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OUTLINE OF PAPER.

An attempt has been made to render each part of this report fairly complete
within itself. Few people have time to plod patiently through a large volume in
search of information on a single subject or a hmited area. Books for reference
purposes must partake more or less of the nature of a dictionary, in which the infor-
mation desired can be quickly found without considering a vast amount of material
not pertinent to the point or points at issue. .

That the reader may more readily pick out the portion or portlons suited to
his particular needs the following brief outline is given

CuaprrEr I. GeEOLOGY.—This chapter contains a discussion of the geologic his-
tory and topographic development It includes a comprehensive statement of the
manner in which this portion of the Coastal Plain was formed and of the broader
geologic facts on which the conclusions embodied in the succeeding chapters are
based A concise statement of the geologic history is given in table facing page 16.

Cuaprer II. GENERAL UNDERGROUND WATER CONDITIONS.—This chapter con-
tains a discussion of the fundamental pr1nc1ples governing underground waters and
of their appleation to this region. It is designed for the general student and for
drillers and well owners who care for an idea of the whole field.

CraaprEr III. METHODS AND COST OF WELL MAKING

CHAPTER IV. UNDERGROUND WATER PROSPECTS, BY COUNTIES —In this chapter
are given well predictions and a short discussion of the undeiground conditions 1n
each county, so that concise information on any given area may be easily available.

CuaprER V DETAILED WELL AND SPRING RECORDS.—This chapter contains
data mregard to wells, arranged in tables, by counties, with notes giving sections, etc.
It 1s, in fact, an alphabetical arrangement of all the well data collected, in which
what is known of any given well or the wells in any region may be quickly found.

CuAPTER VI DIcTIONARY OF ALTITUDES.—This chapter contains a comprehen-
sive dictionary, arranged by counties, and based on the precise levels of the United
States Engineers, United States Coast and Geodetic Survey, and United States Geo-
logical Survey To this net of precise levels the railroad levels have been connected
and the corrections determmed. Approximate elevations may be read from Pl. 111
(in pocket).
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GEOLOGY AND UNDERGROUND WATER RESOURCES OF
NORTHERN LOUISIANA AND SOUTHERN ARKANSAN.

By A. C. Vearcn.

INTRODUCTION.
FIELD WORK.

In the fall of 1902 arrangements were made with the Geological Survey of Lousi-
ana for the writer to prepare a report on the geology and underground water resources
of northern Lowsiana. In the prosecution of this work it was found necessary, in
order that the questions involved might be more thoroughly understood, to include
that portion of the Coastal Plain 1n southern Arkansas southwest of Arkansas River,
and the portion of northeastern Texas not discussed in Hill’s exhaustive report on
the artesian-water conditions of the Black and Grand prairies ¢ After the Arkansas
work was well in hand and before the Texas investigation had advanced beyond a
few preliminary letters the writer was detailed to the Long Island, New York, investi-
gation, which consumed the field and office time from February, 1903, to July, 1904.®
The present report is thus based on the field work of the fall and winter of 1902
and 1903, supplemented by several years’ field work with the Geological Survey of
Louisiana and private work in eastern Texas. It covers southern Arkansas and
northern Louisiana and small portions of adjacent areas in Mississippi and Texas.

LITERATURE.

The several geological surveys which have investigated portions of this area
have, almost without exception, collected data regarding springs and wells in con-
nection with their pioneer stratigraphic work. In only four instances have these
data been published in a form which might be classed as a water report.

Peale, in his ‘“Mineral springs of the United States,” carefully compiled the
references to springs in reports previous to 1886, with some additions from
correspondence ¢

Later Branner collected the scattered references of Owen¢ and the observa-
tions and analyses of the Arkansas Geological Survey into a volume entitled ““The
mineral waters of Arkansas’’ ¢

¢ Hil], R. T., Geography and geology of the Black and Grand praines, Texas, with detailed descriptions of the Creta-
ceous formations and special reference to artesian waters Twenty-first Ann Rept U S. Geol Survey, pt 7, 1901.

b Prof. Paper U 8. Geol Survey No 44,1906

cPeale, A C., Mineral springs of the Umted States Bull U 8 Geol Sarvey No 32,1886.

20wen,D D , Furst Report qf a Geological Reconnalssance of Arkansas, 1858, Second Report of a Geological Reconnals-
sance of Arkansag, 1860 N

e Branner, J, C., Ann. Rept Geol Survey Arkansas for 1891, vol. 1,1892.
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In 1902 Harris published an article entitled ‘“The subterranean waters of
Lowsiana ¢ This is largely devoted to the waters of southern Louisiana, but
gives a short description of the northern part of the State, It was republished with
some additions 1 1904 as Water-Supply Paper No 101, United States Geological
Survey, under the title ' Underground Waters of Southern Louisiana.”

With' these exceptions the works mentioned in the partial bibliography given
below are important mainly because of their bearing on the stratigraphy

18G60.

OweN, Davip DarLe  Second Report of a Geological Reconnaissance of the Middle and Southern Comnties
of Arkansas Philadelphia, 1860 8° 433 pp and chart

1870.
Hopkins, F V  First annual report of the Louisiana State Geological Survey, 1869: Ann Rept Board of
Supervisors Louisiana State Semmary of Learning and Military Academy for year ending December 31, 1869.
New Orleans, 1870 Pp 77-109

h

1871,

Hopkins, F V  Second annual report of the Geological Survey of Louisiana to the General Assembly:
Ann Rept Board of Supervisors Louisiana State University for year ending December 31,1870. New Orleans,
1871 Pp 35-80, map

1872,
Hopkins, F V. Third annual report of the Geological Survey of Lowsiana Ann Rept. D. F Boyd,
supt Lowsiana State University, for 1871  New Orleans, 1872 Pp 163-206, map
1373,

HiLcarp, EucenE W Supplementary and Final Report of a Geological Reconnaissance of Louisiana
New Orleans, 1873 44 pp

1888.
Hur, RoBert T The Mesozoic geology of southwestein Arkansas Ann. Rept. Geol. Survey Arkansas
for 1888, vol 2 Lattle Rock, 1838 200 pp, map .
1891,

. WiLLiams, J. Francrs  The igneous rocks of Arkansas. Ann Rept Geol Survey Arkansas for 1890,
vol 2, 1891, 457 pp, 22 pls, 44 figs .
1892,
BrANNER, JOoAN C The mineral waters of Arkansas Ann Rept Geol Survey Arkansas for 1891, vol. 1,
1892, 144 pp , map -
LercH, Orto A prelimmary report upon the hills of Lowsiana north of the Vicksburg, Shieveport
and Pacific Rallway Bull Lousiana State Experlment Station, Geology and Agriculture, pt 1, [1892], pp.
1-51, 7 figs
1893,
Lercr, Orro A preliminary report upon the lls of Lowsiana south of the Vicksburg, Shreveport and
. Pacihc Rallway to Alexandria Bull Lousiana State Experiment Station, Geology and Agriculture, pt. 2,
[1893], pp 52-160, 28 figs
183904,
Hagris, GiLBert D The Tertiary geology of southern Arkansas Ann. Rept. Geol Survey Arkansas
for 1892, vol 2, 1894, 207 pp, 7 pls , 34 figs
HiLr, RoBERT T  Geology of parts of Texas, Indian Terntory, and Arkansas adjacent to Red River. Bull.
Geol Soc America, vol. 5, 1894, pp. 297-338, pls 12-13

1895.

VavaHaN, T Waxranp. The stratigraphy of northwestern Louisiana. Am. Geol., vol. 25, 1895, pp.
205-229, Bull U 8 Geol Survey No 142, 1896, 65 pp , 4 pls

a Harns, G.D , Geol Survey Louisiana, Rept of 1902 [1902], pp 196-252
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Harris, GILBERT D , and VEATCR, A C A preliminary report on the geology of Louisiana® Geol Survey
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Geol Survey, pt 7, 1901, 651 pp, 71 pls, 80 figs

1902.
Hagrris, GiLBERT D , and Vearcr,A C A report on the geology of Louistana Geol Survey Lowsiana,
Rept. of 1902, [1902], 288 pp , 44 pls , 27 figs
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1902, pp 687-742, pls., 47-53, 57-69
1904, '
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CHAPTER L

GEOLOGY.
INTRODUCTION
OUTLINE OF MAJOR FEATURES OF PRESENT TOPOGRAPHY

Topographically northern Louisiana and southern Arkansas form arr area
which is divisible into two major provinces, the Ouachita Mountains and the Gulf
Coastal Plain.

The Ouachita Mountains province is a region of relatively great and rugged
relief, ranging from 500 to 2,000 feet above sea level and composed of roughly
parallel ridges separated by deep, flat valleys It is underlain by a much folded,
steeply mchined, deeply eroded series of Paleozoic sandstones, shales, and limestones,
and has been developed from the slightly arched surface of an old peneplain by the
erosion of the softer beds

The Gulf Coastal Plain is an area of low and rounded relief, extending in this
regron from 3¢ to 600 feet above sea level (Pl IlI, in pocket). It is underlain by a
series of relatively soft strata, dipping on the whole gently seaward, in which the
present topography has been formed entirely by the profound dissection of an old
plain level  The surface of this old plain has now been almost completely destroyed
(PL. I, C and D), and the region presents two principal topographic divisions—
(1) the hill lands and (2) the flood-plain and terrace areas (Pl I, B); the former
representing the uplands formed of rolling hills, composed largely of the older beds
of the Coastal Plain, and the latter the lowlands, flat or benchhike in character,
composed of redeposited sediments of rather recent fluviatile origin

In the flood-plain region three features of very recent origin are to be noted—
(1) the greater depth of Ouachita River Valley in southern Arkansas as compared
with the Mississippi Valley at the same latitude (P1 I, ¢); (2) the shoals and rapids
which are found in the midst of strips of mature topography on Angelina River near
its mouth, along Sabine River from Pendleton to Burrs Ferry, particularly near
Columbus (Pl. XXVIII, B, figs 14-16), on Red River near Alexandria (fig. 13),
and on nuinerous small tributary and distributary channels in the Red River flood
plain between latitude 32° and 33°, and on Ouachita River at Catahoula Shoals
(figs. 10, 11), and (3) the lakes which occur or which formerly occurred in the lower
part of each of the streams tributary to Red River between Alexandria and the

a The clevation of extreme low water 1 tne Mississippi at Red River Landing, November 14,1895 (Ann Rept Chief of
Engineers for 1900, pt. 4, 1900, pp 2543-2544). According to the maps of the Mississippl River Commussion the beds of Red,
OQuachita, and Mississippl r2vers and of Bayou Macon and Boeul and Tensas rnivers often extend to considerable depths
below sea level, thus the Mississippl at Vicksburg (Klineston) reaches 2 depth of 58 feet below sea level, at Fort Adamns 112
feet, and at Miles Landing, 4 miles below the mouth of Red River, 127 feet.
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@edlogic history of morthern Louisiana and southern Arkansas.

>

Geologic subdivisjons.

Characteristic activities,

Deposition

Deformation,

A slight upward movement_at the west end of the Rockland-Vickshurg
flexure is producing rapids on*Subine and Angelina rivers.

A recent movement of 25 feet along the line of the Red River-Alabama
Landing fault has resulted in the swamping of Ouachita River Valley to a
point above the inotith of Bayou Moro in Arkansas. ’

+

After the main development of the Au‘ge]ina-Ca]d,we]] tiexure the beds were
faulted along a line extending from a point near Denison, Tex., through
Alabama Landing. Union Parish, La. The downthrow of this fault is to
the north and the break approximately 600 feet.

The low fold which extends from the vicinity of Angelina County, Tex.,
to a point north of Vickshurg, Miss., and which is now a line of weakness,
began to develop in late Oligocenc or early Miocene time. North of this line
the older beds are now nearly horizontal; to the south they dip at a rate of
from 35 to 150 feet per mile,

The domes devcloped during late Cretaceous and early Eocene time show
a slight movement in post-Claiborne time, hut the amount is very small
when compared with the initial movements.

The great north-and-south fault of the Coastal Plain of Texas (the Baleones
fault) developed late in the Cretaceous. In Louisiana peculiar domes or
four-sided folds werc produced and resached their major development in the
late Cretaccous or early Eoccne. About the same time masses of igneous
rocks of limited area were intruded into the Paleozoic rocks and Coastal
Plain beds in southern Arkansas. In central Texas similar occurrences
took place as early as the Austin epoch. The Louisiana and northcastern
Texas domes are thought to be due to the upthrust of similar igneous intru-
sions.

-—— Degradation.
Thickness. Character.
Feet. . . .
o 20+ Veneer of sand, sitt, and clay on flood pluins. General degradation of the hill lands. Along Red River in Louisiana the
g \Tuvi R . " - resurrection of buried channets and the drainage of lakes produced by the
) Alluvium. ] erm ’s L . . <
g Abnormat deposits of silt in Red River Valley resulting from the obstruc- great raft.””  Onthe Sabine fhe partial wearing out of shoals produced by
b s 0- 25 : “ 3 the recent movement of the Angelina-Caldwell llexure.
& tion by the ‘‘great raft.
= ) o N 3 o
8 Partial removal of valley fillings and prodiletion of present flood plains
Ed Formation of natural mounds. ey
2 . and principal terraces.
< ?5 _ . _
% Port TTudson formatior. 0- 200 Mmm-e deposits on the coast and ﬁuvizftile deposits‘in the _river valleys,
9 parily filling the broad valleys developed in the preceding erosion cycte. )
8 - - — - —_ -
& Rear ¢ of ficial d i I8 at Jevel X Long and complex per;od of erosion, with the land 100 feet higher than
e ¢ S 4 evels as eros . .
earran.genmn, ot sur 1a‘san § and gravels al new levels as orosion to-day, in which the formations of the Coastal Plain were profoundly dis-
—_= progressed. sected and the major features of the present topography produced.
é A mantle of silt, sand, and gravel spread by combined marine and river
_§ Lafayette formation. a0- 50 | action over the relatively even surface of the Coastal Plain and in the trib-
[ utary valleys.
Y A period of erosion, probably composed of several stages, in which the
= § Coastal Plain in this region was cssentially base-leveled.
« Fleming clay. +260 Green calcareons clays, with a fow brackish-water fossils.
§ Catahoula formation. 1,000-1;200 Near-shore depbsits; sandstones cecasionally quartzitic, and green clays,
. A with fresh-water shells and land plants.
B ' [—
P =
) o imes , somewhat lignitiferous, clays, containin
2 Vicksburg formation. 100~ 200 Lllr'nestones and calcareous, somewhat lignitiferous, clays, containing
5 marine shells.
& : A .. ,
Jackson formation. 2: 200- 550 Highly fossiliferous shallow-water marine sandy calearcous clay.
—_— . — 3 (33 _ —_ =~ .
—| Cockfield mem- | & )
Mot ] 400~ 500 | Lignitiferous sands and clays,with land ptants.
ber of Claiborne.e | o
<, 2 S Landward these forma-
=1 3 1 oe . . S
b= 2 : hallow- ) nitifer- -
g Claiborne formation. 3 200- 500 Fossmfef‘ous sandyclay, containingshallow- | tions merge into lig .1 i
S @ water marine shells. ous sands and clays without
= . e Lignitit I and dl Vith olant distinctive marine fossils.
Sabine form.ation. b 300 900 ignitiferous sands anc ~(. ays, with plants )
é and oceasional beds of marine shells.
_ Midway formation. o . 20- 260 I,irllcstongs and black calcareous clays. Beds separated by a'pljouounced break in the fauna, which is, at present
Arkadelphia clay. 300- 600 Black laminated c1ays, with marine fossils in lower portions. the only indication of a very sericus break in sedimentation.
l § Nacatoeh sand. 100~ 160 | Sand, with occasicnal caleareous quartzitic layers containing marine shells.
P - R
§ Marlbrook formation. 150- 750 Very calcareous clay, with marine fossils.
5] - P
3} Annonz chalk. +100 White chalk.
- — - . N
b S —
g Brownstown formation. 150- 500 Blue calcareous clay, with marine fossils.
) - . :
3 @ & Sub-Clarksville sand.d | 50-100 ¢ Water-bearing sand.
o @ R
g - S 2 —- A Lignitifcrou 1 d
3 2 :5 Eagle Ford clay.@ 0-600 Blue calcarcous ¢lay. s . CTOUS saf u.n
£ - 23 _ 40-700+ clays, with plant remains
= [=] o . ags . . - .
O & g g Woodbine formation. | +500 ng-mtlferous sands and eclays, with plant | (Bingen formation).
remains.
N ~—| The Bingen and Woodbine sands indicate deposits very near shore and
b, - Washita group. 0 400 Dark caleareous clays, with clayey limestone beds. .
:s’g group ) ] Y (y Y the fauna changes sharply at this point, but there is no evidence of a pro-
g; 2 Goodland limestone. 25~ 30 Massive white limestone. nounced unconformity or a land period of great length.
52 - S
= i i » _
g_g ® Trinity formation. 500~ 600 Yellow, som‘ewhat' argﬂlaceogs pack sands, changing to the cast to calca.
o © reous clays, with thin beds of limestone and gypsum. .
[} ) = . 03 B . - 0 ) R - wgw i - € - . - - . :
é @ § 4 Animmensely long period composed of the following principal stages in the order given: (1) Deposition, (2) profound folding and faulting, (3) long erosion, which essentially basc-leveled these folds. On this planed-off surface the Cretaceons heds were deposited.
MO E G . ’

a Normal thickness in northern Louisianh and southern Arkansas not known because of the widespread and irregular deposition. In southern Louisiana these beds are much thicker than lere given.

