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GROUND-WATER RESOURCES IN A PART OF
SOUTHWESTERN ARKANSAS

H. B. Counts, D. B, Tait, Howard Klein, and G. A. Billingsley

ABSTRACT

This report gives information about the geography, geology, and ground-water
resources of an area about 3,900 square miles located in southwestern Arkansas. The
topography consists of low rounded hills or low ridges trending in a general easterly
direction with some terraces and flat bottomland along the major streams. The area is
drained by the Red River, Little River, and the Little Missouri River. The climate is
mild, with an average growing season of 226 days and the average annual precipitation
ranges from about 45 to 50 inches. Agriculture is the principal industry.

Formations exposed in the area range from Paleozoic to Quaternary in age. Forma-
tions of Cretaceous age have a general southerly or southeasterly dip and are exposed as
eastward or northeastward trending bands through the report area. Sediments of
Tertiary age overlie the Cretaceous deposits in the southern part and rocks of Paleozoic
age crop out in the northern part. Deposits of Quaternary age overlie the older formations,
either as terraces or alluvial deposits in the major stream valleys.

Ground water is used in the area at an average rate of about 8.5 million gallons per
day of which approximately 3 million gallons per day are used by municipalities. Ground
water is wasted at an estimated rate of about 2 million gallons per day. The total com-
bined use for domestic, industry, and irrigation is about 3.5 million gallons per day.

There is a considerable difference in the quality of water from the different water-
bearing formations as indicated by the analyses of samples from 328 wells. Also, the
water in the Cretaceous formations is progressively more mineralized down dip.

The most important water-bearing units are the Trinity group, the Tokio formation,
and the Nacatoch sand, all of which are of Cretaceous age.



GROUND-WATER RESOURCES IN A PART OF
SOUTHWESTERN ARKANSAS

INTRODUCTION

This is one of a series of reports on the
ground-water resources of Arkansas made under
a program of investigations with the United
States Geological Survey, cooperating with the
University of Arkansas, Bureau of Research and
Institute of Science and Technology from 1946
to 1950, the Arkansas Resources and Develop-
ment Commission from 1950 to present, and with
the University of Arkansas, Agricultural Exper-
iment Station.

The areas in Arkansas covered by these re-
ports are shown on Figure 1. Other reports giv-
ing information about ground water in Arkansas
are Hale and others (1947), Branner (1937),
Stephenson and Crider (1916), and Veatch
(1906). The last report is particularly complete
for southwest Arkansas to the date of its pub-
lication. These and other references will be
found at the end of this report.

The investigation upon which this report is
based was begun in the summer of 1950. The
field work was started by Howard Klein in Au-
gust 1950 and was completed by H. B. Counts
and D. B. Tait from March to September of 1951.
The work was under the direct supervision of
R. C. Baker, District Geologist, and under the
general direction of A. N. Sayre of the U. S.
Geological Survey. Chemical analyses of water
samples were made by the U. S. Geological
Survey.

PURPOSE AND SCOPE OF INVESTIGATION

The purpose of this report is to present infor-
mation about the occurrence and quality of
ground water in part of southwestern Arkansas,
with particular reference to the deposits of Cre-
taceous age. Records of 397 wells and chemical
analyses of water from 328 wells are listed.
Maps are given showing well locations, the out-
crop areas of and quality of water in the Tokio
formation and the Nacatoch sand, the outerop
area for the Trinity group and location of wells
tapping the Trinity, Woodbine formation,
Brownstown marl, Ozan formation, Wilcox for-
mation, and deposits of Quaternary age.

2

LLOCATION OF AREA

The area covered in this report consists of
about 3,900 square miles located in the south-
western part of Arkansas. It includes all of Lit-
tle River, Hempstead and Sevier Counties, the
southern part of Howard, Pike and Clark Coun-
ties, and the northern part of Miller and Nevada
Counties. The area is roughly rectangular in
shape, with Texarkana near the southwest cor-
ner, Rosston near the southeast corner, Arkadel-
phia near the northeast corner, and DeQueen
near the northwest corner.

ACKNOWLEDGMENTS

The writers are grateful to all persons who
gave information or help in the investigation,
including Clyde Zinn and Dennis Bell of Hope
Light and Water Co.; F. E. Wells, Wallace El-
liot, Howard Hipp, R. H. Herron, Milton Garri-
son, and Erman Williamson, water well drillers;
K. Scott of Carter Oil Co.; L. Bartells of McAl-
ester Fuel Oil Co.; Nonus Harris and H. Harris,
guides.

WELL-NUMBERING SYSTEM

The well-numbering system used in this re-
port is based upon the location of the wells with
respect to the federal land-survey used in Arkan-
sas. The component parts of a well number are
the township number, the range number, the
section number, and three lower-case letters
which indicate respectively, the quarter section,
the quarter-quarter section, and the quarter-
quarter-quarter section in which the well is lo-
cated. The lower-case letters are assigned in
counter-clockwise order beginning with a in the
northeast quarter or quarter-quarter or quarter-
quarter-quarter section. Serial numbers are ap-
pended to each well located within the quarter-
quarter-quarter section.

This system of numbering wells according to
their location is illustrated in Figure 2.

Map numbers were also assigned to each well
as they were tabulated in Table 11. It was
thought that the regular well numbers would be
hard to read on the maps, especially where there
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are a large number of wells in a small area, and
that the shorter map number would be easily
referred to in the text of this report.

GEOGRAPHY
Topography and Drainage

The area lies entirely in the Gulf Coastal Plain
except for a small part on the north which lies
in the Interior Highlands.

The land surface has a general slope to the
south, the highest elevations being about 800
feet above sea level for hill tops at the northern
edge of the area and the lowest elevations being
about 165 feet in the flood plains of streams
near the southern boundary of the area. Eleva-
tions in the inter-stream areas average from 300
to 600 feet above sea level.

About 2,500 of the 3,900 square miles of the
area covered by this report lie directly on the
outcrop area of the formations of Cretaceous
age. The surface expression of the Cretaceous
area is characterized by low rounded hills,
aligned in a general northeastward direction,
the trend conforming to the outcrop bands of
the formations. The more resistant formations,
such as the Nacatoch sand and the Tokio forma-
tion, stand up as low ridges.

The larger streams, such as the Little, Saline,
Little Missouri, Ouachita, and Red rivers flow
to the south or southeast across the area from
the upland of Paleozoic rocks. They have
breached the series of alined hills and ridges
and have eroded their valleys to about 100 or
200 feet below the higher hills. The major
streams have broad, flat alluvial valleys which
range from one to six miles wide, generally being
widest at the confluence of major streams or

The alluvial valleys of the streams are at
many places flanked by older terrace deposits.
The altitude of the highest noted terrace in the
area is about 500 feet above sea level and it
occurs about 10 miles east of Nashville in an old
valley of the Little Missouri River. The surface
slopes southward and drops to an altitude of 470
feet in a distance of 4 miles. Occasional patches
of gravel may indicate older terraces. Near
Prescott younger terraces occur about 100 feet
above the present flood plain of the Little Mis-
souri River. A wide terrace north and south of
Ashdown in the southwestern part of the area
lies at about the same elevation and was prob-
ably formed at the same time. -A terrace along
the Red River east and south of Fulton stands
at about 60 feet above the bottomland of the
river.

Climate

Growing season and rainfall information for
selected weather stations in the area are shown
on Tables 1 and 2. Growing season, temperature
and rainfall information for Hope, near the cen-
ter of the area, are shown on Figure 3. The
average frost-free growing season varies over
the area with a maximum of about 233 days at
Hope and a minimum of 216 days reported for
Index, in Little River County, with an overall
average of 226 days. The average annual pre-
cipitation varies from 44 inches to 51 inches for
an 80 year period. The maximum and minimum
over the area are about 60 to 40 inches respec-
tively.

In general, the summers are hot and the win-
ters are mild. Rainfall is plentiful for most agri-

TABLE 1

Average Dates of Earliest and Latest Killing Frosts and
Lengths of Frost-Free Growing Seasons for

where the streams cross less resistant forma- Selected Weather Stations
tions, at which places alluviation is caused by a Aversge  Average
decrease in velocity. The largest alluviated area sty ‘oed
is in the southwest part of the area in the valley season (days) killing frost
of the Red and Little rivers. Where the streams Hope 233 Nov. 8
. : Index 216 Oct. 30
have become sluggish and meander over a wide, Procsott 228 New.7
flat area, frequent floods occur. The bottom- Texarkana . 232 Nov. 8
lands and backwater areas may remain swampy White Cliffs ... M 225 Nov. 6
for extended periods of time after flooding. Average 226 Nov.5
TABLE 2
Average Monthly Precipitation for Selected Weather Stations

Station Jan. Feb. ) Mar. April May June July Aug. Sept. Oct. Nov. Deec. ::;a
Arkadelphia . 463 382 488 523 520 449 371 365 277 309 385 504 50.36
Fulton . 457 328 456 460 451 381 356 282 249 258 379 410 44.66
Ho 499 407 508 531 509 374 435 328 306 319 465 464 5136
Index . . 428 351 456 4656 431 321 391 297 247 286 424 466 4563
Prescott . 474 380 456 512 489 372 354 316 292 263 371 466 4745
Tex.arkan.a N 448 337 430 494 452 371 411 337 267 341 367 461 41716
White Cliffs 396 344 447 547 481 351 269 290 251 313 333 464 4486
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cultural needs with the largest amounts falling
in the winter and spring months. Extended
droughts are unusual but occur occasionally.
The summer of 1951 brought a fairly long
drought which was not too damaging to crops,
but the summer of 1952 brought a damaging
drought.
Cultural Development

The population of the area has been variable.
In general it increased up to about 1920, was
about constant from 1920 to 1940, and has de-
creased since 1940. The decrease in population
during the last few years can be attributed to
the general migration from farms to industry
during the war years, to a decrease in cotton
acreage, and to an increase in the beef cattle
industry which takes less labor than other types
of farming and also tends to combine several
small farms into larger ones.

Most of the people live on farms and are em-
ployed in agriculture. The towns generally have
grown in size and some of them have had re-
markable increases in population.

The population of counties and of principal
municipalities is given in Tables 3 and 4 respec-
tively.

Farming is the most important occupation of
the area. The soils of the area range from heavy
clay to light sandy loams. A large variety of
crops are grown in the area and several places
are noted for specific crops, such as Hope for
watermelons, and Nashville for peaches. The
beef cattle industry and the production of corn
and hay have increased during the past few
vears. Cotton production generally has de-
creased. Radishes, strawberries, and cucumbers
are other important crops.

Lumbering, although not a large industry, is
a stable one and is of long standing.

The only cement plant in Arkansas is located
about 12 miles south of Nashville where there
are large reserves of raw material.

GENERAL GEOLOGY

Published reports by Miser and Purdue (1929)
and Dane (1929) give information about the
geology of the area, particularly with reference
to the surface geology. The following state-
ments about the geology are taken largely from
those reports.

Rocks of Paleozoic age crop out along the
northern part of the area. The formations at

TABLE 3
Population of Counties by Decades from 1890 to 1950*

County 1950 1940 1980 1920 1910 1900 1890
Clark . 22958 24402 24932 25632 23,686 21,289 20,997
Hempstead . . 25,045 32,770 30,847 31,602 28,252 24,101 22,796
Howard ... ... . 13,360 16,621 17,489 18,666 16,898 14,076 13,789
Little River = . . 11,232 15,932 15,615 16,301 13,597 13,731 8,903
Miller 31,882 31,874 30,686 24,021 19,665 17,668 14,714
Nevada _ — 14,761 19,869 20,407 21,934 19,344 16,609 14,832
Pike ... ... 999% 11,786 11,792 12,397 12,565 10,301 8,637
Sevier ... 12,244 15,248 16,364 18,301 16,616 16,339 10,072
Totals 140,977 168,602 167,932 168,753 150,613 134,004 114,640

1The total county population is given in this table. Only three counties, Hempstead, Little River and Sevier, are
completely within the area covered by this report.

TABLE 4
Populations of Principal Municipalities by Decades from 1890 to 1950
Municipality 1950 1940 1930 1920 1910 1900 1890

Arkadelphia® ... .. 6,819 5,078 3,380 3,311 2,745 2,739 2,456
Ashdown® .. .. 2,738 2,332 1,607 2,052 1,247 400 .
DeQueen* .. o 3,016 3,056 2,938 2,617 2,018 1,200
Dierks' . ... 1,253 1,469 1,644 1,495 272 JE
Foreman® . 907 1,007 1,056 1,408 612 ...
Gurdon® _ 2,390 2,046 2,172 1,469 1,284 1,045 802
Hope* ... 8,606 7,475 6,008 4,790 3,639 1,644 1,937
Murfreesboro® ... 1,079 8356 733 730 516 200 159
Nashville* . .. 3,648 2,782 2,469 2,144 2,374 928 810
Prescott® ... ... 3,960 3,177 3,033 2,691 2,706 2,005 1,287
Texarkana® ... .. 15,875 11,821 10,764 8,267 5,665 4,914 3,628
1 Uses surface water.
2 Uses ground water.

8 Uses surface water and ground water.



the surface consist of the Stanley shale, the
Jackfork sandstone, and the Atoka formation.
The rocks extend to the south but they are over-
lain by younger formations. The contact with
the younger formations dips in a general south
or southeasterly direction at a rate of about 120
feet per mile.

