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THE GROUND-WATER RESOURCES OF MISSISSPPPI

By Laoyp W. SrerazwsoN, WiLLiam N. Logean, and
Gmnalp A. Wmma

INTRODUCTION

Preparation of réport—This report on the ground<water resourtes
of Mississippi has been prepared in accordance with a cooperative
arrangement with the Mississippi State Geological Survey, under
E. N. Lowe, State geologist.

The section on the ground waters of the Cretaceous area was pre-
pared by L. W. Stephenson, of the Federal Survey; data on the
Eocene area were collected and assembled by E. N. Lowe and W. N.
Logan, of the State Survey, and by G. A. Waring and L. W. Stephen=
son, of the Federal Survey; the preliminary data on the part of the
State south of the Eocene area were collected by G. C. Matson, of
the Federal Survey, and supplementary data were collected by L. W.
Stephenson, who also wrote the section of the report on that area.
Data on the quality of the waters were first assembled by R. B. Dole
(deceased), of the Federal Survey; the work was continued by A. A.
Chambers and C. H. Kidwell, of the Federal Survey, and the parts
relating to quality were written by C. S. Howard, of the Federal
Survey. T. Wayland Vaughan, geologist in charge of Coastal Plain
investigations, supervised the preparation of the entire report.

Acknowledgments.—The authors desire to acknowledge their indebt-
edness to the following persons for cooperation and assistance
assembling the data:

To E. W. Shaw, who cooperated in the compilation of data relating
to the physiography of the area and who offered valuable suggestions
bearing on the structure of the deposits and the geologic history
recorded by them.

To well drillers of Mississippi, who gave detailed information in
regard to individual wells and descriptions of the general ground-
water conditions existing in the communities in which they operated.

To postmasters, municipal authorities, and owners of wells and
springs, who courteously and generously cooperated in supplying &
large part of the data on which the report is based.

Free use was made of published reports on the geology and ground
waters of the State.

Previous publications—The following ate the principal earh\sr re-

ports treating of the ground waters of Mississippi: .
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HiLgarp, E. W., Report on the geology and agriculture of the State of Mississippi:
Published by order of the Legislature in 1860.

‘Ground waters of the Cretaceous, Tertiary, and Quaternary folfmati()ns
are discussed on pages 104-106, 187-193, 196-197, 267-272, 283-288, 310~
312, 327-330, 345-347, 362-365, and 384-386.

Logan, W. N., and Perkins, W. R., A preliminary report on the underground
waters of Mississippi: Mississippi -Agr. BExpeér. Sta. - Bull! 89, 112 pp., 1915,

Jornson, L. C. [Underground waters of] Mississippi: U. S. Geol. Survey Water
Supply Paper 114, pp. 171-178, 1905.

CripER, A. F., and Jounson, L. C., summary of the underground water resources
of Mississippi: U. 8. Geol. Survey Water-Supply Paper 159, 86 pp. 6 pls.,
1906.

Lows, E. N., Mississippi; its geology, geography, soils, and mineral resources:
Mississippi Geol. Survey Bull. 12, 1915. (Second edition, Bull. 14, pp.

. 107-120, 1919.) (Underground waters, pp. 100-113.)

PHYSIOGRAPHY
GENERAL FEATURES

The State of Mississippi lies within the Gulf Coastal Plain but is
by no means the low swampy country pictured by some people who
are not familiar with the conditions of its surface. Although the
State is a lowland as compared with a mountainous district, it presents
a diversity of minor surface features and is separable into at least
10 distinct physiographic districts. (See fig. 1.) The relative alti-
tudes and.the land forms exhibited by all but two of these districts
have resulted from the differing effects of erosion on the materials
that immediately underlie the surface. Formations composed pre-
dominantly of sand or sandstone resist erosion more effectively than
do formations composed of chalk-or clay. The areas in which the
sandy formations crop out therefore stand as hilly uplands, whereas
the areas underlain by clay and chalk are reduced to gently undulating
or moderately rolling plains between the hilly districts. The two,
districts whose main features are not primarily determined by erosion
are the Yazoo Delta and the Coastal Pine Meadows. These are
constructional plains which have not yet been strongly modified by
destructive processes. The relation of these districts to the occur-
rence and recovery of waters is discussed on pages 7-8, 9.

TOMBIGBEE AND TENNESSEE RIVER HILLS

In northeastern Mississippi, in the area underlain by the pre-
dominantly sandy strata of the Tuscaloosa and Eutaw formations
(see pl. 2), including also the small areas underlain by the Paleozoic
rocks (see p. 29), the surface is generally hilly and ranges from low
smoothly rounded hills of 40 or 50 feet relief, with broad intervening
valleys, to hills and ridges of 200 feet relief, with steep slopes, NaITOW.
crests, and narrow separating valleys. .These hills form the physio-
graphm district to which the name Tombighee Hills is here applied;
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FIGURE 1.~Physiographic districts of Mississippi
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they lie chiefly within the - Tombigbee River drainage basin but in
part in the Tennessee River drainage basin. Crider and Lowe have
applied the name Tennessee River Hills to this district, but the name
is not strictly appropriate, as only a relatively small part of the area
lies within the drainage basin of Tennessee River.

The tops of the hills and ridges range in altitude above sea level
from 400 feet in the south, in Lowndes and Monroe Counties, to
680 feet in the northeast, in Tishomingo, County, and there are two
isolated hills in Tishomingo County that reach altitudes respectively
of 720 and 780 feet. The roughest and highest part of the area is
along the Alsbama line in Tishomingo, Itawamba, and Monroe
Counties.

The topographic aspect of this hilly district has been materially
modified by terrace-forming processes, which have operated in the
valley of Tombigbee River from Lowndes County far upstream into
the valleys of the headwater creeks. The terraced lowland that
borders the river is 5 to 7 miles wide in Lowndes County and stands
150 to 200 feet above sea level; the lowland gradually becomes nar-
rower up the valley of the main and the tributary streams.

The Tombigbee Hills in Mississippi, together with their eastward
extension into Alabama, form the catchment area of the waters
found in the Tuscaloosa and Eutaw formations. These formations
lie high enough in the hills in the eastern and northeastern parts of the
district to develop sufficient hydrostatic pressure in the waters that
they contain to produce flowing wells in the valley of Tombigbee
River and its headwater branches as far north as the southern part of
Prentiss County. (See pl. 9.) Most of the streams that head in
this area are fed by perennial springs and contain flowing water
throughout the year. :

BLACK PRAIRIE BELT

The Black Prairie belt corresponds in geographic extent to the
outcrop of the Selma chalk. (See geologic map, pl. 2 and fig. 1.)
The surface is characterized by low relief, ranging from nearly level
plains to hills which rise only 10 to 15 feet above the valley
bottoms and which present long, gentle, smoothly covered slopes.
The altitude of the belt ranges from 250 feet in the south in Noxubee
County, to over 500 feet in the north in Prentiss and Alcorn
Counties. In general the surface is lower than that of the Tombigbee
Hills on the east and the Pontotoc Hills on the west.

In small areas bordering the larger streams the prevailing rolling
topography of the Selma belt is modified to nearly flat plains by
terracing processes that have operated during Pleistocene and Recent
times. Perhaps the most notable example of this kind of topography
is in the valley of Tibbee River in Clay County, where the terraced



PHYSIOGRAPHY 5

area extends from the western part of the county to Tombigbee River
valley and has a maximum width of 6 or 7 miles. The town of West
Point is situated on the principal and highest terrace. These plains
are underlain by terrace loams, sands, and clays which produce
thinner and lighter soils than those derived from the chalk.

The Selma chalk is compact and does not readily absorb water, so
that the rain water runs off quickly. Streams that head in the Black
Prairie belt are intermittent in their flow and contain runming water
only during rains and for short periods following them.

Hundreds of wells in the Black Prairie belt- have been drilled through
the Selma chalk into the water-bearing beds in the underlying Eutaw
and Tuscaloosa formations. The fact that the belt lies lower -than
that of the hilly district to the east, which forms the catchment area
of these waters, has considerable bearing on the recovery of the
waters, for throughout the belt the static level of the waters is near
enough to the surface to render feasible the use of ordinary suction
and force pumps, and in some of the valleys, including the Noxubee,
Tibbee, and Tuscumbia, flowing artesian wells are obtainable.

PONTOTOC HILLS

The Pontotoc Hills coincide in their geographic distribution with
the outcrop of the Ripley and Clayton formations. (See pl. 2 and
fig. 1.) The altitude of the surface ranges from hills of 40 or 50 feet
relief, with gentle slopes and broadly rounded crests, which prevail
along the western side of the area, to those of sharp outline and a
relief of as much as 250 feet, with steep slopes, narrow ridges, and nar-
row intervening valleys, which prevail along the eastern side of the
area. The hills range in altitude above sea level from 350 feet in
the south, in Oktibbeha County, to over 650-feet in the north, m the
western end of Alcorn County.

From northernr Union County to southern Chickasaw County the
hills form the divide between the Tombighee drainage system on the
east and the streams that flow to Mississippi River on the west. In
Tippah and Alcorn Counties the hills are drained by the headwater
streams of Hatchie River, a tributary of Mississippi River in Ten-
nessee, and the southern end of the area in Clay and Oktibbeha
Counties is drained by tributaries of Tombigbee River.

The more porous sands of the Ripley formation are water bearing,
and the catchment area is ameng the Pontotoc Hills, where these
beds crop out. The middle and lower water-bearing strata crop out
toward the eastern border of the hilly area, and their buried westward
extensjons afford water to wells along the western side of the area and
in the Flatwoods, which border the Pontotoc Hills on the west.
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FLATWOODS

The Flatwoods form a long, narrow belt of low relief which marks
the outcrop of the Porters Creek clay. (See geologic map, pl. 2 and
fig. 1.) 'The surface ranges in altitude above sea level from 200 feet
or less in the south, in Noxubee County, to 500 feet in the north, in
Tippah County. In general the area is a gently undulating to some-
what rolling wooded plain underlain by the dense, impervious clays
of the Porters Creek. Springs are rare and small, and the streams
that head in the area contain no running watet except during and
immediately following rains.

In the Flatwoods from Chickasaw County northward water is
obtained from the Ripley formation, which underlies the Porters
Creek clay, and on account of the relatively low altitude of the area
as compared with that of the catchment area in the Pontotoc Hills
the waters rise in the wells so near the surface that they can be
obtained by means of hand suction or force pump, and in many of
the valleys the wells overflow. (See pl. 9.)

In the Flatwoods southeast of Oktibbeha County good supplies of
water can be obtained only by drilling through the Porters Creek
clay and the Selma chalk into the water-bearing beds of the Eutaw
formation. Although this water rises near enough to the surface
. to be reached by ordinary pumps no flowing wells have been reported

in the Flatwoods.
NORTH CENTRAL EILLS

Throughout the area immediately underlain by the Wilcox and
Claiborne groups of the Eocene (see pl. 2 and fig. 1) the surface is
hilly and at many places is decidedly broken and rough. The district
has been called the North Central Hills (or “plateau’). The area is
bounded on the east by the Flatwoods, on the south by the Jackson
Prairie belt, and on the west by the Loess Hills. This extensive
district is an upland that has been cut into hills and valleys by stream
erosion. The hills range in altitude above sea level from 400 feet in
the south to over 600 feet in the north, and the valleys lie 50 to 250
feet below the hilltops.

This district is the catchment area of all the more valuable water-
bearing sands in the Eocene series, and as many of the valleys lie
lower than the outcrop of the sands among the hills, the hydrostatic
conditions are favorable for obtaining flowing wells.

JACKSON PRAIRIE BELT

The Jackson Prairie belt is a relatively narrow strip of gently
rolling country, including numerous small prairie-like trécts, which
lie 300 to more than 500 feet above sea level. The belt marks the
outcrop of the Jackson and Yegua formations (see pl. 2 and fig. 1),
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‘and the smooth topography is the result of the weathering of the
clays that predominantly compose these formations. :The -clays
yield water only sparingly, and many cisterns for storing rain water
are in use throughout the district. Good water can be obtained in
the formations that underlie the Jackson, but throughout most of the
area the surface is higher than the static level of the water in the-wells,
and flows are not obtained. Flowing wells are obtained in Wayne
County in the valley of Chickasawhay River, where the surface is
lower than the static level of the waters of the Claiborne group.