b The Jackson, Claiborue, and Sabine forinations, which are fossiliferous and distinet in central Louisiana, grade into lignitiferous beds containing no distinet fessils as they go northward.
S¢ill farther north, however, the Jackson also grows lignitiferous and merges with the rest. The Midway, likewise, in the upper embayment region shows a decidedly lignitiferous tendency and may in places merge with the lignitifcrous time equivalents ¢t thé other Eocene beds,
¢ A group without distinctive marine fossils, probably almost wholly of Claiborne age. ¢

@ These beds do not outerop in the Arkansas area

must there be allowed for in well calculations.

. 1393—No. 46— 06.

(To face page 16.)

In the region urder discussiou the fossiliferous Jackson limits this lignitiferous complex above.

, except as they may be represented as littoral deposits in the upper part of the Bingen sand. and therefore need not be considered in wells drilled near the northern edge of the Brownstown formation; but they will be found farther south and
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16 GEOLOGY AND UNDERGROUND WATER OF TOUISTIANA AND ARKANSAS.

the north of the Sulphur Wold, though not very well marked, has determined the
location of the Iron Mountain Railway between Little Rock and Texarkana.

Over all the Coastal Plain, except in the steeper hill areas and the most recent
flood plains, are low, circular, mound-like elevations that are in themselves of minor
significance, but are relatively important because of their persistence and wide dis-
tribution. They are from 20 to 100 fect in diameter and attain a maximum eleva-
tion of 6 feet (Pl. XXVI, p. 54). They are particularly abundant in the terrace
areas, where in wet weather they form low, sandy islands in the midst of a water-
covered clay country. Their origin is one of the most interesting and perplexing
problems of the region. (See p. 55.) '

OUTLINE OF GEOLOGICAL HISTORY.

The geologic formations of this area may be classed in three groups— (1) the pre-
Cretaccous rocks, (2) the Cretaceous, Focene, and Oligocene beds, and (3) the sur-
ficial deposits. The first are composed of highly folded Paleozoic sediments, which
outcrop on the northwestern side of the area discussed (PL. ITI, pocket) and underlie
all the Coastal Plain, forming the basement rocks on which the later sediments were
laid "down (fig. 2, p- 17). The Cretaceous, Eocene, and Oligocene deposits are com-
posed largely of unconsolidated sands, clays, and marls, though limestones and
sandstones are sometimes encountered. They dip coastward at a very low angle,
are but slightly disturbed, and succeed one another in regular sequence, so that in
passing from the coast to the mountains successively older beds are encountered.
Thus while ascending topographically the traveler descends geologically.

Over this Coastal Plain series and along the coastward edge of the Paleozoic
rocks is an irregular mantle of gravel, sand, and silt, which is relatively thin in the
hill areas and thick beneath the larger flood plains and in the region south of the
Catahoula and Fleming formations.

The table opposite gives a summary of the features that together make up the
geologic history. .It shows the succession of the strata, the age, name, thickness,
and character of cach formation, and the cvents of degradation and deformation.
It is arranged in the order in which the formations were deposited—the youngest at
the top and the oldest at the bottom—and should therefore be read from the bottom
upward.

HISTORICAL GEOLOGY.
PRE-CRETACEOQUS.

The beds exposed in the mountain regions of Arkansas and Indian Territory
represent, for the most part, deposits laid down beneath the sea in periods extending
back to a very early time in the earth’s history. In Indian Territory Taft has found
that the deposition was essentially continuous from the Cambrian to the upper
Carboniferous, and that after a pertod of erosion, particularly well marked in the
Arbuckle Mountains, sedimentation was again resumed. In western Indian Terri-
tory these beds grade up, without a break, into deposits with Permian and Triassic
affinities. @

e Hill, R. T., Twenty-first Ann. Rept. U. 8. Geol. Survey, pt. 7, 1901, pp. 99-101.
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The thickness of the Cambro-Silurian portion of these sediments in Indian
Terntory is estimated at 12,000 feet,? that of the Devonian at 600 feet,® and that
of the Carboniferous at 24,500 feet;¢ the thickness of the latter in Arkansas is
estimated at 23,780 feet.¢

The land area from which the material for these immensely thick beds was
derived lay to the south and southeast, and the relative position of the continental
and oceanic areas was, therefore, at this time somewhat reversed—the ocean
occupying the greater part of what is now the central and western United States
and the land the Coastal Plain of the eastern and southern United States and por-
tions of the Atlantic Ocean and Gulf of Mexico.

Near the close of the Carboniferous these beds were profoundly folded and
faulted along the hne of what is now the Appalachian Mountains. These folds
extended across the present Mississippi Valley mnto Arkansas, Indian Territory,
and Texas, and formed in this portion of their course a mountain range over-
looking a sea that stretched westward and northwestward. The truncated bases of
these {olded and faulted strata show that they once extended many thousands
of feet, even miles, above their present level (fig. 2)
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Fi6 2 —North-south section near Tishomuingo, Ind T, showing 1n 3 gencral way the peneplained surface and
the complex, highly disturbed character of the bed rock underlying the Cretaceous and Tertiary deposits of
the Gulf Coastal Plain (After Taff ) Length 6 & miles, height 0 5 mile

The wearing away of these thousands and thousands of feet of hard Paleozoic
rocks required a very long lapse of time; and when it is remembered that the
extreme height indicated was not reached at one time, but was the result of more
or less intermittent movements acting through long periods, and that the erosive
agents did not at any time have the advantage of the extreme gradient which would
result from so great an elevation, some idea of the length of the Triassic and Jurassic
eons may be obtalned

Whatever were the successive stages of this Triassic and Jurassic dissection, at
the close of the Jurassic this region showed no very great irregulanties, and when
the land began to tilt gently southward as the result of a new adjustment of the
earth’s surface to the very complex group of factors affecting 1t, the sea transgressed
northward over a relatively level plam in which there were no features indicating

topographically the greatly disturbed and contorted character of the underlying
rocks (fig. 2).

o Tafl, T A Geologic Atlas U S ,folo 79, U 8 Geol Survey, 1902

bTafl, ] A, Geonlogiec Atlas U S ,{olo 98, U S Geol Survey, 1903

c¢Drake,N F,Proc Am Philos Soe,vol 36,1898,p 361, Twenty-firat Ann Rept U S Geol Survey,pt 7,1901,p 99.
dBranner,7 ", Am Jour Sei,4th ser ,vol 4,1897,p 358
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new shore line cuts the old one obliquely and the present outcrops are wedge shaped,
the point of the wedge being in the direction of the depression

This decrease in the area of outcrop of formations due to a progressive change in
the direction of the shore hne is well shown in southern Arkansas, where the lowest
deposits of the Cretaccous, which occur along the base of the mountains, gradually
taper out toward the east and are succeeded by the upper Cretaceous deposits, which
are in turn overlapped by the Eocenc (fig 3) Apparently the Mississippt embay-
ment was but an insignificant feature of the shore hne 1n the early Cretaceous (P1 1I,
A) and did not attain its maximum development until late Cretaceous and early
Eocene time (Pl II, ) On account of this pivotal location of southwestern
Arkansas the Cretaceous deposits, except possibly the uppermost, are less fully
exposed and developed there than in central and eastern Texas. Many of the beds
are entirely absent, or are so changed in general character that they have not yet
been definitely recognized and frequent recourse 1s necessary to the Texas and Indian
Terntory areas for details lacking 1n this section.

MAJOR DIVISIONS

The major divisions recognized by Hill in the Texas region, together with the
development 1 Arkansas and Indian Terrtory, are given mn the following table

Major dinsions of the Cretaceons wn Texas, Arkansas, and Indwan Terrviory

Texas clasgsification (Tlille) Arkansas development Indian Territory (Tafl b)
Series Group ‘ Formaton Formation Foimation
— L — —_
~ Arkadelphia
§ Montana Navarro Nacatoch
§ Marlbi ook
2 Annona
O
c;a“ Taylor Biownstown
g Colorado Astin ¢ -
nl
| ¥ord
g _Engle or' Bingen sand d
ot
S Dalota Woodbine Silo sandstone
7 Buda Bennngton himestone
—_ - - Bokehito formation
=2 Demson
9 W ash —— ——— —| (Not differentiated
§ Vashita Tort Worth ¢ ) Caddo limestone
- —_—
S Preston Kiamich: formation
. S —
% Edwards :
° — -
g Frederickshurg Comanche Peak Goodland innestone Goodland Limestone
[ -— - ——— —
§ Walnut
@ - | — _
= Paluxy
5 —
g Trimty Glen Rose Trimty sand Trimty sand
S -
© Travers Peak

aHill,R T, Twenty-first Ann Rept U 8 Geol Survey,pt 7, 1901, pp 114-115
bTaff,J] A, Geologic AtlasU S ,folio79, U 8 Geol Suriev, 1902, folio 96,1903

¢ Not found east of Paris, Tex
d The Bingen, whle the lithological counterpart of the Woodbine, apparently contains hittoral equivalents of the

Austin and Eagle Ford (Seep 24)

&
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4
LOWER CRETACEOUS OR COMANCHE SERIES.

CONDITIONS OF DEPOSITION,

The lowest Cretaceous beds represent the near-shore deposits of the sea advane-
g over the old Jurassic peneplam and are, therefore, sandy and contam vegetable
remains, as well as brackish-water shells These are succeeded by hmestone and
marls, mndicating deeper water, and these i turn arc limited above by the great sand
beds that represent the extreme shallow-water conditions which marked the begin-
nimg of the upper Cretaceous

In Arkansas only the lowest of the series, the Trimty sand, 1s well developed,
although near the Indian Territory Iine are good outcrops of the Goodland hmestone,
overlain by a series of marl and limestone beds, which, with the Goodland hmestone,
represent the other two grand divisions of the Comanche series, the Fredericksburg
and the Washita

TRINITY SAND.

The Trinity sand, the oldest and lowest formation of the Coastal FPlain series in
this region, outerops in a narrow band 6 to 12 nmles wide, which extends westward
along the base of the Ouachita and Arbuckle mountains from Wolf Creek in Pike
County, Ark (Pl III), into Indian Territory to a point somewhat west of Ardmore,
where it turns south toward Austin  Because of its extensive development about
the headwaters of Trinity River in Wise, Tarrant, and Parker counties, Tex , 1t has
heen called the Trintty sand or Trinity formation

South of Tishomingo and Atoka, 1n the Choctaw Nation, this formation consists
of a fine yellowish pack sand, with irregular conglomerate beds at the base, and con-
tains oceasional lenticular masses of clays, the whole having an aggregate thickness of
200 to 400 feet *  In this region it contains no fossils except oceasional tree trunks,
thought by Taff to be dnftwood. Eastward these beds become more clayey
charaecter and in southern Arkansas contain frequent thin layers of yellowish lime-
stone, composed largely of the small oyster Ostrea franklini Coquand (Pl TV), together
with other near-shore or brackish-water forms Occasional thin beds of gypsum
like that at the Plaster or Gypsum Bluff on Little Missourt River near Murfreesboro
(P1 V, A4), oceur, and with the lunestone beds indrcate that the water obtammed in
the deep wells which penetrate this formation in southern Arkansas will not be of as
good quality as that obtained farther west, where the sands are relatively purer.

Hill, in 1888, estimated the thickness of this formation in southern Arkansas at
over 250 feet,? but a well (393) ¢ drilled for Mr D J Sassamen 2 miles north of Cen-
terpoint, which reached a depth of 500 feet without striking bed rock, indicates that
the total thickness is over 600 feet and that the southward slope or dip of the strata
1s here over 100 feet per mile

aTaff,J A,Geologic Atlas U 8 ,folio 79, U 8 Geol Survey, 1902, folio 98,1903
b Ann Rept Geol Survev Arkansas for 1888, vol 2,1888,p 188
¢ The numbers 1n parentheses after references to wells correspond to those used in the table of well records in Chapter V
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GQOODLAND LIMESTONE.

Above the Trinity formation is a thin bed of chalky limestone 15 to 25 feet
thick, which, because of 1ts whiteness and firmness, contrasts sharply both with
the Trinity sand and with the series of marls with thin himestone layers that over-
lie it. Because of these features 1t is easily traced from 1ts type locality, 2 miles
north of Goodland, on the St Lows and San TFrancisco Railroad, m the Choctaw
Nation, Indian Territory, both eastward to Cerro Gordo, on Little River, in Arkansas,
and westward past Oakland and Marietta, in the Chickasaw Nation It is every-
where in this region characterzied by the pecuhar fossils shown in P1l. VI South
of Red River in Texas 1t increases gradually in thickness until 1t reaches a total of
700 fect on the Rio Grande,® where it is composed of two members which are called
the Comanche Peak and Edwards formations.

WASHITA GROUP.