Over most of the area the Paleozoic rocks are
overlain by sediments of Cretaceous age. In the
southern part of the area rocks of Jurassic age
occur between the Paleozoic rocks and the Cre-
taceous formations but they are deeply buried
and do not crop out in Arkansas.

The deposits of Cretaceous age have the form
of a wedge, thinning to a feather edge to the
north against the Paleozoic rocks and thickening
rapidly to the south. Stratigraphically the Cre-
taceous deposits have been divided into the
Lower Cretaceous (Comanche) series and the
Upper Cretaceous (Gulf) series. A generalized
geologic column of the area covered by this re-
port is given in Table 5. Plate 1 shows the geo-
logic sequence and the dip of the Cretaceous for-
mations and Plate 2 shows the surface geology
of the area.

-The Lower Cretaceous deposits crop out in a
wedge shaped east-west trending band border-
ing the Interior Highlands. About 10 miles east
of Murfreesboro the outcrop is about 3 miles
wide and reaches a width of more than 12 miles
about 4 miles east of DeQueen. The dip of the
strata averages about 80 to 120 feet per mile
southward.

The majority of the Lower Cretaceous depos-
its in Arkansas are near-shore gravel, sand, clay,
and lime, parts of which have become indurated.
To the south there is a change in facies from a
shallow water or marginal environment to a
deeper water type material. The thickness of
the Lower Cretaceous strata ranges from about
500 feet at the outcrop to more than 6,000 feet
in northern Louisiana.

The only major outcrop area of the Lower
Cretaceous strata in Arkansas is of beds of the
Trinity group. Of minor importance are small
outcrop areas of the Goodland limestone and
Kiamichi formation, located at the Arkansas-
Oklahoma boundary just south of the place
where the Little River enters Arkansas from
Oklahoma. These formations are younger than
the Trinity.

Deposits of Upper Cretaceous series overlie
Lower Cretaceous deposits. The position of Up-
per Cretaceous strata in relation to the Lower
Cretaceous suggest a shift in the direction of

8

the shore line during the times of flooding, for
instead of striking parallel to older strata the
formations seem to pivot to northeast-south-
west. Such a discordance in strike could be the
result of eastward tilting and downwarping of
the Paleozoic floor (Veatch 1906). The down-
warping was probably continuous during late
Cretaceous time since the older formations at
their outcrops became thinner to the northeast.
However, it is recognized that an eastward thin-
ning of these deposits could have been the result
of more rapid erosion or of lesser deposition in
this area than in the west. The beds dip to the
south and southeast at rates of from about 40
to 80 feet per mile.

Igneous rocks represented by peridotite plugs
are exposed in 4 places about 3 miles southeast
of Murfreesboro in Pike County. The peridotite
is generally believed to be similar in character
and mode of occurrence to that of South Africa.
Many diamonds have been taken from 3 of these
intrusions. The peridotite is considered to be of

early late Cretaceous age (Miser and Purdue
1929).

The deposits of the Cretaceous system have
been divided into 12 groups or formations and
they are described in this report in connection
with their water-bearing properties.

Along the southern edge of the area sediments
of Tertiary age overlie the Cretaceous deposits.
These deposits yield water to wells mainly in
Little River, Miller and Nevada Counties. They
consist of the Midway formation of the Paleo-
cene series and the Wilcox formation of the
Eocene series. The Wilcox yields water to wells
in the southern part of the area and is described
in connection with its water-bearing properties.

Deposits of Quaternary age overlie the older
formations occurring as terraces and in the bot-
tomlands along the major stream valleys. These
deposits yield water to wells mainly in Little
River, Miller and Nevada Counties. They are
described later in connection with their water-
bearing properties.

GROUND WATER

Occurrence and Movement

Only a brief discussion of the principles of
occurrence and movement of ground water will
be given in this report. A comgfgzehensive de-
scription of these principles is given by Meinzer
(1923) and most of the following discussion is
of their application to the Southwestern Arkan-
sas area.



TABLE 5
Generalized Goologic Column of Deposits in Southwestern Arkansas

Era

I Cenozoic l

M e s oz 0 i ¢

Paleozoic

System Series Group or formation Thifckness Character of materials Water supply
(feet)
Yields moderate supplies of hard water to
Quaternary. Alluvium and terrace 0-90 Sand, gravel, silt, and clay. domestic wells and to public supply wells
deposits. at Ashdown and Foreman.
Yields water to domestic wells and to one
Eocene. Wilcox formation. 0-600 Lignitic sand and clay. public supply well at Rosston.
Tertiary. Clay, blue plastic. Clay, blue
Paleocene. | Midway formation. 0-600 iossiliferous, bottom 30 to 50 | Does not yield water to wells.
eet.
Unconformity.
Clay, fossiliferous, calcareous
Arkadelphia marl. 0-150 with interbedded limestone. | Does not yield water to wells.
Shale, blue in subsurface.
- Yields moderate supplies of good quality
— Sand massive cross-bedded, | water to domestie, industrial, and public
"] Nacatoch sand. 0-500 limestone lenses and calcareous | supply wells on outcrop area and a distance
e clay. of 2 to 156 miles downdip to the south.
= Chalk, hard white with inter-
® Saratoga chalk. 0-60 bedded blue marl. Fossiliferous. | Does not yield water to wells.
El —Unconformity.
o Marlbrook marl. 0-200 Marl, blue to gray, fossiliferous. | Does not yield water to wells.
L4
© Annona chalk. 0-100 Chalk, massive white. Does not yield water to wells.
« ~Unconformity.
» Clay, bluish to tan and clay and .
® Ozan formation. 0-2560 marl, sandy. Sand glauconiticat | Yields small amounts of very highly min-
s base from 0-20 feet thick. eralized water to wells.
- Clay, gray to tan, fossiliferous | Yields small amounts of highly mineral-
Iy Brownstown marl. 0-200 calcareous. ized water to wells.
B @ —Unconformity.
I Yields moderate supplies of good quality
° n Sand, cross-bedded quartz, | water to domestic, industrial, and public
° =] Tokio formation. 0-350 gravels and clay, gray lignitic. sup%)lytwells. Locally water has high iron
content.
© —~Unconformity.
° Clay, red and gray, sand and | Yields small amounts of poor quality
‘Woodbine formation. 0-250 gravel, yellowish cross-bedded. water to a few domestic wells.
» ~Unconformity.
Clay, soft gray, marl fossilifer-
® _ ous and lenses of limestone.
" °® Kiamichi formation. 0-20 Present in very small area in | Does not yield water to wells.
f: Little River County.
o a X
@ Limestone gray sandy and clay .
g Goodland limestone. 0-50 gray. Present in very small area | Does not yield water to wells.
° in Little River County.
[&] . - . .
< Sand, fine, white, interbedded | Yields moderate supplies of fair quality
° 0-900 with red and clay, and limestone. | water in Howard and Sevier counties.
g Limestone, interbedded gray,
® 0-100 clay and gypsum, gray. Does not yield water to wells.
L3
: Yields moderate supplies of fair quality
® 0-40 Gravel. water in DeQueen and vicinity.
- Trinity group.
o Clay, red, interbedded with gray
. 0-400 sand. Does not yield water to wells.
: Limestone interbedded with
° 0-40 -dark shale. Does not yield water to wells.
=] N . N
Yields moderate supplies of fair quality
0-50 Gravel. water in DeQueen and vicinity.
Jurassic. 0-? Red beds and anhydrite. Not a source of fresh water.
g £
'a. § Atoka formation.
ae kb Jackfork sandstone. 0-1 Sandstone and shale, highly | Yields small amounts of hard water to
2 g g Stanley shale. folded. domestic wells.
0
= &







Ground water is derived chiefly from water
that falls as rain or snow. A part of the precipi-
tation runs off in streams, a part is returned to
the atmosphere by evaporation and/or by trans-
piration from vegetation, and a part sinks into
the zone of saturation in which all of the open-
ings of the rocks are filled with water.

In most places ground water is slowly but
steadily moving under the influence of gravity
from areas of intake to areas of discharge. In
the more permeable rocks, such as coarse sand,
gravel and porous limestone, the water moves
with comparative freedom although the move-
ment is very slow, as compared to the flow of
a stream. Such rocks are capable of yielding
abundant supplies of water to wells. In less per-
meable rocks, such as shale or clay, molecular
attraction and surface tension retard the move-
ment of the water and the movement may be
almost infinitely slow. Such rocks yield little
or no water to wells.

On the outcrop of water-bearing beds, the
water is usually unconfined and does not rise in
wells above the water table, which is the upper
surface of the zone of saturation and the level
at which water is first encountered.

Where water-bearing beds are inclined and
are enclosed between relatively impermeable
strata, the water is under artesian pressure and
will rise in wells above the level at which it is
struck. If the altitude to which the water will
rise is greater than the altitude of the land sur-
face, flowing wells will result.

The deposits of Cretaceous age consist chiefly
of clay, shale, limestone, chalk and marl inter-
bedded with sand and at some places gravel.
They dip south and southeastward. The land
surface also slopes in the same direction. Hence,
artesian conditions exist in all parts of the area,
and in many places, mainly in the river valleys,
flowing wells are obtained.

Water gets into the formations of southwest-
ern Arkansas by percolation of surface water
through the permeable portions of the outcrop
areas. The locations of the outcrop areas for
the main aquifers in southwestern Arkansas
are shown on Plates 3, 4, and 5. Water moves
from these areas down the dip of the formations
which is south, southeast. On the basis of a few
pumping tests and an approximation of the
gradient, the rate of ground-water movement is
on the order of about 5 feet per year. This fig-
ure is not exact but it does illustrate the slow
rate at which the water is moving.

The water levels in most wells are subject to
fluctuations of varying magnitude. These fluc-

tuations are due to many different causes, but
the larger ones are generally a result of a change
in the ratio between the rate of ground-water
intake or recharge and the rate of loss or dis-
charge. Most water-table wells are supplied in
part from intake areas close at hand and respond
to changes in rainfall with only a moderate lag.
In shallow wells the water level may rise several
feet after heavy rains and then decline during
dry periods. During prolonged droughts such
wells may go dry. The water levels in artesian
wells, located at considerable distances from the
outcrop area of the water-bearing beds, are not
affected immediately or strongly by seasonal or
yearly changes in rainfall. Instead there is a
time lag and the magnitude of the fluctuations
is not as great. Large fluctuations may be
caused by a series of wet or dry years. Large
fluctuations in pressure in such wells and the
accompanying rise and fall in water levels are
generally caused by withdrawals of ground-
water from the wells themselves or from other
wells in the vicinity. Minor fluctuations are
caused by changes in barometric pressure, earth
tides, passing trains, and other temporary loads
upon the aquifer.

When a well is pumped or allowed to flow the
water level in the well declines, a hydraulic gra-
dient is developed toward the well from all direc-
tions, and water flows toward the well. Within
limits the amount of water that will enter a well
varies directly with the amount the water-level
is lowered. The difference between the static
(pre-pumping) water level and the pumping
water level in the well is called the drawdown.

Large withdrawals of ground water are almost
certainly to be accompanied by a general lower-
ing of the water table or artesian pressure. A
cone of depression gradually spreads out in all
directions from the center of pumping until
large areas may be affected. However, this is
usually not very serious unless the rate of de-
cline persists or the trend is such as to indicate
that the pumping lift may eventually exceed the
economic limit, or that the water-bearing beds
will be unwatered.

PERMEABILITY OF WATER-BEARING
MATERIALS

The rate of movement of ground water is
determined by the size, shape, number, and de-
gree of interconnection of the interstices, by the
density and viscosity of the water, and by the
hydraulic gradient. The capacity of a water-
bearing material for transmitting water under
a hydraulic gradient is known as its permeabil-
ity. Meinzer’s coefficient of permeability may

9



be expressed in field terms as the number of
gallons of water a day, at 60°F., that is con-
ducted laterally through each mile of the water-
bearing bed under investigation (measured at
right angles to the direction of flow), for each
foot of thickness of the bed and for each foot
per mile of hydraulic gradient (Stearns 1928).

The field coefficient of permeability, as deter-
mined from aquifer tests, is the same as Mein-
zer’s coefficient defined above except that it is
at the existing temperature. This is the coeffi-
cient of permeability that is generally used by
the U. S. Geological Survey.

The coefficient of transmissibility is a similar
measure for the entire thickness of the water-
bearing formation and may be defined as the
number of gallons of water a day, under pre-
vailing temperature, transmitted through each
1-mile strip extending the height of the aquifer
under a hydraulic gradient of 1 foot per mile.
It is the field coefficient of permeability multi-
plied by the thickness of the aquifer in feet.

The coefficient of permeability of the Naca-
toch sand and of the Tokio formation at Hope,
in Hempstead County, were determined by aqui-
fer tests on wells 309 and 207 of the Hope Water
and Light Co. Measurements of discharge were
made with permanent meters in the discharge
lines and measurements of drawdown and recov-

ery were made with a steel tape. The recovery
formula of Theis (1935), which was used in com-
puting transmissibility at each well, may be
expressed as follows:
264 Q t
T=—-Iogi—
s t!
in which:
T = coefficient of transmissibility, in
gallons per day per foot
Q = pumping rate, in gallons per minute
t = time since pumping began, in minutes
t! = time since pumping stopped, in minutes
s = residual drawdown at the pumped well,
in feet at time t1.