LONG-LEAF PINE HILLS

All of southern Mississippi south of the Jackson Prairie belt,
except a strip a few miles wide along the Gulf coast (the Coastal
Pine Meadows) and a narrow strip in the west (the Bluff Hills),
forms a region of rolling to moderately rugged hills to which the
name Long-leaf Pine Hills has been given. This region is underlain
by the Vicksburg group, the Catahoula, Hattiesburg, Padeagoula,
and Citronelle formations, and in the extreme south by certain
unclassified Pleistocene deposits (see pl. 2, and fig. 1), but the topo-
graphic characters of the area are chiefly determined by the sandy
beds of the Citronelle formation, which overlaps the older formations
on all the divides. The hills range in altitude above sea level from
100 feet or less in the southeast to 500 feet or more in the north
and northwest. 'This region was once covered with a nearly unbroken
virgin forest of long-leaf pine, but a large part of it has been cut
over, and the remaining tracts of virgin pine are rapidly disappearing
before the saw and ax of the lumberman. ,

The Long-leaf Pine Hills form the catchment area of all the water-
bearing beds in the formations just named. Hundreds of wells,
most of them less than 100 feet deep, have been dug or bored through-
out the area, and afford adequate supplies of good water for domestic
and farm uses. The buried southward extensions of the water-
bearing beds afford flowing wells in many of the valleys in central
and southern Mississippi. The same waters can be obtained on the
higher lands between the streams, but the static level is not high
enough to afford flows, and pumps have to be installed to raise the
water to the surface.

COASTAL PINE MEADOWS

South of the Long-leaf Pine Hills in the southeastern part of the
State is a low-lying district 7 to 20 miles wide (see fig. 1), which
borders the Gulf of Mexico and supports an open growth of long-leaf
and Cuban pine. This area is called the Coastal Pine Meadows.
No part of it is more than 100 feet and most of it is less than 50
feet above sea level. The topographic features of the area:have
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not.been studied in detail, bust. the surface ranges from gently rolling
to level and toward the coast presents broad expanses of flat land
and considerable tracts of swamp and marsh. Near the coast the
monotony of the surface is broken here and there by ridges of sand
that rise 10 or 15 feet above the general plain. These are former
sand dunes that have become fixed by a covering of vegetation.

Throughout this area the water table lies withinr a few feet of the
surface, and in the swamps and marshes it rises.above the surface.
The streams are sluggish and flow in tortuous sendy channels. The
water of streams and fresh-water swamps is clear, but its contact
with peaty matter has given to it a distinctly amber tint.

The water-bearing. beds of the Citronelle, Pascagoula, and Hat-
tiesburg formations (see pl. 2) sall dip. to the south at low angles
and pass beneath the Coastal Pine Meadows. As the catchment
areas of these beds are at higher levels among the Long-leaf Pine
Hills, hydrostatic pressure is developed sufficient to raise the water
above the surface throughout the Coastal Pine Meadows, and in
some of the deeper beds the pressure is adequate to raise the water to
a height of 100 feet above sea level if confined in a pipe. The in-
habitants have taken advantage of the favorable artesian conditions,
and scores of flowing wells that range in depth from 150 to 1,300 feet
are in use throughout the area. (See pl. 8.) :

LOESS OR BLUFF HILLS

The western border of the upland portion of Mississippi is covered
with a thick deposit of calcareous loess, as described on page 62
which forms a belt 5 to 15 miles wide that parallels the eastern
margin of the bottom lands of Missigsippi River from the Tennessee
State line to the Louisiana State line. (See pl. 1, 4, and fig. 1.)
Throughout this strip the surface is c¢haracterized by pronounced
hills with steep slopes, narrow ridges, and narrow intervening valleys.
The Loess or Bluff Hills, as they are called, are bounded on the
west by an abrupt escarpment, which leads down to the level bottom
lands of Mississippi River. North of Vicksburg these bottom lands
are collectively known as the Yazoo Delta. The tops of the Bluff
Hills stand 150 to 250 feat higher than the bottom lands and 300 to
500 feet above sea level.

On account of the thick covering of non-water-bearing loess the
inhabitants find difficulty at many places in obtaining water by
means of the ordinary shallow wells, and many cisterns for storing
rain water are in use throughout the area. Water is present, how-
ever, in sands and gravels which at most places underlie the loess,
even where the cover is 100 feet or more in thiekness. Flowing
wells can be obtained in many of the deeper valleys by drilling to the
watér-bearing beds of the deeply buried older formations.

1
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MISSISSIPPI ALLUVIAL PLAIN

The Mississippi alluvial plain includes all the land between Mis-
sissippi River and the Bluff or Loess Hills. (See fig. 1.) South of
Vicksburg only a few relatively small tracts of bottom land lie east
of the river in Mississippi, and in places the river touches the foot of
the bluffs. North of Vicksburg the bottom lands spread out into a
broad expanse of level plain that has a maximum width from east to
west of 65 miles and a length from north to south of 190 miles. This
vast plain, to which the name Yazoo Delta has been given, slopes
from an altitude above sea level of 210 feet in the north to 90 feet in
the south, or at the rate of about 714 inches to the mile. There is
also a slope of 4 or 5 inches to the mile from the so-called natural
levees along the main river toward the eastern edge of the ‘“delta.”
Because of this slight eastward inclination the plain is drained chiefly
by Yazoo River, which flows southward near the eastern edge of the
“delta” throughout the greater part of its length and joins the
Mississippi near Vicksburg. The two largest tributaries of the Yazoo
are Sunflower River and Deer Creek.

The drainage channels, including both the main streams and numer-
ous tributary bayous and creeks, are extremely sinuous, widely
meandering, and sluggish, and in many places they take the form of
interconnecting distributaries. Numerous small lakes 'scattered
over the plain represent either original undrained depressions or
abandoned stream channels only partly filled with sediments. Many
of the old water-filled channels still retain the oxbow or horseshoe
form characteristic of meandering streams. A luxuriant forest
originally covered the “delta,” but a system of protecting levees was
completed in 1886, since which time large tracts have been cleared
and the fertile soils put in cultivation.

The alluvial deposits of Mississippi River, which underlie the
Yazoo Delta to a depth of 125 to 200 feet, contain very large quanti-
ties of water, but this water is under little or no artesian pressure.
The deeply buried water-bearing sands of the Eocene series, the
catchment areas of which lie at higher levels in the hills of central
and northern Mississippi, give rise to flowing artesian wells that yield
water in abundance throughout the “delta.” (See pl. 8.)

PRECIPITATION

The mean annual precipitation in Mississippi ranges from approx-
imately 50 inches in the north to slightly over 60 inches in the south-
east near the Gulf of Mexico. The precipitation occurs chiefly in the
form of rain. The following table gives the average monthly and
annual precipitation at several stations in or near Mississippi.

54134—28——2
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Average monthly and annual precipitation, in inches, at several stations in or near
Mississippi

[U. 8. Weather Bureau]

Station Jan. | Feb.| Mar.| Apr. | May | June | July | Aug.| Sept.| Oct. { Nov.| Dec. | Year

5.07 | 65.63{6.17 | 5.34 16,94 1412|471 |444|38.05 236419512 56.98

4.75 1 4.07 | 5.60 | 5.12 | 4.08 | 4.00 | 4.92 | 3,78 | 2.94 | 2.56 | 3,62 | 5.62 | 51.15

4.84 15.12 | 5.66 | 5.45 | 4.06 | 4.26 | 4.40 | 4.26 | 2,99 | 2,17 | 4.36 | 4.84 | 51,51

5.564 1490 5.61 | 5.04|3.92]|4621450]|3585(3.47 270|414 521 53.20

5.67 | 4.61 | 6.25 1 5.16 | 4.26 | 4.40 | 4.42 1 8.53 | 3.34 | 2.80 | 4.19 | 5.02 | -53.74

.| 6.21 | 4.35 | 5.77 | 4.83 | 4.34 | 4.37 | 3.51 | 3.20 | 3.05 | 2.74 | 4.59 | 4.38 | 650.34

| 4.85156.36 | 7.17 | 4:36 | 400 | 5.95|7.04 | 6.81 | 5,02 | 3.18 | 3.74 | 4.57 | 62.04

New Orlaans ........ 4.63 | 4.47 [ 5.30{ 4.91 [ 3.88 (6.16 | 6.47 | 5.61 | 4.81 | 2.03 | 3.79 | 4.46 | 57.42

SURFACE WATERS
STREAMS

All the drainage of Mississippi is received by the Gulf of Mexico.
The surface waters of the northern, north-central, and western parts
of the State reach the Gulf by way of Mississippi River. Those of
the eastern, south-central, and southern parts of the State flow to the
Gulf by way of three principal streams—Tombigbee, Pascagoula,
and Pearl Rivers. (See pl. 3.)

The principal streams included in the M1531s31pp1 River dramage
basin are Tennessee River, which drains a few townships in the
extreme northeast; Hatchie and Tuscumbia Rivers, which flow
northward into Tennessee, where they unite to form Wolfe River;
Yazoo River, a long sinuous stream whose tributaries drain practically
all of the Yazoo Delta and a large tract of upland in the northwest;
Big Black River, which drains a long, narrow strip of upland in the
central and southwestern parts of the State; and Bayou Pierre,
Coles Creek, and Homochitto River, which drain several of the
southwestern counties.

Tombigbee River heads in northeastern Mississippi and drains 10
or more counties, including most of the Black Prairie belt; the main
stream leaves the State in Lowndes County and thence flows through
Alabama for the remainder of its course to the Gulf. Pascagoula
River drains an extensive area in the southeastern part of Mississippi
and reaches the Gulf in Jackson County. Pearl River drains a large
though relatively narrow area in central and southern Mississippi
and flows into the Gulf about 55 miles west of the mouth of Pasca-
goula River.

The gradients of all the main streams are low and in few places, if
anywhere, exceed a fall of a foot to the mile; some. gradients are
flatter than others, as, for example, those of the sluggish, widely
meandering streams of the Yazoo Delta, which have a fall of only a
few inches to the mile.

The streams that drain the upland belong to the ordinary or
normal class of streams that are characteristic of most of the well-
watered portions of the earth’s surface. In drainage of this class
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the smaller branches flow in separate valleys until they join larger
streams, and these in turn flow in separate valleys until they join
still larger streams, and so on until the main or parent stream is
reached. There are no interconnecting channels between the
branches. The streams of this class are treelike in plan, and the
term ‘“dendritic drainage’ is applied to them. The drainage in the
Yazoo Delta differs from that in the hilly upland in that the currents
.are sluggish, the channels are widely meandering, and networks of
«channels or bayous connect the tributary branches with each other
.and with the numerous lakes and ponds of the area.

Most of the streams of the State are fed by ever-flowing springs
and contain flowing water throughout the year; they are called
perennial streams. However, streams which head in areas where,
-springs are rare or absent, as in the Black Prairie belt, the Flatwoods,
and the Jackson Prairie belt, contain running water only during
:and for short periods following rains, and these are known as inter-
mittent streams.

The following table gives the maximum, minimum, and average
discharge in second-feet of streams in Mississippi that have been
gaged by the United States Geological Survey. Gage heights only
are recorded for Sunflower River and Homochitto River; hence they
are omitted in the table.

Mazimum, minimum, and average discharge of streams tn Mississippi that have
been gaged by the United States Geological Survey

Discharge, second-feet

A Length
Stream Station ofrecord | Dates
(years) Maximum | Minimum | Average

“Tombigbee River 13 | 1900-1912 50, 420 195 e 5,631
Pearl River. ] 10 | 1903-1912 36, 500 80 3,351
Tallahatchie River.........| Batesville_._.._._. 7 { 1906-1912 14, 200 260 2,366
Tallahatghie River. i - - 5 | 1908-1912 28, 600 910 < 6, 550
Yazoo River-...... mmmmmn 6 | 1908-1913 39,000 900 9,996

--.| Yazoo City....... 4 | 1901-1904 27,760 1,730 49,314
Coldwater River. Savage 5 190%—96312 14, 500 20 ¢ 1,547
Yalobusha River...........| Grenada.......... 6 {1908-1912 17,000 3577772490

2 1905 omitted because data are incomplete.

% 1906 omitted becanse data are incomplete.

¢ 1908 omitted because data are incomplete.

41904 omitted because data are incomplete.

¢+ 1908 and 1912 omitted because data are incomplete,

11906, 1908, 1910, and 1912 omitted because data are incomplete.

The following publications of the United States Geological Survey

contain the records of stream measurements at the stations listed in
the table: Water-Supply Papers 48, 65, 75, 83, 98, 127, 128, 168, 169,

204, 205, 242, 247, 261, 267, 282, 287, 302, 307, 322, 327, 352, 357.
LAKES AND PONDS

Natural lakes and ponds are rare in the upland portions of Missis-
sippi, except in the flood plains of the larger streams, where they
occur in some places, chiefly in the form of abandoned channels only
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partly filled with sediments. A few small lakes occur in the broad
battom lands that border the lower course of Pascagoula River and
in the flat, low-lying lands that border the Gulf of Mexico.

