viscosity at Pour point 25 F,

70° F. gee. Color .. brownish-black
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Digtillation: Bureow of Mines—Hempel Methods

Temper- Per cent Sum Sp.egr. °*A. P.1 Viscosity Cloud Temper-
ture (°F) cut per cent cut cut  at 100°F. Test (°F) ature (°F)
ATR DISTRIBUTION. BaAROMETER, 745 MM. FRsT DroOp, 230° C. (446°F.})
Up to b0 — — _— —_— — — Up to 122
B0-75 — _— ——, J— U - 122-67
75100 —— e R — _— S 167-212
100-1256 — — — wrim mamean 212-57
125-50 —_— —— R — —-— S 26T7-302
150-75 P —— [ — - e 302-47
175-200 —— —_— —_— J— [ [ 347-92
200-225 e . 392-437
225-50 2.0 2.0 —— n P e 437-82
250-75 5.4 T4 0.860 33.0 —_— [ 482-527

VacuuM DISTILLATION AT 40 MM.

Up to 200 1.9 1.9 0.88%9 27.7 45 Too Up to 392
200-225 8.6 8.4 0.895 26.6 54 dark - 392-437
226-50 6.4 14.8 0.913 23.5 75 . to 437-82
250-75 79 22,5 0.929 20.8 135 obtain 482-527
275-300 6.1 28.6 0.942 18.7 260 cloud 527-72

Residuum, per eent - .. 63,1 Distillation loss, per cent ... 0.9

Carbon residue of residuum, Carbon residue of crude,

per cent — 16.5 per cent 10,4

APPROXIMATE SUMMARY

Parcant- Specific

age gravity APL Viscosity
Light gasoline {end-point,212°F.) 0.0 -
Total gasoline and naphtha._..__ 0.0 _. S
Kerosene distillate .. . 00 _ : : S
Gas oil 10.8 0.869 313
Nonviscous lubricating distillate.. 11.1 0.892-0.920 27.1-22.3 50100
Medium lubricating distillate.._. 7.7 0.920-0.936 22.3-19.7 100-200
Viscous lubricating distillate... . 6.4 0.936-0.947 19.7-17.9 Above 200
Residuum . 63.1 1.006 —
Distillation logs . . .. 0.9

WATER CONDITIONS

The oil and gas-producing horizon in the Nacatoch sand was
underlain by water and the wells produced a considerable vol-
ume of water a short time after completion,

The Buckrange sand contained no water and the wells at the
present time are producing no measurable quantity of water,
although some of the wells in the field show from 1 to 2 per
cent of basic sediments at this time.



THE IRMA FIELD
LOCATION AND EXTENT

The Irma oil field, named for the town of Irma, which is
situated 2 miles northwest of the field, is in T. 14 S, R. 21 W,
and T. 14 S,, R. 20 W, in Nevada County. The producing area
is 4 miles long from northeast to southwest and has an average
width of half a mile, The producing area is about 640 acres.

The Irma oil field has been described in detail by Teas® in a
report from which many of the facts here stated have been ob-
tained. Some additional facts have been incorporated .in the
present bulletin, but only minor changes in the thickness assigned
to certain formations by Teas have been made.

HISTORY AND DEVELOPMENT

The discovery well of the Irma field, the Ames and Zengy
T. P. Waters No. 1 well, drilled in'the center of the west side of
the NW14 of sec. 11, T. 14 S., R. 21 W. ,was completed October
17, 1921. The top of the Nacatoch sahd wag struck at a depth
of 1,166 feet, and the well was completed at a depth of 1,192
feet, After the well had been bailed, oil of 14.4° Baume slopped
over the casing head at the rate of 5 barrels a day until March
1923, when it ‘was standardized and pumped at the rate of 25
barrels a day. A total of 137 wells was drilled in the field, of
which 128 wells pFoduced oil and 9 produced gas. On January
1, 1929, there were 78 oil-producing wells with an estimated
daily capacity of 1,570 barrels, an average of 2114 barrels per
well,

TOPOGRAPHY

The topography of the Irma field is shown on the United
States Geological map of the Gurdon quadrangle. The field lies
in an upland area, where the tops of the ridges stand 350 to 375
feet above sea level. The broad valleys of the streams stand
225 to 250 feet above sea level, so that the total relief iz 150
feet. Caney Creek flows northward across the central and
structurally highest part of the field; a branch of Sanders Creek,
a tributary of Caney Creek, traverses the west end of the field;
Black Creek, which flows northwestward into Caney Creek,
drains the eastern part of the field.

STRATIGRAPHY

The Irma field extends along the contact of the Wilcox and
Claiborne formations. The oldest rocks exposed at the surface

1 Teas, L. P., The Irma oil field, Nevada County, Arkansas, in Structure of typical American
oil feilds, vol. 1, pp. 1-17, Am. Amsoe, Petrol. Geol,, Tulsa 1929,
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are beds of gray sand and sandy clay belonging fo the upper
member of the Wilcox formation. These beds crop out in a
narrow, irregular band along the south side of the fault that.
limits the field on the north, The Wilcox sand is overlain by
ferruginous clay and sand of basal Claiborne age. In the:Irma:
graben to the north of the producing area younger Claiborne
strata are exposed at the surface. The Wilcox formation again:
appears -at. the surface immediately north. of the graben. (See
Pl I1.)

In additior tarthe Claiborne formation, deep wells in the Irma
field have penetrated all of the beds of the Gulf series and most
of those of the Comanche series of the Cretaceous system. The
general stratigraphic succession in the field is shown in Table 23.

TABLE 23.—(Feneralized section of formations in the Irma field

i’gg; Beries Fofmation Tl;‘;fgfﬁss | Cha-.ra.cte‘r o.f the beds
X .
555 0-6  [Superficial gravel
- g
U it
Vncor.lforml AN 0-500 Gray sand—glauconitic and ferru-
. Claiborne ginous clay and sand ]
b g Gray sand and clay with beds of lig-
ks g Wileox 600 nite. Siderite boulders and quartz-
o ite: ‘
= = :
Midway clays 450 |Dark-blue noncalearecus clay and
. Unconformity shale
Arkadelphia 75-100 [Caleareous clay and shale
marl . '
JGray and green calcareous sand with
Naeatoch sand | 300-310 clay and marl in lower part
Saratoga chalk | 30-40 |White chalk and marly chalk
Mﬁ?ﬁmk 200 [Gray clay and chalky marl
Annona chalk 50 Hard white and gray chalk
% Ozan . . .
5 formation Gray, sandy, micaceous marl and
u (Buckrange 125 elay. Glauconitic sand and sandy
e sand at mar]
g the base) ’
S Bro;;l;itiown 150 Dark-gray, fossiliferous clay
Fokio forma- Clay, sandy clay, sand and volcanic
tion and 995 ash. Sand and sandy clay, coarse
Woodbine sand ash, cemented sands and volcanic
Unconformity ash - .
Gratsg greeg a,nddpm}l: sand and sand-
. stone and sandy shale; gray, green
E Glen Rose 835 brown and red shale and impuré
2 limestone
& Light-gray te e{alred sand and sand-
o . stone and medium tc fine-textured
8] Travis Peak |1800-2000 gray to red shale and clay. Lo-
cally thin beds of conglomerate
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Section exposed in NE1 see. 5, T, 14 S., B. 20 W,
{After L. P. Teas)

System and- Thickness

Heries Formation in feet Character of beds
20 Gray sands
. Glauconitic clay, weathering to red-

Tertiary Claiborne & dish-brown, and platy, ferrugin-
{Eocene) ous sandstone

22 Ferruginous sandy clays with platy

limonitic eoncretionary materials
13 Platy ferruginous, limonitic elay

Wilcox - 100 Gray sandy clays and sands base
. noi exposed -

CRETACEOUS SYSTEM
COMANCHE SERIES (LOWER CREATCEOUS)

The Humble 0il and Refining Company’s Hein No, 2 well in
sec. 1, T. 14 5., R. 21 W, the deepest ‘well drilled in the Irma
field, passed through nearly 1,700 feet of Comanche rock, of
which 835 feet (2,185-3,020 feet) is assigned to the Glen Rose
formation, dnd 715 feet (3,020-3,735 feet; depth of well 3,735)
is assigned to the Traviz Peak formation.

In the Irma field the basal bed of the Gulf series lies un-
conformably on the Lower Glen Rose. The Lower Glen Rose
consists of gray, green, brown, and red shales; gray, green, and
pink sandstones with subordinate beds of argillaceous and arena-
ceous limestones. The shale beds are in part calcareous and in
part noncalcareous and contain fossils at many horizons. The
limestones are generally foasiliferous and in part oolitic in struc-
ture.

The Travis Peak formation is composed of generally fine-
grained sands, sandstones, and sandy clays, which range in color
from light-gray to purple, interbedded with gray, red, and brown
clays. Thin beds of conglomerate made up chieﬂy of chert and
novaculite pebbles occur at a few horizons in the section. The
Travis Peak formation is estimated to be from 1,800 to 2,000
feet thick.

The Travis Peak formation is probably underlain by marine
beds of indeterminate thickness belonging to the Neocomian.