Above the Goodland limestone, near Cerro Gordo, Ark , is a series of calcareous
clays, containing thin beds of limestone, and having a total thickness of over 250
feet.”? Thesc beds have not yet been carefully studied, but Hill’s reconnaissance
in 1888 has shown that they may be regarded as the representatives of the Preston,
Fort Worth, and Denison formations of the Texas section ¢ and of their equivalents
in Indian Territory—the Kiamichi, Caddo, Bokchito, and Bennmington formations
of Taff ‘

This Indian Territory series along the line of the Missouri, Kansas and Texas
Railway, south of Atoka, in the Choctaw Nation, is characterized by the fossils
shown in Pl. V1I, and shows the following lithologic units:

Section of the Washuta group of the lower Cretaceous wn Indian Terrmitory in the southern part of the Atoka quadr angle

(Taff) d
Silo (Woodbine) sandstone
Feet
4 Benmington hmestone  Blue shell limestone...... .. ... _....._ . ... 10-15
3 Bokchito formation  Red andhlue clay, with thin ferruginous hmestone
beds and lentils of frable sandstone. .. ... ... ... ... ... ... ... 140
2 Caddo limestone  Yellow and white himestone, with thin marly beds. .. 60
1 Kiamichi formation Blue fniahle clay, with shell limestone beds n
lower portions_. . L. L. el 150
Goodland limestone
Total thickness of Washita division. . .. ... .. .. ... ... ... 365

~

The thickness of the Washita group in a well sunk 1 mile south of Denison,
Tex., 1s given by Hill¢ as about 400 feet. In the deep wells at Paris, Tex , it is
between 300 and 400 feet.f

eHil, R T ,Twenth-first Ann Rept U S Geol Survey,pt 7,1901,p 214

b Ann Rept Geo! Survey Arkansas for 1888, vol 2,1888, pp 110-111

¢See Pl 111, which, 1n so far ag 1t relates to the Cretaceous 1n Indian Territory and Texas (except the boundary of the
Trimity formation), has been compiled from Hill’s report on the Black and Grand prairies Twenty-first Ann Rept U 8
Geol Survey,pt 7,1901, pp 216,223,261, pl 66

dGeol Atlas U 8 ,folio 79,U S Geol Survey, 1902

¢Twenty-first Ann Rept U S Geol Survey, pt 7,1901, pp 618-619

Z1bd ,p 629
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UPPER CRETACEOUS OR GULF SERIES.

CONDITIONS OF DEPOSITION.

At the close of the lower Cretaceous there was evidently a considerable change
in the depth of the ocean waters in the Texas and Arkansas areas, since overlying the
marine deposits of the Washita series are sands and clays containing lignite and
other remains of land plants (Pl. VIII) of species very similar indeed to those of
to-day, whose ancestors they probably were. In many places there is sone evi-
dence of slight erosion of the lower beds before these littoral deposits were laid down,
and some portions of this area may have been dry land for a limited time.

The coast line was much nearer its present position than during the lower Creta-
ceous (Pl IT, p. 18), though the greater part of western North America, with the
exception of the land along the older mountain chains of the Pacific coast, was one
vast swampy ‘area but little, if any, above ocean level. As the lowering of the
land continued, deeper-watcr deposits succeeded these necar-shore ones—at first
dark-colored clays, then marls filled with marine shells, or even chalks, which,
composed almost entirely of the microscopic remains of minute animals, represent
deep water, though not abyssal conditions. -

As a result of this submergence the low- lying area in western North America
became a great mediterranean sea which connected the Gulf of Mexico and the .
Arctic Ocean. In the Texas-Arkansas area the depression was at first greatest to
the southwest but during the latter part of the Cretaceous the movement was
reversed and the western region was gradually elevated as area near the Mississippi
was depressed. This resulted finally in the development of the Mississippi embay-
ment, and in the severing of the connection between the Gulf and the interior sea,
which was thus converted into a series of great inland lakes which persisted through
much of the Tertiary. Because of this east-west and then west-cast tilting the
lower portion of the upper Cretaceous, which in central Texas is characterized by
thick limestone and light-colored marl beds, is in Arkansas and Indian Territory
composed entlrely of near-shore sands with no marine fossils; while the upper
portions, which in Texas are dark-colored calcareous clays, contain in Arkansas,
Mississippi, and Alabama a large percentage of chalk and chalk marls.

Above, these beds pass through the limestone and marls of the lowest Kocene
(Midway) into the lignitiferous near-shore deposits of the Sabine, which mark not
only the return of the littoral conditions that initiated the’upper Cretaceous, but
also the completion of the-cycle of deposition.

MAJOR DIVISIONS,

The upper Cretaceous of Arkansas is thus composed of the following members,
beginning with the lowest:

1. Sands with bituminous, laminated clays containing leaf impressions (Pl VIII) and lignite beds—the
Bingen formation.

Blue calcareous clay with Exogyra ponderosa (Pl IX)—the Brownstown formation.

White chalk—the Annona chalk.

Calcareous clay or clayey chalk, with considerable green sand-—the Marlbrook formation.

Indurated sand, with thin calcareous and quartzitic layers locally called “water rocks” (Pl. XII, B, (),
glauconitic in part—the Nazatoch sand. '

6. Dark calcareous clays, fossiliferous below, which pass upward without a sliarp break into the sandy, ligni-

tiferous lower Eocene beds—the Arkadelphia clay.

G N
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BINGEN SAND

CHARACTERIZATION AND DIS1RIBUTION

The near-shore character of the Bingen sand is in such contrast to the overlying
and underlying Cretaceous marls and in the outcrop 1s so simlar to the overlying
sandy surficial deposits of the late Tertiary that in Arkansas it has heretofore, with
the exception of a limted outcrop near Morris Ferry, either been confused with the
surficial deposits or been regarded as an outlier of the Lower Eocene beds, which it
closely resembles Iithologically @

This formation consists of white or brown sands and clays containing some green-
sand and considerable lignite or higmtiferous matter, in which respect 1t differs from
the overlying formations It forms, where best developed in Arkansas (Pl °III, in
pocket), a sandy country with manysprings  Its most easte1ly outcrop 1s on Ouachita
River just below the mouth of De Roche Creek, where it 1s represented by a thin bed
of lignite with accompanying sands® Across Clark County there are many small
outcrops along the edge of the Paleozoic rocks-——notably at Big De Gray Creek (sec. 3,
T 78, R 20 W.), near Hollywood, and at Clear Springs¢ In Pike County it
leaves the Paleozoic border (P1 III) and is well developed about Bingen, from
which locality Hill named the formation in 1888,¢ between Nashville and Center-
point, around and north of Mineral Springs and north of Ben Lomond

The section at the ‘“Coal Shaft”” near Ben Lomond (NW. 1 SE. } sec. 32, T. 10
S, R. 29 W.) is as follows.

Section at *“ Coal Shaft’ near Ben Lomond, Ark

Feet
1 Hillside, covered. . ... e e iieeeae ceen-
2 Soft gray and biown, finely lammated sandstone with poor leaf unpres-
S L0 4 e 3
3 ‘““Coal”—impure sandy lignite of no commelclal \alue e . 15
4 Irregulaily bedded white sand, with some vegetable matter qnd thm
platesof tron . ... ... L il .o... IR

Elevation of base of section 15 approximately 300 feet ubove sea level

Half a mile south of this outerop the Marlbrook beds, contamnmg many typical
fossil aysters, show in the hillsides, and these Coal Bluff beds must be regarded as
very near the top of the Bmgen formation The character and thickness of the
beds between this outcrop and the lunited outerop of greensands near Morris Ferry,
described by Hill, which occur near the base of the Bingen formation, 1s largely a
matter of conjecture. They have not yet been completely penctrated with a drill,
and the outcrops thus far seen are too fragmentary and meager to indicate clearly
their character Mr R. W Smuth, who has had an extensive experience i drilling
wells, states (well 386 ¢) that around Albrook below the ‘“coal bed,” which is encoun-
tered at the base of the marl there arc 100 feet of fine porous sandstone. This

ceHill, R T, Ann Rept Geol Survey Arkansas for 1888, vol 2, 1888, pp 56-58, Bull Geal Soc America, vol 5, 1893, p
309, p! 12, Tweunty-first Ann Rept U § Geo! Survey, pt 7, 1901, p 195, ig 21

bHay, O P The northern limit of the Mesozoic rocks 1n Arkansas Ann. Rept Geol Survey Arkansas for 1888, vol 2,
1888, p 265

cind | pp 267 269, 272, 274-275.

¢ Ann Rept Geol Survey Arkansas for 1888, vol 2, 1888, pp 56-53

¢ See Chupter V.
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probably does not represent the entire thickness of the formation, and additional
water-bearing sands with intercalated clay layers are to be expected below At
Ben Lomond (well No 7179 below the first water-bearing sandstone, which is 100
feet thick and stratigraphically below the lignite outeropping at the ““Coal Shaft”
above mentioned, a ‘“blue rock and a wlite substance, like glass,”” are reported,
below which water-bearmg gravel 1s encountered The total thickness of the
formation along the cutcrop in southern Howard County, Ark, is over 500 feet

(PL. XXXVIIL, sec F, p. 70)

RELATION TO TEXAS AREA

To the west and south the beds below the Brownstown and Taylor marls thicken
raprdly, and the various sand beds encountered together m southern Sevier and
Howard counties, Ark, become greatly separated by layers of clay  Thus the
sand which is encountered m Arkansas immediately below the Brownstown mayl,

Clarkswlle, Tex

b3
m

— Whate Chffs, Ark.

Annona chaik

e e e e e e Annona chalk

S 3 ¢ Brownstown clay
7 Sub-Clarkswitle sand

Brownstown clay

Sub-Clarkswile sand <

Eagle Ford clay {
Bingen sand and
s'ar\ y clay

Woodbine sand
and sandy clay

F1G 4 —Diagram showing the relation of upper Cretaceous beds, below the Annona chalk, 1n the sections at White Chfls,
Ark , and Clarksville, Tex

or 200 to 300 feet below the Annona chalk, is reached 1n wells at Clarksville, Tex.,
(1112, 11149), 500 feet below the Annona chalk, or at about the base of the Taylor
formation (fig 4) At this pomt, however, because of the interposition of the
Eagle Ford formation—a black clay containing some selenite crystals and charac-
terized by species of shells not yet found in the Arkansas region—the water-bearing
bed 1s 500 feet abeve the uppermost Woodbine  Smularly the pack sand encoun-
tered m the Paris, Tex , well® between 60 and 80 feet and apparently at the same
horizon, 1s 600 to 700 feet above the top of the Woodbine and 1,100 to 1,300 feet
above 1ts base The Bingen sand, then, while the lithological counterpart of the
Woodbme formation, 1s apparently the time equivalent of all the beds of the lower
Cretaceous below the Brownstown and Taylor formations, a fact which indicates
that during the early part of the upper Cretaceous this region was relatively sta-
tionary, while the country to the west was subjected to considerable oscillation.,

a See Chapter V b Twenty-first Ann. Rept U S Geol Survey,pt 7,190(,p 629
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A. BLUFF AT WHITE CLIFFS LANDING, ARK,

Showing contact between the Annona chalk and the Brownstown formation. Photograph by J. A. Taff.

C

B. ¢ OUTCROPS OF NACATOCH SAND IN NACATOCH BLUFF, CLARK COUNTY, ARK.

The hard ledges, when encountered in wells, are called * water rocks,” because water is commonly found beneath them.

OUTCROPS OF THE BROWNSTOWN, ANNONA;, AND NACATOCH FORMATIONS.
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SUB-CLARKSVILLE SAND

For convenience of reference the sand bed which i the Clarksville and Paris
wells occurs near the base of the Brownstown (Taylor) formation and which to the
east is found at the top of the Bingen sand (fig. 4) will be called the sub-Clarksville
sand, from its typical development in the wells at Clarksville, Tex.

BROWNSTOWN FORMATION.

The Brownstown formation, into which the Bingen sand gradually grades, 1s
well developed i the southern part of Sevier County, Ark., about Brownstown,
‘from which place 1t takes 1ts name. It is a blue or gray calcareous clay contamning
many fossil oysters and 1s characterized by the presence of the large oyster Exogyra
ponderosa (Pl IX), whence it has sometimes been called the Exogyra ponderosa
marl  The soil derived from this formation, when not nnxed with surficial deposics,
is black and waxy, but the subsoil is yellow, and in most of its outcrops the bed is a
yellow clay marl. It 1s hmited above by the Annona chalk and has a total thickness
of 150 feet 1n the eastern part of the area and 600 feet 1n the western

This name was {irst applied by Hall to marl beds typrcally developed at Browns-
town, Ark , which at that time he thought were above the Annona (White Cliffs)
chalk ¢ In hisreport on the geology of part of Texas, Indian Territory, and Arkansas
adjacent to Red River he used Brownstown to mclude all the beds between the
Annona chalk and Washington (Nacatoch) beds.? ILater, appreciating that the
beds at Brownstown are below the Annona chalk, he gave them their right strati-
graphie position, but included with them the marls which overlie the Annona
chalk ¢ The term is now defined to mclude the blue clay marls between the Bingen
sand and the Annona chalk.

ANNONA CHALK,

This formation, which was first ecalled the White Cliffs chalk? from the bluffs
and village of that name on Lattle River, in the northeastern part of Tittle River
County, Ark , was renamed the Annona chalk¢ from the town of Annona, Red
River County, Tex , because it was found that White Cliffs as a formation name had
been apphed by Powell/ to certain Juratrias beds in Utah It consists of white
chalk, which at White Cliffs has a thickness of over 100 feet, but thins out rapidly
to the east, disappearing entirely before reaching Okolona, where Taff has found
only the chalky marl which, at the type locality, underlies it To the west outcrops
are found at Rocky Comfort and across southern Red River and Lamar counties in
Texas

¢ Ann Rept Geol Survey Arkansas for 1888, vol 2, 1888, pp 86-87

5 Bull Geol Soc America, vo) 5, 1804, p 302, pl 12 ¢

¢ Twenty-first Ann, Rept U S Geol Survey, pt 7, 1901, p 340

dHil), R T, Ann. Rept Geol Survey Arkansas for 1888, vol 2, 1888, pp 87-89

¢Hil, R T, Bull Geol Soc Amernca, Vol 5, 1894, p 308, Twenty-first Ann Rept U S Geol Survey,pt 7, 1901, p
340 H1Vs spelhng Anona has been changed to Annona, the spelling used 1n the Postal Guide and on HilV’s map of the Black
and Grand prairies of Texas, 1893 (Twenty-first Ann Rept U S Geol Survey, pt 7, 1901, pl 65)

f Geology of Umta Mountamns U S Geog and Geol Survey Terr, 1876, pp 41, 51, 151
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The section at White Chils Landing (Pl. XII, 4, p 28) 1s as follows

Section at White Clyffs Landaing, Luitle Rwer County, Ark o
) Feet
1 Massive creamy-white chalk, m beds from 1 to 10 feet thuck, scparated by thin partings of very
shghtly lammated chalk. .. .. .. e e e e e e 60
2 Massive, dull blush-white sihccous chalk, shghtly hatder than the pure chalk of 1 Thus chalk 18
practically without incheation of bedding, and because of 1ts hardness 1t projects in a steep bench
overhanging the less chalky and friable beds below. . - .. e e e i 25
5 Massive, very siliceous, dull-blue argillaceous chalk marl This bed contains more than twice as
much sand and neatly three times as much clay as the overlymmg bed The rodk 1s very friable
and weathers in 1ecesses beneath the elliceous chalk ... .. .. o . o .. ... ..., 8
4. Blwsh, sandy, chalky mail, contaimung great numbers of the fossil shell Gryphea vesicularis var
Ixeept for the abundant fosals tlus rock would be classed with 3, though 1t 1s probably shghtly
IOTe SN Y . . L o e e e e e 7
5. Bluish, sandy, chalky marl, gradually increasing in sandiness from the top downward to the level
ol the tiver This bed contains Gryphaea veswularis var , but not 1o such abundance as 4, also
many fosals of the laige and heavy oyster Erogyra ponderosa, as well as others common to the
upper Cretaceous marls ... L lliiiiiiiiii.o- 35

MARLBROOK FORMATION.?