Lakes and ponds are numerous throughout the Yazoo Delta.
They are either more or less completely abandoned stream channels
or original shallow undrained depressions in the plain. Many of the
lakes are obviously abandoned and only partly filled oxbow loops of
streams. Some of these bodies of water are connected with each
other and with the larger creeks and rivers by an intricate system of
smaller creeks and bayous.
: SWAMPS

Swamps are rare in the upland portion of Mississippi away from:
the streams. In the narrow flood plains of the rivers and larger
creeks tree-grown swamps in irregular tracts of greater or less extent
are common. Many of these swamps have been artificially drained.
Extensive tracts of salt marsh and fresh-water swamp occur in the
belt of flat low-lying land along the Gulf of Mexico in the southeastern
part of the State. The Yazoo Delta was formerly subject to the
overflow of Mississippi River, and it then included large tracts of tree-
grown swamp. Since 1886, when a system of protecting levees was
completed, many poorly drained, more or less swampy tracts have
been artificially drained by canals and have been reclaimed for cul-
tivation. Swampy tracts still exist, however, and in the southern
part of the delta, where backwater in Yazoo River from the floods of
M1smsmpp1 River renders drainage more difficult, some large tracts
still remain in a swampy condition.

QUALITY OF WATER

" Although ground water of excellent quality can be obtained almost
anywhere in Mississippi, there are localities where surface waters
furnish a more satisfactory supply on account either of the chemical
composition of the water or the quantity available. As population
increases the surface waters will be more extensively utilized. Sur-
face waters have the disadvantage of being turbid and exposed to
pollution so that they require purification, which is not necessary for
deep well waters. In most places the dissolved mineral matter in the
surface waters is not very different in quantity or quality from that
in ground water in the neighborhood. The analyses in the accom-
panying table show the chemical character of some surface waters in
Mississippi. Luxapalila River, which furnishes the municipal supply
for Columbus, and the reservoir that furnishes the supply for Meridian
are each represented by an analysis of a single sample (Nos. 1 and 2).
The other results are averages of analyses of composite samples taken
during a period of a year. At each station small samples were col-
lected daily and united to make composite samples for analysis. The
New Orleans composite samples contained 7 daily samples, the others
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contained 10 each. The turbidity and suspended matter of the sam-
ples from Luxapalila River and the Meridian Reservoir were not
determined. The other determinations on all samples represent the
filtered water.

Analyses of surface walers in Mississippt

-, [Parts per, mjllion]
1 2 3 4 5 ]

“Turbidity. 56 126 1,7 R F— ——
Suspended matter. 48 100 519 IR,
Bilica (Si02)emmcmmcm e 25 29 18 25 24 1
Iron (Fe) 1.0 .37 .53 .61 .33
Caleium (Ca) - ce oo 1.4 16 7.1 18 36 32
Magnesium (Mg). .- ceoeeneo 1.0 .4 11 18 12 3.4
Sodium and potassium (Na-+K) 67.2 56.8 8.9 10 19 13
‘Carbonate radicle (CO% ...... 0 .0 .0 .0 .0 .0
Bicarbonate radicle (H 03)... 17 15 32 67 129 111

lphate radicle (SO¢)--nue--. 3.9 3.1 6.4 6.3 43 2%
‘Chloride radicle (Cl).----, L0 3.4 3.4 3.0 8.6 9.7
Nitrate radicle (NO2) < ccaeo.—_ Trace. Trace. 7 .6 17 2.5
Total dissolved solids at 180° C 61 56 59 94 202 166
Total hardness as CaCOsd. . ..co oo .. 8 6 22 52 139 i3

¢ Na, 4.2; K, 3.0 parts per million. b Computed.

1. Luxapalila River at Columbus, Miss. Sample collected Aug. 25, 1019. Analyzed by C. H. Kidwel
and Margaret D. Foster, U. 8. Geological Survey.

2. Reservoir at Meridian, Miss. Sample collected Aug. 27, 1919. Analyzed by Margaret D. Foester,
U X Geological Survey.
1:03(')(:1:6?1 River near .Tackson, Miss. Average of analyses of composites of daily samples from Oct. 16, 1906,

Tomblgbee River near Epes, Ala. Average of analyses of composites of daily samples from Oct. 24,
1906 to Oct. 24, 1907,

Mlssissxpm River at Memphis, Tenn. Average of analyses of composites of daily samples from Jan.
10, 1907 to Jan. 1, 1908.

29? 191\0451:521(;5;%1;1 lzgve&%t New Orleans, La. Average of analyses of composites of daily samples from Apr.

‘Analyses 3, 4, 5, and 6 from U. 8. Geological Survey Water-Supply Paper 236, 1000.

Luxapalila River drains an area where the Tuscaloosa formation
predominates, and its water is particularly low in calcium. The
Meridian Reservoir is fed by springs and small streams which have
not been long in contact with the rock materials. The composition
of the water is practically the same as that of Luxapalila River.

Other surface waters may be equally soft, but the analysis of

" water from Pearl River at Jackson is probably representative of the
greater number of the streams of the State. Nearer their sources
the streams carry less dissolved mineral matter.

The analysis of water from Tombigbee River at Epes, Ala., repre-
sents in part water coming from Mississippi. The Selma chalk
occurs in the area drained by this river, so there is more calcium in
solution than is found in most surface waters in the State. The
water is, however, fairly soft, and on the basis of the dissolved
mineral matter would be classed as excellent for all ordinary uses.

The chemical character of the water of Mississippi River along the
border of the State is shown by the analyses of the water at Mem-
phis, Tenn., and New Orleans, La. This water is much harder than
most surface waters in the State, and in addition to the larger quan-
tity of dissolved mineral matter it carries much suspended material,
which decreases its. value as a source of supply. Filtered river
water furnishes the municipal supply at Vicksburg.
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GROUND WATERS
SOURCE

The strata which underlie the surface of Mississippi are saturated:
with water below a level known as the water table, which ranges
from the surface to a depth of 100 feet or more. The water table-
lies deepest in some of the higher parts of the upland and shallowest.
in the lowlands; in the swamps it lies continuously or intermittently
above the surface of the ground. The water table does not occupy
a fixed position at any given place but continually fluctuates, being
highest at the end of a long period of precipitation and lowest at the
end of a long drought.

Although the beds are saturated to the level of the water table
they do not yield their water to wells with equal readiness. The
waters in the more compact layers are so completely locked within
the fine interstices as to be practically unobtainable. Only the more
porous sands and gravels yield their waters readily and in large
quantities, and the term water-bearing beds is commonly applied
to beds composed of these materials, which are the beds that the
well driller seeks to reach with the drill.

The location and depth of typical wells are indicated in Plates
8 and 9.

The greater part of the ground water of Mississippi is derived
from rainfall within the borders of the State. However, the Tus-
caloosa formation obtains most of its supply in the hills of north-
western Alabama, and sea water probably still exists in large quan-
tities in some of the deeply buried formations in the southern part
of the State. As some of the geologic formations that underlie the
surface in Mississippi are composed of dense clay, chalk, limestone,
or sandstone, and as other intervening formations are composed of
porous sand or gravel, it follows that rain water which falls on the
surface will be more readily absorbed by the sandy formations where
they crop out and will pass by gravity down the gently inclined,
buried beds of sand and gravel between the other denser and rela-
tively impervious beds. In this way vast quantities of water have
become stored in the formations and constitute a natural resource

of incalculable value.
DISPOSAL

Van Hise ! has estimated that at least 99 per cent of the meteoric
waters that enter the earth return to the surface sooner or later and
the remaining 1 per cent or less enters into chemical combination
with minerals. A large part of the ground water gradually returns to
the surface by capillary attraction and is evaporated; a large part is
taken up by the roots of plants and is eventually evaporated; and a

. 1Van Hise, C. R., Treatise on metamorphism: U, 8. Geol. Survey Mon, '47, D. 156, 1904,
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large part emerges at the surface as springs and flows away in streams.
In an area underlain by beds that are inclined slightly toward the
ocean, as in the Atlantic and Gulf Coastal Plain, there is probably a.
constant though extremely slow movement of the ground  waters in
the direction. of the coast, so that a large proportlon of these waters
may reach-the ocean by this course.

QUANTITY

The quantity of water obtainable from the ground in Mississipp
by means of wells differs greatly from place to place and at different
depths, depending upon the local geologic and hydrologic conditions.
At most places it is practicable to obtain from wells the relatively
small amounts needed for domestic and ordinary farm uses, and
most of the towns and smaller cities have found it possible to obtain
enough water from wells to meet both their domestic and industrial
needs.

In places the quantity of water available is very large, as shown by
the following examples: At Hattiesburg, in Forrest County, approxi~
mately 1,000,000 gallons of water is furnished daily to the city by the
water works from five wells, and large additional quantities are inde~
pendently obtained from wells by several lumber companies; at
Greenwood, in Leflore County, an average daily consumption of
2,225,000 gallons is furnished by six flowing wells; and at Greenville,
in Washington County, an average daily consumption of approxi-
mately 2,500,000 gallons is furnished by four nonflowing wells. The-
alluvial deposits that underlie the Yazoo Delta to depths of 125 to 200
feet contain vast quantities of water, which may be regarded as
practically inexhaustible even locally; a well of large diameter would
probably yield from these deposu;s as high as 3,000 or 4,000 gallons a
minute without seriously lowering the water level

In some parts of the State where the yield of the earlier wells was.
large, subsequent heavy draft has demonstrated that the quantity of
water available from the beds now being drawn upon is limited and
that at the present rate of removal the supply will eventually become
seriously depleted. A good example of depletion is afforded by wells:
in Tupelo and vicinity, in some of which the static level of the water is-
now as much as 70 feet below the surface, whereas originally wells at-
the same locality overflowed.

SPRINGS

Most of the springs of Mississippi emerge at the outcropping con-
tacts between relatively impervious strata, such as clay, chalk, or
dense sandstone, and overlying water-bearing sands. The springs
occur at the heads of small branch valleys, on valley slopes, or in
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valley bottoms, and, with certain exceptions, are small, the yield
ranging from less than a gallon to 20 or 25 gallons & minute. Where
conveniently located and of adequate yield the springs are utilized
for domestic, farm, and school supplies. A few of the small or mod-
erate-sized towns obtain their municipal supplies from single springs
orgroups of springs. Health resorts have been established at several
springs whose. waters are reputed to possess therapeutic properties,
and the waters of several similar springs are bottled and sold for
therapeutic use.

NONARTESIAN WATERS

The term ““nonartesian’ is in this report applied to ground waters
that are not under sufficient hydrostatic pressure to force them to
any appreciable height above the containing beds when they are
tapped by wells or other excavations. Nonartesian waters occur, as
a rule, at shallow depths in materials that do not possess the struc-
tural conditions necessary for an artesian system. The waters con-
tained in most of the Pleistocene and Recent alluvial deposits in the
valleys and low plains belong to this class, for the reason that the
deposits are nearly horizontal and do not contain persistent imper«
vious layers of clay or other dense material. Most of the waters
obtained from shallow wells throughout the upland are also non-
artesian, because they form the uppermost layer of the ground waters
and are therefore not under hydrostatic pressure.

The nonartesian waters are obtained by means of dug, bored, and
driven wells and are raised by rope and bucket, hand pumps, wind-
mills, and various types of more powerful steam, gasoline, or oil-
driven pumps. The type of well, its depth and diameter, and the
kind of lifting machinery are determined by the use to which the
waters are to be put and the amount of water required. Wells that
supply municipalities, large factories, and irrigated lands are equipped
with powerful machinery, steam-driven force pumps, centrifugal
pumps, and air compressors being most generally used.

The waters of numerous shallow wells of the nonartesian class are
locally, or more or less widely, reputed to possess therapeutic proper-
ties, and health resorts are conducted at several of them. The
waters of some such wells are bottled and sold for medicinal uze.

ARTESIAN WATERS

DEFINITION

The term “artesian’ is applied in this report to ground waters
that are under sufficient hydrostatic pressure to force them to an
appreciable height above the level of the containing beds when they
are penetrated by wells or other excavations. Artesian water does
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not necessarily rise to the surface, and an artesian well may be either
flowing or nonflowing. Frequently the topographic position of a
well determines whether or not it will low. Thus a well located low
in a valley may be a flowing artesian well because the hydrostatic
pressure there is sufficient to raise the water above the surface,
whereas a well located on a near-by hill is & nonflowing artesian well
because the hydrostatic level of the water at that point is not as high
as the upland surface. (See pl. 7.) The significance of the term
“artesian’’ has been discussed by Fuller.?