The residual drawdown (s) is computed by
subtracting the static water-level measurement
(Tables 6 and 7) from water-level measure-
ments made after pumping stops (Figure 8).

t
log —
tl

The proper ratio is determined graph-

8
t

ically by plotting log,o— on the logarithmic co-
tl

ordinate of semi-logarithmic paper as shown on
Figures 4 and 5.
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TABLE 6
Data on Aquifer Test on Well 309 in the Nacatoch Sand

Time since  Time since

s i P i t Depth to Residual

started stopped — water drawdown Remarks
(minutes) (minutes) t level (feet)

t t (feet) (s)
205.22 Static water level
0 Pump started

220 0 Pump stopped

228 8 28.6 234.48 29.26

230 10 23 232.39 2717

233 13 17.9 230.24 26.02

236 16 14.7 228.54 23.32

239 19 12.6 226.98 21.76

242 22 11.0 225.70 20.48

260 30 8.33 223.37 18.16

2566 356 7.3 221.92 16.70

260 40 6.5 220.83 15.61

267 47 b.69 219.69 14.47

272 52 5.23 218.99 13.17

280 60 4.67 217.90 12.78

300 80 3.76 215.92 10.70

310 90 3.46 216.17 9.96

326 105 3.10 214.19 8.97

340 120 2.83 213.46 8.23

369 139 2.67 212.64 7.42

370 160 2.46 212.17 6.95

38b 165 2.33 211.68 6.46

388 168 2.30 211.60 6.38

406 186 2.18 211.09 5.87

418 198 2.10 210.82 5.60

4338 213 2.03 210.51 5.29

446 226 1.98 210.28 5.06

460 240 1.92 210.04 4.82




TABLE 7
Data on Aquifer Test on Well 207 in the Tokio Formation

Time since Time since Depth to Residual
pumping pumping t water drawdown
started stopped —_— level tfeet) Remarks
(minutes) rmimlne.; u ifeet) 8)
t t
66.92 Static water level
0 Pump started
440 0 Pump stopped
441 1 441 88.95 22.03
442.6 2.5 177 84.20 17.28
443.6 3.5 127 82.52 15.60
445.6 5.5 81 80.63 13.71
447 7 64 78.77 12.85
450 10 45 78.08 11.16
452 12 37.6 77.33 10.41
456 15 30 76.49 9.57
457 17 27 76.03 9.11
461 21 22 75.27 8.35
4656 25 18.5 74.66 7.714
472 32 14.7 73.88 6.96
482 42 11.5 73.05 6.13
492 52 9.5 72.46 5.54
503 63 8 71.94 5.02
516 76 6.8 71.47 4.55
630 90 5.9 71.06 4.14
65560 110 5 70.60 3.68
572 132 4.3 70.21 3.29
616 175 3.5 69.65 2.73
706 265 2.66 68.91 1.99
0 330 2.34 68.57 1.65
800 360 2.22 68.43 1.51
916 475 1.92 68.07 1.15

The average discharge (Q) of well 309 in the
Nacatoch sand was 280 gallons per minute.

t
When values for s, log;—, and Q are substituted
tl

in the Theis recovery formula (Figure 4), the
coefficient of transmissibility of the Nacatoch
sand near the pumped well is found to be about
3,600 gallons per day per foot. The coefficient
of permeability, which is determined by dividing
the coefficient of transmissibility by the thick-
ness of the water-bearing material, m, (230
feet), was found to be about 16 gallons per day
per square foot. This figure may be too low be-
cause well 309 has 230 feet of open hole in the
Nacatoch sand which contains some shale and
clay that are not water-bearing. The effective
thickness in this well is probably about 100 feet
which would give a coefficient of permeability
of 36.2 gallons per day per square foot.

The average discharge of well 207 in the Tokio
formation was 184 gallons per minute. When

values for s, log,»—, and Q are substituted in
tl

the Theis recovery formula (Figure 5) the co-
efficient of transmissibility of the sand layer in
the Tokio formation, near the pumped well, is
found to be about 4,500 gallons per day per foot.

This figure may seem high when compared to
1,300 gallons per day per foot obtained from a
test on well 175 in the same formation as shown
on the following page. Although no samples are
available to make comparisons, it is believed
that the difference reflects the true character
of the materials because drillers report that the
Tokio formation is much coarser in the vicinity
of Hope than in Howard County where well 175
is located.

The late points on Figure 5 indicate that there
is probably leakage from some sand above or
below into the aquifer, therefore, these were not
used when drawing the line for calculations of
the transmissibility.

The thickness of the sand is 49 feet (see drill-
ers log 207), and, therefore, the coefficient of
permeability is about 90 gallons per day per
square foot.

Another aquifer test in the Tokio formation
was made at the Ideal Cement Company, in
Howard County. Well 175 was pumped at 70
gallons per minute and water-level measure-
ments were made in well 177. Table 8 shows
the drawdown in well 177 with well 175 pump-
ing. The coefficient of transmissibility and the
coefficient of storage were determined by the
Theis nonequilibrium method. The coefficient
of storage is defined as the amount of water, in

11
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Figure 4. Curve for Aquifer Test on Well 309 in the Nacatoch Sand.
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Figure 5. Curve for Aquifer Test on Well 207 in the Tokio Formation.
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r= 2,080 feet—

Time since distance from Depth to
pumping pumping well water

started r? level

(minutes) (feet)

t t (min)
115.95
0

22 1.97x 10° 115.95
53 8.15 x 10* 115.96
69 6.27 x 10* 115.96
84 5.156 x 10* 115.98
98 4.41 x 10* 115.99
123 3.6 x10 116.03
176 2.46 x 10* 116.17
193 2.24 x 10* 116.22
207 2.09 x 10* 116.27
230 1.88 x 10* 116.36
276 1.67 x 10* 116.59
308 1.4 x10' 116.76
366 1.22 x 10* 117.03
406 1.07 x 10" 117.30
455 9.5 x10" 117.60
506 8.55 x 10" 117.87
566 78 x10° 118.15
620 6.96 x 10" 118.48
676 6.4 x10" 118.87
756 5.72 x 10° 119.27
840 5.156 x 10" 119.59
925 4.67x 10" 119.95
1015 4.25 x 10" 120.33
1110 3.89x10" 120.70
1205 3.68 x 10" 120.91

1326

3.26 x 10°

TABLE 8

Data on Aquifer Test in the Tokio Formation with Well 175 Pumping 70 gpm and with
Water-Level Measurements Made in Well 177

121.29

Drawdown

(feet) Remarks

Static water level
Pump started

Q=170 g.p.m.

TR R R OWNRNRNEHHEHOO00000000900
wogomviomiviomwoNDIRwNNoOSD DD
BRRUNTOS RN GO N ARG H i - B -1 6O b G

Pump stopped

cubic feet, that will be discharged from a verti-
cal column of the aquifer having a basal area
of one square foot when the water level is low-
ered one foot (Theis 1935). The Theis nonequi-
librium formula may be written as follows:

1146 (= e
’ 7 J:.Bh*s u QUeeeeeeeeeeae (1)
-
Where:

s = drawdown of water level, in feet.

Q = discharge of pumped well, in gallons
per minute.

r — distance of observation well from
pumped well, in feet.

T = coefficient of transmissibility, in
gallons per day per foot.

S = coefficient of storage.
t = time well has been pumped, in days.

The exponential integral of formula (1) is re-
placed by the term W (u) which is read “Well
function of u”, and the equation is rewritten as
follows:

14

114.6 Q

S§=—-——W() .. ..
T

(2)

The value of the integral is given by the follow-
ing series:

W(u) = —-0.577216 — log.u 4 u

u2 u"i ul
— + — (3)
2.2! 3.3! 4.4!
1.87r=S
where u = . (4)
Tt

Values of W(u) for values of u between 9.9
and 1.0 x 10-'" are given by Wenzel (1942). The
“well function of u” is plotted against u on log-
log paper to form a type curve for determining
the transmissibility and the storage coefficients
of the formation tested. The observed draw-

rZ
downs are plotted versus — on log-log paper
t

(Table 8). The graph of the observed data

(Figure 6) is matched with the type curve by

superposition, keeping the axes of the two
r2

graphs parallel, and the values of —, s, W(u),
t
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and u are selected for any convenient point on
the graph. The value of transmissibility is ob-
tained from equation 2. and the value of the
storage coefficient is then obtained from equa-
tion 4 (Figure 6). The coefficient of transmissi-
bility near wells 175 and 177 is found to be 1.300
gallons per day per foot. The thickness of the
water-bearing sand is 21 feet, therefore the co-
efficient of permeability is 62 gallons per day
per <quare toot. The coefficient of storage was
found to be 0.000044. This means that for each
foot that the water level falls, 0.000044 cubic
feet of water will be released from storage in
each column the height of the aquifer with a
base 1 foot square,

A fourth aquifer test was made on the city
of Ashdown water supply wells in deposits of
Quaternary age. Well 383 was pumped at 30
eallons per minute and water level measure-
ments were made in an abandoned well 85 feet
from well 383 (Table 9). The aquifer coeffi-
cients were determined by the Theis nonequilib-

TABLE 9
Data on Aquifer Test in Deposits of Quaternary Age
with Well 383 Pumping 80 gpm with \\'ater-Level
Measurements Made in an Old Abandoned Well

r=86 feet=
distance from

Time since pumpi::’g well

pumping Drawdown

s . - (feet)
(minute) t (min.) [

2 3.6 x10° 0.10
4 1.8 x10° 0.37
6 1.2 x10° 0.62
8 9.0 x10° 0.88
10 7.2 x10 1.12
12 6.0 x 107 1.35
16 45 x 10 1.75
20 3.6 x 10 2.07
24 3.0 x10 2.32
30 24 x10° 2.70
35 2.1 x 107 2.90
40 1.8 x 10° 3.18
50 1.4 x10° 3.56
60 1.2 x 1v° 3.85
70 1.03 x 107 4.15
80 9.0 x10 4.36
90 8.0 x10 4.60
100 7.2 x10 4.80
110 6.6 x10 4.98
120 6.0 x10 5.10
130 5.65 x 10 5.20
140 5.15 x 10 5.30
150 4.8 x10 5.40
200 3.6 x10 5.956
300 24 x10 6.70
400 1.8 x10 7.18

rium method. The coefficient of transmissibil-
ity was found to be about 5,000 gallons per day
per foot. The aquifer thickness is about 30 feet,
therefore, the coefficient of permeability is
about 170 gallons per day per square foot (Fig-
ure 7). The coefficient of storage is found to be
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0.0012. This storage coefficient is considered to
be in the semi-artesian or leaky-aquifer range.
It is too high for artesian aquifers and too low
for water table aquifers. This is reasonable be-
cause the wells are screened with 20 feet of
screen set in about 14 feet of sand at the bottom
of the well with about 6 feet of the screen ex-
tending up into 11 feet of clay which overlies
the sand. Another sand layer about 18 feet thick
overlies the clay. The clay in these deposits is
usually sandy and silty and water from the
upper sand layver probably leaked through the
clay into the sand laver tapped by the well.
Under these conditions the coefficient of stor-
age would increase with time and if this test
could have been run much longer the storage
coefficient would probably increase to about 0.1.
Calculations of drawdowns made with the coef-
ficient determined by this test would be greater
than the actual drawdowns.

Recovery of Ground Water from Wells

When a well is pumped, the water level in the
well, and for some distance from the well, de-
clines and the water table or prezometric sur-
face takes a form similar to that of an inverted
cone, called the cone of depression. The greater
the pumping rate of a well the greater the draw-
down (difference between static and pumping
water levels) and the deeper the cone of depres-
sion. The rate of discharge of a well per unit of
drawdown is the specific capacity of the well.
The Hope Light and Water Company well 309,
in the Nacatoch sand, for example, vielded 280
gallons per minute with a drawdown of 118 feet,
hence its specific capacity was 2.5 gallons per
minute per foot of drawdown. The specific ca-
pacity of well 207 of the Hope Light and Water
Company, in the Tokio formation, is 2 gallons
per minute per foot of drawdown and for well
175 of the Ideal Cement Company, also in the
Tokio formation, the specific capacity is 0.7 gal-
lons per minute per foot of drawdown.

When a well is pumped, the water level drops
rapidly at first and then more slowly, but it may
continue to drop for several hours or even for
many days or years. In testing the specific ca-
pacity of a well, it is important to pump the well
until the water level declines only very slowly.
When a pump is stopped, the water level in the
well rises rapidly at first and then more slowly
until it approaches or reaches its original posi-
tion. Figure 8 is a graph showing the rate of
recovery of the water level in well 207 of the
Hope Light and Water Company after it had
been pumped at a rate of 184 gallons per minute
for 7.5 hours. After the water level had been
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allowed to recover for almost 8 hours it lacked
1.15 feet of returning to the original static level.