The Annona chalk is succeeded by a series of blue, chalky, somewhat
glauconitic marls, ;mn places 1mpure chalk The most extensive outcrops of
this formation are along the ridge which extends from Marlbrook, the type locality
in ITempstead County, to Saratoga, in southern Howard County (Pl II1, in pocket).
It forms a stiff black soil in which the skull-shaped oyster Gryphea vesiculars (Pl
X) is very abundant  About 200 to 300 feet above the base of this formation is a
very chalky layer 20 to 50 feet thick, which has been called the Saratoga chalk
marl or the Saratoga formation.c Tt 1s exposed in the Marlbrook-Saratoga region
at the town of Okolona, where it is called ‘“ cistern rock,”’at Dobywville, and on Lattle
and Big Deciper creeks i Clark County It 1s reported in well borings at Gurdon
(83), at Texarkana (480), and possibly at Frierson, La. (871) The thickness 1s
120 feet at Gurdoun (probably mcluding large amounts of chalky marl not properly
referable to this horizon), 70 feet at Texarkauna, and 25 feet at Frierson

The thickness of the Marlbrook formation ranges from 750 feet at Texarkana
(well 480A) to 50 fect or less at Arkadelphia

.

NACATOCH SAND.

Above the Marlbrook marl is a series of sandy beds which are of vast economie
importance to a strip of country along the Iron Mountain Railway between Arka-
delphia and Texarkana, since they a e the source of the main water supply of
that region. Like the other sandy beds of the Cretaccous, at the outerop they are
dlStlIlO‘UIShed with difficulty from the surficial sands that mantle the region _ How-
ever, the thousands of wells which have been sunk to this horizon (Pl. XXXVIII,

aTaff,J] A ,Twenty-sccond Ann Rept U 8§ Geol Survey, pt 3, 1902, pp 706-707

bMarlbrook chalk marls, Hill (Ann Rept Geol Survey Arkansas for 1888, vol 2, 1888, p 188)= Gryphea vestcularis chalk
marls, Hll (1nd , pp 84, 188) = Marlbrook-Columbus chalk marls, Hiil (Imd , p 84) It 1s probable that the Marlbrook
formation as here used contains in its upper portion beds which Hill classed with the Washington (Nacatoch) greensand.
Seep 27

¢Branner,J C, Trans Am Inst Min Eng, 1897, pp 42-63, Taff,¥ A, Twenty-second Ann Rept. U S'Geol Survey,
pt 3, 1902, pp 714-723
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in pocket) prove conclusively that the outcrop of this bed produces the belt of
sandy land which begins on Yellow Creek south'of Saratoga and extends, with
interruptions of greater or less importance, along the main drainage channels,
through Washington, De Ann, Garlandville, Nacatoch Blufl, and Keyton, and
finally reaches Ouachita River at ITigh Bluffs above Arkadelphia

The outcrop at Nacatoch Bluff, on Lattle Missour: River, in Clark County, 1s
one of the most complete exposures occurring "along this belt and shows the cal-
careous and quartzitic rocks which, when encountered 1n wells, are called ““water

rocks” (Pl. X1, B, ()
Section of Nacatoch Blhiff on Taitle Massourr Ruwer, Clark County, Ark

Feet
1 Slope not well exposed, seems to be composed entirely of chert and quartz gravel.. .. ... o . . 20
2 Ledge of fossibferous arenaceous limestone, contaiung many large fossil shells Ewogyra costata,
Pectunculus sp , and Ostrea subspatulata_ . ... ... .lilii.... 1
S T 1o R 10
4 Very mmpuie sandy Iimestone or calcaleous sandstone, with many imperfect fossils 01
LT3 Y 4
6 Haid fossihferous calearcous sandstone. ... ... .. L liiiiii... 05
75 1 5
8 Slope on wlnch landshp masses 1ender positive determination difheult, seems to be coraposed of sand. . 25

Level of Lattle Missoun River

Another exposure near the base of the formation occurs at Keéyton. The
lithological characters of this outcrop are such that, like parts of the Bingen, if it
were not for the known slope of the rocks and the general structure of the country,
one would be inchined to refer 1t to the Eocene, as has indeed been done.

Sectron of bluff at ford on Terre Nowr Creek, at Keyton, Clark County, Ark

Feet
1. Fine wlute clayey sand, with occasxonal clay scams and clay pebbles, sand ranges from pure whate
to light yelow . L. e 30-35
2. Laminated black clay, with white sand partings..._.. e e 12

Low-water level of creek

In the western part of this region the sands are rather light 1n color, although
about Hope they are overlain by a very black sandy layer 3 to 15 feet thick, and
bave an aggregate thickness of about 100-160 feet (wells 244, 321, 322, 332, 356, 444,
478, 480, 480A) Toward Arkadelphia the sand grows darker and thinner. In
the well of the Arkadelphia Tce and Fuel Company (27) it appears to extend from
100 to 160 feet, and 1s therefore about 60 feet thick

The beds descrlbed by Hill in 1888 as the “Washington greensand” or the
“Washington or High Bluff greensand’’¢ are doubtless very nearly equivalent to
the Nacatoch sand as used in this report, and this older name would have been
adopted here, but it was found to be preoccupied by the name ““ Washington County
group,’’ used by Stevenson in 1876 *  The term “ Washington greensand ”” has never
been very closely defined, but the writer is inclined to beheve that 1t includes a
portion of the greensand marls which in the present classification are included 1n
the Marlbrook formation, the term ‘“ Nacatoch’” being restricted to the sandy beds.

aAnn Rept Geol Survey Arkansas for 1888, vol 2, 1888, pp 72-75, 188
b Second Geol Survey Pennsylvama, Rept K, 1876, pp 44-36
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ARKADELFHIA CLAY,

The dark laminated clays which overlie the Nacatoch sand and form the “blue
dirt " of the well drillers along the lme of the Iron Mountain Railway from Arkadel-
phia to Texarkana were named by Hill in 1888 the Arkadelphia shales, from the out-
crops at Arkadelphia, Clark County ¢ These beds contain uppermost Cretaceous
fossils for 100 to 200 feet above the Nacatoch sands, the fossil-bearmng beds bemg
well developed on Yellow Creek 3 to 4 miles northwest of Fulton, 5 to 6 miles north
of Hope, north and northwest ot Emmet, and at Arkadelphia  (Sece Pl IIT) Thus
far no fossils have been found in the upper portion of this formation, which extends
without any apparent break to the Eocene sand beds formimng the sandy hills (the
crest of the Sulphur Wold, P1 I, 4, p 14)south of the Iron Mountamn Rallway  This
absence of fossis, together with the fact that the Midway (Focene) formation,
though commonly characterized by himestones, contains dark-colored elays, makes
the exact determiation of the top of the Cretaceous in this section particularly
difficult

In only four of the many wells which have penetrated the top of this formation®
has any suggestion been found of a basis for division below the lower Eocene sand
beds. At Uni, La , shell marl i1s reported 1m two wells (835, 836) at a point 150 feet
below the sandy beds of the lower Eocene, and the wrter 1s strongly inchned to
believe that this shell marl 1s Midway (Ilocene) (PI XXXVII s¢c F, p 70), as is
likewise the marl reported in the wells at Furrh, La (802), and Waldo, Ark. (141),
(P1 XXXVII, secs. H, 1)

The total thickness of the Arkadelplua clay, excluding the beds which appear
to be stratigraphically Eocene, 1s from 200 to 300 feet at Arkadelphia, 500 feet at
Lanesburg, 500 to 600 feet at Hope and Spring Hill, and 500 feet at Texarkana
and Shreveport.

IGNEQUS INTRUSIONS DURING THE UPPER CRETACEQOUS.

At a number of points in Arkansas and Texas, near the old shore line of the upper
Cretaccous sea, limated outerops of igneous rocks have been found Some of these,
like the cleolite-syemites¢ at Magnet Cove and Hot Springs, Gailand County, Ark.,
are now entirely within the Paleozoic rocks; others as the peridotite dike¢ at Mur-
freesboro, Ark., and the several basaltic and phonolitic intrusions around and west
of Austin, Tex ¢ cut the Cretaceous deposits; and still another group, the eleolite-
syenites (Fourche Mountain gramte) occurring near Lattle Rock and Benton, Ark,
is surrounded by lower Tertiary sediments.c (Pl 1II, m pocket) No lava flows
or other cffusive materials have been found associated with these igneous rocks,
which 1t appears, represent cracks filled with molten matter rather than centers of
volcanic activity ’

¢ Ann Rept Geol Sur.vey Artkansas for 1888, vol 2, 1888, pp 53-56

b For example, those about Lanesburg and Verde in southern Nevada County (563, 621, 625), about Hope (321), Spring
Hill (344-353), and along Red River (196-202, 464), 1 southern Ilempstead County, at Texarkana (478, 480, 480A), Dixue,
La (799), Bossicr City, La (785), Lake Pomnt, La (788), Shreveport, La (806), and Frierson, La (871)

c¢Willams,J F,The igneous rocks of Atkansas Ann Rept Geol Survey Arkansas for 1890, vol 2,1891, pp- 1,2,5.

dlmd , pp 377-380

e Hiil, R T ,Eightcenth Ann Rept U S Geol Survey,pt 2,1808, pp 256-257.






UPPER CRETACEOUS OR GULF SERIES. 29

The exact time at which theseintrusions took place has not been fixed defi-
nitely, but Wilhams 1s inchned to believe that these in Arkansas occurred near
the end of the Cretaceous, certainly before the deposition of the Sahine sediments
In the Texas region IIill has found evidence that some of the intrusions were
made as early as the deposition of the Austin chalk

DEVELOPMENT OF DOME-LIKE FOLDS INLYING AREAS OF THE UPPER CRETACEOUS
IN NORTHERN LOUISIANA AND EASTERN TEXAS

Other disturbances during the late Cretaceous or very early Kocene resulted in
the formation of a number of steep domes or four-sided folds (quaquaversals) on
the sea bottom m what is now northern Louisiana and castern Texas (Pl XXXVII,
p 70) Whether the forces producing these unique domes were m any way associ-
ated with thosc producing the intrusions just mentioned it 15 as yet impossible to
say, but the wrregularty of their distribution, the great symmetry of all the domes
which have been carefully studied¢ (Pl XIII, fig 5), the difficulty of explaining
this symmetry by any

manner of folding not asso- 3 TN ¥
. . . - N Yy
ciated with igneous Intru- @ Y, L N ‘g‘ w
’ N\ X

stons, and the suggestion Y SE’ S R
- . N
which this symmetry car- ] Se 7 3 v 8
: led € x DAY
ries of force apphed at one 9 4 . N wR

point from below, just as a ’ *'---:'__._'-:Aw_'}_:}_'t’:"__.'b‘_f_7'1-_.'t_.-.-
sharp-pointed 1it-tle dome Grefaceous Cretaceous O
might be formed in a sheet N
of dough by pushing up- o T2 fmile
waird with a blunt pencil, rie 5 —cross section at vrakesSalt Works, Lomsina, along ne B-B, Pl X111,
indicate similar 1g£neous Zl;mmg location of shallow brine wells and symmeirical truncated character of
intrusions beneath these

great thicknesses of relatively plastic, recently deposited Cretaceous sediments as
the cause of these domes ?

Whatever their true origin, the sea floor showed, near the close of the Creta-
ceous, or 1n the carly Tertiary, a series of steep-sided, more or less circular elevations
These elevations would naturally modify the conditions existing in the portrons of
the sca where they were sufficiently contiguous to materially mterrupt the occame
circulation, and 1t 1s perhaps to such an interruption by the Texas group of dowmes
that the salt deposits of Grand Saline, Tex |, ate due

These domes werce entirely buried by the Focene sediments, and as the twelve
which have thus far been found in northern Lousiana and castern Texas (Pl
XXXVI, p 68) all occur mn valleys (Pls. III, in pocket; XXXVII, sec F, p 70)
flanked by hills of Tertiary strata and their exposure is due to more or less accidental
conditions of erosion, 1t is quite probable that others will be encountered when the
country 1s more thoroughly prospected. This probability introduces a decided
element of uncertainty mto the artesian-well prospects of this region,

aSee Veateh, A ( The salines of northern Loulsiang, Geol Survey Louisiana, Rept. of 1902, pp. 41-100
b See footnote p b7,
1393—No 46—06——3
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In determining the amount of deformation represented it 1s necessary to ascer-
tain with some degree of accuracy the age or stratigraphic position of thg beds
exposed 1 these domes At the Anderson® and Brooks? salines in Texas and at
the Bisteneau, Kings, and Rayburns salt works m Louisianac¢ fossil shells, such as
Exogyra costata, Gryphaea vestcularis, ¢ Ostrea larva, and other foris representing an
uppermost Cretaceous fauna, have been found 1n hmestone or chalk-marl deposits.
These beds are the hithologic and paleontologic counterparts of the Marlbrook divi-
sion of the Arkansas section, and may be tentatively referred to 1t Tf of Marlbrook -
age the displacement to the present top of the dome 15 1,100 feet (P1 XXXVII,
sec. D, p 70) The original height of the top of the dome 1s not known, but the
present truncated top 1s 14 miles in diameter (Pl XIII), and the removed portion
must have had a thickness of many hundred feet The known displacement at
Kings and Rayburns 1s about the same, but the total displacement was probably
somewhat less, as 1s indicated by the smaller area of their truncated tops

The beds exposed 1 the Winnfield dome are nonfossiliferous, Iight-colored,
porous crystallime limestone 1 which the cavities are filled with sharp calcite
crystals  Similar porous limestones of great thickness have been encountered in
wells at Drakes (904, 994) and Cedar Tack, 2 miles south of Winnfield (999), and
as the structure m all these cases is the same as that at the localities carrying
Cretaceous fossils, and as the limestones are totally different from any of the Ter-
tiary sediments in this region, they are regarded as Cretaccous deposits which
have been altered by the pressure and heat produced in formung the domes These
marbles could not have been formed {from any of the beds above the Marlbrook,
and they are therefore regarded as Marlbrook or older. The deformation repre-
sented 1s therefore in the neighborhood of 2,000 feet (Pl. XXXVII, sec. C, p 70).

At Coochie Brake and Drakes, and Prices salt works, very arenaceous limestones
contaimng leaf impressions are found in the domed areas. These, if Cretaceous—
and it is difficult to see how they may be Tertiary—represent either the Nacatoch
or the Bingen At Drakes the diameter of the truncated dome is about a mule,
and the observed angle of slope on one side is 45°. This indicates that the strata
removed may have had a thickness of as much as 2,000 feet and that the total
deformation may be 3,000 or 4,000 fect

The deformation at the Many dome, which is capped with Midway limestone,
is almost the total thickness of the Sabine in this region, or between 800 and 1,000
feet.

The greater part of the movements represented in these domes took place in
late Cretaceous or early Tertiary time, certainly before the deposition of the Sabine
sediments, which show no signs of deformation of this magnitude However,
it seems probable that these points have been the loci of shght movements since
that time, and that the relatively great dip of the Claiborne beds immediately
surrounding the Winnfield dome is due to such a slight movement rather than
entirely to deposition on a highly inclined surface

a Dumble,E T ,Second Ann Rept Geol Survey Texas, 1891, pp 304, 305

b Herndon, J. H., Second Ann Rept Geol Survey Texas, 1801, p 223

¢Veatch, A. C , Geol Survey J.ouisiana, Rept of 1902 [1902], pp 73,74, 78, 86-87

d The variety which Taff igurcs as charactenstic, n Arkansas of the hase of the Saratoga or mid-Marlbrook formation:
Twenty-second Ann Rept U 8 Geol Survey,pt 3,1902,pls 51,52 (See P! X,2,2a,p 26)
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TERTTARY.

EOCENE
CONDITIONS OF DEPOSITION.

The change from the Cretaceous to the Tertiary in this region is much more
of a paleontologic than a stratigraphic break, many of the genera and all of the
species of mollusks mhabiting the Cretaceous sea disappeared at the close of the
Cretaccous, as if by magic, to be replaced by the entirely new fauna which inhah-
ited the Kocene ocean

No stratigraphic break at all commensurate with the paleontologic break has
been discovered 1n this region, and the abrupt change in the animal life 1s, as Dana
suggests,® perhaps due more to an alteration in the direction and character of
the ocean currents, with the consequent change m temperature and food supply,
and to the destructive effects of earthquake waves resulting from the gigantic
disturbances which produced the Rocky Mountains, than to a time lapse.