GULF SERIES (UPPER CRETACREOUS)
TOKID FORMATION AND WOODRINE SAND

These formations are represented by from 225 to 250 feet
of beds composed of gray clays, shales and sandy clays, which
in the upper part of the section are interbedded with fine-grained,
renerally argillaceous sandstones. The lower part consists chief-
ly of gray, fine to medium-grained sandstones interbedded with
gray to dark-gray lignitic sandy shale. The basal beds are in
part lignitic and tuffaceous.
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BROWNSTOWN MARIL,

The Brownstown marl in this area consists of gray shale
and marl and finely sandy shale in which are imbedded thin
lenses of fine-grained, micaceous and glauconitic sands. The
Brownstown marl is 130 to 140 feet thick.

0ZAN FORMATION

This formation is made up of gray to greenish-gray marl
and micaceous sandy marl and clays. The Buckrange sand is
represented by the lower 25 feet of beds, which consist of inter-

bedded micaceous-and glauconitic sands and sandy clays. The
Qzan formation is 125 to 135 feet thick in the Irma field.

ANNONA -CHALK

The Annona chalk in the field is represented by 30 to 40 feet
of hard white and gray chalk.

MARLBROOK MARIL
This formation is composed- prine¢ipally of gray shale and

chalky marl but includes some. finely sandy shale. It is about
200 feet thick in this area.

'SARATOGA CHALX
The Saratoga chalk is 35 to 40 feet thick in the Irma field
and is composed of hard white and grayish-white chalk and
chalky marl.
NACATOCH SAND
The producing horizon of the Irma field is in the upper part
of the Nacatoch sand which in this area is composed of gray
and green calcareous, in part glauconitic sandstone and arena-
ceous limestones with sandy elays and marls in the basal por-
tion. The Nacatoch sand is 300 to 810 feet thick in this area.

ARKADELPHIA MARL

The Arkadelphia marl, 76 to I00 feet thick, is compoged of
gray to dark-gray shales and marls,

TERTIARY SYSTEM
BOCENE SERIES
MIDWAY CLAYS
The Midway clays congsist of grayish-blue and gray noncalca-
reous clays and shale containing an abundance of siderite con-
cretions. These beds are 450 feet thick in the Irma field.

WILCOX FORMATION
The Wilcox formation, 600 feet thick in the field, may be
divided into four lithologic members: The upper 125 feet is

composed of gray lignitic sands; the succeeding 50 feet consists
of gray and brown clays, slightly sandy, in part lignitic, and
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containing numerous concretions of limonite; below the clay
member is 175 to 200 feet of massive gray and reddish-gray
sands; the basal 200 feet of beds is composed of light-gray to
gray sandy clays and sands.

STRUCTURE
GENERAL FEATURES

The Irma field is limited on the north by a fault, having a
displacement from 325 to 470 feet. The producing area is situ-
ated on the south or-upthrown side of the fault. The evidence
of faulting is apparent from a study of the surface structure.

SURFACE EXPRESSION OF STRUCTURE

The fault, as well as the closure of the producing area, is ex-
pressed in the areal distribution of the formations at the sur-
face. From the southwest corner of sec. 9, T. 14 S, R. 21 W,
to sec. 5, T. 14 8., R. 20 W., the Wilcox sand on the upthrown
side is in contact with Claiborne beds on the downthrown side
of the fault.

The fault is. visible at the surface on the west side of the
highway at the center of the east line of sec. 9, T. 14 S,, R. 21 W,
where, near the base of the north slope of a hill, cross-bedded
sand of the Upper Wilcox formation lies in contact with thin-
bedded chocolate-colored selenitic red weathering clay of the
Claiborne formation. A parting of limonite, a quarter of an
inch thick, represents the actual plane. The hade of the fault.
measured at this locality is about 60°. The horizontal distance
from the surface trace to the fault trace of the Nacatoch sand:
is 950 feet, representing -an angle of 53° which corresponds
closely to the average inclination of the fault planes throughout
this fault zone.

Several wells were drilled in the graben north of the Irma
field. A list of these wells and the result of drilling on the
downthrown side of the fault is given in Table 24

The structure of the proven area and vicinity were determined
by the construction of subsurface maps using the top of the
Nacatoch or producing sand as a datum plane.

SUBSURFACE STRUCTURE

The subsurface structure of the region wherein the Irma
field is situated is generalized in Plate I.

The principal structural feature of the area is a generally
northeast-trending graben—the Irma graben., The faults form-
ing the graben are from 114 to 2 miles apart with a throw of
325 to 470 feet. The dip, where determined by drilling, is to-
ward the center of the graben at an angle of approximately 45
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TABLE 24.~Wells drilled in Irma graben
©. {Listed by L. P. Teas)

Company and Location Top of Nacatoch in Throw of
farm name Sec. T. R. ft. below sen level fault in feet
%&ngﬁgﬁanfg Cut fault plane below top
Waters No. 2. oo 10-14-21 of Nacatoch sand
i 1
g%’fgﬁrfﬁefs’ Nacatoch sand not reached
Nooloooooo o, 3-14-21 © at 996 feet ‘
Woot t al, : Nacatoch gand not reached
Ellia No. 1| 21421 " at 1012 feet
G t al, Naecatoch sand not reached
Gioeﬁio'irg. i N 2-14-21 at 1100 feet
.F. F 1, Nacatoch sand not reached
o mwenetal, |, 401 " at 1184 fect - _
teele ot al, Nacatoch sand not reached
Martin Mool | 131421 at 1140 Tech
Houst il Co.
G:clJl\?eoll\}o(.hil._Sf.________ 36-13-21 1379 337
Danciger Oil Co.
Waters No, 1. 4-13-21 1319 489

degrees.. The regional strike is northeast and the dip is south-
east. In the area of the Irma field the strata are gently warped,
producing a closure of slightly more than 50 feet against the
fault. The producing area, 414 miles in length and half a. mile
to three-quarters of a mile in width, parallels the fault trace.
The dips within the field are to the south and southeast at the
rate of 40 to 60 feet per mile.

Figure 42 shows the structure in detail of the producing
area. The contour lines, which are drawn at intervals of 10
feet, have a general east to west trend and,. aside from slight
irregularities, are parallel with the fault to the north and with
the producing area.

RELATION OF STRUCTURE TO THE ACCUMULATION
OF OIL AND GAS

The oil and gas in the Irma field occupies the highest part of
the structure.

PRODUCTION
PRODUCTIVE AREA

The productive area of the Irma field lies along a narrow
strip half a mile tothree-quarters of a mile wide and 414 miles
long, which trends slightly north of east through the northern
part of T. 14 8., Rs. 20 and 21 W.

The total area in the Irma field that is productive of oil is
probably not less than 1,100 acres, a part of which probably will
not be drilled: owing to the character of the oil, the high cost of
production, and the small initial yield of the wells. Where leases
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have been fully developed, the wells are spaced at the rate of one
well to each 5 acres. Based upon b acres to each well, the total
present productive area is 640 acres.

THE PRODUCING SAND
NACATOCH SAND

The oil produced in the Irma field is obtained from the upper
15 to 25 feet of the Nacatoch sand, which consists mainly of
soft, fine to medium-grained calcareous sand interbedded with
thin lenses of hard calcareous sandstone (the cap rock-of the
drillers) and lenses of clay and sandy clay. The relative amount
of -calcarecus sandstone and clay in the producing sand is an
important factor in determining the initial volume and ultimate
production of individual wells. The Nacatoch sand is found at
depths ranging from 325 to 900 feet below sea level.

The character of the producing horizon as recorded in wells
is’ shqwn in the following sections:

Section of producing sand 'in_C.' F. Steel et al Haynie No. 1 well, gec. 1, T.
14 8., R. 21 W., initial production 35,000,000 cu. ft. of gas

Character Depth in feet
Nacatoch sand;
Lime rock : 1077-1090
Hard gas sand : 1090-1115-
Gumbo and shale 1115-1118
Cap Tock 1118-1119
Sand (some salt water) 1119-1123

Sect'i'on.of producing send in Humble Oil and Reﬁning Company’s Grove
B-3 well in sec. 1, T. 14 8., R. 21 W,

Character Depth in feet
Nacatoch sand: _

Gumbo : i _.. 1130-1141

Gas sand . 1141-1144

Sandy shale and lime S 1144-1145

Qil sand : 1145-1147

Section of producing sand tn Humble Oil and Refining' Company's Ellis A-3
well in sec, 2, T. 14 S., R. 21 W.

Character Depth in feet
Nacatoch sand:
Sandy shale 1160-1162
Rock ' . 11521153
Gas gand - R I 11531156
Rock ] 1155-1156
Sand : 1156-1163

Section of producing send in Smitherman and McDonald's E. B. Womach
No. 3 well insee. 11, T. 14 5, B. 21 W. .