The character and thickness of the water-
bearing materials have a definite bearing on the
yield and drawdown of a well and, therefore, on
the specific capacity of a well. Drawdown in-
creases the height that the water must be lifted
in pumping a well, thus increasing the cost of
pumping. If the water-bearing material is
coarse and uniform in size it will readily yield
large quantities of water to a well with rela-
tively small drawdown; if the water-bearing
material is fine and poorly-sorted, as in most of
the water-bearing formations in the area cov-
ered by this report, it will offer more resistance
to the flow of water into the well thereby de-
creasing the yield and increasing the drawdown.
Other things being equal, the drawdown of a
well is inversely proportional to the transmissi-
bility of the water-bearing material.

Utilization of Ground Water

There are many wells in the area covered by
this report. All of the larger wells and approxi-
mately three-fourths of all the wells in the area
were studied and the data obtained on these 397
wells are given in Table 11. The ground water
withdrawn from these and other wells is esti-
mated to average about 8.5 million gallons per
day. The rates of use (in million gallons per
day) for different purposes are: Public Sup-
plies 3, Industrial 0.5, Domestic Use 3, Wastage
2, and Irrigation less than 0.1.

These figures are based on city pumpage rec-
ords, industrial pumpage, not including indus-
trial use from city supplies, per capita use of 50
gallons per day per person, including water for
stock, of rural population, actual measurement
of water from flowing wells going to waste, and
acreage irrigated.

Public Supplies

There are 11 municipalities in the area that
use ground water as a source of public supply.
Eight of these supplies are described briefly in
the following paragraphs.

Ashdown.—The city of Ashdown is supplied
by 4 drilled wells, (383, 384, 385 and 386), in
deposits of Quaternary age. The wells are 90
feet deep except well 385 which is 96 feet deep,
and they are 10 inches in diameter except well
386 which is 8 inches in diameter. They contain
approximately 20 feet of screen from about 70
feet to the bottom. The wells are equipped with
electrically-driven turbine pumps with a re-
ported capacity of about 80 gallons a minute

each. The output of well 383 was measured at
80 gallons per minute during the aquifer test at
Ashdown.

The water is pumped from a 75,000 gallon
ground rescervoir with an electrically-driven cen-
trifugal pump into a 50,000 gallon elevated tank.
The water, which is distributed through the
mains by gravity, is hard but suitable for most
uses (see analysis well 386 in Table 12).

DeQueen.—The water supply for DeQueen is
obtained from 3 wells (2, 4, and 5) that have a
reported yield of 150 to 200 gallons per minute
each. These wells yield water from sand and
gravel in the Trinity group from a depth of 145
to 450 feet. The water is pumped from the wells
with turbine pumps, driven by electric motors,
into a 150,000 gallon ground reservoir. It is
pumped from the ground reservoir into a 50,000
gallon elevated tank. The city has another well
(3) that is not used except in emergencies be-
cause it pumps sand. It yields water from the
same strata.

Analyses of the 4 wells (Table 12) indicate a
total hardness of 58 to 180 parts per million.

Foreman.—The town of Foreman obtains its
water supply from 2 dug wells (390 and 391) in
deposits of Quaternary age. Their yields are 38
and 15 gallons per minute. The water is stored
in an 11,000 gallon ground reservoir and a 50,000
gallon elevated tank.

An analysis for well 390 is given in Table 12.

Gurdon.—Gurdon is supplied with water from
2 wells (250 and 251) tapping the Nacatoch
sand. They are 4 inches in diameter and are 245
feet deep. A third well (252) of the same depth
is reported to yield water mixed with asphalt
and is used only in emergencies. The wells are
equipped with electrically-driven turbine pumps
and the reported yield in gallons per minute are
60 for well 250, 50 for well 251, and 100 for well
252. The water is pumped into an elevated tank
for distribution.

An analysis of water from well 250 is given
in Table 12.

Hope.—Water is supplied to the city of Hope
by 5 wells. Wells 208 and 209 are 1,480 and 1,500
feet deep, respectively, and yield water from
the Tokio formation. Well 208, drilled in 1918,
has 50 feet of perforated casing from 1,430 feet
to 1,480 fect, and well 209, drilled in 1950, has
120 feet.of screen from 1,380 feet to 1,500 feet.
Wells 309, 310 and 314 are 620 feet deep and
vield water from the Nacatoch sand. Well 314
is a gravel-wall well with 76 feet of screen and
wells 309 and 310 have no screen. They draw
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water through the open end of casing from about
230 feet of uncased hole. The city has 2 old
Nacatoch wells (811 and 312) 620 feet deep that
have no screen. They are not cased below 370
feet and have been abandoned. Wells 206 and
207, about 4 miles north of Hope, are on the
former Army Air Force Proving Ground now
owned by the city of Hope. These wells yield
water from the Tokio formation. Well 206 is
used to furnish water to a housing area near the
well.

Water from the wells is pumped by electri-
cally-driven turbine pumps into a ground reser-
voir and then pumped into an elevated tank for
distribution through the city mains. The aver-
age rate of use is about one million gallons per
day.

Analyses of water from wells 207, 208, 209,
309, 311 and 312 are given in Table 12,

Murfreesboro.—The city of Murfreesboro is
supplied by one well (1) 8 inches in diameter
yielding water from sand in the Trinity group.
The depth of this well is not known. Water is
stored in a 25,000 gallon ground reservoir and
distributed from a 55,000 gallon elevated tank.

An analysis of water from well 1 is given in
Table 12.

Prescott.—Prescott is supplied with water by
3 wells (152, 280, and 281). Well 152 is 1,070
feet deep, 8 inches in diameter, and yields water
from the Tokio formation. Wells 280 and 281
are 250 and 325 feet deep and yield water from
the Nacatoch sand. All of the wells are equipped
with electrically driven turbine pumps. Storage
capacity is 250,000 gallons.

Analyses of water from all 3 wells are given
in Table 12,

Texarkana.—The city of Texarkana is sup-
plied with surface water from Bringle Lake and
ground water from 3 well fields. Two of these
well fields are in Texas and are not described in
this report. The Arkansas Station well field has
22 wells (397) ranging in depth from 40 to 50
feet and yielding water from deposits of Qua-
ternary age. Their combined yield is about
700,000 gallons per day. They are equipped with
vacuum pumps operated from a common power
source.

A composite analysis (397) of water from all
22 wells is given in Table 12.

Industrjal Supplies

Industries in the area use ground water at an
estimated rate of 0.5 million gallons per day.
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The largest industrial user is a cement company,
located in southern Howard County, which uses
about 0.2 million gallons per day. Numerous
small industries such as lumber companies, ice
plants, railroads, and a brick factory also use
ground water.

Domestic Supplies

Many wells in the area furnish water for
domestic use. The estimated rate for domestic
use is 1.5 million gallons per day. The wells are
dug or drilled and they range from 25 to 950
feet in depth. The drilled wells range from 2 to
4 inches in diameter. Water flows from some of
the wells and some have sufficient pressure to
pipe the water directly into the houses. Others
have to be pumped and are generally equipped
with small electrically powered pumps.

Irrigation Supplies

A small amount of ground water is used for
irrigation in the area. Two wells located in the
Red River valley, east of Texarkana, supply
water for the irrigation of rice and the supple-
mental irrigation of dry crops. These wells each
have yields of about 400 gallons per minute, and
tap alluvium deposited by the Red River.

Water Wastage

In southwestern Arkansas there are two
large areas and one small area in which water
will flow from wells. The large areas are lo-
cated in the Little Missouri bottoms in northern
Hempstead County, southern Pike County, and
northern Nevada County, and southwest of
Nashville in southwestern Howard County. The
small area is located in southern Sevier County
in the Little River bottoms. In these areas there
are numerous uncapped wells from which water
is flowing and is not being used. The wells were
drilled to furnish drinking water for people
working in fields, for stock watering, and for
use in connection with the lumber industry.
Many of the wells are located a considerable dis-
tance from habitation. A total of 102 wells were
found from which water was flowing and was
being wasted. The rate of flow from these
ranged from 1 gallon to 90 gallons per minute,
averaging about 11. The total rate of flow from
the observed wells was about 1.6 million gallons
per day (see Table 10). Considering that all of
the flowing wells were not found during the
study it is likely that the total flow of water
being lost was at a rate of about 2 million gallons
per day.



TABLE 10
Water Wastage from Flowing Wells

Number of

Estimated flow

County wells (gallons per day)
Hempstead .= ... . ... ... 15 530,000
Howard .. .. e .. 82 360,000
Nevada . . . .. ... . 10 60,000
Pike ... .. . .. 24 410,000
Sevier . . . 21 _ 240,000
Total .. . . ... 102 1,600,000

It is estimated that in the Little Missouri bot-
toms the water level has been lowered as much
as 8 feet during the last 20 years. On higher
ground nearby, wells, from which water origin-
ally flowed, have ceased to flow and at present
have to be pumped or have been abandoned.

Many of the flowing wells could be capped
thus preventing the loss of water and the lower-
ing of artesian pressure. The water from some
of the wells might be used for supplemental
irrigation.

Quality of Water

The chemical character of the ground water
utilized in the report area is shown by 328
analyses of water listed in Table 12. The anal-
vses were made by the U. S. Geological Survey,
using standard procedures that are based on
methods found in authoritative publications
(Collings 1928 and Am. Public Health Assoc.
1946).

The analyses relate to the dissolved mineral
constituents which determine the fitness of the
water for municipal,. industrial, agricultural,
and domestic uses without reference to the sani-
tary quality of the sample. In most cases a
single sample from a well is regarded as being
representative of the chemical quality of the
water because the concentration of the dissolved
minerals of water in individual wells seldom
changes appreciably. Exceptions to this gener-
ality include very shallow wells, where the con-
centration is modified by rainfall; wells tapping
aquifers that are subject to salt-water encroach-
ment; or wells recharged by streams that fluc-
tuate in mineral concentrations.

Chemical Constituents in Relation to Use

The following discussion of the chemical con-
stituents of ground water in relation to use was
adapted from publications of the U. S. Geologi-
cal Survey and is limited to only those constitu-
ents given in Table 12.

Iron.—Iron is dissolved from many rocks and
soils and frequently from the pipes through
which the water flows. The quantity of this
constituent in ground water may differ greatly

from one locality to another, even though the
waters are derived from the same formation.
Waters with a low pH value (high in acidity)
tend to dissolve iron readily. Large amounts of
iron may interfere with efficient operation of
silicate water softeners, and may prove more
detrimental than either excessive hardness or
dissolved solids. Reddish-brown stains on white
porcelain or enameled ware and fixtures, and on
clothing or other fabrics washed in water, are
often caused by iron. The U. S. Public Health
Service Drinking Water Standards, for inter-
state carriers, recommend a maximum of 0.3
part per million (ppm) of iron and manganese
together in potable water. Many industries can-
not tolerate any iron in their supply of process
water ; however, iron is readily removed by aera-
tion and filtration. Unless otherwise noted, val-
ues of .iron reported in Table 12 are for total
iron. The iron content of water sampled in this
area ranged from 0.01 part to 54 ppm. Of a total
of 328, 241 samples contained less than 1.0 ppm;
59 contained 1.0 part to 5.9 ppm; and 16 con-
tained more than 7.0 ppm iron.

Carbonate and bicarbonate.—Bicarbonate in
natural water results from the action that dis-
solved carbon dioxide has on carbonate rocks.
The carbonate radial (CO;) is generally not
found in appreciable quantities in natural wa-
ters. Aside from the effect on the palatability
of the water where present in excessive amounts,
bicarbonate is of little significance in public
water supplies.

Carbonate ranged from none in most samples
to 98 ppm. Bicarbonate ranged from 3 parts to
773 ppm; most samples had less than 300 ppm.

Sulfate.—Sulfate, when present in sufficient
quantities, combines with calcium to form hard,
boiler scale, calcium sulfate. The sulfate ranged
from 1.0 part to 560 ppm with most samples
having less than 100 ppm. All but 11 samples
had less than 250 ppm of sulfate, the U. S. Pub-
lic Health Service recommended limit.

Chloride.-—Since the chloride of calcium, mag-
nesium, and sodium is readily soluble, chloride
is normally present in most water. Sodium chlo-
ride (common table salt) in higher concentra-
tions gives the water a salty taste, and also
causes foaming and priming in boilers. Magne-
sium chloride in waters is believed to form
hydrochloric acid by hydrolysis when heated,
and such waters would be corrosive. The limit
recommended by the U. S. Public Health Service
is 250 ppm. The samples ranged from 3.0 parts
to 3,850 ppm with all but 49 samples being be-
low the recommended limit.
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Nitrate.—Nitrate in water may result largely
from the complete oxidation of nitrogenous ma-
terials. The quantities usually found in Arkan-
sas waters are not sufficient to be objectionable.
The nitrate content of water sampled from this
area ranged from 0 parts to 560 ppm with 19
samples having more than 5.0 ppm and 6 sam-
ples having more than 40 ppm. Five of the 6
wells with a nitrate content greater than 40 ppm
were shallow wells, ranging in depth from 22 to
60 feet; the depth of the other well is not re-
ported. The high concentrations of nitrates are
probably due to pollution by surface water,
which has been in contact with fertilizers or
other nitrate salts, leaking into the wells. Re-
cent studies indicate that nitrates in water may
be the cause of methemoglobinemia (*“blue ba-
bies”). In a report published by the National
Research Council, (Maxcy 1950) concludes that
a nitrate content in excess of 44 ppm as NO,
should be regarded as unsafe for infant feeding.