Midway epoch —Certainly the earliest Eocene deposits, the Midway forma-
tion, are sediments indicating depths and distribution of water which are but the
normal continuation of the Cretaceous conditions (compare A and B, Pl. XV),
to which cycle of deposition (p 22) they scem more properly to beleng This
fact, with the presence of the Midway on the top of two of the domes, at Kings
and Many, suggests that the domes were formed as late as the begmmno of the
Sabne.

The shore line of thus early Eocene ocean was roughly parallel to that of the
late Cretaceous sea, and the shght deepening of the water which permutted the
formation of the Midway limestone, together with a slight warping, allowed the
ocean to advance tarther up the Mississippl embayment than before, and made
possible the deposition of marne fossils 1n southern Illinois,” while marine Creta-
ceous fossils have not been found north of northern Tennessee.

Sabine epoch —The Mississippi embayment at this time was relatively shallow
and flat bottomed—its present depth of perhaps 3,000 feet at Memphis bemg the
result of very gradual warping accompamed by a deposition which kept pace
with the lowering and which extended through the whole Eocene—and a shght
clevation was sufficient to convert it into a great low-lying swamp, or marsh, occa-
sionally submerged by the ocean. The conditions were favorable for the growth
of shallow-water marme mollusca (P1 XV, (1) only as far north as Sabine Parish
in Louwsiana, about 30° north latitude, and m eastern Alabama about the lati-
tude of Meridian, Miss., and even here there was an alternation of marine near-
shore and swampy conditions These deposits constitute the Sabine formation.
Above these swamps, or out of the shallow-water sea, the domes projected as a
unique series of.circular hills, and as the progressive subsidence continued they
were gradually buried beneath the swamp, estuarine; and shallow-water marine

a Manual of Geology, 4th ed , 1895, pp 877-878

b Worthen, Geol Survey Ilhnois, vol 1,1866, pp 44-46, Loughridge, Geol Survey Kentucky, Rept on Jackson’s Purchase
Region, 1888, pp 41-52, Ilarrs, Geol Survey Lowsiana, Rept of 1902 [1902} p 9

¢ Loughnidge, Geol Survey Kentucky, Rept on Jaekson’s Purchase Region, 1888, p 32
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deposits, doubtless undergomg 1 the process more or less erosion from atmos-
pherie agencies and ocean waves.

Clasborne epoch.—A slight depression, or perhaps it would be better to say a
shght excess of the rate of depression over the rate of sedimentation, in eastern
Texas and along the embayment caused the marine fauna to extend farther
northward and to reach in the embayment region a point a little north of the thirty-
third parallel (P1 XV, D). Still farther north, where the water was not deep
enough, or river sediments prevented the growth of marmne forms, the deposition
of the lignitiferous sands and clays containing no marine fossils, which had begun
at the close of the Midway, continued A slight elevation, greater in Louistana
and Tcxas than i Alabama, converted the shallow, flat sea bottom ot the early
portion of the Claiborne epoch mto a coastal or estuarine marsh, and in western
Mississippi, Louisiana, and Texas from 200 to 500 feet of Lignitiferous clays and -
sands with no marine fossils were laid down before the gradual oscillation of this
region or changes in climatic conditions again permitted a northward transgression
of the marine fauna. This group of sediments is called the Cockfield member of
the Claiborne

Jackson epoch.—Following the Cockfield deposition, conditions were favorable
for the growth of marine forms to a point somewhat north 6f Mempls (P1 XV, F).
This, the Jackson epoch, completed the main filling of the embayment area

In the succeeding Oligocene and Miocene time the shore line retreated gulf-
ward, and there is no evidence that during these ages there was more than a gentle
curve 1n the coast line m the region of the old Mississippt embayment (Pl. 11, D,
p- 18).

MAJOR DIVISIONS OF THE EQCENE,

The Eocene about latitude 31° 30/ north 1s composed of the following major
paleontologic subdivisions (1) The Midway, characterized by fossiliferous lime-
stone, but containing some blue clay, (2) the Sabine, composed of lignitiferous
sands and clays, with maine fossils in the seaward or southern portions, (3) the
Clarborne, composed of very fossiliferous calcareous clay in its lower portion and
ligmtiferous sands and clays, with no marine fossils, m 1ts upper (Cockfield mem-
ber), and (4) the Jackson, composed of fossiliferous calcareous clays. In the
upper portion of the embayment all the beds become lignitiferous and lose to a
greater or less extent their distinctive marine fossils This lignitiferous complex,
which can be separated only on purely stratigraphic grounds, 1s discussed and
mapped 1 this report as ‘‘undifferentiated Eocene” (p. 40).
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MIDWAY FORMATION.a .

This formatton, which was named by Smth and Johnson‘in 1887 from a land-
ing on the west side of the Alabama River in Wilcox County, Ala ° and redefined
by Harns® to meclude a paleontologic group bounded below by the Cretaceous
and above by the Nanafalia beds of the Sabine (Lignitic), has been traced more
or less intermittently along the southern edge of the Cretaceous outcrops—or
where they are nussing, as in the uppermost and westein parts of the Mississippi
embayment, along the Paleozoic rocks—from Georgla to Colorado River in Texas
and perhaps to the Rio Grande

As already indhcated, 1ts Iithologic characters are more simular to the under-*
lying calcareous Cretaceous clays and marls than to the overlymg hgnitiferous
beds of the Sabine Although this formation is composed of irregularly bedded
dark-colored calcareous clays with more or less sand, it is generally characterized
by the absence of the hgmtic material so common in the overlymg Sabine forma
tion and by a bed or beds of impure white limestone 10 to 25 feet thick, which,
because of 1ts lithologic resemblance, was for a long time correlated with the Cre-
taceous In comumon with other beds of the Eocene, it coutains Venericardia
plamcosta, Pseudolva vetusta, and forms of C’(Llyptmphorus velatus and Turritella

;mortomy (P1 XTIV, p 32)  Among other forms which are pecubiar to this formation

and which are, therefore, marks of 1dentification are Enclimotoceras ulrichy White,

~ Ostrea crenulimargwnata, Gabb, Ostrea pulaskansis Harris, and Volutdithes limopsas

Conrad (Pl XVI).¢ .

In Arkansas the Midway limestone outcrops along the edge of the Paleozoie
rocks from Bayou Departe, Independence County, to below Rockport, on Quachta
River near Malvern, Hot Springs County (Pl III, in pocket). It is particularly
well developed around and south of Little Rock, where the total thickness of the
beds exposed 1s not known to be greater than 20 feet Between the outcrops near
Malvern and southwestern Travis County, Tex , no exposures are known, but from
the latter poiut southward to Brazos River the limestone and marls form a narrow
belt having a maximum width of 13 miles near Whills Point ¢ The total thickness

aSynonymy of the Midway formation
=Mdway stage, Harris (Bull Am Pal,vol 1,1896, pp 11-13)
=Midwayan stage, Dall (Eighteenth Ann Rept U S Geol Survey, 1808, table opp p 334)
=Basal or Wills Point clays,Penrose (First Ann Rept Geol Survey Texas, 18%), pp 19-22)
=Midway (or Clayton)+ Suearnochee or Black Bluffi+ Naheola or Matthews Landing, Smithet al (Bull U 8 Geol
Survey No 43,1887, p 18, Geology of the Coastal Plan of Alabama, Geol Survey Alahama,1894,p 27)
>Porter Creek group, Safford (Am Jour S ,2d ser ,vol 37,1864, p 36%)
>Flatwoods clays, Thigard (Agnculture and Geology of Mississipm, 1860, pp 110, 111, Proc Am Assoe Adv Sc1,
vol 20,1871,p 222, Am Jour Sc1,3d ser,vol 2,1871,p 391)
=Middleton formation, Safford (Bull Geol Soe America, vol 3,1892, pp 511,512)
NotE —In this and the several synonym tables following, the symbols nsed have the following meanings
=Edqual to in cvery respect
=Equal 1n a general way
>Less than
< Greater than
#Not equal to
bBull U S Geol Survey No 43,1887,p 62
¢ Ann Rept Geol Survey Arkansas for 1892,vol 2,1894,pp 8,9,22, Bull Am Pal,vol 1,186, pp 11-13
4 For a detailed discussion of the paleontology of the Midway formation see Harris, G D , The Midway stage: Bull. Am,
Pal ,vol 1,1896, pp 117-270
¢ Kennedy, Wilham, Proc Philadelphia Acad Nat Sa for 1895,189%6, pp 144-149

!
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in this section is estimated by Kennedy at 260 feet,?® which is but a little greater
than that found in this formation in western Alabama by Harris (210 feet).b It
therefore seems probable that the thickness of the Midway beds underlying Loui-
slana is about 200 feet.

In Louisiana limited outcrops of the Midway have been found in connection
with two of the domes, Many and Kings (Pls. ITI, in pocket; XXXVI, p. 68), and
the report of ‘‘ Nautilus dekayi Morton” (probably Fnclimotoceras wlrichi White)
between Hendersons Mills and Albany, in Caddo Parish,© together with the
irregularity of the section of a well (801) sunk near the mouth of Cottonwood
Bayou, which obtained brine, suggests that there may be another dome ares in
this region (Pl. XXXVTI, sec. F, p. 70). None of the fossils have been examined,
but it seemns probable from the structure of the region that the shell marls
reported in wells at Uni (835, 836) and at Furrh, La. (802), are Midway, as are
likewise the shells found in the well at Waldo Ark (141), (P1. XXXVII, secs. F,
H, ).

SABINE FORMATION, d

Overlying the Midway limestones and calcareous clays is a series of dark,
finely laminated sands and clays containing much vegetable matter, cither scattered
through the mass or accumulated in lignite beds, and qccasional layers containing
marine shells. It commonly differs from the underlying Midway in the presence
of lignitic material and fossil leaves (Pl. XVII) and when containing marine fossils
(Pl. XVIII) is readily distinguished from both the Midway and the overlying
Claiborne. Toward the coast, where it is overlain by the very calcareous,
argillaceous, fossiliferous lower Claiborne beds, its upper hmit can be fixed with
exactness, but farther inland, where estuarine and swamp conditions persisted
until Jackson time, no separation is possible except on a purely stratlgraphlc basis.
(See P1. XXXVII, p. 70.)

On the whole, the formation is predominantly sandy, and while the sand beds
are not so regular or so coarse as some of the beds in the Cretaceous, they are the

aThird Aun. Rept. Geol, Survey Téxas, 1892, p. 49.
b Harrls, G. D., Bull. Am. Pal., vol. 1, 1896, p. 145.
¢Collins, II. C., Ann. Rept. Chiel of Engineers for 1873, voi. 1, 1873, pp. 661-654; also House Ex. Doe., 43 Cong., 18t sess.,
vol. 2, pt. 2,1873, pp. 651-664. A carcful examination of this locality Dy the writer failed to confirm this report. Collings
statement, however, bears so many earmarks of cureful observations, faichfully recorded, that the results of this ¢xamination
arc not felt to be conclusive N
d Synonymy ol the Sabine formation®
=Lignitic stage, llarris (Am. Jour. Sci., 3d ser., vol. 47, 1894, p. 304; Bull. Am. Pual., vol. 2, No. 9, 1897).
=Chwckasawan stage, Dall (not Hilgard) (Eighteenth Ann. Rept. U. S, Geol. Survey, pt. 2, 1898, tahle opp. p. 334).
< Tagnitic, Smith et al (Bull. U. S. Geol. Survey No. 43, 1887, pp. 18, 38; Geol. Survey Alabama, Bull. N¢. 2, 1892,
p- 47; Gealogy of Coastal Plain of Alabama, Alabama Geol. Survey, 1804, pp. 147, 198, 488), which includes the
Midway.
>Mansfleld group, Hilgard (Am Jour. Sei., 2 ser., vol. 48, 1869, p. 340), which Includes all thc Sahine formutlon
except the fossiliferous heds.
<Mansfield group, Hopkins (First Ann. Rept. Geol. Survey Louisinna, 1849, 1870, pp. 78, 83), which includes the
nonfossiliferous portion of the Sabine and the Claibourne (Cockficld)
< Camden series, Hill (Geol. Survey Arkansas, Rept. for 1888, vol. 2, 1888, pp. 49-53), which includes fossiliferous
Jackson, the Lagrange, and a portion of the Cretaccous.
> Lignitie, Kennedy (Third Ann. Rept. Geol. Survey Texas, 1892, p. 50; Proc. Philadelphia Acad. Sei. for 1895, 1896,
p. 92), which includes all the Sabine except the fossiliferous beds.
<Lagrange group, Safford (Am. Jour. Set., 2d ser., vol. 37, 1864, pp 369-370; Rept. Memphis Waterworks for 1898),
which includes portions of ail the Eocene beds above the Midway.
<Timber belt or Sabine River beds, Penrosc { First Ann. Rept. Geol. Survey Texas, 1890, pp. 22-47, 117), which in
eastern Texas included also the lower Claiborne, Cockfield, and Jaekson.
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most 1important water-bearing strata 1n Lowsiana and Arkansas north of the out-
crop. of the Catahoula formation (Pl III, in pocket) and south of the Eocene-
Cretaceous boundary

In Alabama this formmation, which has long been called the Lignitic, contains
several fossiliferous horizons that are closely related from a palcontologic stand-
pomnt, but show faunal differences which have led to the recognition of four sub-
stages, named as follows, beginning with the lowest (1) Nanafalia, (2) Bells and
Greggs landings (Tuscahoma), (3) Woods Bluff, and (4) Hatchetigbee. The first
two ate sometimes collectively called the Bells Landing substage and the second
two the Bashi substage ® No distinetive marine fossils have yet heen found 1n
the hgnitiferous time equivalents of this formation m Mississippi, Arkansas, and
the upper embayment region, but along Sabine River in Louwsiana and Texas, in
the same position relative to the embayment as the Alabama deposits, are developed
fossiliferous beds showing the same facies Ostrea tharsze (P1 XVIII), an oyster
common in the Nanafaha horizon in Alabama, occurs in abundance at Marthaville,
La, and the fossils from Pendleton and Sabinetown bluffs on Sabme River, n
Sabine County, Tex , show very close affinities to the Greggs Landing and Woods
Blufl horizons of Alabama.! These beds are limited above by a well-preserved
and abundant lower Claiborne fauna, and below by the Midway (Wills Point)
fossihiferous clays and limestones . ‘

The name Ligmitic formation, derived from the lithologic character of the
beds, 1s not 1n accordance with the rules of geologic nomenclature, and it 1s therefore
necessary Lo give to this formation the name of some locality at or near which the
beds are typically exposed As the name Cluckasaw formation¢ or stage, which
has been used by Dall as an exact synonym for Lignitic, 1s neither stratigraphically
nor historically appropriate in this sense, and as the name Lagrange (Safford, 1864)
has been apphed to the lignitiferous complex above the Midway, and as the doubtful
defimtion and the lack of marme fossils at the type localities of the Mansfield group
(Hilgard, 1873) and Camden formation (Hill, 1888) make them unavailable, the
name Sabine has been suggested and adopted, from the typical development of the
formation along Sabine River in Sabme County, Tex , and Sabine Parsh, La., and
from noteworthy exposures at Sabmetown Bluff

e Smith, . A ,and Johnson, I, C, Bull U S Geol Survey No 43,1887, p 18, Smith, & A, Johnson, I. C, and l.angdon,
D W, Geology of the Coastal Plamn of Alabama, Geol Survey Alabama, 1894, p 27, Tatns, G D, Bull Am Pal, vol 2,
1897, p 1%

b Harris, G D, Geol Survey Louisiana, Rept for 1899 [1900), pp 65-72, 299-309, Geol Survey Lowsiana, Rept of 1902, pp
123-125

c This name was suggested by Hilgard as an appropriate equivatent for his Northern Lign tie (which 1s defined 1n Geoleogy
of Mussissipp, 1860, pp 110-123, Am Jour Ser.3d ser, vol 2,1871, pp 394-396), for the very sufficient reason that the ‘‘entire
Northern Ligmtic 18 within the Chickasaw Purchase, and 1ts most characteristie and conspicuous outerops are on the four
Chuckasaw bluffs, of which the Memphis bluff 18 the last”” (Eighteenth Ann Rept U S Geol Survey, pt 2, 1898 pp 344-
345)  Dall, however, assumcd that Hilgard's Northern Lagmtic was the exact equivalent of the Ligmtic defined by paleonto-
logic eriteria in the Alabama section, and so used 1t As g matter of faet the Northern Lagmtic 18 a igniliferous complex,
contaimmg representatives of all the beds between the Midway and the Jackson (see p 40), and therefore represents the
swamp and estuarine deposits of the Sabine, Claiborne, and Jackson epochs The strata exposed in the Chickasaw bluff
the type locality (see P XXXVI1I, 4, p 70 are stratigraphically either Jackson or the underlying Cockfield, which 1s upper-
most Clalborne 1n the whole of the Chickasaw Purchasce (about 20,000 square miles) no locality of the Sabine (Lignitic)
contaming typical marine fossils hus been found, and 1t 1s necessary to go 100 miles from its border for such a locality Tt
therefore appears necessary either to use the name Chickasaw formation in the sensc in which Hilgard defined it or to
abandon 1it.
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The Sabine formation and 1ts equivalent beds in the undifferentiated Focene
underlte the whole of Louisiana, except the limited areas occupied by the outcrops
of the Cretaceous and Midway domes, and all of Arkansas south and east of the
Cretaceous and Midway outcrops (Pl IIl, mn pocket) Its thickness, as shown by
carefully constructed scctions in which local wrregularities are reduced to their
proper minor importance, ranges from 300 feet 1n northern Bossier Parish to from
800 to 900 feet near Natchitoches and on Sabme River (P1 XXXVII, p. 70).