Charagter Depth in feet
Nacatoch sand:-
Gumbo 1140-1197

Clap rock : 1197-1198
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0il sand - _ - 1198-1208
Cap tock - _ 1208-1209
0Oil sand S — 1208-1211
Record missing .- 12111260
Hard sand and lime rock S .. 1260-1330.
Hard sand and streaks of lime 1330-1400
Shale and gumho ] “1400-1510

PRODUCTION 1923 TO 1933, INCLUSIVE

The initial production of the oil wells in the Irma field ranges
from a few barrels to 200 barrels a day, and that of the gas
wells ranges from 5,000,000 to 35,000,000 cubic feet a day. In
-all, 137 wells have been completed, or 128 oil wells and 9 gas
wells, '

On January 1, 1931, there were 70 producing oil wells in the
Irma field having an estimated daily production of 1,260 bar-
rels, or a daily average of 18 barrels per well.

Assuming that the productive area of the Irma field is 640
acres, the acre yield to January 1, 1934, was 5,142 barrels. The
regord of some leases has averaged higher, that of one lease
being as high as 11,000 barrels per acre.

The production .from the Irma field is not accurately de-
termined because there has been no congistent demand for the
grade of oil produced.  This fact and the low prices of oil pre
vailing at times have caused periodic shut-downs of wells after
the storage was filled. The approximate yearly production of
the Irma field 1s ‘given in Table 25.

Bl productwn in the Irma field

’ fled-
bls, Record of oil ship- R?& ?ﬁpcgiinﬂf;

.I  menis in bhis. in bbls.
1923 - . 70,60 —ee —
1524 - 510,260 117,181 239,833
1925 . _ 518,550 189,417 244,332
1926 786,000 616,413 566,234
1827 788,750 647,122 592,544
1928° 576,650 332,162 - 296,607
1929 .. . 412,600 370,908 00
1930 .~ . 839,550 206,728 ..
1931 - 390,000 350,658 S
1932 - - 387,550 108,074 D— -
1933 .. 231,560 261,540 . SO

5,212,450 3,201,093*

* Pipe-line runs.

The larger total is estimated production and includes the oil
produced and used in drilling of wells and in lifting, treating, and
heating of the oil prior to shipments, which, because of the pro-
perties of the oil, no doubt has been a congiderable part of the
‘total production.
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ESTIMATED FUTURE PRODUCLTIO-N
The future production of the Irma field cannot be aceurately
estimated from the available production records. The volume
produced in the future will probably depend on the demand and
the price received for the grade of crude oil produced in-this
field.
METHOD OF DRILLING

The wells in the Irma field were drilled by the rotary method
and without notable difficulty. The common practice was to
set 6-inch casing on top of the sand and complete the well with
41%5-inch perforated liner, in the sand.

The heavy, viscous oil and the large quantities of sand
brought in with the water, which soon dbpears in all the wells,
cause many operating problems. - The cups are eut quickly and
the liner becomes clogged with sand, necessitating frequent re-
placement and clean out jobs. After the first few months of
production, the volume of the sand decreases.

The oil flows or is pumped into open pits, from which it is
picked up and passed through treating plants.

-~ As no pipe line serves the field, the oil is heated, if neces-.
sary, to about 100° F., and is then pumped to loading racks for
shipment in tank carg, equipped with heating coils.

The character of the oil is given in the following analysis:

COARACTER OF .THE OIL

Analysis of erude oil from the Irma field
(Analysis by Humble 0il & Ref. Co. Laboratory, Baytown, Texas)

Gravity . 147° A P. L
Water .. 5 per cent
Dry CRUDE DISTILLATION

Per cent °Be.
28.8

10 : 27.0
20 25.6
30 27.6
80 18.3

Total, 80 per cent gravity, 26.6° B.
Coke and loss, 20.7 per-cent.

Taking the 80 per cent distillate and rerunning all percent-
ages based on the original charge:

Per cent °Be,
418.14

10 . 48.4—44.8
16 36.3
20 32,3

26 32.6—30.2
35 _ 27.6
45 : ' . 25.0

80 : 18.3
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SUMMARY
Per 5 A.P.T Viscosity at
cent °FD gravity 100° in fec.
Kerosene ... woe 44.8 —
Gas oil 15.0 R -32.6 N
Light lnbe . . . 200 R 26.7 b8
Lube oil 3860 18.8 280°
Flash . . 390 - R
Fire e e 450 — -
C. T. (paraffin) _ ... . a7 — —
Coke and loss ... — 20.0 — — N
Coke by weight . 207 -
Anglyses of Irma erude oil
(By U. S Bureau of Mines)
Specifiec gravity.. 0970 Viscosity at 100°F, (Say-
A P L gravity. . .14.4" bolt seconds) ... 5700
Percentage of sulphur... .. 270 Pour point (°F.).. e 20
Viscosity at T0O°F. (Say- First drop (°C.) o 164
bolt seeonds) .. . 6,000 Firstdrop ("F.) . 327

Color Brownish-black

WATER CONDITIONS

The producing horizon is generally divided into an upper and
a lower sand member, separated by shale or indurated sands.

The upper sand carries only a small quantity of water, and
the edge water is about 880 feet below ses level. The oil -and
water appear to be imperfectly separated in the lower sand, and
wells that penetrated it made considerable water soon after comy
pletion. - All the wells now make considerable water. .

The water in the oil-producing bed of the Irma field is brack-
ish rather than salty, owing to its location 25 miles dewn the dip
from the outcrop. A few miles north of the field the Nacatoch
yields potable water and is an important water-bearing sand.
The following gives the chlorine content of the water in the
Irma field:

Analysis of water accompanying the oil in the Irma field
. (Barrow-Agee Laboratories, Shreveport, La., after L. P. Teas)
Humble Oil and Refining Co.'s Grove A-3, sec. 2, T. 14 5., R. 21 W,
Parts
per million
Chlorine - } 5,670
Sulphur trioxide _. 144




OTHER PRODUCING AREAS

_ In addition to the ocil-producing fields described there are
six areas which have, or are now producing oil, but at this time
are not important producing fields. These areas are:

The Urbana district in Union County.
Sec. 14, T. 18 8., R. 14 W, in Union County.
Sec. 2, T. 18 8., R. 15 W, in Union County.
Mount Holly in Ouachita County.
Bradley district in Lafayette County.
Garland City district in Miller County.
URBANA DISTRICT
The Urbana district, as yet incompletely developed, com-

prises an area 1nclud1ng parts. of sec. 2, 3, and 10, T. 18 S., R.
13'W., Union County. The producing area and location of wells
are shown in Figure 483,
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FIGUBE 43.—~Urbana field showing location of wells. Figures give
depth below surface.

A number of wells were drilled in this area, many of which
yielded oil and gas in various sands in the Gulf series, but no
production of importance. In December 1929, the Marine Oil
Company’s Thompson No. A-3 well in sec. 10, T. 18 8., R. 13 W.,
was completed with an initial productmn of 600 barrels per day
from a depth of 3,635 feet.
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The production is obtained from =a sand in the Travis Peak
formation of the Trinity group which lies about 350 feet below
the base of the Gulf series.

The oil is black, asphaltic base 19° to 20° A. P. L. gravity.

The structure of the cil-producing horizon in the Urbana dis-
trict is not definitely known. The regional dip of the Comanche
strata is estimated to lie 75 to 150 feet per mile to the west. If
the production is obtained from one sand, which is not contrary
‘to the available data, the structure may be interpreted to be a
well-defined structural terrace or an anticline with a few feet
of closure. Considering that the regional dip is to the west,
the deformation of the oil-bearing beds may have been -of con-
siderable magnitude as contrasted with the deformation of the
overlying Upper Cretaceous strata.

During the month of December 1933, the production from
14 wells was 66,146 barrels; equal to a daily average production
of 152 barrels per well. The production of the Urbana district
is as follows:

Production—Urbana district

Year Barrels®
1930 221,836
1931 .. 289,482
1932 159,693
1933 447,310
Total 1,118,221

* Pip e-line runs.
SEC. 14, T. 18 S, R. 14 W,

This is a small area in which a number of wells have been
drilled. The production is from the Nacatoch formation. Janu-
ary 1, 1934, there were two producing wells with a daily aver-
age production-of 1114 barrels per well. The yearly production
is ag follows:

Production (sec. 14, T. 18 8,, B. 14 W. area)

Year Barrels*
1930 16,232
1931 o 18,206
1932 . ; 14,797
1933 — 12,390
Total : 61,425

* Pipe-line runs.

SEC. 2, T.18 8,,/R. 15 W,

This area produééd a small amount of oil from the Nacatoch
sand but was abandoned during the year 1933. The production
from this area is as follows:



954 GEOLOGY OF THE GULF COASTAL PLAIN.IN ARKANSAS

Production (see. 2, T. 18 8, R. 15 W.)

Year Barrels*
1930 1,185
1931 1,094
1932 : : 966
1933 _ 183
Total . 5 3,438

* Pipe-line runs.

MOUNT HOLLY DISTRICT

The Mount Holly district includes a small producing area in
sec. 25, T. 15 S., R. 18 W., southwestern part of Ouachita County.
It is situated between the Stephens and Smackover fields.