Hardness.—When choosing a water supply for
either municipal, industrial, or domestic use, the
hardness of the water is probably one of the
most important factors considered. It is easily
recognized by the increased quantity of soap
required to produce lather, by the formation of
the insoluble curd that is objectionable in all
washing process, and by the deposits of insoluble
salts formed when the water is heated or evap-
orated. In addition to its soap-consuming capac-
ity, hard water is objectionable because of the
formation of scale in boilers, water heaters, ra-
diators, and pipes, with a resulting loss in heat
transfers, possible boiler failure and loss in flow.

Calcium and magnesium are usually the chief
causes of water being hard. Iron and aluminum
likewise cause hardness, but are usually present
in much smaller quantities than calcium and
magnesium. When present as bicarbonate or
normal carbonates, the hardness is called car-
bonate hardness; when present in the form of
sulfates, chlorides, nitrates, and other soluble
salts of calcium and magnesium, it is called non-
carbonate hardness.

Water that has less than 60 ppm of hardness
is usually rated as soft and suitable for most
uses without further softening. Water with
hardness ranging between 60 and 120 ppm may
be considered moderately hard, but this amount
does not seriously interfere with the use of wa-
ter for many purposes, except in high-pressure
steam boilers and in some industrial processes.
Water with hardness ranging from 120 to 200
ppm is considered hard. Where the hardness is
in the upper range, laundries and some indus-
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tries may profitably soften their supplies. Water
with hardness greater than 200 ppm needs some
softening before it can be used satisfactorily for
most purposes, though much harder water is
used without treatment, especially for domestic
purposes. Analyses of water from the wells
sampled for this report show a range in hard-
ness from 3 parts to 790 ppm, but generally less
than 100 ppm, except for the aquifers of Qua-
ternary age where it is usually more than 300

ppm.

Specific conductance.—The specific conduct-
ance of a water, a measure of its capacity to
conduct a current of electricity, is dependent on
the concentration and degree of ionization of the
different minerals present. Although the con-
ductance value does not give an indication of the
relative quantities of the different constituents,
it does give an indication of the total quantity
of the dissolved minerals. The conductance is
of particular use in those instances where the
dissolved solids are not determined, since, for
Arkansas waters, the dissolved solids value, ex-
pressed in ppm, is roughly half the conductance
value, expressed in micromhos.

Hydrogen-ion concentration (pH).—The de-
gree of acidity or alkalinity of water, as indi-
cated by the hydrogen-ion concentration, or pH,
is related to the corrosive properties of water
and must be known for proper treatment for
coagulation at water-treatment plants. The pH
is the logarithm of the reciprocal of the hydro-
gen-ion concentration. For practical purposes,
the pH scale ranges between the numbers 0 and
14, denoting various degrees of acidity or alka-
linity. Neutral water has a pH of 7. Values be-
low 7 and approaching 0 are increasingly acid,
while values from 7 to 14 are increasingly alka-
line. As the pH becomes less than 7.0, and espe-
cially less than about 5.0, the water becomes
more corrosive to certain metal surfaces. The
pH of the water sampled for this report ranged
from 4.7 to 9.2, but in most cases the pH was
above 8.0.

GEOLOGIC FORMATIONS AND THEIR
WATER-BEARING PROPERTIES

Mississippian and Pennsylvanian Systems

The Stanley shale, Jackfork sandstone, and
Atoka formations crop out on the northern edge
of the area covered by this report (Plate 2).
These formations consist of folded and faulted
hard shale and sandstone. The rocks contain
little ground water but sufficient amounts usu-
ally can be obtained for domestic use. Veatch
(1906) states that water-bearing sandstones



occur throughout this area but that it is quite
possible to drill 1,000 fect or more without ob-
taining a good supply.

Jurassic System

Oil geologists have reported rocks of Jurassic
age in deep oil tests in the southern part of the
area covered by this report. They consist of
dark shale, shaley limestone, sandstone, red
beds, and anhydrite. These rocks have been
overlapped by Cretaceous, Tertiary and younger
deposits. They do not crop out and do not yield
fresh water to wells. The section shown on Plate
1 does not go deep enough to show the Jurassic
deposits.

Cretaceous System—
Lower Cretaceous (Comanche) Series

The Lower Cretaceous of southwestern Ar-
kansas consists of the Trinity group and Kia-
michi and Goodland formations. The Trinity is
the only unit of early Cretaceous age that yields
fresh water to wells in Arkansas. The Kiamichi
formation and the Goodland limestone occur in
a very small area near Cerrogardo in western
Sevier County near the Arkansas-Oklahoma
state line.

Trinity Group Undifferentiated

Character, distribution, and thickness.—The
outcrop of the Trinity is shown on Plate 3. It
includes the lowermost rocks of Cretaceous age
in Arkansas. In the northern part of the area
it overlies the Mississippian and Pennsylvanian
rocks but in the southern part of the area it lies
directly on truncated beds of Jurassic age. At
its outcrop and for a short distance downdip the
Trinity deposits indicate a shallow water, and
occasionally a marginal, environment of deposi-
tion. The most common materials are clay, sand,
gravel, and limestone. Some carbonaceous ma-
terial is present in the clay and limestone beds.

The Trinity is divided into 6 units for this
report. The lowermost unit is gravel. It ranges
from 20 to 50 feet thick near its outcrop to a
maximum known thickness of about 100 feet
downdip. At its zone of contact with the Paleo-
zoic rocks, the gravel is sometimes cemented
with iron oxide. At other places it is composed
of an unconsolidated mass of rounded pebbles
and cobbles ranging in size from one-half inch
or less to ten inches in diameter, intermixed and
interbedded with sand and clay. The lower
gravel unit represents the northern edge of the
Lower Cretaceous outcrop and is seen as a very
irregular band or as outliners capping many of
the hills in the area. Apparently the gravels are

thinner to the west and overlapped to the east
by younger beds.

The second unit of the Trinity is a limestone
that overlies the lower gravel. It thins to the
west and extends from the Cossatot River east-
ward to southeastern Pike County where it is
overlapped by younger rocks. It ranges in thick-
ness from 10 feet to about 40 feet and is com-
posed of fossiliferous limestone and some green
clay.

The third unit of the Trinity is mostly clay
mixed with fine sand. It is thin at its outcrop
and reaches a known thickness of nearly 400
feet downdip.

The fourth unit is a gravel lithologically simi-
lar to the lower gravel but finer grained. This
gravel attains its maximum thickness of about
40 feet near the state line.

The fifth unit is a limestone and immediately
overlies the upper gravel. It extends into Okla-
homa on the west and to a point about four or
five miles south of Murfreesboro on the east
where it is overlapped by younger rocks. This
upper limestone unit is about 60 feet thick and
is composed of interbedded gray fossiliferous
limestone and clay with small amounts of gyp-
sum. Downdip the limestone lenses out and is
replaced by anhydrite and red shale.

The uppermost unit of the Trinity consists of
interbedded sand and red and gray clay and
shale. Locally there are thin gravel lenses in
this upper unit, but on the whole the sand is
usually fine-grained and well sorted. The sand
unit wedges out in western Hempstead County.

Near the southern part of the southwest Ar-
kansas area, the Trinity group reaches a prob-
able thickness of more than 2,500 feet.

Water supply.—The Trinity yields water to a
part of the wells in southern Howard County
and all of the wells in central Sevier County.
Records of 37 wells are given in Table 11 and the
locations of these wells are shown on Plate 3.
The chemical character of water from 33 wells
is given in Table 12.

The upper sand unit of the Trinity group is
the principal source of water in the group. Flow-
ing wells from this sand may be obtained at the
lower altitudes in Howard and Sevier Counties.
The largest yield observed from the upper Trin-
ity is from well 34 in the Saline River bottoms
which flows about 100 gallons per minute.

The quality of water from the upper sand is
variable and similar to water from the overlying
Woodbine formation. The Woodbine overlies the
truncated edges of these sands and may be inter-
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connected to some extent. The water in the Trin-
ity would require some treatment for most in-
dustrial processes.

At and around DeQueen, the upper and lower
gravels yield water of fair quality to wells.
Wells in these gravels at DeQueen have reported
vields of as much as 200 gallons per minute.

There are many dug wells in the outcrop area
of the Trinity group that yield small amounts
of water for domestic use.

Goodland Limestone

Character, distribution, and thickness.—The
only outcrop of the Goodland limestone in Ar-
kansas is at the extreme western edge of the
area in the northwest corner of Little River
County at the Oklahoma State line. The forma-
tion is probably less than 50 feet thick, being
made up of hard sandy, light gray, fossiliferous
limestone. The Goodland limestone crops out
over a large area in Oklahoma.

Water supply.—The Goodland limestone does

not yield water to wells in Arkansas.
Kiamichi Formation

Character, distribution, and thickness.—The
Kiamichi formation overlies the Goodland lime-
stone. It is probably less than 20 feet thick and
is composed of alternating hard and soft, gray,
fossiliferous marl and lenses of limestone. The
outcrop of the formation also is limited to the
extreme northwest corner of Little River
County.

Water supply.—The Kiamichi formation does
not yield water to wells in Arkansas.

Upper Cretaceous (Gulf) Series

The Upper Cretaceous includes all of the
strata above the base of the Woodbine forma-
tion and below the base of the Midway forma-
tion of Tertiary age. The sequence of forma-
tions is shown on Table 5. Deposits of Gulf
series rest unconformably on the sand of the
Trinity group in the western part of the area
but east of the vicinity of the Little Missouri
River and in the vicinity of Arkadelphia they
rest directly on rocks of Paleozoic age. The for-
mations of late Cretaceous age crop out in par-
allel bands striking in gencral northeast-south-
west directions. They crop out in a nearly con-
tinuous belt from the OQuachita River on the east
to the Little River valley on the west. In the
west and southwest part of the area, from the
Little River valley to the Oklahoma State line,
the Gulf sediments are covered by Quaternary
terrace and alluvial deposits except for small
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outliers near Foreman. In general the Gulf for-
mations thicken from east to west.

Woodbine Formation

Character, distribution, and thickness.—The
Woodbine is the oldest formation of the Upper
Cretaceous series. It overlies unconformably the
lower Cretaceous series in all of the area south
of the outcrop area of the Trinity group and
west of the Little Missouri River in Pike, How-
ard, and Sevier Counties. The thickness of the
Woodbine formation ranges from a feather edge
in eastern Hempstead County to 250 feet in Lit-
tle River County.

The Woodbine formation is composed largely
of reworked volcanic material with some sand,
gravel, and some red and gray clay. The basal
Woodbine consists of a lenticular gravel mem-
ber which thickens eastward from a few feet
to about 60 feet. The component materials
range in size from pea gravel to large cobbles.
Rounded and sub-rounded novaculite, chert and
quartzite are most common with some pieces of
well weathered igneous material.

The upper part of the Woodbine is made up
chiefly of cross-bedded, yellowish sand contain-
ing reworked volcanic materials and some red
and gray clay.

Water supply.—There are only a few wells in
southwest Arkansas that yield water from the
Woodbine formation. All of these are in south-
central Howard County. One well in southern
Sevier County was reported to have been drilled
into the basal gravels in the Woodbine forma-
tion. At this location the gravels were cemented
and did not yield water and the well was aban-
doned. A well drilled for the former White
Cliffs School at White Cliffs reached the gravel
in the Woodbine. The water was reported to
have been too salty to drink and the well was
abandoned. No known wells tap the Woodbine
formation in Hempstead County, probably be-
cause water is available from the overlying
Tokio formation. It appears that the Woodbine
might yield small amounts of water to wells in
the northwestern part of Hempstead County.

Records of 10 wells are given in Table 11 and
the locations of these wells are shown on Plate

3. Chemical analyses of water from 8 wells is
given in Table 12,

The quality of water from the Woodbine for-
mation is variable but usually high in sulfate
and bicarbonate and low in chloride. The amount
of chloride probably increases downdip as indi-
cated by the reported “salt water” obtained in



a well at White Cliffs School. Hardness is gen-
erally low.

Tokio Formation

Character, distribution, and thickness.—The
Tokio formation unconformably overlies the
Woodbine formation west of the Little Missouri
River and the Trinity formation and Paleozoic
rocks east of the Little Missouri River. The
Tokio formation crops out in a northeastward
trending band that is covered in stream valleys,
and across most of Little River County by over-
lying Quaternary deposits. The outcrop area of
the Tokio formation is shown on Plate 4. The
outcrop area in general increases in width west-
ward with an increase in formation thickness.
The Tokio formation increases in thickness from
about 50 feet near the edge of its outcrop to
about 300 feet in Little River County, and prob-
ably continues to thicken westward and south-
ward. Eastward it thing rapidly and is over-
lapped by the Brownstown marl a few miles east
of the Little Missouri River in Clark County.
The Tokio underlies all of southwest Arkansas
south of the area in which it crops out and west
of the Little Missouri River.

The Tokio formation is composed chiefly of
cross-bedded sand and clay interbedded and in-
tertongued with scattered carbonaceous mate-
rial and some gravels. The basal gravel is the
most persistent part of the Tokio formation but
other lenticular beds of gravels occur higher in
the formation. Sub-rounded pebbles of light-
gray to brown novaculite are the most common
constituents and range from pea size to six
inches in diameter. The gravel is thickest in
Hempstead and Howard Counties and thins east-
ward and westward. The dip of the gravel bed
is not precisely known but is probably about 70
feet per mile south and southeast. The gravels
lense out westward in Sevier and Little River
Jounties and are replaced by medium to fine
sand.