ARTESIAN CONDITIONS IN MISSISSIPPI

The conditions that govern the occurrence of artesian water in
Mississippi may be summarized as follows: (1) The principal source
of the water in the artesian systems is the rain that falls upon the
surface within the borders of the State or in closely adjacent areas;
(2) the retaining agents are chiefly layers of dense clay, chalk, marl,
sandstone, claystone or limestone, which dip gently to the west,
southwest, or south; (3) the water as a rule is contained in layers of
sand or sandy marl of greater or less porosity, interbedded with the
denser layers that serve as retaining agents; (4) the artesian pressure
in any part of a water-filled sand is afforded chiefly by the weight of
the water in the same layer at higher levels; (5) with perhaps a few
local exceptions conditions favorable to the occurrence of artesian
water are present throughout the State, but the surface of most of the
upland is too high to permit the wells to overflow at the surface.
(See pl. 8.)

Some of the more important artesian conditions in the State are
illustrated in Figure 2.

Another set of conditions (not shown in fig. 2), which produce
artesian pressure but the effectiveness of which is not generally
appreciated, is dependent upon the higher position of the water table
in a hill or upland, as compared with that of an adjacent valley or
lowland. Although the water-bearing bed may be overlain by one
or more impervious beds the pressure of the water in the higher land,
where the water table is high, is transmitted vertically downward
and may so affect the water-bearing bed as to raise the water above
the mouths of wells located in the lower land that tap this source of
supply. Many flowing wells in Mississippi are probably produced in
this manner.

AREAS OF FLOWING WELLS DETERMINED BY TOPOGRAPHY

A glance at the map (pl. 8), on which is indicated the areas of
artesian flow of Mississippi shows that these areas are largely deter-
mined by topography; they are the low-lying parts of the State.

? Fuller, M. L., Underground-water papers: U. 8. Geol. Survey Water-Supply Paper 160, pp. 9-15, 1606,
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The most extensive area is the Yazoo Delta, which lies 200 to 300
feet lower than the upland to the east. Next in extent is the belt
of low-lying plains that borders the Gulf of Mexico, where flowing
wells of large yield are numerous. Flowing wells also occur in the
lowlands that border all the larger rivers and many of their tribu-
taries. The static level of the-water+in‘weHs is high*enoughto.pro-
duce flows in these low-lying areas but is too low to produce flows in
the adjacent upland districts.

CAUSES OF DECREASE IN STATIC LEVEL AND IN YIELD

In certain districts, as at Tupelo, in Lee County (see p. 287), and at
Columbus, in Lowndes County (see p. 308), there has been a material
lowering of the static level of the water in wells since the original
wells were drilled. The explanation appears to be that the water is
being removed from the containing beds faster than it can be renewed
by the passage of water down the dip from the intake area to the
points where the beds are tapped by the wells. In such districts
conservation of the water supply becomes necessary unless a supple-
mentary source of supply can be found, as for example a deeper water-
bearing stratum and one perhaps that bears water more abundantly.

A decrease in the yield of artesian wells may be due to any one of
several causes. A lowering of the static level by overdraft results in
a decrease in the amount of water forced into the well opening. The
lower part of an uncased well may become clogged with clay or fine
sand which prevents a maximum amount of water from entering the
well opening. In a cased well the screen or the perforations in the
casing that serve as a strainer may become clogged with sand or clay
and interfere with the free flow of water into the casing. Old casings
and strainers become weakened by corrosion and eventually collapse,
permitting the well to become choked with sand or clay or permitting
the ascending artesian water to escape before it reaches the surface.

BLOWING WELLS

In certain parts of Mississippi, particularly in the western half of
the upland, some of the shallow wells exhibit peculiar phenomena
which are locally described as ‘“blowing,” “breathing,” or “sucking,”
and some wells in which air currents are not noticed become muddy,
milky, or irony at certain times. These manifestations are in all
places correlated with certain weather conditions, and with the excep-
tion of the inward breathing or sucking they are generally observed
just before storms or rains.

The phenomenon of blowing wells is not uncommon, for many such
wells have been reported in certain parts of the United States. In-
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vestigators have generally agreed that the. blowmg or breathmg is du&
to changes in atmospheric pressure.? o

The following explanat:on is offered to account for the effect of the
weather on wells in Mississippi: In. many parts of: the upland . the
water table is low and the water oceurs in the basal parts of the porous
sands and gravels of the Citronelle and other surficial formations;,
whereas the upper parts of the formations are “dry”’ or unsaturated.
During a period of high barometer—that is, during fair weather—
air is driven down into the wells by the increased atmospheric pressure
and passes into the unsaturated pore spaces in sand and gravel that
intervene between the water table and an overlying impervious
layer of clay or compact sand. On the other hand, during a period of
low barometer, which is generally accompanied by cloudy or stormy
weather, the atmospheric pressure becomes lower and permits the
escape of some of the imprisoned air. Under favorable conditions
the release of pressure is sufficient to-cause the air to rush out through
the relatively small well opening, agitating and roiling the water as it
goes and producing the hissing and roaring sounds manifested by
some of the wells. In some wells the outgoing current of air, though
strong enough to agitate the water is not strong enough to produce
a noticeable sound.

‘More wells affected by weather conditions in the manner described
have been reported in Amite than in any other county in the State.
(See p. 76.) One rather extreme example, in which mud and
water were blown from the well, has been reported near Carrollton,
in Carroll County. (See p. 100.)

QUALITY OF WATER

The quality of ground waters in Mississippi is shown by analyses
given in tables under the county descriptions. These analyses show
the quantities of the dissolved mineral constituents, reported as
radicles and in parts of the determined radicles in 1,000,000 parts of
water. Analyses not made specially for this report and expressed in
other forms have been recalculated to the adopted form.. Computa-
tions and classifications in the tables follow the usage of earlier
publications.*

$ Some notes on blowing wells and related phenomena are contained in the following papers: Hay, Roberts
‘Water resources of & portion of the Great Plains: U.S. Geol. Survey Sixteenth Ann. Rept., pt. 2, pp. 567-568,
1895. Barbour, W. H., Wells and windmills in Nebraska: U. §. Geol. Survey Water-Supply Paper 20;
pp. 78-82, 1899, McCallie, 8. W., Blowing springs and wells of Georgia: Georgia Geol. Survey Bull. 15,
PP. 206-305, 1908. Fuller, M. L., The freezing of wells and related phenomena: U. 8. Geol. Survey Water-
Supply Paper 258, pp. 23-31, 1911.

4 Stabler, Herman, Some streams of the western United States, with chapters on sediment cafried by the
Rio Grande and the industrial application of water analyses: U. S. Geol. Survey Water-Supply Paper 274,
191t. Mendenhall, W. C., Dole, R. B., Stabler, Herman, Ground water in San Joaquin Valley. Calif.:
U. 8. Geol. Survey Water-Supply Paper 398, 1916.
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SOURCES OF DATA -

Over 200 of the analyses given in this report represent samples
collected by C. H. Kidwell and by L. W. Stephenson during the final
field work in 1919. A few samples were obtained later from owners
of springs, and 12 were collected in 1921 by E. N. Lowe. Some
analyses were made for this report at the University of Mississippi
and at the Mississippi State Chemical Laboratory; others have been
obtained from published reports and from records of the st31s31pp1
State Chemical Laboratory.

The greater part of the published analyses are from ‘ The under-
ground waters of Mississippi,’’® a few are taken from ‘‘Summary of
the underground-water resources of Mississippi.”’® Nearly all these
analyses represent samples collected 10 or 20 years ago and may
possibly not be representative of water now obtained from the
sources indicated. Some which were available were made by methods
which did not insure accuracy, and possibly some were made by
analysts without much experience. The analyses were examined
with care to discover indications of possible inaccuracy, both from
internal evidence and by comparison with other analyses of waters
from the same formations. "A number were rejected on account of
lack of confidence in their accuracy or from doubt of the representa-
tive character of the samples.

METHODS OF ANALYSIS

Constituents determined.—In general all the analyses were made by
methods described in well-known works.” In the analyses madeby the
United States Geological Survey the following constituents were
regularly determined: Total dissolved solids at 180° C., silica (SiO,),
iron (Fe), calcium (Ca), magnesium (Mg), carbonate radicle (CO,),
bicarbonate radicle (HCO,), sulphate radicle (SO.)} chloride radicle
(CD), nitrate radicle (NO:). Sodium (Na) and potassium (K) were
determined separately in a few samples; in some their chlorides
were weighed together and the quantity of sodium corresponding to
this weight was reported as sodium and potassium. In many analy-
ges sodium was calculated.

Calculation of sodium.—The substances in solution in water may
be considered as forming a system in which basic and acid radicles
balance one another. The calcium, magnesium, sodium, and potas-
sium taken together balance or are chemically equivalent to the
carbonate, bicarbonate, sulphate, chloride, and nitrate taken together.
If, then, all but the sodium and potassium are determined the quan-

% Missisippi Agr. Exper. Sta. Bull. 89, 112 pp., 1915.
8. 8. Geol. Survey Wster-Supply Paper 159, 88 pp. 6 pls., 1906.

¥ Americsn Public Health Association, Standard metbeds of water analysis, 1917, Muons W. P,
Examination of water, 1917,
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tity of sodium equivalent to the sodium and potassium present must
be the quantity which is needed to make the sum of the basic radicles
equivalent to the sum of the acid radicles. The following table
gives the quantities of the different radicles which are equivalent to
one another in chemical reactions.

Approximate unit quantities in whgchaczd g}gd_ basic radicles take part in reactions

Bases Acids
Caleium (Ca) . oo . 20 | Carbonate radicle (COg) - — .- 30
Magnesium (Mg)._ .. oo ____.__ 12 | Bicarbonate radicle (HCOs)--.__. 61
Sodium (Na)__ - .. 23 | Sulphate radicle (SO -.-_________ 48
Potassium (K)._ ... ___ 39 | Chloride radicle (CI) . oo _-_ 35
Nitrate radicle (NOg) - o e oo 62

Only a comparatively small number of the constituents of the
earth’s crust are found in significant quantities in natural waters.
In most waters the substances that are dissolved in largest quantities
and that most influence the character of the water are compounds of
calcium and of magnesium, which are obtained chiefly from lime-
stone, dolomite, and gypsum and to some extent from nearly all rocks.
Limestone and dolomite, which are carbonates, do not dissolve read-
ily without the aid of carbon dioxide or some other acid. In the pres-
ence of carbon dioxide these carbonates go into solution, forming
bicarbonates.

Sodium and potassium are present in small quantities in many
minerals. Most natural waters take up only small quantities of
these elements from the ground. Where brines or deposits of salt
(sodium chloride) occur the natural waters carry large quantities of
sodium and more potassium than fresh waters. The ratio of sodium
to potassium usually increases with increasing quantities of salt in
the water.

In most waters the sodium and potassium correspond in quantity
to the chloride and part of the sulphate present, and the calcium and
magnesium correspond to the bicarbonate and the remainder of the
sulphate. A large number of ground waters in Mississippi, however,
do not contain the basic radicles in the usual proportions. Calcium
and magnesium are present in very small quantities as compared with
the sodium, and the sodium is therefore equivalent to nearly all the
bicarbonate as well as to the chloride and sulphate. These waters,
which may contain several hundred parts per million of dissolved min-
eral matter, have less calcium and magnesium than waters which
have taken up as little as 20 parts per million of dissolved solids from
insoluble rocks like granite. Some clays and other materials have
the power to take calcium and magnesium from water with which
they are in contact and give up equivalent quantities of sodium or
potassium, and probably such an exchange accounts for the large pro-
portion of sodium in many of the ground waters of Mississippi.
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Water softening.—Many waters can be much improved for boiler
and other uses by softening, which consists in removing calcium and
magnesium from the water.

Two general types of softening systems are in use—the lime soda
system, which has been in use many years, and the exchange silicate
system, which is a recent development.

The lime-soda system comprises two sets of reactions. Lime is
added to the water to take care of the free carbon dioxide and the
bicarbonate and an extra quantity corresponding to the magnesium.
In general this addition may be said to reverse the process by which
the calcium carbonate of the rocks was dissolved by the water. This
solution took place by reason of the carbon dioxide in the water. If
the right quantity of lime is added it unites with the carbon dioxide,
thus releasing the calcium ¢arbonate taken up by the carbon dioxide
and at the same time settling out as a precipitate. This much soften-
ing is clear gain; the added calcium separates out with that which
was in the water. This treatment removes only carbonate hardness. _

To convert noncarbonate to carbonate hardness soda (sodium car-
bonate) is added to the water. Calcium sulphate is changed to cal-
cium carbonate and the sodium carbonate to sulphate. The calcium
carbonate settles out, but sodium sulphate remains in solution. This-
treatment softens the water but leaves in solution about the same
total quantity of mineral matter. Some natural waters ¢ontain so
much noncarbonate hardness that they can not be treated success-
fully by this method. After the scale-forming constituents are
removed these ‘waters contain such a quantity of sodium salts that
they are not fit for boiler use on account of foaming.