CLAIBORNE FORMATION a

This formation, which overhes the Sabine, contains the most persistent and
widely developed marine beds of the Coastal Plam, and 1s known to extend from
Maryland to the Rio Grande. Tts extremely fossihferous character early attracted
attention, and 1t was from collections from Clathorne Bluff, on Alabama River,
in Alabama, that the presence of beds of Eocene age in the Gulf States was first
proved by Conrad ® He named 1t the Claiborne formation and, with Lea, de-
scribed and figured many of the fossils found 1n a relatively thin sand bed which
outcrops m the bluff at Claiborne Landing, Ala Subsequent work has shown
that this bed, which 1s generally referred to as the Claiborne sand, 1s but a very
local development, paleontologically, of one of the larger divisions of the Eocene.
It 1s to thus large division that the name Claiborne formation or Claiborne group
is now apphed (See synonymy )

In central Louisiana the Claiborne formation 1s divisible mto a lower fossil-
iferous member, which has been called the ‘‘Lower Claiborne’” in this area, and
an upper hgmtiferous member, called the Cockfield, which contains no marme
fossils  The lower portion 1s much more calcarcous, glauconitic, and clayey than
the underlying Sabine beds, and where typically developed contains no lLignitic
nor lignitiferous matter, though to the north 1t changes to hgnitiferous sands and
clays and merges into the undifferentiated Eocene group Thus, while across
San Augustine and Sabine counties, Tex., and on Sabine River 1t is extremely

a Synonymy of the Claiborne formation

=Claibornian stage, Dall (Fighteenth Ann Rept U § Ueol Sutvey pt 2, 1808, pp 342-343), except the White Bluff
beds -

=(lathorne (sund)4Lower Clathorne, Hairis (Am Jour Sci ,3d ser ,vel 47,1804,p 304),cxecept the White Bluff beds

=Clathorne sund + Ostrea selleformis heds4 Iasbon beds4 Buhrstone, 1larris (Am Jour Sci, 3d ser, vol 47, 1894,
p 304) .

=cClalboine (sand)+ Bulrstone, Smith and Tohnson (Bull U S Geol Survey No 43, 1887, p 18)

=(laiborne proper (includmg the (aiborne sand and Ostrea selzeformis beds)4 Buhrstone, Smith, Johnson, and
Langdon (Geology of the Coagtal Plain of Alabama, Geol Snivey Alabama, 1894, pp 27, 122, 124, geologic
map of Alabama, 1894)

>or=Clathorne stage or Claiborne group (sthiceous Clathorne-calcarcous Clarhorne) Hilgard (Geology of Missis-
«ipp1, 1860, pp 108, 123-128)

>Claibormian, Hellprin (Proc Philadelphia Acad Nat Seir, 1882, p 184, Contributions to Tertiary geology and
paleontology of the United States, Philadelphia, 1884, p 30), which 1s exuctly equivalent to Claihorne sand

< Lower Clathorne, Kennedy (Proc Philadelphia Acad Nat Scr for 1895, 1806, p 92), which mecludes portions of
Jackson and hasal Oligoeene beds

<und> Cooks Mountain beds+3dount Selman beds (Marine deposits or Marine beds), Kennedy (Third Ann Rept
Geol Survey Texas, 1892, p 45, Bull U S Geol Survey No 212, pl 2, 1903), wlueh include also the portion of
the Sabme which contamms marme fossils

= Lower Claiborne+Cockfleld Ferry beds, Vaughan (Bull U 8§ Geol Survey No 142, 18%, p 21)

=Lower Clatboine, ITarrts and Vealch (Geol Survey Louisiana, Rept for 1899 [1900], pp 73-89, geologic map)

=Lower Claiborne+ Cockfield, Harris (Geol Survey Loulsiana, Rept of 1902 [1902], pp 17-21)

b Contud, T A, Eoccne fossis of the Claithorne, with observations on this formation m the Umted States Fossil
8hells of the Tettiary Formation of North America, vol 1, No 3,1835, pp 29-46 (See Harris's republication of Conrad’s
Fossil Shells, 1803, pp 75-84)

¢ Lea, Isaac, Tertiary formation of Alabama Contributions to Geology, Philudelpha, 1843, pp 9-209 pls 16

r
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calcarecous and fossiiferous and 1s sharply hmited both above and below by the
lignitiferous beds of the Cockfield and the Sabine, and while 1t mamtains this
calcareous, fossibferous character northward in Lowsiana to about the Vicksburg,
Shraveport and Pacific Radway (P1 III, in pocket), yet north of that hne the
beds are pronouncedly hgnitiferous 1in character. A few small, pootly preserved
Claiborne fossils have beep found i northern Bossier Parish,® and stratigraphie
relations suggest that the fossils found in the wells at Buckner, Ark (134), and
Dubach, La (889), and at Walnut Bluff, below Camden, on Ouachita River,? are
also Claiborne, but the general character of the beds mn this region indicates neai-
shore or swamp conditions very different from the deepexr water conditions farther
south

Tn Lowsiana and Texas the commonest and most readily recognized lossils
of this formation are Ostreq selleformis and Anomia ephippordes  The oysters are
particularly abundant, often forming ‘‘oyster prairies,” which are bald spots cov-
ered with oysters These shells, together with some of the other common and
characteristic forms, are shown in Pl. XIX.

The thickness ol this lower fossiliferous portion of the Claiborne formation
15 250 to 300 feet 1 the region about Monroe, but mcreases to over 500 feet at
Winnfield On Sabme River the thickness, calculated from dip observations, is
550 feet,c and the section of a well recently put down near Robinsons Ferry, Texas
(1120), which obtamned fossils at a depth of 1,250 feet, that Dr W H Dall regards
as Claiborne, indicates that it 1s as much as 700 feet

COCKFIELD MEMBER OF THE CLAIBORNE 4

The lignitiferous sands and clays which occur in central Lowsiana between the
marine portions of the Claiborne and Jackson formations are extremely similar m
hthologic character to the Sabine beds, and were at first confused with themn  They
contain no marine mollusks and are characterized by thin, nimpure lignite beds and
clays, often contaning plant remams mn an excellent state of preservation They
are 1dentical in appearance with the lignitiferous complex to the north (undifferen-

e Harris, G D, Ann Rept Geol Survey Arkansas for 1892, vol 2, 1804, pp 178-180
b1bd, pp 141-142
¢ Geol Survey Lowsiana, Rept of 1902, p 120
. @Synonymy of the Cockfield member
= Upper Lignitic beds, Lerch (Preliminary report on the hills of Loulsiang south of the Vicksburg, Shrevepor t and
Pacific Raliway to Alexandna, 1893 pp 82-85)
=Cocksfield Ferry beds, Vaughan (Am Geol , vol 15,1893, p 220, Bull U § Geol Survey No 142,189, p 21)
< Lower Claiborne, ITarris and Veatch (Geol Survey Lowsiana, Rept for 1899 [1900], pp 80-82), which meludes also
the fossiliferous portion of the Claiborne i Louisiana
=Cocksfteld beds, Tlurr1s (Geol Survey Lowsiana, Rept of 1902 [1902], p 21
=(Cocksfleld Ferry I eds or Cocksfield, Veatch (Geol Survey Lowmsiuna, Rept o1 1002, pp 120,130-131, 141, 158, 160-163)
=?Yégua, Dumble (Report on Brown Coal, Geol Survey Texas, 1892, pp 148-154, Science, new ser , vol 16, 1902, pp
670-671)
<Yégua clays, Kennedy (Proe Philadelplna Acad Nat Sci,vol 47, 1895, p 92), which wncludes part of the fossilif-
crous marine Tackson
< Lufkin or Angehna County beds, Kennedy (Third Ann Rept Geol Survey Tevas, 1892, pp 45 58-60) which
meludes part of the fossihiferous maime Jackson
<Mansfield group, Hopkins (First Ann Rept Geol Survey Lomsiana, 1869, 1870, pp 78-83), which includes the unfos-
sihferous Sabine
<Northern Ligmtic, Iilgard (Geology of Mississippr, 1860, pp 110-123, Am Jour Sci, 3d ser, vol 2, 1871, pp 394-
396), whach includes also hgnitiferous portions of the S8abme and lower Clathorne
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tiated Eocene) of which they form a part, and can be definitely differentiated only
when fixed between fossiliferous Claiborne and Jackson beds or by structural data.

They were first definitely separated from the other Kocene nonmarine strata by
Lerch, who called them the upper Lignitic in distinction from the lower Lignitic
(Sabine) which occurred below the lower Claiborne fo mation. TLater Vaughan
found these beds typically exposed at Cockficld Ferry,” on Red River, halfway
between the very fossiliferous Claiborne beds at St. Maurice and the Jackson beds
at Montgomery, and named them the ¢ Cocksfield Ferry beds.”

At Jackson, Miss., the Cockfield beds have a thickness of about 400 feet.? In
Louisiana the thickness ranges from 400 to 500 feet. (See Pl. XXXVII, p. 70.)

The sandy, near-shore character of these beds makes them of greater importance
as water carriers than the Claiborne and Jackson. In central Louisiana they coin-

monly contain great amounts of soluble salts and the water is generally not so good
~ as that from the Sabine. In Arkansas and Mississippi a sand bed at about the
same stratigraphic position as the basal Cockfield water horlzon yields good potable
water (p. 85).

Regarding the relation of the Cockfield to the Jackson and Claiborne time
divisions the data at hand, as has been pointed out by Vaughan ¢ indicate that they
are late Claiborne rather than early Jackson. . In central Louisiana they are limited
below, at St. Maurice, by fossils which belong low in the Claiborne, and above, at
Montgomery, by {ossils which, while not basal Jackson, are low in the Jackson;
and while the Cockfield may contain a small amount of the Jackson, it is to be
regarded as almost wholly of Claiborne age. In southern Arkansas, where basal
" Jackson fossils are developed, the Cockfield is clearly of Claiborne age. In central
Texas, as pointed out by Dumble the Yégna of Dumble (not Kennedy) presents
many points of resemblance to the Cockfield, and is here clearly a portion of the
Claiborne. : R

a This was spelled by Vaughan ¢ Cocksfield Ferry.” The maps of the Red River Survey (MS. sheel No. 37, Red River
Survey, U. S. Engrs., 1889-1890, scale 1: 10,000) gave two plantalions at this point belonging to “A. P. Cockfield ” and ** W .J.
Cockfield.”” The ferry name should naturally ke spelled in the same way as the nano of the owners. The section at
** Cocksfield Ferry,” published by Vaughan (Am, Geol., vol. 15, 1895, pl. 9; Bull. . Geol. Survey No. 142, 1896, pl. 1), is
really a section of Petite Ecore, or, as it has been improperly anglicized, ** Petite Ecore Bluff,”

b Based on well section given in Geology and Agriculture of Mississippi, 1860, p. 191.

¢ Bull. U. 8. Geol. Survey No. 142, 1896, p. 22.

2 Science, new ser., vol. 16, 1902, pp. 670-671.
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JACKSON FORMATION.a

The Jackson grbup was named by Conrad? m 1856, from Jackson, the capital of
Mississippy, where the beds are typically exposed. Tt consists of a series of fossihifer-
ous, somewhat gypseous, calcareous clays which have been traced from eastern
Alabama to eastern Texas 1t extends farther up the Mississippi embayment than
any other of the Tertiary beds contamming marme fossils except the Midway
(PL. XV, p. 32), having been found m wells at Hays TLanding, La. (872), near
Arkansas City, Ark. (144), and at Ilelena, Ark (644) 1t is exposed at Crowleys
Ridge, west of Memphis, and, south of Arkansas River in Arkansas, extends {rom
near Little Rock to Hamburg (See Pls II1, in pocket, and XXXVII, sec. A, p.70)
At Crowleys Ridge 1t shows a marked tendency to change mto hgnitiferous clays—
a tendency which 1s (ute like that of the Clatborne and the Sabine farther south.

In this region 1t 1s the most fossiliferous marme hed of the Eocene, with the
possible exception of the Clatborne mn Louisiana and the Midway 1 Arkansas, from
both of which 1t may be distinguished by 1its characteristic fossils (Pls XX, XXIT)
and stratigraphic position. One of the noted outerops m Louisiana is shown m
Pl XXII, A (p 40)

e Synonymy of the Jackson formation

=Jacksonwn stage, Dall (Eighteenth Ann Rept U 8 Geol Survev pt 2,188 p 342

=Juackson stage, Harris and Veatch (Geol Survey Loulsiana Rept for 1899 [1900] pp 89-43, Geol Survey Lousi-
ana, Rept of 1902, pp 22-23, 131-132, 141, 158, lo4-167)

< Jackson group, Hopkins (Second Ann Rept Geol Survey Lowsiana, 1871, pp 7-15, map), which mecludes the
Sabine, Cockficld, lower Claaborne, and a part of the Jackson, the remainder of the Jackson 18 included 1 his
Vicksmirg group

< 'White limestone, Johnson (Report on the iron region of northern Louisiana and eastern Texas, House Ex Doc
50th Cong 1st sess, No 195, 1888, map, pp 14-15), which includes lower (laitborne (in part), Cockfield, Juck-
son, and Vicksburg (?)