The remainder of the formation consists
largely of medium, cross-bedded, brown and
gray sand with intertonguing and interbedded
gray leaf-bearing, fossiliferous, clay, with vary-
ing amounts of lignite. The sand beds are usu-
ally poorly sorted. In southeastern Sevier
County, southern Howard County, and western
Hempstead County, there are three distinct sand
beds within the Tokio as illustrated in Plate 6.
They have not been named and will be referred
to in this report as upper, middle, and lower
sands of the Tokio. The upper sand occurs at
the top of the formation. The middle sand oc-
curs about 60 to 80 feet stratigraphically below

the upper sand. The lower sand, which is equiv-
alent to the basal gravel in the outcrop area of
the Tokio formation, occurs about 100 feet be-
low the middle sand. To the east the clay layers,
separating the sand beds, becomes thinner and
in Hempstead County the three sand beds merge
to form a massive sand which is prevalent over
most of Hempstead County, southern Pike
County, and northern Nevada County.

Much of the Tokio formation at the outcrop
is sandy and weathers into a sandy soil. A man-
tle such as this is sufficiently permeable to allow

percolation of surface and rain water into the
sand.

Water supply.—The Tokio formation yields
water to wells in southern Pike County, north-
ern Nevada County, northern and central Hemp-
stead County, southern Howard County, and
southeastern Sevier County. Records of 165
wells are given in Table 11 and their locations
are shown on Plate 4. Plate 4 also gives the alti-
tude of the top of the Tokio by means of con-
tours. From these contours, the approximate
depth to the top of the Tokio may be determined
by adding to the altitude of the land surface the
values read from the contours where the top of
the Tokio is below sea level or by subtracting
from the altitude of the land surface, the values
read from the contours where to top of the Tokio
is above sea level. The upper water-bearing
sands are immediately below the top of the for-
mation.

Yields of up to 300 gallons per minute may be
obtained in central Hempstead County. Flowing
wells may be obtained in the bottom-land areas
adjacent to streams. Wells flowing as much as
90 gallons per minute occur in these areas. Most
of the water wastage from flowing wells given
under utilization of water is from the Tokio
formation.

Chemical analyses of water from 143 wells in
the Tokio formation are given in Table 12. Iso-
chlors for water from the Tokio are given on
Plate 4. They are contoured on equal parts per
million (ppm) of chloride. The approximate
ppm chloride content for water from the Tokio
can be ascertained in advance of drilling from
the isochlors shown on Plate 4.

The quality of water from the sand and/or
sands of the Tokio is fairly uniform, but there
is wide variation in sulfate and iron content.
In general the amount of chloride increases
gradually downdip in the formation. However,
the chloride increases abruptly in extreme west-
ern Clark and northwestern Nevada Counties.
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The same abrupt rise in chlorides occurs in
southern Sevier County (see Plate 4).

The iron content of the Tokio water is high
near the center of northern Hempstead County
and in parts of southern Howard County, rang-
ing up to as much as 54 ppm.

Bicarbonate and sulfate are high indicating a
moderately high sodium bicarbonate and sodium
sulfate water. The water is generally soft with
only a few exceptions.

Brownstown Marl (Restricted)

Character, distribution, and thickness.—The
Brownstown marl unconformably overlies the
Tokio formation and in Clark County overlies
the rocks of Paleozoic age. The Brownstown
marl crops out in an interrupted band which
parallels and lies southeast of the outcrop of the
Tokio formation. The chief exposures of the
formation extend from the valley of the Little
River northeastward to the Ouachita River val-
ley. It is covered by Quaternary deposits in
Little River County and in the stream valleys.
The Brownstown marl is about 150 feet thick
in Howard County, thinning slowly westward
and more rapidly eastward, and it underlies all
of the Cretaceous area south of its outcrop.

West of the Clark-Pike, and Clark-Nevada
County lines the Brownstown marl is uniformly
a gray marl with small quantities of sand and
numerous large oyster shells. On weathering it
turns a light tan. In Clark County the marl
grades into a shallow water facies containing
numerous sandy beds and sandy ciay. In places
the sand contains small quantities of chert peb-
bles which occur within hard calcareous sand-
stone lenses.

Water supply.—The Brownstown marl, being
relatively impermeable, is not important as an
aquifer in the Cretaceous area; however, it will
yield small amounts of water for domestic pur-
poses, mainly in Clark County where the amount
of sand in the formation increases. The single
analysis of water from the Brownstown in Clark
County shows a highly mineralized water (see
Table 12). Downdip from the outerop the for-
mation becomes less sandy and less permeablc,
and therefore the possibility of getting highly
mineralized water is greater with increasing
depth.

Ozan Formation

Character, distribution, and thickness.—The
Ozan formation is unconformable with the un-
derlying Brownstown marl. The basal unit of
the Ozan, which crops out in southeastern Sevier
County, southern Howard County, and western
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Hempstead County, is known as the Buckrange
sand lentil, a thin fossiliferous, very glauconitic
sandy marl containing chert pebbles and phos-
phatic material. The Buckrange is not known
to crop out in the eastern part of the Cretaceous
area. The remainder of the Ozan formation,
near its western outcrops in Arkansas, is com-
posed of micaceous, fossiliferous gray sandy
marl with a few beds of sand and sandy lime-
stone. In Little River County, where it is largely
overlain by deposits of Quaternary age, the Ozan
changes facies from a sandy clay and marl to
chalk and marl.

The Ozan formation in Clark County is simi-
lar in appearance and lithology to the Overlying
Brownstown marl; however, the Ozan may be
differentiated either by a glauconitic sand bed
at the base, if present, or by the prevalence of
smooth, convex oyster shells.

The Ozan is about 200 feet thick in Little
River County, thinning to 150 feet in Howard
and Hempstead Counties, and probably less than
75 feet in Clark County.

Water supply.—Records of 13 wells in the
Ozan formation are given in Table 11 and the
locations of these wells are given on Plate 3.
Chemical analyses of water from 12 of the wells
are given in Table 12. The Ozan formation
yields small amounts of very highly mineralized
water to wells in Clark County. This water is
used only for domestic purposes and some of it
is not suitable for that. Chlorides range from
32 parts per million to 2,100 parts per million.
There is one well in southern Sevier County that
yields water from the Ozan, but it contains 1,100
parts per million chloride and is not used. One
well in Hempstead County yields water from the
Ozan. It is least mineralized of the samples
taken from wells in the Ozan formation contain-
ing only about 400 or 500 ppm total solids.

Annona Chalk

Character, distribution, and thickness.—The
Annona chalk crops out near the southern edge
of Howard County, the western edge of Hemp-
stead County, and the northeastern and south-
western corners of Little River County. The
Annona reaches a maximum thickness of about
100 feet at the outerop in Little River County.
It consists of massive white to gray, fossilifer-
ous chalk, which in some places is sandy or
marly. It is abgent on the surface in the eastern
half of the Cretaceous area but it may be pres-
ent in the subsurface.

Water supply.—The Annona chalk does not
yield water to wells in Arkansas.



Marlbrook Marl (Restricted)

Character, distribution, and thickness.—The
Marlbrook marl is exposed as a discontinuous
band extending from the vicinity of Arkadel-
phia southeastward to the Saline River with
one exposure in western Little River County.
East of the Howard-Hempstead County line the
Marlbrook lies directly on the Ozan and the con-
tact is sharp; but to the west it overlies the
Annona chalk and the contact is often transi-
tional. The Marlbrook reaches a thickness of
about 200 feet to the west and thins gradually
eastward.

The Marlbrook marl is a uniform massive to
thick-bedded, fossiliferous, chalky marl. It is
blue gray in color when wet and when dry and
exposed to weathering, it is a chalky white. Near
the eastern edge of its outcrop area, the basal
portion immediately overlying the Ozan forma-
tion is sandy and glauconitic.

Water supply.—The Marlbrook marl does not
yield water to wells in Arkansas.

Saratoga Chalk

Character, distribution, and thickness.—The
Saratoga chalk unconformably overlies the
Marlbrook marl throughout the Cretaceous area
south of its outecrop. The unconformity marks
a break in both lithology and fossil content.
Thin outcropping bands of the Saratoga chalk
extend southwestward from two miles west of
Arkadelphia to the Little River bottoms. The
formation is covered by Quaternary deposits in
the stream valleys and in Little River County.
The Saratoga chalk reaches a maximum thick-
ness of about 60 feet.

The lower contact of the formation is charac-
terized by a very thin glauconitic and phos-
phatic zone, with numerous fossil fragments.
The greater part of the formation is white, very
fossiliferous, sandy chalk.

Water supply.—The Saratoga chalk does not
yield water to wells in Arkansas.

Nacatoch Sand

Character, distribution, and thickness.—Thc
Nacatoch sand crops out as a wide, low ridge
extending from the valley of the Little River in
western Hempstead County northeastward to
Arkadelphia. It is overlain by Quaternary de-
posits in the Little Missouri River valley, and
Little River County. The outcrop area is shown
on Plate 6. The outcrop averages from five to
seven miles wide. The beds dip southeastward
at about 40 feet per mile. The Nacatoch de-

creases in thickness from about 400 feet at the
Little River to about 150 feet near Arkadelphia.

The Nacatoch sand may be divided into three
lithologic units. The lower unit consists of in-
terbedded gray clay, sandy clay, and mar!; dark
clayey fine grained sand; and hard irregular
concretionary beds, and contains lenses of cal-
careous, fossiliferous, slightly glauconitic sand.
The middle unit consists of a dark-greenish
sand, which contains coarse grains of glauconite
and weathers to lighter shades of green. It is
generally fossiliferous where it is glauconitic.
This unit also contains irregular concretionary
beds. The upper unit is composed of unconsoli-
dated gray, fine-grained quartz sand. Cross-
bedding is common in this sand. Locally the
sand is massive and contains a few hard lenses
and beds of fossiliferous sandy limestone. This

upper unit is the principal water-bearing part
of the Nacatoch.

Water supply.—Records of 150 wells in the
Nacatoch sand are given in Table 11 and the
locations of these are shown on Plate 5. Plate 5
also gives the altitude of the top of the Nacatoch
by means of contours. From these contours, the
approximate depth to the top of the Nacatoch
may be determined by adding, to the altitude of
the land surface, the values read from the con-
tours where the top of the Nacatoch is below sea
level or by subtracting, from the altitude of the
land surface the values read from the contours,
where the top of the Nacatoch is above sea level.
The main water-bearing portion of the Naca-
toch is immediately below the top of the forma-
tion. The Nacatoch sand yields water to wells
in southwestern Clark County, north central
Nevada County, central Hempstead County,
northern Miller County, and extreme southeast-
ern Little River County (see Plate 5). Flowing
wells with yields of one or two gallons per min-
ute, may be obtained in the lowest stream valleys
in Clark and Nevada Counties. The Nacatoch
sand will produce yields of 150 to 300 gallons
per minute in Hempstead County and western
Nevada County. In Miller County, eastern Ne-
vada County, and Clark County yields are gen-
erally smaller and the water may contain con-
siderable chloride.

Chemical analyses of water from 114 wells
are given in Table 12. Isochlors for water from
the Nacatoch sand are shown on Plate 5. They
are contoured on equal parts per million (ppm)
of chloride. The approximate ppm chloride con-
tent for water from the Nacatoch can be deter-
mined from the isochlors on Plate 5.
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The Nacatoch sand yields a moderately soft
alkaline water whose total mineral content dif-
fers considerably from place to place. Downdip
2 to 20 miles from the outcrop area, the water
generally is too salty for most uses. The change
between fresh and salt water is often very sharp
going from less than 100 to over 1,000 ppm chlo-
ride in about 4 miles. In northern Miller County
and in southern Clark and northeastern Nevada
Counties the salt water occurs close to the ex-
posed area of the Nacatoch. Veatch (1906)
gives the following explanation for the occur-
rence of salt water near the outcrop area of the
Nacatoch:

“Apparently the soluble salts have been dis-
solved and carried down by the continued in-
flow of rain water, and so the beds have been
leached near the outcrop and the salts concen-
trated at a greater or less distance from it.
The line between fresh and salt water is often
very sharp, where, from the same
horizon fresh water is obtained in one well
and salt water in another not 200 feet away.”

A more likely explanation might be, since the
Nacatoch is a marine deposit, that the sea water
that was entrapped in the formation while it
was being deposited has never been flushed out.
There is not enough discharge downdip from
the outcrop to allow very much movement of
water through the formation, and the flushing
process has been and still is very slow.

Sulfate and nitrate in solution are usually low,
exceeding a combined total of 100 parts per mil-
lion in only 3 of the 114 samples. Bicarbonate
concentrations are moderate, varying from 2 to
about 400 parts per million with the usual range
of from 200 to 300 parts per million. Iron is low
with very few exceptions.

Arkadelphia Marl

Character, distribution, and thickness.—The
Arkadelphia marl overlies the Nacatoch sand
south of its outcrop throughout the Cretaceous
area. It is made up principally of blue to brown-
ish clay-marl with occasional thin stringers of
limestone. It is moderately fossiliferous. The
formation’s thickness varies from 100 to 150
feet.