The lime-soda process is carried out either intermittently or con-
tinuously and either with cold or hot water.

A large proportion of the waters analyzed for this report are so soft
that they would not be improved by lime-soda or other treatment.
The softening by the lime-soda method is limited by the solublhty of
the calcium carbonate and magnesium hydroxide which are precipi-
tated, and the softened water therefore contains some calcium and
magnesium. In a plant operating properly this residual hardness
has no appreciable effect on boiler operation.

The exchange silicate softening systems make use of alkaline
aluminum silicate composed of different natural or manufactured
raw materials. When hard water flows through a bed of grains of
one of these exchange silicates the calcium and magnesium in the
water are replaced by sodium, leaving the water practically free from
hardness. When the silicate no longer softens water completely it
is regenerated by use of a strong salt solution, which causes a reversal
of the softening reaction and gives back to the silicate sodium in ex-
change for the calcium and magnesium removed from the water.

54134—28~——-3
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After washing, the material is ready for use again. This treatment
does not appreciably reduce the total quantity of dissolved mineral
matter in a water, but it usually removes hardness more completely
than the lime-soda treatment, . '

RELATIONS OF CHEMICAL COMPOSITION OF GROUND WATERS TO
WATER-BEARING FORMATIONS :

~ For the study of the influence of the geologic formations on the
chemical character of the ground waters all analyses of waters from
‘cértain formations have been brought together under the description
‘of the formations (pp. 29-63). Several factors, however, limit the
accuracy of conclusions that may be drawn from such a study. It
is impossible to tell the exact formation from which some of the sam-
ples come on account of the incompleteness of the well records. It
often happens in drilling a well several water-bearing strata are
encountered, and sometimes no attempt is made to case off completely
the water from the upper level or levels; any sample taken from such
- 8 well would not be representative of any particular formation.
Often the casing deteriorates, and waters from higher levels seep
through and mix with the water within the casing. The draft on a
well often affects the mineral content of the water. Water commonly
shows a higher mineral content when a well is new than after it has
been used for some time. However, excessive pumping may increase
the mineral content of the water owing to the local lowering of the
water table and the consequent drawing from other beds. This
increase is especially noticeable near the coast, where contamination
from sea water may take place. Shallow wells may be contaminated
from the surface as well as diluted from rains. Wells of different
depths in the same formation differ in the character of the water, as
is shown in the Tuscaloosa, where the deeper wells usually have water
with the most dissolved solids. The water-bearing formations and
‘their lithologic characteristics are described on pages 29-63. The for-
mations for which there are sufficient analyses to draw conclusions are
the Tuscaloosa, Eutaw,-and Ripley formations of the Upper Creta-
ceous; the Ackerman formation and Holly Springs sand of the Wilcox
group, in addition to some undifferentiated Wilcox deposits; the
Tallahatta and Lisbon formations of the Claiborne group; the Cata-
houla sandstone and the Hattiesburg and Pascagoula clays of the
Miocene; and the Citronelle formation of the Pliocene.

In this study analyses that showed waters of unusual composition
were omitted in obtaining the tables of average, minimum, and
maximum values for the constituents. The results in the tables can
not show the actual composition of waters from the given formations
because of the several factors that influence the solution of materials.
These results should, however, help in the prediction of the quality of
water one would expect to get from a well that tapped any of the
formations mentioned above,

Lo 4
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GENERAL GEOLOGY
CHARACTER AND AGE OF THE ROCKS

Southern Mississippi forms a part of the main Gulf Coastal Plain
of the southern United States, whereas the northern part of the
State extends into the lesser physiographic division of the Coastal
Plain to which the name Mississippi embayment is commonly applied.
The Gulf Coastal Plain is in general an extensive lowland that ranges
in altitude from sea level to about 1,000 feet above sea level and in
width from 130 to more than 550 miles. The plain is underlain by a
series of sedimentary formations which range in age from Cretaceous
to Recent and which increase in thickness from a featheredge along
the inner border of the plain to an unknown maximum (perhaps as

"much as 25,000 feet) at the coast in the vicinity of the mouth of
Mississippi River. These deposits rest upon a basement of ancient
rocks, in part of Paleozoic age and in part of pre-Paleozoic age.

The Mississippi embayment is a broad arm of the Gulf Coastal
Plain that extends about 250 miles up the valley of Mississippi River:,
to the southern extremity of Illinois. The area is bordered om
the west, north, and east by a territory underlain by consohdated
sedlmentary rocks of Paleozoic age. Structurally the embayment is
a down-warped trough or geosyncline of Paleozoic rocks filled to the
level of the present surface with deposits, mostly unconsolidated,.
ranging in age from Cretaceous to Recent. The axis of the trough.
trends slightly west of south, and the maximum depth to the Paleozoic
floor, though not determined, is known to exceed 4,000 feet. The
depth at Memphis, Tenn., has been shown by wells to be more than
2,500 feet, and a well at Winona, Montgomery County, Miss., had.
not reached the basement rocks at a depth of 4,075 feet. This
down-warped trough probably extends from the, Mississippi embay-,
ment toward the south out under the main Gulf Coastal Plain to and
beyond the present Gulf coast.

Deposits of Cretaceous age occupy the bottom of the trough of the
Mississippi embayment and probably reach a maximum thickness of
3,000 feet or more. They crop out in a relatively narrow belt along
the eastern limb of the trough in Alabama, Mississippi, Tennessee,
and southern Illinois, and along the western limb of the trough in the
vicinity of Newark, Independence County, Ark.; they are also
present at a relatively shallow depth along the border of the Ozark
province from Little Rock, Pulaski County, northeastward to Beebe,
White County, Ark.

The Cretaceous deposits are overlain by Eocene deposits, in-
cluding, in ascending order, the Midway, Wilcox, and Claiborne.
groups and the Jackson formation, 2,000 feet or more in aggregate
thickness. These formations crop out east of Mississippi River in
Mississippi, Tennessee, Kentucky, and sout Wﬁyow P they form

YAy Ig PEHH .

"2 e from  the official
: ﬁles P o
LGRS, Supy R"VATE POSSE~

bl
s



28 GROUND-WATER RESOURCES OF MISSISSIPPI

the core of Crowleys Ridge in Missouri and Arkansas and crop out
in the Coastal Plain uplands of south-central Arkansas and in small
areas along the western margin of the embayment from Little Rock
northeastward to the southern part of Independence County, Ark.

In the broad belt of outcrop east of Mississippi River the Eocene
deposits are partly overlain by terrace gravels and sands believed to
be of Pliocene age, and these terrace deposits are in turn largely
overlain by deposits of loess of Pleistocene age. The same succession
of surficial deposits occurs above the Eocene in Crowleys Ridge in
Arkansas. On the crests of the Paleozoic hills that border the
embayment on the west in Misssouri and Arkansas lie scattered
deposits of gravel, sand, and loam, which probably represent, respec-
tively, the Pliocene gravels and sands and the loess. .

The Cretaceous and Eocene deposits and the overlying Pliocene
and Pleistocene deposits have been partly removed by the erosive
action of Mississippi and Ohio Rivers to depths of 100 to 225 feet below
the present surface of the lowlands, and the valleys have been partly
refilled by material brought in by the same streams. In this manner
the Mississippi bottom (Yazoo “delta’) of western Mississippi was
formed.

In Mississippi the Paleozoic basement rocks crop out in small areas
in the northeastern part of the State. These rocks are overlain by a
series of Upper Cretaceous formations the outcrop of which includes
the area of seven whole counties and parts of eight others. These
formations strike toward the south but swing around toward the
southeast as they approach the Alabama line in east-central Missis-
sippi. They dip gently toward the west and southwest and pass
under the overlapping Eocene deposits.

The Eocene formations crop out in a belt 60 to 120 miles wide in
north-central Mississippi, where they strike toward the south and dip
gently toward the west; toward the south the strike swmgs around
toward the southeast and the dip to the southwest and in the east-
central part of the State the belt passes into Alabama.

Over the northwestern part of the State the Eocene formations
are covered by the recent alluvial deposits of Mississippi River, but
in the central part of the State, where the dip is to the southwest, the
Eocene formations pass under those of Oligocene age.

Southern Mississippi is underlain by formations that range in age
from Oligocene to Recent. In general they strike west by north and
dip south by west, the older formations passing beneath the younger.

Surficial alluvial deposits of Pleistocene and Recent age have
been laid down on the older deposits in the valleys of all the larger
streams, and along the western border of the Coastal Plain upland lie
extensive wind-blown deposits to which the name loess is applied.

A generalized section of the geologic formations of Mississippi
is given in the accompanying table.



Generalized section of the geologic formations of Mississippi

Era System Series and group Formation and member Thickness (feet) Physical character Water-bearing capacity and kind of water
Recent. Alluvial deposits. 125-200. Loam, clay, sand, and gravel. Abundantly water bearing in the Yazoo Delta; yields hard
water of moderately high mineral content.
(13 i1 N . . -
Quaternary. Alsl“;g ifi:)lr:ne;{?:x‘;,?rgﬁiot:sg. second bottoms”), Port Hud- | 95y (maximum) (?). | 8ands, clays, and limy silt (loess). Some water.
Pleistocene.
T?glr'glc: t}‘l:gosits that border the Gulf Coast and Natchez | g4 (maximum) (7). | Sand, loam, clay, and gravel. Water bearing.
)
Pliocens. Citronelle formation. 1-450. Sand, gravel, and clay, of fluviatile, estuarine, and shallow marine origin. A:’l‘}a’]‘dc%’!‘&itw ater bearing; yields soft water, low in min-
‘Water bearing, abundantly in places; soft water of moderate
Pascagoula clay. " 2560-400. Clay, sandy clay, and sand. minera) content. d
. Some water; locally abundantly water bearing; yields soft
Miocene. Hattiesburg clay. 325-450. Blue and gray clay, some claystone, lignite, and sand. water of moderately low mineral content. ng; yi
Abundantly water bearing, yields soft water of moder-
Catahoula sandstone. 300-500 (?). Irregularly bedded sand, sandstone, and clay. ately low mineral content.
. Byram marl.
3
8 Glendon limestone. .
§ Vicksburg group. - 145-185 (?). Limestone, marl, clay, and sand. Water bearing, especially the Forest Hill sand.
2 Marianna limestone (chiefly Mint Spring marl member).
[=]
Forest Hill sand. | Red Blufl clay.
Jackson f " Yazoo clay member. 70-600. Clay, more or less calcareous, with some sand and marl.
ackson formation. Some water in lower part.
Cenozoic. MO‘[’;‘)YS marl member. 35-90. Shells inclosed in quartz sand and glauconite. T in fower p
Yegua formation. N 30-400 (?). Irregularly bedded, more or less laminated lignitic clay, sand, and lignite. Some water; quality varies considerably.
Tertiary.. 50. H&ﬂnﬁﬁf&%ﬁlﬁﬁiﬁﬁ ag\;g?nntxc marl, and red and yellow sand eon | g,me water, chiefly hard, of high mineral content.
Claiborne group. | Lisbon formation. Kosciusko sandstone member. §0. Saccharoidal to quartzitic sandstone and unconsolidated sand. Soft water of moderate mineral content.
. s Abundantly water bearing; yields soft water of moderate
‘Winona sand member. 45-300 ==. Highly glauconitic sand, more or less clayey. mineral content, &
R Tallahatta formation. 15-240. Diatomaceous claystone, quartzite, soft sandstone, and sand. ‘Water bearing in sandy beds; quality of water variable.
§ |- e e
g i - - .
g ngtxcxlllgg%l:l?;) 31;;1. Grenada formations (approximately con: 60-250 (7). Lignitic clay, lignite, and sand. Some water.
Wil Bashi (‘““ Woods Bluff”’) formation. 30 or 35. Glauconitic calcareous sandy marl, with large calcareous concretions. Little water.
cox group.
: g i < Abundantly water bearing; yields soft water of moderatel:
Holly Springs sand. 160-600, Strongly cross-bedded, more or less micaceous sand with lenses of clay. low mineral content. ¥
Ackerman formation. 300-550. Gray, more or less lignitic clay, lignite, and sand. Some water; locally abundantly water bearing.
? (6] -
® ’ Naheola formation (from Alabama line to the area beyond DeKalb) consists
Naheola formation. Tippah sandstone member of red or yellow micaceous sands that rest on Porters Creek clay. Tippah
of Porters Creek clay. 76-200. sandstone member of Porters Creek clay, in northeastern Mississippi, con- | Little water. -
Midwa " sists of 75 to 100 feet of yellow and red, somewhat glauconitic sand.
Y grouD. | "Porters Creek ciay. Dark-gray clay.
Hard yellowish limestone, 15 to 25 feet thick, overlain by 20 to 40 feet of greenish-
Clayton formation. 80 (maximum). gray glanconitio sandy marl in places weathered to red sand. & Some water-bearing beds.
. . Compact to loose sand, sandstone, sandy limestone, and shell marl, with | Abundantly water bearing in sandy beds; yields hard and
Ripley formation. McNairy sand member. 100-400. extensive beds of calcareous and noncalcareous clay. ’ soft water of moderate mineral content. yi
Selma chalk. 250-900. More or less argillaceous or sandy chalk, Little water.
Mesozoic. Cretaceous. Gulf (Upper Cretaceous). Coffee sand ber. p bedded and . less glauconitic fine to medi 4 with | Abundantl tor bearing § dy beds lity of wate
ross- ed and massive, more or glauconitic 0 medium sand, w undantly water bearing in sandy beds; quality of water
Eutaw formation. Tombighee sand member. 260-550 (7). subordinate laminated clay. ’ varies cogsidetably. ¢ il
Tuscaloosa formation. 200-300. Irregularly bedded sand, clay, gravel, and lignite. Algouggarﬁly water bearing; yields soft water of low mineral
. Is known to bepresentin Monroe and Lowndes Counties beneath the Tusca-
Pennsylvanian, Pottsville formation. Unknown. Toosa formation but probably does not crop out.
Bangor limestone.
Carboniferous. gmu&%dég%r}e.
Paleozoic, Mississippian. Bethel sandstone. . i
Ste. Genevieve formation. 900 . Sandstones, chert, and cherty, shaly, and oolitic limestones. Encountered in | Unknown except Fort Payne chert, which is water bearing
‘Warsaw limestone. wells in eastern part of State but exposed in northeast corner only, at Corinth, Alcorn County.
Fort Payne chert. .
Devonian. Lower Devonian.