The first producing well was McDonald Brothers Wilson No.
1 well in sec. 25, T. 15 8., R. 18 W., completed March 9, 1929,
with an initial daily productlon of 225 barrels from the upper
part of the Lower Glen Rose formation. The producing sand
was recorded from 2,863 to 2,866 feet below the surface, The
gravity of the oil is 81° A. P. I. The Mount Holly area was
abandoned in 1931 after producing a total of 112,609 barrels of
oil. The production by years is as follows:

Production Mount Holly District.

Year: Barrels*
1929 74,306
1930 34,449
1931 3,754
Total 112,609

s Pipe-line runs.

BRADLEY DISTRICT

The Bradley district is situated in T. 19 S., R. 24 W., Lafay-
ette County. The producing area is limited to see. 18.

The first producing well in the area, Arkansas Fuel Qil Com-
pany’s F. M. Allen No. 1-well, sec. 18, T. 19 S., R. 24 W., was
completed in December 1925, with an initial daily production
of 20 barrels from the Buckrange sand, recorded from 2,786 to
2,789 feet below the surface, A total of five producing wells

were drilled but mogt of the production was ohtained from two
wells.

The production is obtained from the Buckrange sand at an
average depth of 2,790 feet helow the surface. The well records
indicate that the producing sand is 6 to 10 feet thick, made up
of fine to medium-grained sand and argillaceous sand,

The structure of the area i3 not well: defined: ‘but apparently
is a large structural terrace.
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OTHER PRODUCING AREAS

The wells drilled below the Buckrange sand in this area have
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F1GURE 44.~-Garland City field showing location of wells.

AN
depth below sea level.

Figures give

The Bradley district was abandoned in 1931 after producing

a total of 84,223 barrels of oil.
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Production—=Bradley district

Year Barrels*
1928 34,582
1929 23,963
1930 .. 20,425
1931 : S -~ 5,253
Tobal 84,223

* Pipe-line runs.

GARLAND CITY DISTRICT

The producing area of the Garland City district is not com-
pletely defined. The producing wells are located in secs. 33 and
34, T.15 8., R. 26 W, and sees. 3 and 4, T. 16 8., R. 26 W., Mil-
ler County. The producing area and the location of wells are
shown in Figure 44.

The first oil-producing well drilled in the Garland City dis-
trict was Lenz et al Johnson No. 1 well in sec. 24, T. 15 N., R.
16 W. This well was completed July 30, 1930, with an estimated
production of 50 barrels per day. The depth of the oil-bearing
sand is not accurately known. The real discovery well is Baker
and McMurray (formerly Fitzwater et al) ‘Beck No. 1 well in
sec. 33, T. 15 8., R. 26 W., which was completed December 18,
1932, with an initial estimated production of 350 barrels of oil.
The producing sand was recorded from 2,914 to 2,926 feet be-
low the surface.

The production is obtained from one or more sand lenses in:
the upper part of the Trinity group, in what is probably the
equivalent of the Paluxy sand of Texas.

The structure of the producing horizon is not accurately
known but the well records indicate the presence of a structural
terrace.

The oil produced ranges from 29.5° to 32° A. P. I. gravity.
‘The production from this area prior to 1933 is not accurately
‘known ; the production for 1933 was 87 ,265 barrels. In Decem-
‘ber 1933 there were five wells producmg at a daily average rate
of 165 barrels per day.



PART III
COUNTY BY COUNTY

ARKANSAS COUNTY

LOCATION

Arkansas County is bounded on the south by Desha and Jef-
ferson counties; on the west by Jefferson County; on the north
by Prairie and Monroe counties; and on the east by Monroe,
Phillips, and Desha counties.

GENERAL FEATURES

The general surface is a slightly undulating plain, sloping
from an elevation of about 215 feet above sea level in the north-
ern p‘a.rt to 150 feet in the southern part of the county, and com-
prising the prairies; which include most of the interstream areas
and the flood plains bordering the ‘streams.’ The prairies are
open grassy tracts forming Grand prairie; they cover the north-
ern part of the county and form interstream areas, a few miles
to 10 miles wide, extending southward 5 or 6 miles south of
Gillett, In the east the prairies closely border White River,
which has cut into their edgés in places. The general level of
the prairies is 45 to 50 feet above low-water level of Arkansas
and White rivers.

The gently undulating interstream timbered lands border
the shallow valleys and intertongue irregularly with the prairie
lands. The flood plains lie a few feet to 30 feet below the level
of the prairies, and form poorly drained wooded or cultivated
tracts 10 to 12 miles in maximum width. The broadest plains
are in the west, bordering Arkansas River and Bayou Meto, and
in the south, where the bottom lands of Arkansas and White
rivers merge into the Mississippi bottom.

STRATIGRAPHY

The surface of Arkansas County is underlain by Pleistocene
alluvium ranging in thickness from 100 to 180 feet, which rests
unconformably on strata of Eocene age. The Eocene is esti-
mated to range in thickness from about’2,600 feet in the north-
western to about 4,500 feet in the southeastern part of the coun-
ty. The Cretaceous strata are estimated to range in thickness
from about 400 feet to more than 1,000 feet, with the greater
thickness in the southeastern part.

A generalized section of formations is given in Table 26.
BASEMENT ROG_KS

The basement rocks are not definitely known to have been
penetrated in any of the deep ‘wells drilled in this area, but the
Avitlard’ reenrd of the B, F. Pettitt Home No. 1 well. see. 8 T
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TaBLB 26.—Generalized section. of - formations in Arkansas County

- T Thickness -
System| Series Formation in feet Character
Qua- |Pleist
%gﬁ seme and 100-180 |ANuvial sands, gravel, clays, and
nary | Recent Uncouformity loams.
ands, ¢l i
Jackson 3 , clays, and sandy clays, in

¢ part lignitic; -glauconitic sand
C%Ii:lbome 2500-4500) 14 clays in the Jacksen ant the
YLCOX bagal Claiborne.
Gray and bluish gray, clays. con-
2 ) y
Midway clays { 500-600 taining abundant siderite concre-

Tertiary] Eocene

Unconformity tions.
Ark;iilf hia B0-100 "|Gray to dark-gray calcareous shale,
Creta- Nacatoch sand Sand and sandstone, in part glau-
ceons | Gulf and 225-350 conitic; shale, chalky shale ahd
Saratoga chalk chalk in basal beds.
Ma;}:;fo ko 200-500| Marls, chalk and sands; probably
and older some red beds in lower part.

2'8., R. 5§ W,; indicate that the Paleozoic rocks were encountered
at a depth of about 3,235 feet below the surface. The materials
'aSSIgned to the Paleozoic era consist of dark-blue and black
shales and slate, and gray 11mest0ne

It is estimated that the basement rocks lie about 3, 000 feet
below sea level in the northwestern part and more than 6,000
feet below sea level in the southeastern part of the county.

CRETACEQUS

‘GULF SERIES
The Cretaceous rocks underlying this area are known only
from the records of two deep wells, both located in the north-
western part of the county. From studies of régional sedimen-
tation and structure, it is beliéved that these rocks will. range
widely in thickness and in l1tho].0g'y from northwest to south-
east. The southeastern part is situated in a sedimentary basin,
whlch reached its fullest development farther to the east in
M1ss1ss1pp1, a.nd the sediments may be expected to resemble more
clogely the standard Mississippi than the Arkansas section. This
fsed1mentary basin expanded toward the northwest with a don-
sequent overlap of younger strata over.the older, -resulting not
only in a thmmng of the total Cretaceous section, but also inw

It is estlmated that the total thlckness of the Cretaceous is
about 400 feet in the northwestern part, where the Arksdelphia
marl, Nacatoch sand, Saratoga chalk and the Marlbrook marl

are, represented and more than. 1, 000 feet thick in the south-
eastem part of the county.

The increased thickness of the Cretaceous, from. northwest to
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southeast is believed to be mainly in the Saratoga chalk and
Marlbrook marl—equivalents of the Selma chalk of Mzssmsmpl

and in the Tokio formation, -or its equivalent the (Tusecadloosa
formation of Mississippi).

The stratlgra.phlc relatlonshlps of the Cretaceous is shown
graphically in Plate X, a generally east-west cross sectlon

which, although farther to the south, shows essentially the same
conditions,

TERTIARY
EOCENE

The well records of this area are not sufficiently detailed to
distinguish accurately the boundaries between the different for-
mations included within the Eocene. It is. estimated that the
total thickness of ,the Eoccene strata ranges from about 2, 500
feet in the northwestern part to about 4,500 feet in the south-
eastern part of the county, comprising the following formations:
Jackson, Claiborne, Wilcox, and Midway.

The Midway is estimated to be from 500 to 600 feet thick,
and to consist of gray, noncalcareous clay and shale, containing
an abundance of siderite coneretions, with calcareous shale and,

perhaps, limestones in the basal part in southeastern Arkansas
county.

The Wilcox formation attains a maximum  thickness of not
less than 2,000 feet, made up chiefly of sands, clays, and sandy
clays, in part lignitic.

The Claiborne reaches a maximum thickness of about 1,500
feet. It consists chiefly of sands and clays, with 300 to 400 feet
of glauconitic sand and clay at the base.

The Jackson formation is: mot readily distinguished in the
well records, as most of the wells failed to set pipe through the
Pleistocene, which resulted in caving of sands and gravels, ob-
scuring the true character of the Jackson.