< Yéguaclays, Kennedy (Proc Philadelphia Acad Nat Sci,vol 47,1895 p 92), which mncludes the Cockfield

#Yégua, Dumble (Report en Brown Coal, Geol Survey Texas, 1892, pp 148-154, Science, new sci , vol 16, 1902, pp
670, 071), which 1s 1egarded as a portion of the Claithorne

< White imestone, Smith (Geology of the Coastal Plain of Alabama, Geol Survey Alabama, 1894, pp 107, 232, 376, 492,
405, see also Casey, Proc Philadelpla t‘cad Nat Sci for 1901, 1901, pp 513-518)

< Fayette sands, Kennedy (Proc PHiladelphin Acad Nat Sc for 1895, 1896, pp 92, 0§-99, Bull U 8 Geol Sunvey No
212, 1903, p 20, pl 2) ‘These, as defined by Kennedy, are largely Catahoula (Grand Gulf), hut inelude, near
the base, Tackson fossils (See Hains, Geol Survey Lousiana, Rept of 1902, p 235, Veatch, ihd , p 133)

<Vickshurg, Hilgard (Am Jour Sei, 2d ser , vol 48, 18369, pp 340-341, Supplement and Final Report of a Geolog-
1cal Reconnaissance of Lowsianas, New Orleans, 1873, pp 18-19),which includes all the Tackson and Claiborne
peds m Lousiana along Salme River and & numl er of Jackson localities in eastern Louisiana

#Jackson group, Lerch (The hilis of Lowsiana south of the Vieksburg, Shreveport and Pacafic Ratlway [1893] pp
88-91), whach includes only a portion of the lower Claiborne

bConrad, T. A , Proc Philadelphia Acad Nat Se, vol 7, 1856, p 257
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UNDIFFERENTIATED EOCENE ¢

The Eocene beds, which in central Lousiana, MlSSlSSlppf, and Alabama are
fossiliferous, all become lignitiferous in the upper portion of the embayment The
marine fossils of the Sabine, lower Claiborne, and Jackson epochs each extend
farther northward than those of the preceding epochs (PPl XV, p 32), but in each
case the beds bearing manne fossils grade into hgnitiferous clays and sands contamn-
mng no distinctive marine fossils

The first name given to this lignitiferous group, which can not be separated
except on structural grounds, was the Lagrange This mcluded all the Eocene
beds in Tennessee above the Midway, and was afterwards quite logically extended
by 1ts author, Prof J M. Safford, State geologist of Tennessee, to include the hg-
nitiferous sands and clays of Crowleys Ridge,® which are of lower Jackson age and
are the stratigraphic equivalents of the beds in the upper Chickasaw Bluffs This
formation grows more sandy to the north, where at Mcmphis essentially continuous
sand beds 800 {eet thick have been penetrated.c

OLIGOCENE.
CONDITIONS OF DEPOSITION.

The change from the Eocene to the Oligocene in thisx area is, like the change
from the Cretaceous to the Eocene, much more a paleontologic than a stratigraphic
break, and while beds of ligmitiferous strata separate the Jackson from the basal
Oligocene or Vicksburg beds, they are of no greater importance as an mdication of
a time break than half a dozen beds within the Eocene No pronounced uncon-
formity or discordance of the strata has been observed However, such charac-
teristic and abundant Eocenc forms as Venericardia, Pseudolwa, Volutilithes, and
Caly ptraphorus (Pl XTIV, p 32) abraptly terminate in the Jackson, and are replaced
in the basal Oligocene by a distinctly different fauna Of the 122 species known
in the basal Ohgoceng, but 10 are found in the Claibérne and Jackson ¢

The lowest Cligocene beds in the Mississippt Valley, like the basal Eocene, are
lithologically more like the topmost beds of the preceding series than the succeeding
beds of the larger time division which they initiate. They represent conditions of

a Synonymy of the undiffcrentiated Eoccene
=Northern higmtic, Hilgard (Geclogy of Missisaippl, 1860 pp 110-123, Am Tour Sc1, 3d ser, vol 2, 1871, pp 494~
396), except the Flatwoods dlays, which are Midway
=Lagrange, mcluding Blufl hgnite, Safford (Am Jour Sei, 2d ser, vol 37, 1864, pp 369-370)
=Lagrange + Bluff lignite, Safford (Geology of Teuncssee, 1869, pp 424-428)
=Lagrange, Safford (Agricultural and Geological Map of Tennessee, 1874, Taintor Brothels, New York, publishers).
=Lagrange, Safford (Agrtenltural and Geological Map of Tennessee, Tavel, Eastman & Howell, Nashville, Tenn,,
1875)
=Lagrange, Saflord and Killebrew (Elementarv Geology of Tennessee, Nashville, 1876, pp 165-166).
=Lagrange, Safford (Agricultural and Geological Map of Tennessee, 1888, 1896, 1899)
=Lagrange Safford (Rept Mcmphis Wauter W orks, 1898, p 16)
, =Lagrange, Safford (Elements of the Geology of Tennessee, Nashwilte, 1500, pp 104, 160-101)
< Camden serics, Hill (Ann Rept Geol Survey Arkansas for 1888, vol 2, 1888, pp 188-189), whieh 1ncludes the Jack-
son and a portion of the Cretaceous
=(") or >Camden beds, Il (Ann Rept Geol Survey Arkansas for 1888, vol 2, 1888, pp 138-189)
>Chickasawan stage, Dall (Eightcenth Ann Rept U 8 Geol Survey. pt 2, 1898, vp 344-145), which i3 restricted
to the Lagnitie (Harrs, 1899) or Sabine formation
b In report of John Lundie ** On Waterworks Svstem of Memphis, Tenn , 1898 p 16
¢ Safford, T M, Bulletin State Board of Heulth,vol 5, pt 7, Feb 20, 1890, pp 98-106, Ann. Rept Geol Survey Arkansas
for 1889, vol 2, 1891, pp 28-29
d Dall, W H, Trans Wagner Free Inst Sc: . vel 3, pt 6, 1903, p 1553
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deposition and distribution of ocean water which are but the continuation of those
of the previous period, while the succeeding beds are indicative of more or less radical
changes. The basal Oligocene beds, the Vicksburg formation, are overlamn by
near-shore deposits consisting of coarse sandstones interstratified with greenish-
oray clays very different from the underlying calcareous and lignitiferous strata
and entirely devoid of marine remains, though containing land plants and fresh-
water shells. This group of beds, which 1s called the Catahoula formation, is in
turn overlain by greemish calcareous clays, containing a very few brackish-water
shells and calted the Fleming formation Indeed, if physical rather than biological
changes were made the basis of the broader geologic divisions, the dividing lines
between the Cietaceous and Eocene and the Eocene and Oligocene 1n this region
would be drawn above the base of the deposits of these larger tune units

During the Focene the Mississippt embayment was almost, if not completely,
filled, and in the Oligocene, except possibly mn early Vicksburg time, the coast line
was a simple broad curve reaching from eastern Georgia to Mexico with no pro-
nounced indentations (PL II, 1), p 18)

VICKSBURG FORMATION «

The Vicksburg formation, which was named by Conrad i 18462 from 1ts very
fossihiferous exposure 1n the blufis at Vicksburg, Miss (Pl XXTI, B), where it has a
total thickness of 120 feet,© 1s the lithological counterpart of the underlying Jackson,
from which it can be distinguished by the absence of such characteristic and adund-
ant Kocene fossils as those shown in P1 X1V (p 32) Characteristic Vicksburg fos-
sils are shown m Pl XXTII. The known extent of the typical Vicksburg is very
hmited West of Mississippi River it has been definitely proved to occur only in
a limited region in northern Catahoula Parish, T.a ¢ (P] 111, m pocket), though 1t may
extend westward to the viemity of Lattle River. To the east certain beds in eastern
Mississippr and Alabama, particularly the great Orbitoidal lunestone of the Florida
peninsula, have been correlated with this formation, but the recent work of Dalle¢
renders this correlation somewhat doubtful, and Casey has suggested that the true
Vicksburg beds represent but a local development in a remnant of the old Mississipp1
embayment / :

a Synonymy of the Vicksburg formation
=Viickshurg, Dall (Trans Wagner Free Inst Ser, vol 3, pt 6, 1903, p 1553,
#Vickshurg, Ihigaid (Am Jour Ser,2d ser,vol 48, 1869, pp 340-341, Supplemental and Fmal Report of a Geolog-
1cal Reconnaissance of Louisiana, New Orleans, 1873, pp 18-19)  All the tocalities at which Hilgard reported
Vicksburg in Louisiana have proved to be Claiborne ot Tackson
<Viecksburg group, Hopkms (First Ann Rept Geol Survey Louistana, 1869, 1870, pp 9498, Second Ann Rept
Geol Survey Louisiana, 1870, 1871, pp 15-18) Includes portions of the Claiborne and Jackson
7 White limestone, Johnson (Iron Region of Northern Louistans and Eastern Texas, 1838, pp 14-16)  As described,
this mncludes only Jackson and Claitborne fossils
<(St Stephens White limestone, Smith (Geology of the Coastal Plam of Alabama, Geol Survey Alabama, 1894, pp
107, 232, 376, 492, 495), which includes the Jackson According to Cusey, 1t has not yet been definitely proved
that the White limestones contuin any true Vicksburg (Proc Philadelphia Acad Nat Ser for 1901, pp 513-518)
b Conrad, T A, Proc Philadelphia Acad Nat Sci, vot 3, 1846, pp 280-281
¢ Hilgarq, E W, Am Jour Sci, 3d scr, vol 2, 1871, map facing p 392
d The outcrops of the Vicksburg beds 3 miles south of Rosefield were first described by Hopkins, who correctly referred
them to the Vicksburg (First Ann Rept Geol Survey Loursiana for 1869, 1870, p 97, Second Ann Rept Geot Survey
Louisiana for 1870, 1871 p 16) They were, however, first definitely proved to belong to this stage by Vaughan (Bull U S
Geol SurveyNo 142, 1896, p 52)
e Dall,\v II, Trans Wagner Free Inst Sci, vol 3, pt 6, 1903, p 1553
/ Casey, T 1, On the probable age of the Alabama Whitc hmestone, Proc Phitadelphia Acad Nat Sei1 for 1901, pp.
513-518
1393—No +46—06——1
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CATAHOULA FORMATION.c

Overlying the fossiliferous Vicksburg clays and limestones is a series of sand-
stones and greenish clays which are generally quite different, lithologically, from any
of the older beds of the Tertiary series in Louisiana and Arkansas The sandstones
which are the characteristic feature of this formation range 1n thickness from a few
inches to 50 or 60 feet (P1. XXIV, wells 859, 938, 939), and thicknesses of as much as
140 feet (well 855) have been reported # These sand beds are often cemented by
silica 1nto very hard quartzites, but such occurrences are essentially local, and the
quartzitic beds pass laterally in very short distances into soft sandstones or even
unconsolidated sands  These sandstones and quartzitic layers have resisted erosion
more than the underlying clays and unconsohdated sands of the Eocene and so have
formed a line of rocky hills, the Kisatchie Wold (P1 I, p 14) extending across Loui-
siana, mto Texas on the one hand and imnto Mississipp1 on the other.

These beds contain no mdications of marine Iife, but land plants are abundant
and fresh-water shells have been found in several places. The change from the con-
ditions existing in the Vicksburg is very marked and indicates an elevation during
which the region where the oceanic conditions were favorable for the growth of
marine hfe was considerably south of the present outerop of the formation (See
Pl TIII, in pocket )

These beds were observed at Grand Gulf, on Mississippi Raver, in Claiborne
County, Miss , by Wailes, the first State geologist of Mississipp1, who referred to them
as the ‘““Grand Gulf sandstones.”’¢ Later Hilgard? used the name ‘“Grand Gulf
group” to include the beds exposed 1n southern Mississippi between the Vicksburg
and the relatively recent coastal clays (Port Hudson), and the name has been used
with va,rylno shades of meaning by different authors since that time.¢-

In view of this confusion and in order to furnish a name not hkely tobe misunder-
stood, the name Catahoula formation is used 1n this paper as a synonym for the
““typical Grand Gulf” or the “Grand Gulf proper.” This new name s from Cata-

¢ Synonymy of the Catahoula formation
< Grand Gulf sondstone, Wailes (Agriculture and Geology of Mississippl, 1857, pp 216-219) Inoludes typical Grand
Gulf sandstone and (erroncously) some consolidated Claihorne and Lafayette
< Grand Gulf group, Hilgard (Report on Geology and Agriculture of Mississippt, 1860, pp 147-154), wlhich includes
the Catahoula, Fleming, and Pascagoula formations
=Typical Grand Guif, Dall (Eighteenth Ann Rept U S Geol Survey, pt 2, 1898, table facing p 334).
=@Grand Gulf proper, Harris (Geol Survey Louistana, Rept of 1902, p 28)
< Grand Gulf beds, Harris (1bd )
=Grand Gulf, Veateh (Geol Survey Louisiana, Rept of 1902, pp 120, 132-135)
< Fayette beds, Penrose (First Ann Rept Geol Survey Texas, 1890, pp 47-58), which are a composite including
Claiborne beds 1n their type locahity and Catahoula and Fleming beds mm east Texas
#£Fayette beds, Dumble (Jour Geol, vol 2, 1804, pp 552-554, Science, new ser, vol 16, 1902, p 671), which are
Clatborne
<Fayette sands, Kennedy (Third Ann Rept Geol Survey Texas, 1802, pp 6062, Bull U S Geol Survey No 212,
1903, pp 20, 21-22), which ncludes a portion of the Jackson (Sce Geol Survey Louisiana, Rept of 1902, pp
25, 132, 133 )
=O0akville, Dumble (Science, new ser , vol 16, 1902, pp 670-671) This correlation, while suggestive, needs further
evidence to verify 1t
o Kennedy, William, Third Ann Rept (eol Survey Texas, 1892, p 63
¢ Walles, B C L, Agniculture and Geology of Mis<issippl, 1857, pp 216-219
d Hilgard, E W , Rept on Agriculture and Geology of Mississippi, 1860, pp 147-154
e In this connection see the following Smith, E A |, and Aldrich, T H , Science, new ser , vol 16, 1902, pp 835-837, Idem,
vol 18, 1903, pp 20-26, Dall, W H , Science, new ser , vol 16, 1902, pp 946-947, Idem, vol 18, 1903, pp 83-85, Hilgard, E W.,
Science, new ser , vol 18, 1903, pp. 180-182.
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houla Parish, La.,® which is directly across the Mississippl Valley from Grand Gulf
and where there are many outcrops which are lithologically and stratigraphically
counterparts of the beds of the old type locality. From this place the beds have been
traced eastward through Mississippi into Alabama, where they apparently grade into a.
series of fossiliferous sands and calcareous clays known as the ““ Chattahoochee group.”
To the west they extend in a very pronounced line across Louisiana into eastern
Texas, and, according to Dumble, are continued across that State in his Oakville
beds.? The thickness of this formation, as shown by comparative cross sections
based on wells at Alexandria (933, 939) and Boyce (944) and on dip observatlons on
Sabine River,® is about 1,100 feet (P1. XXXVII, p. 7 0)

The country in Whlch this formation outcrops is, as a rule, poor in everything
but long-leaf pine. The sand beds are, however, important water carriers, and in
places (as near Harrisonburg, Lena, and Christie, La., and about Rockland, Tex.) the
quartzitic layers have been quarried for riprap work anq ballast (P1. XXIV),

FLEMING CLAY.d

The Fleming clay, which was so named by Kennedy in 1892¢ from Fleming
siding on the Missouri, Kansas and Texas Railway near the line between Tyler and
Polk counties, Tex., consists of green or bluish green calcareous clays, differing from
the underlying Catahoula beds in the presence of numerous small white calcareous
nodules and the absence of the characteristic Catahoula sandstone layers. Near its
base it often contains a bed of bright-red clay, which forms a convenient line of
parting./ These beds produce a stiff, heavy soil that is often black and resembles
the soils of the Cretaceous prairies. Except where deeply covered with the surficial
sands and gravels, these are commonly quite distinct from the coarse, sandy soils of
the Catahoula formation. |