54134—28, (che p. 28)
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THE GEOLOGIC FORMATIONS AND THEIR CONTAINED WATER

PALEOZOIC ROCKS

The oldest rocks that come to the surface in Mississippi are of
Paleozoic age and are found in relatively small narrow areas in
Tishomingo and Itawamba Counties. (See pl. 2.) These strata are
divisible, in the ascending order of their geologic occurrence, into
(1) rocks of Devonian age that have been called ‘“Yellow Creek
beds’’; (2) rocks of Mississippian age which include the Fort Payne
or “Lauderdale” chert, the Warsaw limestone, the Ste. Genevieve
formation, the Bethel sandstone, the Gasper formation, the Hart-
selle sandstone, and the Bangor limestone; and (3) rocks of Penn-
sylvanian age that belong to the Pottsville formation. These rocks
include sandstones, cherts, cherty limestones, and shaly limestones
whose water-bearing capacities are imperfectly known,- with the
exception of the Fort Payne chert, which is abundantly water bearing
at Corinth in Alcorn County. Little is known concerning the
quality of water from the Paleozoic rocks.

CRETACEOUS SYSTEM
TUPPER CRETACEOUS SERIES
TUSCALOOSA FORMATION

General features—The Tuscaloosa formation crops out in a rela-
tively small area in northeastern Mississippi. (See geologic map,
pl. 2.) 1Itis composed of sand, clay, gravel, and lignite and is char-
acterized by great irregularity of bedding, which indicates that
these materials were laid down in part in the shallow marginal
waters of the sea that in early Upper Cretaceous time occupied the
down-warping trough of the Mississippi embayment and in part in
bordering bays, lagoons, and mérshes and on the deltas of debouching
streams. The maximum measured thickness of the formation in
Mississippi is in a well at Gattman, Monroe County (see log, p. 339),
which penetrated 18 feet of surficial sandy clay, 283 feet of sand,
clay, and gravel of the Tuscaloosa formation, and 312 feet of base-
ment sandstone of Paleozoic age. As the well did not start at the
extreme top of the Tuscaloosa the thickness of the formation at
Gattman probably slightly exceeds 300 feet.

The gra,vel which occurs chiefly in the basal 175 feet or less of the
formation, is composed largely of angular to subangular coarse
chert derived from the Fort Payne chert and the Warsaw limestone,
both of Paleozoic (Mississippian) age, which forms in part the
basement on which the deposits of the Coastal Plain rest and which
crop out in the upland east of the Coastal Plain in Alabama and
Tennessee. There are also a few small, smoothly rounded quartz
pebbles.
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In northeastern Mississippi the formation rests with unconformable
relations upon Paleozoic basement rocks of Devonian and Mississip-
pian age. Farther south in Mississippi the basement rocks are of
Pennsylvanian age, but these have not been reported in surface
outcrops.

The Tuscaleosa formation is overlain by the Eutaw fermation.
‘The transition from the Tuscaloosa to the Eutaw type of deposits
is marked by a band of more or less lignitic and carbonaceous clay
which is traceable from northern Mississippi to Hale County, Ala.,
and which is probably approximately of the same age threughout
this distance. As the Tuscaloosa depoesits were laid down in a sea
which transgressed from west-central Alabama northwestward
through Mississippi, the formation has its maximum thickness
(1,000 feet) in Alabama, from whence it gradually diminishes until
in northern Mississippi the thickness is 200 feet or less; and as the
deposits in northern Mississippi were probably laid down toward
the close of Tuscalooss time they represent only the upper 200 feet
of the 1,000 feet of deposits in Alabama. In small areas along Bear
Creek, in Tishominge County, the formation is unconformably
overlain by terrace loams, sands, and gravels of Pleistocene age.

The strata of the Tuscaloosa formation exhibit simple moneclinal
structure. The strike of the strata is approximately south in Missis-
sippi, but as the formation swings around into Alabama the strike
turns more and more to the east and finally becomes nearly due
east.

In Mississippi the strata dip te the west and southwest, as a rule
at the rate of 30 to 32 feet to the mile, but in places the dip appears
to be as low as 20 feet to the mile. The direction of dip ranges from
west by north in Tishomingo County, te west in the latitude of
Fulton, to west by south in Menroe County, and finally to due
gouth in east-central Alabama.

The hills in the eastern part of the Tombigbee Hills district de-
scribed on pages 2-4 are the topographic expression of the formation.

Water-bearing capacity—The medium to coarse sands that pre-
dominantly compose the formation as a whole and the heavy beds
of coarse gravel that compese the basal 175 feet or less of the forma-
tion are admirably adapted to serve as reservoirs for ground waters.

Quality of water.—The Tuscaloosa formation is the source of abun-
dant water, which is good for both domestic and boiler uses. The
following table gives results based on analyses of 12 waters that have
their source in this formation. The mineral matter is low; in 10 of
the waters the total disselved solids is less than 100 parts per million.
Lowndes No. 2 and Noxubee No. 4 have 133 and 227 parts per million
for the total disselved solids. Beoth of these wells are over 1,100 feet
deep. Noxubee No. 4 has considerably more sulphate than any of
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the others. The quantities of sodium plus potassium and of alkalin-
ity are higher in these 2 samples than in the other 10. The calcium,
magnesium, sodium, and potassium, chloride, and nitrate are quite
consistent except as noted for sodium and potassium. The average
quantity for silica is higher than was found in 10 of the samples, but
it is not excessively high.

Average, minimum, and mazimum quaniities of mineral constituents in waters from
Tuscaloosa formation ©

[Parts per million}

Average | Minimum | Maximum
Silica (SiOs) 18 9.4 35
Iron (¥e). 4.9 .08 20
Calcium (Ca) 7.8 14 13
Magnesium (Mg) 2.8 .7 4.8
Sodium and potassium (Na+-K) 18 3.2 67
Bicarbonate radicle (HCOs). - 73 11 197
Sulf)hate 1adicle (SO0 cememanen o cccccccacmccnmccmaenan 5.0 .4 16
Chloride radicle (Cl) 4.5 1.0 8.0
Nitrate radicle (NO;3)®. .2 .00 .60
Total dissolved solids, 92 30 221
Total hardness as CaCOg 31 6 47 -

o Baged on results of 12 analyses, as follows: Lowndes County, Nos. 2, 6, 8, 9, 10, 25; Monroe County,
dNos;. 1, 6,7, 12; Noxubee County, No. 4; Tishomingo County, No. 4. For complete analyses see county

escriptions.
% Based on 10 determinations.
EUTAW PORMATION

General features.—The Eutaw formation crops out in Mississippi
or is locally covered only by relatively thin terrace deposits, in a belt
15 to 30 miles wide, west of the area of outcrop of the Tuscaloosa
formation and east of that of the Selma chalk. (See geologic map,
pl. 2)

The formation is predominantly composed of massive and cross-
bedded, more or less glauconitic, fine to medium grained, more or less
micaceous sand. Many fine examples of various types of marine
cross-bedding are exhibited by the strata. Throughout much of the
formation the sand is interstratified with clay in the form of subordi-
nate thin laminae, laminated layers, and some more massive layers.
The clays are commonly dark gray to nearly black, though lighter
colored clays occur in places. Most of the clays contain comminuted
plant fragments, and small pieces of lignite are common or even abun-
dant in some parts of the terrain. The surficial weathered facies are
universally deep reddish to brownish, chiefly through the oxidation of
the iron contained in the glauconite.

In general the materials of the Eutaw are fine to medium in tex-
ture, but small lenses and stringers of small pebbles occur in the
lower part of the formation in Itawamba and Tishomingo Counties,
where the present inner margin of the formation is nearer the ancient
shore line of the Eutaw sea than it is farther south in Mississippi and
Alabama. The rain waters absorbed by the sands have dissolved
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the iron liberated by the decay of glauconite in the zone of humie
acids, and as the waters have percolated downward they have rede-
posited the iron in the lower parts of the zone of weathering, pro-
ducing sandy, oxidized concretions and platy layers. In places
conspicuous masses of ferruginous sandstone have thus been formed.

For convenience of treatment the Eutaw formation has been differ-
entiated into (1) the lower or typical part, which has a thickness of
200 or 250 feet and is characterized by irregularity of bedding and
by the presence of thin clay laminae and thicker laminated clay layers;
(2) the massive Tombigbee sand member, described below; and (3)
the Coffee sand member, also described below.

In Alabama and in east-central Mississippi approximately the
upper 150 feet of the formation is composed chiefly of massive glau-
conitic, more or less calcareous sand, with indurated layers and con-
cretionary masses at intervals, which are immediately overlain by
the Selma chalk. This part of the formation is the Tombigbee sand
member. The change from the typical Eutaw strata below to mas-
sive sand above is. not abrupt but is marked by a band of more or
less cross-bedded sand and laminated clay. Marine invertebrate fos-
sils occur in certain layers, particularly within the upper 50 feet, but
a large part of the member is nonfossiliferous. This massive band
of sand has been traced northward through Mississippi nearly to
the Tennessee State line, but, as shown in Figure 3, the member
is overlain in northern Mississippi not by chalk but by the Coffee
sand member of the Eutaw, which corresponds in age to the basal
portion of the typical Selma. Here the upper limits of the member
are not as easily determined as farther south, because parts of the
overlying Coffee sand are also of massive character. The relation of
the subdivisions of the Eutaw and other Upper Cretaceous formations
are shown in Figure 3.

The Coffee sand member at its type locality at Coffee Landing,
Hardin County, Tenn., is lithologically similar to the typical Eutaw
deposits in Alabama, although it occupies a stratigraphically higher
position. The member is characterized by its content of glauconite,
by the presence of thin laminae and laminated layers of clay, by the
finely cross-bedded structure of the sands, and by its content of com-
minuted lignite. From the vicinity of its type locality northward
to Kentucky the Coffee sand includes all the deposits between the
Paleozoic basement rocks and the overlying Selma chalk and has an
estimated thickness of over 200 feet.

The deposits extend southward from Hardin County into north-
ern Mississippi where, however, they are underlain by the Tom-
bigbee sand member of the formation, as shown in Figure 3.
They are in general like the typical materials of the Eutaw except

¢ 8afford, J. M., Geology of Tennessee, pp. 411414, 1869,
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that from the Tennessee line southward the bedding in parts of the
member becomes more massive, until in the valley of Old Town
Creek in Lee County the Tupelo tongue of the Coffee sand member
(see fig. 3), described below, presents massive uniform structure
similar to that of the Tombigbee sand. These more massive facies
were deposited in deeper waters than the typical deposits, and in
places yield marine fossils.

The Tupelo tongue ? of the Coffee sand member of the Eutaw is a
body of dark gray, chiefly massive, calcareous, glauconitic sand,
which extends southward from the Coffee sand of northern Lee
County into the main body of the Selma chalk and is underlain by a
corresponding tongue of chalk, the Mooreville tongue (see p. 37 and
fig. 3), which extends northward from the basal part of the Selma.
The Mooreville tongue loses its identify by mergence into or minor
intertonguing with -the chalk in southern Lee County. :

Throughout its occurrence in Mississippi the Eutaw formation
rests upon the Tuscaloosa formation, the relation being that of con-
formity so far as can be determined from present available evidence,
The transition from the Tuscalooss to the Eutaw is marked by a
nearly continuous, more or less carbonaceous and lignitic clay band
15 or 20 feet thick, with interbedded thin layers of glauconitic sand,
immediately above which lie marine sands that are characterized
by their content of glauconite and that form the base of the Eutaw.