_ QUATERNARY
PLEISTOCENE AND RECENT

The surface is underlain by Pleistocene alluvium; consisting
of clays, sands, and gravels, ranging in thickness from 100 to
180 feet...The materials are 1rregu1ar1y bedded but, in general,
grade downward from fine, compact, gray and reddish elsy;
through fine sand to coarse water-bearing sands and. gravels
at the base.

The surface distribution of the Plejstocene alluvium is-eo-

extensive with the interstream areas of the county.” “The stream
valleys are filled with Recent alluvium.
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STRUCTURE

The data in this area are entirely inadequate to show the
gtructural features with any degree of accuracy. An interpreta-
tion of the generalized structure of the area, drawn on top of the
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FiGURE 46.—Structure contour map of Arkansag County. Figures
give depth below sea level in feet.

Cretaceous at intervals of 500 feet, is shown in Figure 17. The
top of the Nacatoch sand lies at a depth of about 2,500 feet be-
low sea level in the northwestern corner, and is estimated. to
be about 5,000 feet below sea level in the southeastern cormer.
{Qan Fic. 45.)
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List of wells drilled in Arkansas County

Depth to Depthto  ~ Oldest

No., Company, Lacation Nacatoch red shale formation
Farm & Number Sec., Twp, R. 'T.D. Elev.® feet feet penetrated
1 H. A. SBtrode, . : )
Gilleft No. 8o 12 TS 4W 2224 - 155.1- e e Claiborne
or Wiicox
2 Ark, Development Co., .
_Charlie Rose No. 1__..'11 78 3w -2133 ._____. reeeme - Olaiborne
or Wilcox
8 Ad Glory Q. &G— Co, .
Art Perry No. 1. 20 B8 2W 2050 "200= [ Wilcox

4 L. P. Johnson,
Weaver No, 1. . 17 38 5W 1260: 250s 3150 . Nacatoch

2163
5 Btuttgart 0. & G. Co.,
Geldman No, 1. 5 385 5W 1200 1131 s w——  Claiborne

§ Chas. Lorrance
I('(é‘:hr. Lorenz)

ring No. 1. ... 26 28 5W T8 . —eeem - Clatborne
7 B. F. Pettit' & Co., "8 . .
Criffith No, 1. ... or 28 O5W 23160 2400 - 2806 ... Paleozoic
7- b :

® Letters refer to source of datum for plevation. The following letters will be used throughout
well Fists in Pare IIE.
2 Log. 4 Pure  0il Co. & Gulf Refg. Co. 5 K. C. 5. depot, m Houston .0il. Co.
U Estimate  *® Texas Co. . b Roxana Qil Co, ¥ Louisiana 0il Refg.'Co, © Ohio 0il Co.
¢ Apneroid T Arkansas Fpel Oil Co. ! 'Standard 0il Co. ! Humble 0il Co.



ASHLEY COUNTY

LOCATION

Aghley County, situated in southeastern Arkansas, is bound-
ed -on the south by Louisiana, on the west by Union and Bradley
counties, on the north by Drew County, and on the east by
Chicot County.

GENERAL FEATURES

The larger part of Ashley County is a generally flat or gently
undulating surface standing 160 to 180 feet above sea level, to
which Veatch' applied the name ‘“Hamburg terrace.” Only a
small area in the north-central part of the county stands more
than 200 feet above sea level

The flood plain of Bayou Bartholomew in the western part
of the county slopes gently from 130 feet in the north to 110
feet above sea level in the south. It is separated from the Ham-
burg terrace by a line of low bluffs or sharp slopes about 30
feet in height. A series of low bluffs, 30 to 50 feet in height,
separafes the Hamburg terrace from the flood plains of Saline
and Ouachita rivers, which form the western boundary of Ash-
ley County.

STRATIGRAPHY

Asghley County, except for a small area in the north-central
part where the Jackson formation appears at the surface, is
mantled by sands, gravels, and loams of Quaternary and Recent
age. Deep wells have passed through all of the Tertiary and
the Cretaceous strata. A generalized section of formations in
Ashley County is given in the following table.

BASEMENT ROCKS

In Ashley County three wells have penetrated rocks which -
are believed to be older than the Cretacecus and probably of
Paleozoic age. The Texas Company’s Gay No. 1 well in sec. 33,
T. 16 8., R. 4 W,, entered igheous rocks af a depth of 8,114 feet,
after passing through 248 feet of Upper Cretaceous heds of
Navarro age. The Texas Company’s Kieffer No. 1 well in sec.
11, T. 18 8., R. 4 W., records- Monroe gas rock from 2,801 to
2,810 feet; light-colored, hard, quartzitic sandstones; hard gray,
greenish-gray to black, noncalcareous, in part carbonaceous
shales with intercalated thin beds of red shale from 2,810 10 3,574
feet. The March et al Williams No. 1 well in sec. 8, T. 18 8,,
R. 4 W., penetrafed a series of rocks beneath the Monroe gas

1 Vearch, A, C., Geology and underg}'ound water resources of northern Louisiana and southern
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TABLE 27.—Generalized section of formations in Ashley County

! I | Thickmess |
System:| Series | Formation in feet | Character
%gra: gfclasat.g:i Terrace and 0-150 |Alluvial sands, gravels, clays a.nd
nary | Recent ; river deposits loams.
: Sands and gray to blue clays, fos-
Jackson 0-50 giliferous and glauconltlc ‘marl

and sandy marl.

] - {Glaaconitic sand, clays -and ‘marls

Claiborne (1200-1500| - and nonmarine sands and clays.
. In part lignitie .. :

Wileox 600-1000 | Lignitic sands and clays.

Gray and blue, clays and shale, cal-

Midway 400-500 careous. and fossiliferous in low-

er 50 feet of beds.

Tertiary| Hocene

-———|———| Unconformity
Arkadelphia i Gray to dark-gray caleareous and
marlp 0-75 fossiliferous marle and shale,
Naecatoch and ]
Saratoza chalk Caleareous sands, clays and chalks

50-310 in the western part and lime-

[ Including Mon, stone in the eastern part.

roe gas rock)
Guit Marlbrook

" 0-200° |Marl, sandy marl and sand.

marl
Creta-. Tokio-
eeous Woodbine Non-red clays and sands 1n upper
(0-100) . 0-875 part. Red clays' and sands in
red beds " lower part.
(0-275) -
Unconformity
Travis Peak | 0-1500+|Red clays, shales and sands,
menche ‘ Mot pene’rated in wells but may
Neocomian ? |- include a part of ‘area. Marine
Uﬁc £ it limestone, shale ‘and sand.
ontormity Hard ~generally lighit - colored
Faleo- Undiffer- quartzitic sandstone;>and hard
zoje entiated dark-gray shale with intercalat-

ed thin beds of red shale

rocks which htho]oglcally are essentlally s1m11ar to thel section
between 2,810 and 3,574 feet in the Texas Comp_any_,_s‘:Kleffer
No. 1 well. These rocks contain no fossils .except small. frag-
ments of plant remains which were too fragmentary to be identi-
fied. The lithology and induration of these rocks differentiates
them from the Trinity sediments, which have been cored in many
wellg, and although their age is not determinable they resemble
the Paleozoic much more than the Trinity sediments. Consider-
ing the rocks from 2,810 to 3,574 feet deep in the Texas Com-
pany’s Kieffer No. 1 well to be pre-Cretaceous in age, the base-
ment floor lies at depths of 2,900 to 3,000 feet below gea level
in the southeastern corner of the county. However, the base-
ment floor increases in depth below sea level to the north and
west. The character of the pre-Creétaceous rocks in the Texas
Company’s Kieffer No. 1 well is given in table following:
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The Texas Company’s Kieffer No. 1 well, sec. 11, T. 18 8, BR. 4 W.
Upper Cretaceous:

Hard white rock—Monroe gas rock

Paleozoic 7:

Hard sand rock
White gas rock

Broken gas rock with streaks gumbo..
Hard sand rock (Cores 2952-2954 light-gray to grayish-whiie
medium to coarse-grained, sugary, noncalcareous, hard
sandstone)

Hard sand with pyrites

Sand and gravel with pyrite

Rock

Red shale

Hard sandy lime {Core 3008 to 3009, light-gray, w1th slight
greenish tinge, hard, fine-grained noncalcareous sand—
stone) :

Rock

Blue shale
Rock
Shale
Rock
Shale and broken lime

Hard sand and shdile (Core 3091 to 3095, gray, hard, fine- -
grained noncalcareous sandstone or sﬂtstone) U,

Hard sand and pyrlte

Rock

Hard sand and pyrite

Hard sand rock (Core 3150-3152, brown hard ‘medium-
grained quartzitic, noncalcareous, carbonaceous - sand-
stone; carbonized plant stems; cuttlngs 3153-3160 frag-
ments of fissile black shale and fine-grained sandsione;
fragments of carbonaceous material, may be gilsonite;
the sand is mineralized and strained with iron; core
3160-3162 is dark-gray to almost black very hard mica-
ceous, carbonaceous, noncalearecus shale; and very hard
gray fine to medium-grained noncaleareous, quartzitic
sandstone, faintly laminated with thin layers of gil-
sonite in siliy partings)

Hard sand and shale

Hard sand rock {(Core 3204-3214 gray, medium-grained,
banded sandstone cemented with silica; core 3225-3226
gray; hard, fine-grained noncaleareous, quartzitic sand-
stone)

Hard sand and pink shale

Hard sand and shale .