Water supply.—The Arkadelphia marl does
not yield water to wells in Arkansas.

Tertiary System—Paleocene Series
Midway Formation

Character, distribution, and thickness.-—The
Midway formation overlies the Arkadelphia
marl and is separated from it by an unconform-
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ity which represents a considerable length of
geologic time. The lower 30 to 50 feet consists
normally of bedded calcareous clay containing
at some places beds of dense gray limestone.
The upper part of the formation consists of uni-
form gray clay with siderite concretions. The
thickness ranges from about 20 feet at the out-
crop to about 400 feet at the southern edge of
the area. The Midway underlies all of the area
south of the Arkadelphia marl outerop.

Water supply.—The Midway formation does
not yield water to wells in Arkansas.

Tertiary System—FEocene Series

Wilcox Formation

Character, distribution, and thickness.—The
Wilcox formation overlies the Midway in north-
ern Miller County, southern Hempstead County,
southern Nevada County, and southern Clark
County. It ranges in thickness from a few feet
on its outcrop to about 600 feet in the southern
edge of the area. The Wilcox is composed of a
series of dark finely laminated beds of sand and
clay containing much vegetable matter, mostly
in the form of lignite.

Water supply.—The Wilcox supplies water to
numerous shallow dug wells along the southeast-
ern edge of the area except in Miller County
where it is overlain by Quaternary deposits.
There it is necessary to drill wells into the Wil-
cox. The yield of wells is small but large enough
for domestic supplies. Many of the wells in
southern Hempstead County, southern Nevada
County, and southern Clark County are so shal-
low that they bottom well above the bottoms of
the drainage channels and therefore tend to go
dry during extended dry periods. Well locations
are shown on Plate 3.

The hardness of 4 samples of water from the
Wilcox formation ranged from 32 to 110 ppm
which is considerably softer than the water in
deposits of Quaternary age. The iron content
was high in three of the samples but all were
low in chloride. One sample had 86 ppm nitrate,
which may indicate pollution from the surface.

Quaternary System—Pleistocene and
Recent Series

Alluvial and Terrace Deposits

Character, distribution, and thickness.—Allu-
vial deposits underlie the flood plains of the
Ouachita, Little Missouri, Saline, Little River,
and Red Rivers and their tributaries. They con-
sist of sand, silt, gravel and clay, and range in
thickness from 0 to about 50 feet. Terrace de-
posits underlie most of Little River County,



northeastern Hempstead County, and northeast-
ern Nevada County. They consist of sand, clay
and gravel, and range in thickness from a few
feet in Nevada County to about 90 feet in Little
River County.

Water supply.-—-Records of 17 wells that yield
water from deposits of Quaternary age are given
in Table 11 and locations of the wells are shown
on Plate 3. Water is obtained from the alluvial
and terrace deposits mainly in Little River
County and northeastern Miller County. Yields
of as much as 150 gallons per minute are re-
ported at Ashdown, in Little River County, and
yields of an estimated 400 gallons per minute
are reported in eastern Miller County where the
water is used for irrigation. Numerous shallow,
dug, or driven wells yield water from Quater-
nary deposits in the stream valleys but the yields
are small and the water (see Table 12) is fre-
quently hard. Soft water is obtained by the city
of Texarkana from local deposits of Quaternary
age in the eastern edge of the city. The yield of
22 wells about 45 feet deep is about 700,000 gal-
lons per day.

SUMMARY OF WATER SUPPLY
BY COUNTIES

Clark County

In northern Clark County ground water is
available in small quantities from the sandstone
and shale of Mississippian and Pennsylvanian
age. Wells may obtain supplies at depths of 100
to 300 feet but it is quite possible to drill 1,000
feet or more without obtaining a good supply
(Veatch 1906).

In central Clark County, the amount of sand
increases in the Brownstown marl and it will
yield small amounts of highly mineralized water
to domestic wells (see analysis 213, Table 12).
Downdip from the outcrop the formation be-
comes less sandy and the possibility of getting
highly mineralized water is greater.

The Ozan formation, overlying the Browns-
town marl, yields small amounts of very highly
mineralized water to wells (see Table 12). The
water is used only for domestic purposes and
some of it is not fit for that. Chlorides range
from 32 to 2,100 parts per million.

The Nacatoch sand yields water to wells in
central and southwestern Clark County. Wells
range in depth from less than 100 feet in the
central part of the county, near the outcrop, to
568 feet in the southwestern part of the county.
Reported yields of up to 100 gallons per minute
have been obtained by the city of Gurdon and
the Gurdon Lumber Company. Flowing wells,

with yiclds of one or two gallons per minute,
may be obtained in the lowest stream valleys.

The Nacatoch sand yields a moderately soft
alkaline water whose total mineral content dif-
fers considerably from place to place. In Clark
County the Nacatoch water becomes salty close
to its outcrop. The change between fresh and
salt water is often very sharp going from less
than 100 to 1,000 parts per million chloride in
about 4 miles.

The Tokio formation is present along the
western edge of Clark County but it contains
water high in chloride content. Well 53 in Clark
County and well 52 in northeastern Nevada
County have 1,200 and 920 parts per million
chloride respectively. Any wells drilled to the
Tokio in western Clark County will likely yield
salt water unless they are located very close to
its outcrop area.

The record of wells and chemical analyses of
water for Clark County are given in Tables 11
and 12. The locations of wells arc given on
Plates 3, 4, and 5.

Hempstead County

In northern and central Hempstead County
water is obtained from sands in the Tokio for-
mation. Wells vary in depth from 16 feet in the
northwestern part of the county in or near the
Tokio outcrop area to 1,500 feet at Hope. Re-
ported yields of up to 300 gallons per minute are
obtained at Hope. Flowing wells from the Tokio
may be obtained in northeastern Hempstead
County in the Little Missouri bottoms. Well 72
(Table 4) had a measured flow of 90 gallons per
minute.

In central Hempstead County the Nacatoch
sand yields water of good quality to wells.
Yields of 150 to 300 gallons per minute have
been reported at Hope. Depth of wells range
from a few feet in the outcrop area (Plate 5)
to about 700 feet in the southwestern part of
the county.

In the extreme southern part of Hempstead
County water is obtained for domestic use from
shallow wells in sands in the Wilcox formation.

The record of wells and chemical analyses of
water for Hempstead County are given in Tables
11 and 12. The location of wells are given on
Plates 3, 4, and 5.

Howard County

In northern Howard County ground water
may generally be obtained in small quantities
from sandstone and shale.
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Sands in the upper part of the Trinity group
supply highly mineralized water to wells in cen-
tral Howard County south and southwest of
Nashville. Flowing wells may be obtained at
the lower altitudes that flow from 1 to about
50 gallons per minute. The sands of the upper
Trinity may be interconnected to the basal
gravel of the overlying Woodbine formation.
Flowing wells with similar yields and quality of
water are obtained from the Woodbine in south-
ern Howard County.

There are many wells in southern Howard
County that derive their water from the middle
and lower sands of the Tokio formation. In the
extreme southern end of the county wells yield
water from the upper sand of the Tokio. Wells
vary in depth from a few feet in the outcrop
area (Plate 4) to about 500 feet in the southern
part of the county.

The quality of Tokio water is generally good.
Exceptions are high iron and sulfate content in
local areas. Chloride increases gradually down-
dip in the formation (Plate 4).

Tables 11 and 12 give the records of wells and
chemical analyses of water from wells in How-
ard County. The locations of wells are given on
Plates 3 and 4.

Little River County

Little River County is almost completely cov-
ered by deposits of Quaternary age. These de-
posits yield water to wells from sand and gravel
about 30 to 90 feet below the surface. The cities
of Ashdown and Foreman obtain water from
wells in these deposits. The water is generally
hard.

The only Cretaceous deposits that yield fresh
water are the Nacatoch sands in southern Little
River County. Wells range in depth from about
100 to 365 feet.

A Trinity well (37) has a flow of highly min-
eralized water (see Plate 3). This well was
drilled for an oil test. It is not known at what
depth the flow of water is from. Any well drilled
into the Trinity group in Little River County
will likely yield salt water.

The Woodbine formation is reported to yield
salt water at White Cliffs. The Woodbine over-
lies the Trinity except for a small area in north-
western Little River County. The Woodbine
would likely yield salt water in Little River
County.

The Tokio formation is reported to have been
tested at various places in Little River County
but it yields only salt water except for one well
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(204) in the western part of the county. It is
a shallow dug well, 22 feet deep, where the Qua-
ternary covering the Tokio is thin. An analysis
of water (204, Table 12) from this well shows
102 parts per million chloride, hardness of 92
parts per million and iron of only 0.7 parts per
million. Nitrate is 130 parts per million, which
probably indicates that the water is contami-
nated by surface water.

Tables 11 and 12 give the records of wells
and chemical analyses of water from wells in
Little River County. The locations of wells are
shown on Plates 3, 4, and 5.

Miller County

In northern Miller County the Nacatoch sand
is the only Cretaceous aquifer that yields fresh
water to wells. The chloride content of water
from the Nacatoch increases from about 100
parts per million in the extreme northern part
of the county to over 3,000 parts per million near
Texarkana (Table 12). Wells in the Nacatoch
vary in depth from 250 feet in the northern part
of the county to about 1,000 feet at Texarkana.

Sands of the Trinity group, Woodbine forma-
tion, and Tokio formation would likely yield salt
water in Miller County as they do further to the
north in Little River County.

The Wilcox formation supplies water to do-
mestic wells near Texarkana where water is not
available from overlying deposits of Quaternary
age and where the Quaternary is missing (see
Plate 2). Wilcox wells have small yields but
generally the quality of water is better than that
from the Quaternary (see Table 12).

Deposits of Quaternary age cover the north-
ern part of Miller County northeast of Texar-
kana. Sand and gravel in these deposits can
generally be reached at depths from 40 to 80
feet. These deposits in the Red River valley east
of Texarkana yield about 400 gallons per minute
of poor quality water to irrigation wells (see
Table 12).

Tables 11 and 12 give the records of wells and
chemical analyses of water from wells in Miller
County. The locations of wells are shown on
Plates 3 and 5.

Nevada County

In extreme northern Nevada County, in the
bottoms of the Little Missouri River, flowing
wells yield water from the Tokio formation.
These wells vary from about 225 feet to 600 feet
deep. The city of Prescott and the Arkansas
Louisiana Gas Company each has a well yield-



ing water from the Tokio. These wells are 1,070
feet and 1,217 feet deep. They yield water that
has a high chloride content (see wells 152 and
205, Table 12). Any wells drilled into the Tokio
more than 10 miles south or east of Prescott
would likely yield salty water (see Plate 4).

The Nacatoch sand crops out across the north-
ern end of Nevada County. It yields water of
good quality to dug wells in and near its outcrop
and to drilled wells at and south of Prescott.
Nacatoch wells will flow a few gallons per min-
ute in the lowest stream valleys. Five flowing
wellsin T. 11 S., R. 20 W., yield water with more
than 500 ppm chloride (see Plate 6). Wells
range in depth from a few feet in the outcrop
area to over 600 feet about 15 miles south of
Prescott.

In the southern part of the county dug and
drilled wells yield water from the Wilcox forma-
tion. The town of Rosston has the only known
municipal well yielding water from the Wilcox
in the area.

The record of wells and chemical analyses of
water in Nevada County are given in Tables 11
and 12. Locations of wells are shown on Plates
3, 4, and 5.

Pike County
In the part of Pike County north of the Trin-
ity outerop (Plate 3), domestic supplies can
usually be obtained above 300 feet. In the re-
gion of the Trinity outcrop (Plate 3) very little
ground water is available. The Trinity group
is here a calcareous clay of practically no water

bearing value (Veatch 1906).

South of the Tokio formation outcrop (Plate
4) flowing wells can be obtained along the Little
Missouri River valley and some of its tribu-
taries. The depth of wells, in the Tokio here,
range from a few feet in the outcrop to about
250 feet near the Little Missouri River. The
quality of water from the Tokio is good.

The records of wells and chemical analyses of
water from Pike County are given in Tables 11
and 12. The locations of wells are shown on
Plates 3 and 4.

Sevier County

In northern Sevier County north of the Trin-
ity outcrop area, water may usually be obtained
from Mississippian and Pennsylvanian rocks in
sufficient quantities for domestic use.

In the vicinity of DeQueen, the two gravel
units of the Trinity group, yield water of fair
quality to wells at depths of from 145 feet to 4560

feet. Trinity wells at other places throughout
central Sevier County vary in depth from a few
feet to 415 fect.

The Tokio formation yields water to wells in
southern Sevier County. The wells range in
depth from about 100 feet, near the outcrop
area, to about 400 feet near the southern tip of
the county. Many Tokio wells flow a few gal-
lons per minute in the Cossatot River bottoms.

The records of wells and chemical analyses of
water from Sevier County are given in Tables
11 and 12. The locations of wells are shown on
Plates 3 and 4.

WELL LOGS

Listed on the following pages are the drillers’
logs of 10 wells in southwestern Arkansas. The
descriptions of the materials given in the logs
are as they were reported by the driller.