From Itawamba County southward through Mississippi and east-

-ward through Alabama to the western part of Russell County the
formation is conformably overlain by the Selma chalk, and through-
out this distance the Eutaw maintains a nearly uniform thickness and
is an approximately synchronous band of deposits. North of Ita-
wamba County conditions favorable to the formation of deposits,
chiefly glauconitic sands of the Eutaw type, persisted to a later time
than they did farther to the south, so that the lower 250 feet or more
of the chalk of east-central Mississippi and Alabama is here repre-
sented by deposits of glauconitic sand of the same age. The Tupelo
tongue (see fig. 3) represents a southward spread of sand-forming
conditions across a similar northward-extending body of chalk, the
Mooreville tongue, which had previously been accumulating. At a
later time chalk-forming conditions spread far to the north through
Mississippi into Tennessee, so that from Tupelo to the Tennessee
line and beyond the Eutaw is overlain by chalk which represents the
middle third or half of the Selma as developed farther to the south.
(See fig. 3.)

In an area 5 to 7 miles wide, which borders Tombigbee River in
Lowndes and Monroe Counties and which extends with decreasing

¢ Stephenson, L. W., Tongue, a new stratigraphic term, with illustrations from the Mississippi Creta-
ceous: Washington Acad. Sci. Jour., vol. 7, No. 9, pp. 243-250, 1917,
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width up the valleys of the principal tributaries of the Tombigbee in
Lee, Itawamba, and Prentiss Counties, the. Eutaw is unconformably
overlain by loams, sands, and gravels that were laid down on terrace
plains cut in the Eutaw deposits by the meandering of the streams
during Pleistocene and Recent times.

The Cretaceous strata of Mississippi form a gentle monocline. In
the north the Eutaw beds strike approximately south; to the south
the strike swings gradually around to the east until in east-central
Alabama it is approximately east. In Mississippi the beds have a
nearly uniform slope of 30 or 31 feet to the mile, the direction of dip
ranging from west by slightly north in northern Mississippi to west in
the latitude of Tupelo, to southwest in Lowndes County, and finally
to the south in eastern Alabama. (See pl. 2.)

- The Tombigbee Hills, described on page 2, are in the main the topo-
graphic expression of the Eutaw formation.

Water-bearing capacity.—The medium to fine sands which largely
compose the formation, and especially the more irregularly bedded
sands of the lower member (below the Tombighee sand) and of the
Coffee sand member, including the Tupelo tongue, are well adapt~d
to serve as reservoirs for ground water,

Quality of water—Waters from the Eutaw formation vary cor -
siderably in the amount and character of the dissolved materials.
There are not enough analyses from the individual members to draw
any conclusions as to the quality of the waters found in each of them.
The results in the following table are based on analyses of 35 waters
which have total dissolved solids of less than 340 parts per million,
8 with total solids from 400 to 1,000 parts per million, and 5 with
over 1,000 parts per million. In 23 of the waters with less than 400
parts per million of solids the caleium is greater than 10 parts per
million, although in only 7 is the figure for scale-forming constituents
greater than 90 parts per million. In 9 waters the total solids are
less than 100 parts per million; in these the average for calcium is
7 parts per million. In 11 waters the total solids are between 100
and 200 parts per million, and the average for calcium in these is
26 parts per million. In 15 waters the total solids are between 200
and 324 parts per million, and the average for calcium is 17 parts per
million. The sulphate radicle is higher in several waters of this
group, but the increase is proportional to the increase in total solids.
The average value for the chloride radicle is higher in each group than
in the preceding group, and this is further shown in the waters whose
total solids are greater than the limits considered. Some waters
from the Eutaw formation are not suitable for domestic or boiler use,
as is shown by the fact that the average results from 13 analyses
given in the second and third columns of the table represent waters in
which the total solids are greater than 400 parts per million and the
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chloride radicle constitutes a large proportion of the dissolved mineral
matter. In 8 of these waters the chloride ranges between 160 and
236 parts per million and the total solids are less than 1,000 parts per
million. The other 5 waters are classified as sodium chloride waters
and came from Noxubee and Kemper Counties, which are both on
the Mississippi-Alabama boundary line. In Alabama brines have
been found in the Eutaw formation.!

Averages of mineral constituents of waters from Eutaw formation

[Parts per million]
Total dis- | Total dis- | Total dis-
solved sol- | solved sol- | solved sol-
ds less ids 400 to | ids greater
than 400 ¢ 1,000 & than 1,000 ¢
Silica (SiOz) ...... 21 14 20
Iron (Fe) - 2.9 1.7 .70
‘Caleium (Ca) - - - 21 10 7.4
Magnesium e mmcm———e - 4.1 2.8 2.9
Sodium and potassium (Na B o - 39 25 546
Bicarbonate radicle (HCO;) e 135 446 508
Sulphate radicle (S ) 13 6.3 3.1
Chloride radicle (CI 22 120 558
Nitrate radicle (NOa) - .75 . 1.4
‘I‘< tal dissolved solids._...._. 192 620 1,427

‘T .al hardness a5 CaCO0a. oo oo iimaccaan - 70 36 31

= Based on the following 35 analyses: Alcorn County, Nos. 3, 4, 12, 16, 18; Chickasaw County, Nos. 2,
1 18; Clay County, Nos. 11, 15; Lee County, Nos. 2, 3, 4, 11, 19 20, 24 31, 35; Lowndes County, Nos.
27 Monroe County, Nos. 13, 19, 24; Prentiss County, Nos. 2, 3, eomposlte of 8 and 9, 10, 13, 15, 16, 17;
Tl's om.ingo County, Nos. 1, 3; "Union County, N
P 3 B%sed §n tl‘lle fol]owingSanalyses Clay County, No 13; Lowndes County, Nos. 1, 14, 16; Oktibbeha
ounty, Nos.
< Based on the followmg 5 analyses: Kemper County, Nos. 5, 9; Noxubee County, Nos. 17, 23, 31.

SELMA CHALK

General features.—The Selma chalk extends into Mississippi from
Alabama in s belt about 20 miles wide in northeastern Kemper and
in Noxubee Counties, from whence it trends northward, extending
to and beyond the Tennessee State line. (See geologic map, pl. 2.)

The chalk consists of soft, more or less argillaceous or sandy lime-
stone of very fine earthy or chalky texture, including a few more
or less local interbedded layers of nearly pure hard limestone. In fresh
exposures the rock is dark gray to bluish-gray but dries to light gray
and white and produces the glaring bald spots of the prairies and the
white bluffs that border the streams. The content of calcium car-
bonate ranges in different forms from 85 per cent or more to impure
chalky clays and sands of low lime content. Small concretionary
nodules of marcasite, most of them approximately spherical and not
more than 1 or 1¥4 inches in diameter, are common, though some-
what widely scattered in the chalk. In general no difficulty is expe-
rienced in distinguishing the chalk from either the underlying Eutaw
sands or the overlying Ripley sands and clays. The chalk weathers

10 Fuller, M. L., Underground waters of eastern United States: U, S, Geol. Survey Water-Supply Paper
114, p. 186, 1905.



GENERAL GEOLOGY 37

to rich clay soils, that are grayish-brown to nearly black—the Black
Prairies—or to thinner brownish or reddish-brown silty clay soils—
the “post oak lands.”

The structure of the chalk is typically massive, but the more
argillaceous and sandy facies usually exhibit distinct bedding plains,
and even the purer facies, where subjected to weathering in the bluffs,
clearly show stratification lines that indicate slight uniform differ-
ences in lithologic character and in hardness. The chalk was depos-
ited in marine waters less than 100 fathoms deep, probably for the
most part less than 50 fathoms deep, as indicated by the presence in
many layers, particularly in the less pure facies, of great numbers
of large shells of the oyster family.

In western Alabama the formation has a measured thlck:ness of
930 feet in a well at Livingston, Sumter County. The thickness in
Mississippi immediately adjacent to Alabama is comparable to that -
at Livingston, but at all points to the north in Mississippi the thick-
ness is less than that amount. At Shuqualgk, Noxubee County, the
formation is 760 feet thick; at Starkville, Oktibbeha County, the
main body of the chalk is about 580 feet thick; at Longview, Oktibbeha
County, it is 744 feet thick; in western Clay County it is about 570
feet thick; at Houlka, Chickasaw County, about 570 feet thick; at
Sherman, Pontotoc County, where only the middle third or half of the
formation, as developed farther to the south, is represented by chalk,
the thickness is 280 feet; at Kossuth, Alcorn County, the thickness
is 250 feet.

The basal part of the Selma chalk of east-central Mississippi is
represented in northern Mississippi by nonchalky strata, chiefly
sands with subordinate amounts of clay, which belong to the Coffee
sand member of the Eutaw formation. The passage from chalk to
sand takes place in western Itawamba and eastern Lee Counties and
is accomplished by intertonguing of chalk and sand and by mergence
of the one type of deposit into the other. Two conspicuous tongues
are developed, one of impure chalk, known as the Mooreville tongue,
which projects from the basal part of the chalk northward into the
Eutaw type of deposit, and another of sand (the Tupelo tongue,
see p. 34), which extends southward from the Coffee sand member
of the Eutaw into the chalk, the Mooreville tongue below interlock-
ing with the Tupelo tongue above."! (See fig. 3.)

The Mooreville tongue is composed chiefly of impure argillaceous
chalk and shaly, chalky clay. Its thickness, as shown by the log of
a well near Tupelo (p. 288), is 215 feet.

A long, thin tongue of chalk called the Oktibbeha tongue, projects
from the extreme top of the Selma in northwestern Noxubee County
northward through Oktibbehsa, Clay, and Chickasaw Counties, con-

# Stephenson, L. W., Washington Acad. Scl. Jour. vol. 7, No. 9, pp. 248-250, 1017
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formably above the southward-extending nonchalky sands and clays
of the Ripley formation as shown in Figure 3. This chalk forms the
uppermost part of the Upper Cretaceous series and is unconformably
overlain by strata of Midway age (Eocene). The chalk is typically
exposed in gullies on the campus of the Agricultural and Mechanical
College near Starkville, Oktibbeha County. The thickness of the
tongue has not been determined but probably does not exceed 60 feet.

In east-central Mississippi and in western Alabama, where the
Selma is most fully developed, it is more than 900 feet thick and is
conformably underlain by the Eutaw formation (Tombigbee sand
member) and overlain by the Midway group of the Eocene, from
which it is separated by an unconformity that represents a long period
of geologic time. In other words, the chalk includes all the Upper
Cretaceous sediments between the Eutaw and the Eocene that have
been preserved in this area. The Tombigbee sand is the underlying
formation from Itawamba County, Miss., through Alabama to western
Georgia, and the Midway group overlies the chalk from Chickasaw
County, Miss., to Wilcox County, Ala.

In northern Mississippi the chalk as developed farther to the south
is represented by the following divisions, named in ascending order:
Coffee sand member of the Eutaw; chalk representing the middle
third or half of the Selma; and Ripley formation. Between east-
central and northern Mississippi the basal and upper portions of the
Selma therefore merge and intertongue into nonchalky representa-
tives as shown in Figure 8. The Coffee sand member of the Eutaw
was laid down contemporaneously with the basal 250 feet of the
Selma. The passage from chalk to sand takes place in western
Itawamba and in Lee Counties and is accomplished by an inter-
tonguing of chalk and sand, the principal bodies of which are the
northward-extending Mooreville tongue of the Selma and the over-
lying southward-extending Tupelo tongue of the Coffee sand mem-
ber of the Eutaw. The Ripley formation of northern Mississippi
was laid down contemporaneously with the upper 125 or 150 feet of
the Selma. The Ripley extends southward through Chickasaw,
Clay, Oktibbeha, and northwestern Noxubee Counties into the Selma
chalk, being underlain by the main body of the chalk and overlain
by the Oktibbeha tongue of the chalk. (Seefig.3.) The final passage
of the sand into chalk is probably accomplished by merging. The
Oktibbeha tongue probably loses its identity to the north by merging
into the Ripley type of materials, for its fauna is apparently of the
same age as that of the type Ripley in Tippah County.

Along some of the streams tributary to Tombigbee River on the
west, which flow eastward and southeastward, notably along Tibbee
River in Clay County and along Noxubee River in Noxubee County,
the chalk is unconformably overlain by terrace loams, clays, and sands
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of Pleistocene and Recent age. The largest area of this sort is along
the Tibbee and its tributaries, where the terrgced belt has a maximum
width of 6 or 7 miles and extends from the western part of Clay
County to the Tombigbee.