Hard gumbo {Core 3261-3271 red noncalcareous shale; may
be false core; core 3271-3273 gray to greenish-gray hard
very fine-grained noncaleareous sandstone or siltstone;
core 3273-3276 gray, hard, very fine-grained, noncal-
careous sandstone or siltstone)

Hard black rock

Hard sandy lime and hard rock

Hard rock (Core 3297-3299, light-gray very hard brittle
very fine-grained noncalcareous sandstone or: giltstone,
cut bv veinlets stained bv limonite)

2801-2810

28102811

-2811-2900

2900-29386

2936-2963
2953-2978
2978-3000
3000-3006
3006-3008

3008-3009

© 3009-3014.

3014-3038
3038-3040
3040-3047
3047-3054

.3054-3079

30793093
3093-3122
3122-3135
31353144

3144-3184
31843204

32043244
3244-3249
3249-3260

3260-3276.
3276-3286
3286-3294

3294-3299
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Hard sand rock : 8299-3311
Hard rock (Core 3814, dark-gray to black very hard mon-
calcareous shale with veinlets of caleite) . 3311-3394
Red shale and lime 3394-3407
Red gumbo and lime : . 3407-8412

‘Red pgumbo (Core 3402-3407, hard gray to g'reenmh»gray
shale or silistone with red blotches; core 3407-3412; hard
gray to preenish-gray shale or siltstone; core: 3412-3416
light-green very hard, brittle noncalcareous shale, with
lenses or blotches of red core 3416-3421 poor core but
apparently. consists of hard light-green, with some red,

noncalcareous shale or siltstone) 3412-3421
‘White shale —_— 3421-3423
Red ghale : : - 34233426
Blue shale 34253432
Hard greensand S 34323435

Hard blue sand (Core 3421-3426 hght -green hard,. br:ttle,
noncaleareous shale;. core 3432-3435 top of core gray
and reddish- -gray argillaceous quartzite; middle and hot-
tom of core igneous rock of diabasic or basaltic type;
the fragments show no evidence of tuff structure since-
it has ‘a homogenous structure throughout; the rock is
highly altered and iz now largely calcite; sepentine,
secondary quartz and perhaps clay ma.terlal some of

the feldspar and sparse apatite remain fresh) . . .. 3435-3448
Hard rock ‘34483529
Red shale and hard rock (Core 3527-3533, dark-red, hard

siltstone ) 3529-3533
Hard rock’ 3533-3534
Broken rock with red shale -3534-3537
Hard rock 3537-3574

CRETACEOUS

COMANCHE SERTES

The Comanche series is represented in Ashley County chiefly
by the Travis Peak formation of the Trinity group, but it ap-
pears probable that the Travis Peak formation may be under-
lain by marine beds of Neocomian age in the western part of the
county. The Travis Peak formation consists principally of red
and brown clays, shales, sandy shales, and light-colored to brown
sands and sandstones. These beds have been penetrated to a
depth of more than 600 feet in the western part of Ashley
County, but their total thickness in that part of the county may
be 1,400 to 1,500 feet.

QULF SERES
The Gulf series increases in thickness from east to west;

it is less than 200 feet thick in the southeastern corner; and
about 800 feet thick in the western part of the county.

The Tokio-Woodbine, consisting of non-red clays and sands
in the upper part and of red clays and sands in the lower part,
is about 375 feet thick in the northwestern part but decreases
in thickness and lenses out in the eastern part of the county.
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The Brownstown marl and the Ozan formation are not recog-
nized in Ashley County. The Brownstown marl lenses out in
Union County, and the Ozan formation, if present in the west-
ern part of the county, is not separable from the upper part of
the non-red Tokio-Woodbine section.

The Marlbrook marl consists of thin beds of marl and sandy
marl, which becomes increasingly sandy towards the east. It is
about 200 feet thick in the western part but decreases in thick-
ness to the east where it is overlapped by the Saratoga chalk
and the Nacatoch in the eastern part of the county.

The Nacatoch formation and the Saratoga chalk are not
easily separated; they are about 300 feet thick in the north-
western part but decrease in thickness and change laterally in
lithology to the east and southeast, where they are represented
by the Monroe gas rock.

The Arkadelphia marl is present only in the western part of
the county; in the eastern part it is either absent by nondeposi-
tion; lateral gradation into the Monroe gas rock, or it has been
removed by erosion. It is 50 to 75 feet thick in the western
part of Ashley County.

TERTIARY
EOCENE SERIES
The Jackson formation crops out in a small area on the south-
ern end.of Monticello Ridge in the north-central part of the coun-
ty. This formation consists of sands, bluish-gray to greenish-
gray clay, in part fossiliferous and glauconitic, interbedded with
sand.

The Claiborne, which underlies all of Ashley County, is from
1,200 to 1,600 feet thick with the greater thickness in the north-
eastern part of the county. The different formational units of
the Claiborne recognized elsewhere in Arkansas are no doubt
present in this area, but none of the deep welld have sampled and
¢ored these sediments.

The Wileox formation made up of lignitic sands and clays
ranges in thickness from 600 feet in the western. part to 1,000
feet in the northeastern part of the county.

The Midway formation is 400 to 500 feet thick and consists
of gray and blue noncalecarecus clays in the upper part and cal-
careous and fossiliferous clay and shale in the basal 25 to 50
feet of beds.

PLEISTOCENE AND RECENT SERIES
Alluvial deposits of Pleistocene and Recent age underlie the
surface except over Monticello Ridge, to depths of 150 to 175
feet.
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STRUCTURE

The structure of Ashley County, represented by contour lines
drawn on top of the Nucatoch formation or the Monroe gas
rocks, as recorded in deep wells, is shown in Figure 46. The
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FIGURE 46.—Structure contour map of Ashley County Figures give
depth below =2g level in feet.

depths to the fop of the Nacatoch sand or its equivalent range
from 2,200 feet in the southwestern corner to 3,000 feet in the
northeastern corner of the county. The principal structural fea-
ture is a generally east-west trending structural nose with
marked flattering of the dip in T. 18 S, Rs. 5 and 6 W,
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List of wellz drilled in Aghley County

GEOLOGY OF THE GULF COASTAL PLAIN IN ARKANSAS

Depth to Depth to Oldest
No., Company, Location Nacatoch red shale formation
Farm & Numher Sec. Twp. R T.D. Elev.* {eet feet penetrated
1 Morehouse O. & D. Co. -
Childress No. 1. . . Y25 198 9W 2883 .g7¢ 2355 2710  Baaa] Up-
- per Creta-
ceous rod
beds
2 E. L. Brown, Tr., '
Ark, Tbr. Co. No. 1. 17 198 9W 3800 70 . 2375 2730 ’%:r:-p\;[is
S G
3 H. C.:Morris, Tr., . . .
Crossett Lbr, Co. No. 5 5 195 OW 3262 0 2295 ..27R§ Traiis
. © Peal
4 A C. Glassell et al,
Keller No. 1o 10 198 5W 3082 102% 2800, e Tokio-
B Woodbine
5 H. C.. Mortis, Tr., '
Crossett I4. & Tbr.
Co. NOw 8o 22 178 9W 3280 1364 27176 e Tokio-
Woodbine
6 Ark. Petrol Co,
Haley No. 1_...._ ... 5 178 6&6W 2240 %gg: - e Wilcox
7 Bush & Brown,
Pine Prairie No. 1. 7 178 W 2664 1?3“ [, Midway
150=
% Pine Prairie Oil Co s .
Pine Pralrie No. 1..... T 178 W 3654 180* 2960 3462 'gra.‘lr{is
ea
9 La,-Ark. O. & Dev, Co., :
Streitmiers No. 1____._ — 20 168 5W 2615 135¢ e e - WleOX 0T
Midway
10 'W. H. Rhodes et al,
Bledsoe No. 1. . — 20 158 TW 3058 188 J— - A}rl}tadel-
phia
11 Atlentiec O. & R. Co., .
Moffett No, L. 28 168 BW ' 3951 132 2830 3366 Travis
CEE Peak
12 Seidlitz, . )
Thomason No, 1. . 35 168 B8W 3003 172 . 2975 ... XNacatoch
13 Ark, Fuel ©il Co.,
Crogsett Lbr,Co. No. 1. 1 198 7W 3570 12¢0°® 2715 3055 %r;}'{is
14 Marcum, : ' .
De Yampart No.1....... 5 198 4W 3312 108 2780 3103 Treg.ﬁis
P
15 Marcum,
McGarry No. 1. ... 10 1898 4W . 3550 109% PR PR Travis
. Peoak
16 The Texas Co., :
Gay No. 1. - 33 168 4W 3187 123® .21 J— Ignﬁous
roc
17 The Texas Co., :
Keitfer No. 1o . 11 188 4w 3574 107 2801 3407 Paleozoic

* Letters refer to key to datum for glevation on page 258,



BRADLEY COUNTY
LOCATION

Bradley County is bounded on the south by Ashley and
Union cqunties_, on the west by Calhoun County, on the north
by Cleveland County, and on the east by Drew County.