The geological classification of the logs was
made by the senior author. Many of the logs are
either too generalized or too incomplete to per-
mit an accurate geological classification, so that
the formation boundaries are not exact and
their thicknesses may not be accurate.

WELL 4
Owner: City of DeQueen
Location: SW14 NE14,sec.30,T.8S.,,R.31 W.
Altitude: 450 ft. (approx.)

Driller: —
Thickness epth
(feet) feet)
Deposits of Quaternary age
Surface material . . ... 12 12
Gravel . i ... B 18
Trinity group
Limestone .. 4 22
Clay,red = .. . U - | 3¢
Limestone . ... .. .. .. . . 1 37
Clay,blue . . . ... 9 46
Limestone .. . ... 8 49
Clay,blue ... ... .. . 3 62
Limestone ... 16 67
Clay, yellow 10 Vi
Limestone ... 1 8
Clay, yellow . _ 3 81
Limestone . .. 9 90
Gravel and clay, red ... ... 18 108
Limestone . ... ... .. ... ... b 113
Slate, blue . ... 32 145
Sand and gravel . 15 160
Limestone ... ... ... T 167
Gravelandclay . . . ... 12 179
Limestone ... ... . .1 180
Gravel and clay . 12 192
Sandstone . .. .. U | 193
Gravel .. . .. ... ... b8 251




WELL 205

Owner: Arkansas Louisiana Gas Company

Location: SWi, NE%,sec.3,T.12S,,R.23 W.

Altitude: 320 ft. (approx.)
Driller: H. Cox

Thickness Depth
(feet) (feet)
Deposits of Quaternary age
Surface clay .. 40 40
Arkadelphia marl
Shale ... . ... ... ... _188 223
Nacatoch sand
Sandrock ... ... .. ... . 8 231
Sand ... 1T 248
Sand and gravels . 67 305
Sand and gravels (shell and rocks) 20 326
Shale . 10 335
Broken sand rock . B 15 360
Sand . . . ... 100 450
Saratoga chalk and Marlbrook marl
Gummy shale .. . 290 765
Sand . . 2B 765
Ozan formation
Gummy shale ... .. S 86 850
Shaleand boulders ... B0 900
Gumbo ... 30 930
Grownstown marl
Shale and boulders . ... ... 30 960
Shale . i e 40 1,000
Gummy shale - 29 1,029
Sand . 6 1,036
Shale . . e e 10 1,045
Sand . e B 1,061
Gummy shale . e - 19 1, 070
Sand . 15 1, 085
Tokio formation
Gumbo . . ... ... 35 1,120
Shale ... .. ... . .. . 20 1,140
Gumbo ... ... 18 1,168
Sand ... . ... e . 14 1,172
Gumbo . .. . .. ... ... 6 1,178
Sand e . 89 1,217
WELL 206
Owner: Hope Light and Water Co.
Location: SE1 NE14,sec.3,T.12S,R.23 W,
Altitude: 340 feet
Driller: Layne-Arkansas Co.
Thickness Depth
(feet) (feet)
Arkadelphia marl
Yellowelay ... .. ... 3 35
Blueshale ... ... ... T2 107
Nacatoch sand
Finesand . ... 112
Rock .. ... 116
Rock, not so hard - 122
Break . 126
Finesand ... . .. 131
Rock . . 137
Fine sand . 149
Hard rock 154
Fine hard sand . 160
Hard spot 162
Fine sand 164
Sand with hardspot . .. . 166
Sandy shale _..... e 170
Rock 171
Fine sand 191
Rock . . 192
Break . S 193

WELL 206—Continued

Thickness  Depth
(feet) (feet)
Roek . .1 194
Finesand .. . .. .. 22 216
Finer sand . . 18 234
Rock 2 236
Breaks with rocks ... 6 242
Rock . 3 245
Fine blacksand .. . .. 18 263
Rock .. . 2 266
Fine black sand __ 5 270
Rock 1 271
Sandy shale . .. 4 275
Rock 1 276
Sandy shale with hard spots . 14 290
Rock 1 291
Sandy shale = __ 4 295
Rock . R | 296
Sandy shale 11 307
Rock . 1 308
Hard shale o 42%* 450
Saratoga chalk
Tough clayorshale ... ... 113 563
Marlbrook marl
Hard spot .. .. 8 571
Hard toughshale ... ... 92* 763
Ozan formation
Hardspot ... .. 6 769
Soft shale 14 783
Hard spot . . - 3 786
Hardshale . . .. 27 813
Soft shale ) .. 138 826
Hard spot 3 829
Hard shale 64 893
Shale and boulders .. ... .. . 8 901
Tough shale . ... __ 1 902
Boulders ... S 1 903
Tough shale 1. 904
Soft gummy shale . b1 955
Brownstown marl
Rock .. 1 956
Hard shale . S - ;1 1,051
Rock . . e 1 1,052
Sandy shale . 8 1,060
Rock ... 1 1,061
Soft shale ... - 13 1,074
Hardspot . ... 1 1,075
Soft shale 10 1,085
Hardspot . . ... 2 1,087
Tokio formation
Soft shale _. e 22 1,109
Shale and boulders 6 1,116
Sand .o 7 1,122
Sand (last b ft. not so good) 33 1,166
Sandy shale ... .. e, 16 1,171
Hardrock . . ... . T | 1,172
Sand .. . . BN 1 1,187
Rock . .. : . 2 1,189
Tough shale 14 1,203

“Error either In thickness or depth of mmhl It is assumed that
depth is correct ; therefore the thickness should read 142 and 192 feet.

WELL 207
Owner: Hope Light and Water Company
Location: SE14 SW14,sec.6,T.12S.,,R.24 W,
Altitude: 340 feet
Driller: Layne-Arkansas Company

Thickness Depth
(feet) (feet)

Arkadelphia marl
Soft yellowelay ... 10 10
Blue clay .. 14 24
Hard clay ... 16 40
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WELL 207—Contmued

Thickness Depth Thickness Depth
(feet) (feet) (feet) (feet)
Shale 46 86 Soft shale . e 1 1,004
Hard spot .. : 2 88 Hardshale . .. ... . . ... b 1 009
Soft sandy shale .. . . . T | 96 Toughshale ... .. ... . ... ... 34 1, 043
Hard rock = . 4 99 Boulders [ | 1, 044
Soft sandy shale ... 38 102 Sandy shale .. .. ... . 23 1,067
Nacatoch sand Lignite .. 2 1,069
Rocks with soft spots 7 109 Sandy shale ... 8 1,077
Shale 7 116 Tough shale . 17 1,094
Rock 2 118 Tokio formation
Shale 3 121 Water bearingsand . ... 49 1,148
Rock . o 1 122
Sanld{y shale g %gg
Rock .. e e WELL 209
%zit sandy shale g {1(2) Owner: Hope Light and Water Company
Sandy shale 8 1560 Location: SK14 SW1,sec.28,T.12S,,R.24 W.
gar(% rﬁd{ R g 123 Altitude: 353 feet
ardshale ... . . .. 161 1 . Holli 11 Co
Hard spot 9 163 Driller olliday Well Company :
Shale . . . ... . 3 166 T kncas Dot
Sandy shale T 10 176 . (fee b
Hard spot o o . 1 177 Surfﬂce soil . 14 14
Soft sandy shale IR ¥ 214 Midway formation
Hard spot . R | 216 Sand andelay ... ... 61 76
Fine black sand . .. 15 230 Shale and small rocks 156 231
Rock . . e 4 234 Arkadelphia
Sandy shale . . 11 245 Shale and large boulders ... 139 370
Rock T 246 Naecatoch sand
Blue shale .. 10 256 Sand,'shell, and large boulders all
Rock . 1 257 this section mixed conglomerate 234 604
Blue shale 19 276 Shale blue, gumbo ... .. 46 650
Rock _ 1 277 Sandy shale .. b2 702
Shale with hard spot 5 289 Saratoga chalk and Marlbrook marl
Hard spot . R 283 Shale and lime .. ... ... .. 102 804
Shale .. . 13 296 o Ch?lk Gon 236 1,040
Tough clay . . 28 322 zan formation
Clay, some softer e .10 332 Gray shale - — 1,067
Toughshale . .. ... . 60 392 Sand and sandy shale ... 43 1,100
Boulders .. .. o4 396 Chalk and shale = . 160 1,260
Shale . . . . .. . 18 414 Brownstown marl
Hard shale B o o 2 416 Sandy shale . . . . ... 40 1,300
Shale and boulders .. . .. . ... 9 425 Gray shale S 80 1,380
Gumbo . . . . . T 443 Tokio formation
S halk and Marlbrook marl Sandy shale .. .. ... 70 1,450
aratoga chalk and Maribrook mar 173 616 Water sand-fine gram .. 40 1,490
Hard shale .. .. . - Blackshale = . ... 10 1,600
Shale (not so hard) 22 638
Hardshale .. .. ... 22 660
Hard gumbo ST lg ggg
Sandy shale . .. . . . .. ...
Softshale . .11 693 WELL 299
Finesand . . ... ... . .. .. 2 695 Owner: Arkansas-Louisiana Gas Company
Soft shale ... .. ... 8B 730 Location: SWi NE4,sec.3,T.12S,R.23W,
Toughshale . . ... . ... 15 746 Altitude: —
0 Sa;ldy s}?le oo e 1B 760 Driller: H. Cox
zan formation
Tough shale v 10 770 Thicknsss Yepih
Sandy shale B 4 774 D .
Shale ] o o .m 845 epOSltS of Quaternary age
Hard shale R 1) 875 Surfaceclay .. . oo 40 40
Arkadelphia marl
Sandy shale .. ... I 882 Shale 80 120
IS{:;g;:gglheshale R T g ggg Brokensandrock .. ... ... b 125
Soft shale : ' B ) 25 925 SthkY shale .. _ [ 100 225
Hard tough ‘}'1'1 ' Nacatoch sand
ghshale . ... . _ 7 932 Sand k
Soft shale .. e . 12 944 and androck ... 3 228
Sandrock ... ... . 6 234
Brownstown marl Sand . .. .. . . 11 245
Shale . e e e 16 960 Sandrock . 3 248
Sandy shale _. 19 979 Sand . .. 8 2566
Boulders . .. . R | 980 Sandrock 6 262
Sandy shale e . 8 983 Sand and gravel e 10 272
Tougheclay . = ... e 2 986 Sandrock . . - 3 276
Soft sandy shale - .11 996 Sand and gravels (hard shells) 9 284
Hardshale .. ... .. . ... T 1,003 Sand and gravels (hard shell rock) 17 301
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WELL 300
Owner: Arkansas-Louisiana Gas Company
Location: SW% NE%,sec.3,T.12S,,R.23 W.
Altitude: —
Driller: H. Cox

WELL 308
Owner: Hope Brick Company
Location: NW1 SW1,sec.27,T.12S,,R.24 W.
Altitude: 350 feet.
Driller: Holhday Well (‘ompany

' Thickness Depth “Thickness Depth
(feet) (feet) (feet) (feet)
Deposits of Quaternary age T  Surfaceclay ... 30 30
Surfaceelay ... .. 2B 25 Midway formation
Arkadelphia marl Shale ... .. 48 78
Shale ... . . 8B 60 Boulders .. .. . 02" 78" 2"
Slicky shale .76 136 Arkadelphia
Gumbo 90 156 Shale ... : 261’ 10" 340
Shale .. . .7 2992 Nacatoch sand
Nacatoch sand Sand—fair . .. 24 364
Sandrock ... ... 9 23 Rock ... " 2 6" 366" 6”
Water sand . . 1T 248 Sandy 16 368
Rock 2 250 Roek 2 370
Sand and gravel . .. . . 10 260 Sand 2 372
Rock ... 2 262 Rock ... 1 378
Sand and gravel I 10 272 Sandy 2 376
Water sand . e 8 280 Rock 1 376
Rock oo 6 286 Sandy - 8 384
Sandrock _ 14 300 Rock .. 5 389
Roek - 3 303 Sandy . 21 410
Sand oo 16 318 Rock 4 414
Rock .. I 2 320 %an]c(ly : 1(1) . gg .
Sand and IS o 325 OCK ... ' 4” ' 47
and and gravels b Sandy . - 27
Sandy shale .. 434
Rock 434’ 8”
Shale and shell . . . 440
Rock N 443
Sandy shale . . . 465
Shale and boulders ... 15 480
Shale 117 597
WELL 337 WELL
Owner: Henry Mack Owner: City of Ashdow:: L 356
Location: NW3 NE, sec.23,T.13 8., R. 26 W. Location: NE% SW, sec. 32, T. 12 S, R. 29 W.
Altitude: 270 feet Altitude: 330 feet
Driller: F.E. Wells Driller: Shirly
T ‘Thlckness Depth Thickness Depth
(feet) L _(_f_e,e_"_)_ (feet) (feet)
Deposits of Quaternary age T Deposits of Quaternary age
River dirt e . 64 64 Clay , 8 8
Gravels . ... ... .. . . 1 65 Sand . . 1| 38
Arkadelphia marl “Joint clay 9 47
Blue dirt _. e ... 165 230 Sand 18 656
Nacatoch sand Clay e . 1 76
Rock . . 4 234 Sand .. 14 90
Sand - ) | 266 Marlbrook marl
Rock—below 266 Shale . below 90
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