Although these deposits represent less truly littoral sediments than the Cata-
houla beds, extended search has failed to reveal any marine remains except near
Burkville, Newton County, Tex., where a brackish-water Oligocene fauna¢ has
been found in a local development of limestone 3 to 4 inches thick. These beds are

¢ 1t may be of historicinterest to note that one of the ﬁrst mentions of the outerops of this formation refers to the expoe-
ures at Catahoula Shoals, in Catahoula Parish, which were even at that early day correctly correlated with the exposures east
of the Mississippi. (See Darby, Willlam, A Geological Description of the State of Louisiana, Philadelphia, 1816, pp. 45-46.
b Science, new ser., vol. 16, 1902, pp. 670-671.
¢ Geol. Survey Louisiana, Rept. of 1902, pp. 120, 132-135, pl. 37.
d Synonymy of Fleming clay:
=Fleming teds, Kennedy (Third Ann. Rept. Geol. Survey ’I‘exas 1891, pp. 62-63). * :
#Frio clays, Dumble (Jour. Geol., vol. 2, 1894, pp. 554-555; Science, new ser., vol. 1§, 1902, pp. 670-671), which are
regarded as Claiborne.
=Frio clays, Kennedy (Proc. Acad. Nat. Sei. Philadelphia for 1895 1806, pp.93-95; Bull,U. 8. Geol Survey N 0. 212,
1903, pp- 20, 22-23, pl. 2).
=FTrio clays, Veatch (Geol. Survey Louisiana, Rept. of 1902, pp. 120, 135-137, 141-144, pl. 37)
=Frio clays, ITarris (Geol. Survey Louisiana, Rept. of 1902, pp. 28-32).
=Frio clays, Maury (Bull. Am. Pal., vol. 3, 1902, pp. 353, 390, pl. 25).
¢ Kennedy, W., Third Ann. Rept. Geol. Survey Texas, 1892, pp. 62-63.
71bid., p. 63; Harris, G. D., Geol Survey Louisiana, Rept. of 1902, p. 31.
¢ Geol. Survey Louisiana, Rept. of 1902, p. 136; Bull Am, Pal., No. 15, vol. 3, 1902, p. 80. Kennedy (Bull. U. S. Geol.
Survey No. 212, 1903, p. 53) reports a number of lower Claiborne (Eocené) species from this locality, but the collection made
by the writer in 1902, which was by far tne largest made at this point, showed none of the species listed by Kennedy, Dr.
T. W. Vaughan later visited the outcrop and states that the fragmentary material which he was able to obtain was reggrded
by both himself and Dr, W. H. Dall as having a decidedly Oligocene aspect.
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particularly well‘developed on Neches River in the vicimity of Townbluff and extend
east and west from that point mn a belt 5 to 15 mles wide

The thickness of the Fleming beds is not well known, though it has been esti-
mated by Kennedy at 260 feet and by Veatch at 200+ feet.®

Along Sabme River the dip of the Fleming formation is much less than that of
the basal Catahoula beds, though it is apparently the same as that of the uppermost
Catahoula, which is from 25 to 35 feet per mile.

MIOCENE AND EARLY PLIOCENE. . .

After the deposition of the Fleming beds a general elevation of this region,
accentuated locally by the further development of the low Angelina-Caldwell mono-
clinal flexure (see p 68; Pl XXXVI, p 70), caused the sea to retreat southward
to a point between the present outcrop of the Catahoula and Fleming formations
and the Gulf shore. This retreat was but onc of the steps in the gradual growth
of this portion of the American continent; which, with minor retrogressions, such
as occurred in the late Pliocene, has resulted in moving the shore line of the south-
ern sea, now the Gulf of Mexico, from a line, as yet unfixed, north of the southern
edge of the Ouachita Mountans to the present coast

The effect of this late Oligocene, Miocene, and early Phocene uphft and the very
slow and gradual tilting which accompanied 1t was to permit the formation n the
coast region of Louisiana of very thick post-Oligocene deposits, which, with the beds
that were formed in the late Pliocene and Quaternary, have a thickness in that
region of much more than 3,000 fect.® The region north of this shore lime was by
this elevation subjected to more or less profound erosion, by which this new Coastal
Plain, underlain by Oligocene, Focene, and Cretaceous sediments. was reduced to
a level, in Lowisiana and Arkansas, of from 500 to 700 feet above the present sea
level. North of this Coastal Plain, 1n the region of the older rocks, where erosion
had been active since the first arching and tilting of the great Jurassic peneplamn n
the early Cretaceous, the erosion of the Miocene and early Phocene completed the
formation of a plamn lying below the level of the old Jurassic peneplain and contain-
ing many protruding remnants of the older surfacc This lower, partially devel-
oped Tertiary peneplain was essentially contmuous with the eroded Coastal Plain

LATE PLIOCENE
LAFAYETTE FORMATION,

CONDITIONS OF DEPOSILION

In the late Phocene a considerable change in elevation occurred, which caused
the sea to advance from its position a little north of the present Gulf coast and to
cover much of the eroded Coastal Plain and in places to extend over the bordering
rocks. The sea, 1n its advance and retreat, spread over this plain a sheet of littoral
deposits, and the rivers flowing into 1t filled up the valleys with similar matenals.

This great blanket of silts, sands, and gravels of near-shore and fluviatile

a Geol Survey Lousiuna, Rept of 1902, p 120
0 The Galveston, Tex , well at a depth of 2,920 feet reached only the upper part of the Mlocene (ITarris, Fourth Anu, Rept
Geol. Survey Texas for 1892, 1893, p 118, Twenty-first Ann, Rept U 8 Geol. Survey, pt 7, 1901, pp. 402-406)
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origin, which, from its exposures m Lafayette County, Miss., has been named the
Lafayette formation by Hilgard,* and which has been described at length by
McGee,? was, in northern Lousiana and southern Arkansas, largely worn away and
redeposited 1n the succeeding periods of erosion  Its remnants or redeposited rem-
nants are, however, very common throughout the Coastal Plain in Arkansas and
Lowistana (Pl XXV, 4), though the exact relation of the different deposits and
the succession of events involved in their redeposition can be exactly determined
only by a very detailed study after large-scale topographic maps have been prepared

PRESENT DISIRIBUTION

South of the Catahoula and Fleming formations these sands and gravels form
the surface for miles and then pass southward beneath the more recent clays of the
Quaternary (fig. 6), fornung there the water-hearing beds which furnish a portion of
the waters used in the wrrigation of that region. North of the Catahoula sandstone
their occurrence 1s essentially fragmentary, and they appear and disappear m an
extremely wrregular manner As shown by wells, they are commonly thickest in

FiG 6 —North-south section showing Lafayette and youuger graveli passing beneath the ¢lavs of the Port Hudson and
supplying artesian wells 1n southern Lomsiana

the large valleys, where they have been concentrated by erosion subsequent to
their original deposition, but they do not normally outerop on the surface of the
present river flood plains and on the adjoining teriaces, though they are frequently
exposed 1n the base of the river banks at low water and are gencrally abundant
where the terraces grade mto the ad] acent hills

They are notably absent 1n regions of very calcareous clays, as 1n the Jackson
area 1n Louisiana and the regions underlain by the more calcareous beds of the Cre-
taceous,® a peculiarity of distribution due to two factors. (1) The clayey layers of
a gently slopimng unconsolidated Coastal Plain series are generally more easily
eroded than the sandy beds, and the surficial beds are therefore really more com-
pletely removed along the outcrops of the clay layers; (2) it 1s not always possible
to state positively that these Lafayette and younger beds are absent from the
weathered outcrops of the sandy layers of the older Coastal Plain series, and it often
happens, becausc of the absence of pronounced lithologic differences, that the

aMigard, E W, Am QGeol, vol. 8, 1891, p 130

bMcGee, W J, The Lafavette formation, Twelith Ann Rept U S Geol Survey, pt 1, 1891, pp 347—021

¢ Also observed 1n Mississipp: and Alabama {Geology of the Coastal Plain of Alabama, Geol Survey Alabama, 1894, p
68, Agriculture and Geology of Misuissippl, 1860, p 5, Geol Survey Lowsiana, Rept for 1899 [1900), pp 105-106)

1
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Lafayette beds are assumed to be present in great thickness, when in fact they are
almost or entwrely absent. Thus, in Arkansas, portions of the weathered outcrops
of the Bingen and Nacatoch sands® have been mistaken for these surficial beds.
Outcrops of a bed of Iittoral sediments, probably Cretaceous, lymg below the Mid-
way at Little Rock,? and ferruginous deposits in Louisiana belonging to the lower
Claiborne ¢ have also been 1mproperly classed as Lafayeite

The gravel deposits are particularly abundant along Ouachita and Little
Missouri rivers, and on the eastern side of the old course of Red River, along Bayou
Dorcheat and Black Bayou The bowlders along this line are often of extreme
size, thus at Bisteneau Salt Works large masses of quartzite, containing 8 to 10
cubic feet, were observed in 1899 and were then thought to be local,? but similar
bowlders have subsequently been found at many points to the north between this
locality and the novaculite outcrops in the Ouachita Mountains (Pl. XXV).
Similar bowlders have been found on Ouachita River near Monroe,¢ and it 1s diffi-
cult, i the absence of any known glacial action, to imagine how they could have
been transported 100 to 150 miles from their source, unless it were by floating ice.
Call, however, has made the suggestion that somewhat sinular bowlders on Crowleys
Ridge were carried by roots of floating trees / This, while possible in some cases,
is not believed to be the true explanation of all the occurrences observed in southern
Arkansas and northern Louisiana. These large gravel deposits belong more prop-
erly to the period of erosion and readjustment which followed the Lafayette than
to the Lafayette submergence 1tself

' QUATERNARY

PLEISTOCENE.

LATE TERTIARY AND EARLY QUATERNARY EROSION,

A gradual elevation marked the close of the Lafayette epoch and the sea
retreated southward over the deposits laid down in its former advance, reassorted
them, and carried back into the ocean some of the finer materials of the upper
layers. The streams following the sea across this newly emerged coastal plain,
1n courses determined by its slight irregularities, began at once to trench 1ts surface
and incidentally to form the major topographic features of to-day. As this slow
elevation continued the streams cut deeper and deeper into the underlying beds
and, while at first the valleys were deep and narrow and the major streams were
separated by large flat-topped areas representing the old plain level, the tributary
streams gradually wore back mto these level regions, divided them, and carved
them into hills. When at last the land came to rest, at a height of about 100 feet
above the present level, the streams, unable to cut below the very low slopes neces-
sary to carry themr waters seaward, began to cut from side to side and in time made

¢ Ann Rept (eol Survey Arkansas for 1888, vol. 2, 1888, pp 28-42, map, Twenty-sccond Ann. Rept U S Geol Survey,
Dt 83,1902, pl 47

b Twelfth Ann Rept U'S Geol Survey, pt 1, 1891, p 470, Ann Rept Geol Survey Arkansas for 1892, vol 2, 1894,p 7

¢Second Ann Rept Geol Survey Lowsana for 1870, 1871, pp 22-23, Bull Lowsiana State Exper Sta , Prehmunary
report on the hills of Lowsiana north of the Vicksburg, Shreveport and Pacific Ralway, 1893, pp 24-26, Bul U. S Geol
Survey No 142, 1896, pp 20-22, Geol Survey Lowsiana, Rept for 1899 [1900], pp 100-101

d Geol Survey Lowsiana, Rept of 1902, p 88

eIbid,p 169

fCall, R. E., Ann Rept Geol Survey Arkansas for 1889, vol 2
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broad valleys somewhat larger than the present flood plains, which occupy the
depressions produced by these older rivers, but which are now restricted by the
unremoved portions of the Port Hudson deposits forming terraces. The bottom
lands along the larger streams, the ancient Mississippi, Arkansas, Ouachita, and
Red rivers, were about 100 feet below the present flood plains (see bottom of
gravel layer, Pl. XXXVII -p 70), and Iike the latter were trenched still deeper
by the streams traversing them (see stream cuts in present destructional flood
plains, shown in fig 9, p 51) Thus the bed of the Mississippi of to-day has an
extreme depth of 150 fect below 1ts banks at Vicksburg, 165 feet at Fort Adams,
and 175 feet 4 miles below the mouth of Red River,? and the abnormal depths of
the redeposited Lafayette and Quaternary materials encountered in some of the
wells given in the following tables are, in part, thought to be due to such occur-
rences, though they may be the effect of a slight uphft toward the close of this
erosion period

Table shounng thickness of Port Hudson and redeposited Lafayette and Quaternary beds in the Red Ruwer Valley,
and wndwcating the position of the old land surface

&Vﬁ Location x’{?ﬁl: I(c)f
deposits
ARKANSAS
Lattle Raver County Feet
448 Lanesport.. -, - e - -- - . . 70
Miller County
468 Fulton. - . . - 80
478 Homan.. . - IR LI - - - - - - 108
Hempstead County -
198 Fulton. ... - - - - - 80
203 Falton . R - - . 60
- Lafayctte County
419 Frostville . . - - - - .- - - - - 85
490 New Lewiswille (2 ules west of) .. . - . - 79
491 New Lewisville . - - - e e - . - - 79+
LOUISIANA
Bossier Parish R
788 Lake Tomt . - — . - - - - - .- 120
783 Bossier City (3 miles north of) . - - .. - 130
784 Bossier City (2% miles north of) - . 76
785 Bossier City . - - - - - - - - e e e 80
786 Bossier City. . - - - . . ! 195°?
794 Pool. . - - - - - - - 1r?
Caddo Parish
803 Missionary .. - - - - - - el 130
796 Belcher... . . _. .. - - -- -. a6
797 Belcher (3 miles northeast of) . . . -, . . ... ... 125
790 Dixie ... . PR R - - R - . N 60
800 Dixie (23 miles east of) . - .- - 85
801 Dixie (3 miles southwest of) . e -l - . . . . 121
835 Uni. . . - . e - - . .. 70
804 Below Shreveport. - - - .1 69-110
805 Robson - . - - - - - - 106
832 Bayou Pierre. .. - - - - cee - - - . S 70
Natchitoches Parish
906 Luella. _. - - .- - - - . - - .- 3007
908 Montrose . - - N .- 18¢

o Mississaippt River Comm , Survey of Mississippi River, charts Nos 48, 60, and 61,
b Numbers correspond to those used 1n Chapter V.,
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Table showing th’tckness of Port Hudson and redeposited Lafayette and Quaternary beds in the Réd River Valley,

and mdwanng the position of the old land surface—Continued.

gg}i Location. E(?sl; ]_(()f
deposits.
LOUISIANA-éon tinued.
Grant, Parish: Feet.
877 L0431 5. 130
Rapides Parish:
053 Rapides (average of 5 Welle) . .. o ittt aea e 108
937 AlexandTia. ... e e e e e e it eeaemacataaaaans 90
938 Alexandria.....___........ A e e 1557
940 Alexandria.... ..._.. o e e e e e e e e et et ea e aaa e eeamaeaaaas 110+
950 Piueville. ... .....__. I s e e e e e et eaeaaeeaaa e e 200 ?
950 Pineville.. ... oo e e et e et caaaae .. 230 ?
947 7700 e 3 3 ¢ U U 105+

Table showing thickness of Port Hudson and redeposited Lafayetie beds in the Mississippt Valley, and indicating

the position of the old land surface.

Well
Noa

644
684

707
708
411
412
415
14154
24

« 25
145
144

1039
1041
1047
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