GENERAL FEATURES

The larger part of Bradley County is slightly undulating
uplands, 250 to 300 feet above sea level in the northern part
but sloping gently southward to 100 feet above sea level, where
it meets the flood plain of Quachita and Saline rivers. . In the
western part of the county the uplands presents an abrupt change
front towards Saline River. The flood plain of Saline River
slopes southward from 140 feet above sea level in the north to
65 feet in the south. The southern part of the county lies with-
in the flood plain of Quachita and Saline rivers.

STRATIGRAPHY

The southwestern part of Bradley County is mantled with
Quaternary deposits which also extend northward along Moro
Creek and Saline River to the northern border of the. county.
The Cockfield formation of Claiborne age crops out in a gen-
erally southeast-trending belt, 4 to 7 miles wide, which extends
from the northwestern corner of the county to Sumpter on Sa-
line River. The Jackson formation crops out in the northeastern
part of the county. Deep wells have penetrated all of the Ter-
tiary and most of the Cretaceous sediments in southern Bradley
County. A generalized section of formations is given in Table
28.

BASEMENT ROCKS

The basement rocks have not been reached in deep wells
drilled in Bradley County. They are probably not less than 5,000
feet below the surface in any part of the area (See Pl III).

CRETACEQUS
COMANCHE SERIES

The Comanche series, represented by the Travis Peak forma-
tion, is believed to underlie most, if not all, of Bradley County.
The Travis Peak formation is separated from the overlying Gulf
series by an unconformity which, towards the east, brings pro-
gressively older beds in contact with the basal beds of the Upper
Cretaceous. It is estimated that the Travis Peak is not less than
1,000 feet thick in the western part of the county,
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TABLE 28.—Generalized section of formations in Bradiey County

| Thickness |

System!| Series Formation [ infeet | Character
‘%;‘;‘_’ Delsto| Terrace and Alluvial sands, gravels, clays, and
nary + Recent | river deposits 0-100 | 1oams.

Unconformity

0-100 Sands, clays and glauconitic marl

Jackson and sandy marl,

Giauconitic sands, clays, and mdrl
Claiborne |1100-1400| and nonmarine sands and clays—
Tertiary| Eocene lignitiec.

Wilcox 600-1000| ILignitic sands and clays.

Noncalcareous gray and blue clays
Midway 450-550 with calcareous fossiliferous
clays and shale in basal 50 feet.

et —— | Unconformity
Arkadelphia 50-100 Gray and black fossiliferous marls
marl and shales.

Nacatoch and 250-300 |Sands, clays, and chalks,

 Saratoga chalk
Maribrook Marls, marly chalk, and sandy
marl 95-150 marl, ’
Gulf Micaceous and glauconitic sand
Creta- Ozan 0-75 and sandy marl
cegus
Tokio-
Woodbine Non-red clays and tuffaceous sands
{Including red| 200-400 | (0-300 feet) red clays and sands
beds at the (0-200 feet).
base}
Uneconformity

_‘ma?r?cjhe Travis Peak [ 1000+ |Red clays and sands.

GULF SERTES

The Gulf series maintains a fairly constant thickness of be-:
tween 800 and 900 feet, but the formational units vary in thick-
nesg and in lithology. The Tokio-Woodbine section decreases
in thickness from west to east and the basal red beds decrease
in thickness and lense out in the northern part of the county.
The decrease in thickness of the red beds is in part compensated
for by the increase in thickness of the upper, non-red member
of the Tokio-Woodbine section. The Ozan formation decreases
in thickness and disappears in the eastern part of the county.
The Nacatoch formation, Saratoga chalk, and Marlbrook marl
inereases in thickness to the east. The Arkadelphia marl de-
creages in thickness to the goutheast.

TERTIARY
EOCENE SEHRIES
The Tertiary sediments are from 2,200 to 2,300 feet thick
in the southern and southwestern part but increase in thickness
to the northeast. They are estimated to total more than 3,000
feet in the northeastern part of the county. The Midway for-
mation maintains its regional lithologic characteristic and a
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nearly uniform thickness of 450 to 500 feet. The Wilcox forma-
tion consists of lgnitic sands and clays which are 800 feet thick
in the southern part but increase in thickness to the northeast
to an estimated thickness of about 1,000 feet in the northeastern
part of the county. The Claiborne sedimentls increase in thick-
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FiGUure_ 47.—8iructure contour map of Bradley County. Figures
give depth below sea level in feet.

ness in the same direction from 1,100 feet to 1,400 feet. The

following section of the Claiborne was recorded in the Seton
0il Company’s Murphy No. 1 well:

Seation of the Claiborne group in Seton Oil Company’s Murphy No. 1 well
insec. 34, T.16 S, R. 10 W.
: Thickness
in feet

Quaternary :
Alluvium .. 8n
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Thickness
in feet
Claiborne group:
Cockfield 230
Cook Mountain 206
Sparta sand 285
Mount Selman
Weches 70
Queen City 225
Reklaw 115

QUATERNARY
PLEISTOCENE AND RECENT SERIES

Alluvial deposits of Pleistocene and Recent age underlie the

southwestern part of the county to a maximum depth of about
100 feet.

STRUCTURE

The structure of the Comanche series is not determinable but
it is probable that, where present, these strata dip to the west
and southwest.

The structure of Bradley County, represented by contour
lines drawn on the top of the Nacatoch formation at intervals of
50 feet, is shown in Figure 47. The depth to the top of the
Nacatoch ranges from less than 2,300 feet below sea level in
the southwestern part to more than 3,000 feet below sea level
in the northeastern part of the county. The dips range from
a few feet to 50 feet or more per mile. The Smackover graben
is continuous into western Bradley County at least as far as the
middle of T. 16 S., R. 11 W. The most conspicuous structural
feature that can be mapped with the data available is the terrace
in the eastern half of T. 16 8., R. 10 W., and extending into T.
16 S., R. 9 W., which is generally known as the “Vick area.”

Driller’s record of Seton Oil Company's C. H, Mm-phy No. 1 well,
see. 34, T. 15 S, B. 10 W,

Depth in
Geologic age faeet
Quaternary
Alluvium
Clay 10
Sand 61
Sand and gravel 78
Tertiary
Eocene series
Cockfield formation
Lignite 90
Shale : 120
Rock 121
Sand and gravel y 128
Sand streaks gravel 183

Sand shale and gravel 243
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Geglogio age D?é’% In
Cook Mournitain formation
Shale and sand 333
Rock 334
Shale and boulders 367
Rock 368
Spartg. sand
Sand and shale 672
Shale 731
Shale ticky 756
Rock . 757
Shale and clay 862
Sand 1002
Rock , - 1006
Sticky shale ; 1116
Rock 1127
Shale and boulders 1145
Rock 1146
Shale and boulders 1178
Wilcox formation
Sandy shale 1248
Rock 1286
Soft sand 1293
Brown sandy shale; mucky streaks 1530
Shale 15564
Shale sandy (Core 1556-1564) 1670
Shale and shells ___ 1644
Sand ... 1647
Sand streaks lignite 1657
Sandy shale - 1661
Rock 1662
Sandy shale 1748
Rock 1750
Sand rock and streaks sand 1827
Sandy shale . 1872
Sandy shale; streaks sand 2011
Midway
Sticky shale 2024
Gray mucky shale 2048
Black sticky shale 2090
Sticky shale and boulders .. 2227
Shale and boulders 2240
Black shale and boulders 2445
Gray limy shale .. 2485
Sticky shale - 2490
Sandy shale 2513
Arkadelphia marl
Chalk cored 2516
Hard chalk 2520
Black shale, chalk streaks (Core 2598-2610) . _ 2587
Nacatoch sand and Saratoga cbalk
Shale with thin streaks lime (Core 2610-2618) . 2608
Hard sand and Hme (D. S, T. 2603-2616, 2 trehles drill
mud, 7 trebles salt water) 2618
Sandy lime and shells, streaks sand 2642
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Geologic age

Depth in
feet
Hard lime and shells (Core 2694-2706) ..\ ... 2694
Sand and shells, streaks sandy lime 2706
Sand and shells, streaks sandy lime 2716
Sandy shale and lime sireaks. 2771
Shale 2795
Chalky shale 2810
Shaly chalk 2842
Chalk rock (8. L. M, 2902-2908) 2008
Broken chalk (Core 2915-2921) 2912
Marlbrook marl
Chalk; thin shale streaks 2940
Shaly chalk (Core 2980-2998) 2998
Chalky shale; shells (Core 2998-3027) . 8027
Hard shale 3051
Hard lime rock (Core 3052-3067) 3062
Shaly chalk 3057
Hard shale 3076
Hard sandy shale {Core 3072-3084) 3084
Ozan formation (%)
Sand rock 3085
Soft sand {Core 3084-3092) 3111
Tokio-Woodbine section
Shale 3117
Sandy broken lime and sand 3143
Sand 3177
Sandy shale 3182
Red sand, shale, and lignite 3186
Sandy shale, lignite (Core 3182-3194) __ 3197
Sandy lime 3215
Hard sand, lime and sand 3237
Sand with hard streaks 3257
Red shale 3262
Hard lime cap (Core 3289-3294) 3290
Red-purple shale 3295
Red shale {Core 3294-3299) 3299
Sandy shaly ash (Core 3299-3302) 3300
Hard sand and ash (Core 3302-3312) 3302
Soft sand and ash 3312
Sand . 3318
Sand shale and lime streaks 3337
Hard red shale, streaks lime 3362
Hard sand and ash cap 3366
Very coarse sand 8. W. (Core 3366-3370) .. 3370
Very coarse sand 3374
Hard sand, ash and gravel, conglomerate. e 3381
Red shale and sand 3396
Red shale; hard sticky streaks 3430
Hard sticky Ted shale 23440
Red shale with hard and sticky streaks. 3496
Red shale with hard and sticky streaks 3507
Hard red sandy shale. (Core 3509-3514) ___ — 3509
Hard broken red sand and shale 3514

S. L. M. 3509-3514 ft. 3 in,
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List of wells drilled in Bradiey County
. Depth to Depth to Oldest
No., Company, Location Nacatoch red shale formation
Farm & Number Sec. Twp. T.D. Elev.* feet- feet penetrated
1 The Texas Co.,

Sabine Lbr. Co. No. 1_ 11 178 10W 3250 89.252 2605 3172 Basal Up-

(McHeavey) i per Creta-
ceous Ted

B i beds
2 Ark. Fuel 0il Co,, )
Ark. Tbr. & ILd. Co,.. 25 168 12W 34786 80.49% 2375 2936 Er:;la
: e
3 Caldwell Oil Co.,

Sou. Lbr, Co. Now 1. 9 168 12W 3014 110.28¢ 2470 __.__. Tokio-

) 105,28 - Woodbine
4 Wingfield ¢t al,
Sou. Lbr, Co. No. 1. 2 168 12W 3007 110h 2596 - ‘Tokio-
. Woodbine
k] Philhps Petrol Co., . -
Lbr, Co. No. 1. 36 165 11W 3203 BR.GT 2646 3168 Toeklo-
78.6% Wicodbine
6 Vick Oil Co,,

W. F. Ferrell No. 1.— 14 16S 10W 3002 137.4= 2500 2885 Basal Up-
per Creta-
ceous red

. beds -

7 Stand. Qil Co. of L.,

Sou. Lbr. Co. No. 1. 6 168 8W 2815 13'5 2682 ... -Nacatoch

. - B

8 Magnolia Petrol. Co., B .

Ark. Lbr, Co. No, 1... 33 158 1IW 4370 128= 2797 3412 Travis

. Peak
9 McMurray et al, .

Zp. Lbr, Co, No, L. 7 1S 11W .3275 180n 3570 —  Tokio-

. 143= Woodbine
10 Gulf Ref. Co. of La.,

Joe Benson No, 1. 25 168 9W 38361 114.08% 2770 2342  Tokio-

Woodbine
11 La. O. & Refg, Co., -

- {(Sonthern O. & L4, Co)

Bradley No, 1......___ 256 138 10W 3559 230 2945 .. Tokio-

. 217 Woodbine
12 Johnson & Adams, ’ . .
Sou. Lbr. Co. No. 1. 12 128 12W 3160 220b 2670 - Tokio-
. : Woodbine
13 Caldwell 0. & G. Co, :
Sou., Lbr. Co. No, 2.0 18 128 11W 3115 210v 2690 ——— Tokio- .
. Whoodbine
14 Brambridege et al, o ?
Blankenshlp No, l....... 20 128 %W 1960 190- ... e Wilcor
15 Chig Oil Co., .

Sou. Lbr. Co, No. 1... 16 165 10W 3608 128 2644 3471 Basal Up-
per Creta-
ceous red
beds

16 QOhio Oil Co,, I

Sou. Lbr ‘Co. No. 2. 19 168 9V 3519 117 26456 3209 %ra.\]r{ls

© Pea
17 Phillipe Petrot. Co., : i

Kline No. 1. ... 28 168 12W 2908 86 2185 2860 Basal Up-
per Creta-
ceous red
beds

18 Southern Oifl Co., - .

Blankenzhip No. 2... 20 128 9W 3040 190 2010 Nacatoch

% Latters refer to key to datum for

elevalion on page 261,



CALHOUN COUNTY

LOCATION

Calhoun County is bounded on the south by Union County,
on the west by Ouachita County, on the north by Dallas County,
and on the east by Cleveland and Bradley counties.

GENERAL FEATURES

The northeastern part of Calhoun County is an upland area
which coincides with the outcrop of the Cockfield formation.
The altitudes are from 250 to 300 feet above sea level in the
northeastern corner but the terrain slopes southwestward to
about 200 feet above sea level where it meets the wide river ter-
race, which separates the uplands area from the flood plain
proper of: Quachita River. The southern and western parts of
the county form a wide river terrace which slopes southward
from an altitude of 200 feet to an altitude of 100 feet where it
merges into the flood plain of OQuachita River.

STRATIGRAPHY

The southern and western parts of Calhoun County are
mantled with sands, gravels, and loams of Pleistocene and Re-
cent age, but in the northeastern part of the county the Cock-
field formation of Claiborne age is at the surface. Deep wells
have penetrated all of the Tertiary and Upper Cretaceous for-
mations, and a few wells have drilled into strata of Trinity age.

A generalized section of formations in Calhoun County is
given in Table 29.

BASEMENT ROCKS

The basement rocks are believed to have been penetrated in
the northwestern part of the county in the Murdock et al Eagle
Mills No. 1 well, sec 29, T. 12 8, R. 15 W. The interpretation of
the attitude of the basement floor is shown in Plate IIT and
Figure 2. According to this interpretation the Murdock et al
Eagle Mills No. 1 well is on the upthrow side of a northeast-
gouthwest trending fault. To the north of the fault the base-
ment rocks lie at depths of 2,500 to 3,000 feet below sea level,
to the south the depth to these rocks are not known.

CRETACEQUS
COMANCHE SERIES
Calhoun County, except for the extreme northwestern part,
is underiain by rocks of Comanche age belonging to the Travis
Peak formation of the Trinity group. These sediments, as else-
where in Arkansas, consist chiefly of red clays and sand, which
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TABLE 29.—Generalized section of formations in Calhoun County

i . | Thickness |
System] Series Formation © | in feet | Character
Qua- |Pleisto-| Terrace and Alluvial sands, gravels, clays, and
ter- jceneand| d p 0-75
nary | Recent | F1VET eposits loams.

Unconformity Glauconitic sand, clay, and marl,
Claiborne 700-1200; and nonmarine sand and clay.
- In part lignitic.
Wileox 550-850 |Lignitic sand and clay.
Gray to blue noncaleareous clays

Tertiary| Eocene

i with siderite coneretions. Cal-
Midway 500 careous and fossiliferous in low-
Unconformity | er 50 feet.

Arkadelphia 60-76 |Gray to black calcareous marl and
marl shales.

Nacatoch and
Saratoga chalk 270-330 |Caleareous sands, clays and chalks,

Marlbrook 80-140 Marls, marly qhalk, elays, and san-

marl B dy clays.
Guit Oz 45.75 (GGlauconitie, micaceous sand, and
Crota- an i sandy clays.
Zeous o Non-red sand and clay, in part tuf-
faceous, 200-300 feet thick in
Tokio- 200-450 northern part. In southern part
‘Woodbine non-red sand and clay underlain
{ by red beds: (0-250 feet thick in
. southern part)
Unconformity 3000
Travis Peak |MaximumiRed clays and sands.
Co- thickness
manche ——

A part of the county probably un-

. i ,
Neocomian ? - derlain by marine beds.

are estimated to be 2,000 feet thick In the southern part of the
county; but decrease in thickness to the east and northeast.

The Travis Peak i3 probably underlain in parts of Calhoun
County by marine beds of Neocomian age.

GULF SERIES

The total thickness of the Gulf series ranges from 650 feet
in the northern part to slightly more than 1,000 feet in the south-
ern part of the county. The Tokio-Woodbine section exhibits
the widest variations in thickness and in l1thology Tlie basal
red beds of the ITpper Cretaceous are from 200 1o 250 feet thick
in the southern part buf decrease in thickness and lense out in
the northern part of the county. The upper non-red member of
the Tokio-Woodbine section is from 200 to 300 feet thick with
the lesser thickness in the eastern and northeastern parts of the
county. The formations above the Tokio-Woodbine increase
slightly in thickness towards the south.
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TERTIARY
EQCENE SERIES
The Tertiary sediments inerease in thickness. from about
1,700 feet in the western part to about 2,500 feet in the eastern
part of the county. The Midway maintains a nearly constant
thickness of about 500 feet. The Wilcox formation ranges in
thickness from 550 feet in the southwestern part to about 850
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