The chalk is a notable part of the series of Upper Cretaceous for-
mations in the eastern Gulf region, which, as a whole, form a gentle
monocline ‘that dips toward the embayment and the Gulf. The
strike of the chalk in northern Mississippi is nearly due south, but to
the south the strike gradually swings around to the east until in
central Alabama it becomes due east. In Mississippi the beds have
a nearly uniform slope of 30 to 32 feet to the mile, and the direction
of dip ranges from west by slightly north in northern Mississippi to
west in the latitude of Tupelo and finally to south in central Alabama.
(See pl. 2.)

The relatively low altitude of the Black Prairie country is due not
to structural down-warping but to the fact that the materials which
compose the Selma have lent themselves more readily to the processes
of erosion than have the sands which predominantly compose the
Butaw formation to the east.

* Water-bearing capacity—The Selma, like all the other formations
of the Coastal Plain, is saturated with water to the level of the ground
water table, but owing to the compactness of the chalk the water is
s0 securely locked within the interstices that separate the fine particles
that it can not be obtained for use, and the formation is commonly
regarded as not water bearing. Hundreds of wells have been drilled
through the Selma into the underlying sands of the Eutaw formation,
but rarely is water reported from beds that compose any part of the
chalk. However, the formation is an essential part of the principal
artesian system of the region, for it serves as a confining stratum for
the waters of the underlying Eutaw sands and thus makes possible
the development of artesian pressure sufficient to raise the water in:
wells within easy reach of suction or force pumps.

RIPLEY FORMATION

General features—The Ripley formation crops out in Mississippi in
a belt that extends from the Tennessee State line, where the width
is nearly 20 miles, southward with continued lessening width to the.
northwestern part of Noxubee County. (See geologic map, pl. 2.)

The Ripley formation is predominantly composed of marine sands
and sandstones, though thick beds of clay, more or less local in extent, '
are common. The maximum thickness of the formation in northern.
Tippah County, though not accurately determined by well borings,
is estimated to be approximately 400 feet. The formation gradually
becomes thinner to the south until at its southern extremity In
Noxubee County the thickness is probably 100 feet or less. !
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The sands and sandstones are fine to coarse, more or less mica-
ceous, glauconitic, argillaceous, and calcareous and range from loose
sands through compact, partly indurated sands to hard sandstones,
most of which are calcareous in greater or less degree. In fresh
exposures the colors range from white or light gray to dark greenish
or bluish-gray. The stratification ranges from thinly laminated to
heavy bedded and the structure from finely cross-bedded to massive.
The calcareous sands and sandstones are strongly developed in
Chickasaw, Pontotoc, and Union Counties, where they probably
compose the bulk of the formation.

The clays are commonly laminated and are interbedded with
partings and thin layers of micaceous sand. In fresh condition they
range from light gray or drab through dark greenish or bluish-gray
to nearly black. The laminated clays with their associated thin
partings and laminae of fine micaceous sand have their greatest
development in the base of the formation, where their outcrops may
be seen in the lower 40 or 50 feet of the eastern slope of the Pontotoc
Hills. They appear to form a transition zone between the Selma
chalk and the more typical Ripley sand and sandstone.

In northeastern Tippah and in Alcorn Counties the formation is
partly represented by a great tongue of sand of shallow-water origin,
the southern extremity of the McNairy sand member of the formation
described below and shown in Figure 3 (p. 33), which thickens to
the north in Tennessee and finally replaces the more typical, deeper-
water marine beds, both above and below it.

In general, the Ripley strata weather reddish, brownish, and
yellowish, the colors resulting chiefly from the oxidation of the iron,
which partly composes the mineral glauconite. Some of the iron
that was dissolved in the zone of humic acids has been redeposited
at lower levels within the limits of weathering, and forms ferruginous
concretions and platy ferruginous sandstones. These sandstones,
however, are not as conspicuously developed in the typical beds of
the Ripley as they are in the Eutaw formation, but they are ex-
tensively developed in the McNairy sand member.

Marine fossils are common and in places very abundant in the
typical beds of the formation but are rare in the McNairy sand
member.

The Mc¢Nairy member has its fullest development north of Missis-
sippi in Tennessee, where the type section is exhibited in the deep
cut of the Southern Railway at the “Big Hill,” 114 miles west of
Cypress, McNairy County.!? The member typically consists of
irregularly bedded noncalcareous, nonglauconitic sand and subor-
dinate clay, probably deposited chiefly in shallow marine waters

1t Stephenson, L. W, Cretaceous deposits of the eastern Gulf region, and Species of Ezogyre from the
eastern Gulf region and the Carolinas: U. S. Geol. Survey Prof. Paper 81, pp. 17, 18, 22, 1914,
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within the range of strong waves and currents, though some of the
materials were formed in marginal swamps and some may have been
formed on low alluvial plains that border the coast. The maximum
thickness in Mississippi, in northern Tippah County, is estimated to
be 225 or 250 feet.

The sands are coarse to fine, gray to varicolored, more or less
micsaceous, and range from finely to coarsely current-bedded. They
are unconsolidated with the exception of more or less local ferruginous,
corrugated, tubular, and platy sandstones, which occur at irregular
intervals but which constitute a diagnostic.character of the member
in northern Mississippi and in McNairy County, Tenn. The locally
developed lenses of clay are light or varicolored or are dark gray to
black from their content of lignite or other carbonaceous matter.

In Mississippi the McNairy member forms a great wedge-shaped
mass, the southern extremity of which tongues into the main body
of the typical Ripley deposits in Tippah and Alcorn Counties, where
it is both underlain and overlain by northward-extending tongues of
deeper marine invertebraté-bearing sands, clays, and marls. The
lower tongue extends northward through Tennessee nearly to the
Kentucky line; the upper tongue thins to the north and either loses’
its identity by merging into the McNairy sand or is overlapped by
the Eoeene, probably in Chester County, Tenn.

The Ripley formation in Mississippi and Tennessee rests with
conformable relations on the Selma chalk. At most places in Missis-
sippi where observations have been made the passage from the chalk
to the overlying predominantly sandy deposits of the Ripley is
marked by 40 or 50 feet of more or less sandy and calcareous lami-
nated clay. The age of this transition band is nearly the same
throughout the horizon of its occurrence in the State, though there is
probably, a slight upward transgression of the band across the
geologic column from the northern to the southern part of the area.

From Chickasaw County, Miss., northward to the head of the
embayment in southern Illinois the Ripley is unconformably overlain
by Eocene strata, which in Mississippi and southern Tennessee are
referable to the Midway group. The unconformity represents a
long period of geologic time, the greatest hiatus in fact in the geologic
record of Mississippi, or of the Gulf region in general, between the
beginning of Upper Cretaceous time and the Recent. The uncon-
formity is, however, not a conspicuous physical feature because the
surface on which the Eocene deposits were laid down was an ap-
proximate peneplain, in places scarcely distinguishable from a bed-
ding plane, and the materials that form the base of the Eocene were in
part derived by reworking from the. underlying Cretaceous deposits,
which in places they closely resemble.

54134—28——4
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South of Chickasaw County the Ripley tongues into the Selma
chalk,'® the upper 125 or 150 feet of which it represents, and maintains
its sandy and argillaceous character through Clay and Oktibbeha
Counties, but finally in northwestern Noxubee County it passes
probably by merging or by minor intertonguing into chalk. From
Chickasaw County to this point the Ripley is therefore overlain by
chalk to which the name Oktibbeha tongue has been given. (See
fig. 3 and p. 37.)

The structure of the Ripley formation in the Mississippi embay-
ment is gently monoclinal, the strike being nearly south and the dip
to the west at the nearly uniform rate of 30 to 32 feet to the mile.
The direction of dip and strike varies slightly from place to place
along the area of outcrop; the strike is south by slightly east in the
southern part of the area and north by slightly east near the Missis-
sippi-Tennessee boundary, and the dip deviates slightly from due
west in accordance with the change in strike. (See pl. 2.)

The predominantly sandy strata of the Ripley formation are
topographically expressed in the Pontotoc Hills, described on page 5.

Water-bearing capacity—The sandy beds that largely compose the
Ripley formation are all water bearing, but some of them on account
of their greater porosity and looseness yield their contained waters
much more freely than others, and these are the beds that are com-
monly regarded as water bearing. Beds that carry water in quanti-
ties sufficient for domestic and farm use are likely to be encountered
in any part of the formation; but the larger supplies, such as are
required to meet the needs of the towns and villages, most of which
are situated along the western border of the Pontotoc Hills, are
obtained from beds of loose sand in the middle or a little below the
middle of the formation.

Quality of water.—The waters of the Ripley formation for which
analyses are available show a marked uniformity in quantities of
total dissolved solids. In 19 out of 21 samples the total dissolved
solids range from 167 to 280 parts per million. Two waters from
Houston, Chickasaw County, have total solids of 445 and 450 parts
per million. In these two waters the results for the sulphate radicle
are 82 and 97 parts per million, in contrast to an average of 20 parts
per million for the other 19 waters.

In the subjoined table the analyses have been arranged in order of
increasing calcium. It will be noticed that as the calcium increases
the sodium plus potassium decreases. When this fact is considered in
connection with the uniformity of the total solids it seems likely that
a natural water-softening deposit has caused an exchange of the
bases as the waters percolated through the earth.

13 Stephenson, L. W., Washington Acad. Sci. Jour., vol. 7, No. 9, pp. 243-250, 1917,
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The Ripley formation is composed of marine sands and sandstones
that are more or less calcareous and beds of clay laminated with
layers of sand. The clay is probably the material that is causing the
exchange. An interesting example of this process is shown in the
table by samples designated Tippah Nos. 10 and 11, which come from
the same township but from different depths, 461 and 155 feet,
respectively.

A report on the ground waters of Georgm 1 pives 28 analyses of
waters from the Ripley formation. The 21 analyses from Missis-
sippi given in the table below have an average value of 235 parts per
million for total dissolved solids, whereas 27 analyses from Georgia
give an average of 150 parts per million. In general the analyses
of waters from the formation in the two States differ very little.

Certain constituents of waters from the Ripley formation o

[Parts per million]
Anslysis | Celoium |Magnesium| ang pofes- | ;7003
County nalys um | Magnesium, and potas- | giseolyed
No. (Ca) Mg) stum o
(Na+K) solids
Tunica 1 L4 0.7 264 176
Tuni 4 L5 .8 299 280
10 6.1 2.4 60 187
11 7.2 2.8 60 205
2 8.0 5.2 54 188
12 11 2.9 59 185
10 14 5.2 47 184
9 14 5.5 62 248
17 17 4,6 30 167
5 21 13 182
16 21 8.3 133 445
15 22 9.6 134 450
3 33 11 28 245
21 42 1.8 11 186
8 45 4.1 6.3 202
6 46 9.6 14 195
26 48 7.8 10 201
32 55 6.4 19 264
21 56 8.7 23 252
Pontotoc. .- 10 57 5.4 17 224
Tippah, 11 67 13 17 274
Average . 28 6.1 46 235
¢ For complete analyses see corresponding numbers under county descriptions. ¢ Computed.

TERTIARY SYSTEM
EOCENE SERIES 1
MIDWAY GROUP
CLAYTON FORMATION
General features.—~-The area of ou'tcrop of the Clayton formation,

the oldest Tertiary formation present in Mississippi, lies west of that
of the Ripley formation. (See pl. 2.)

1 Stephenson, L. W., Veatch, J. O., and Dole, R. B. underground waters of the Coastal Plain of Gootgxa
U. 8. Geol. Survey Water-Supply Paper 341, p. 512, 1915,

18 The descriptions of the formations of the Eocene series, with the exception of the Jackson formation, are
based in part on an unpublished manuscript by Dr. E. N, Lowe, State geologist of Missisgippi, and in part
on field work conducted by Wythe Cooke of the U, 8. Geological Survey, subsequent to the transmission o.
Doctor Lowe’s manuseript. The deseription of the Jackson formation is based on published reports by
Mr, Cooke,
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The formation consists of 15 to 25 feet of hard limestone containing
numerous marine fossils, overlain by 20 to 40 feet of greenish-gray
glauconitic sandy marl, which weathers to yellowish-red sand.
Exposed ledges of the limestone weather to rough surfaces, owing in
part to differential erosion around hard fossils. The maximum thick-
ness of the formation is probably about 60 feet.

The Clayton formation rests with unconformable relations in part
on the Ripley formation and in part on the Oktibbeha tongue of the
Selma chalk. (See fig. 3 and p. 37.) This unconformity represents a
very long period of geologic time. The formation is conformably
overlain along its western margin by the Porters Creek clay, the next
younger formation, which is also part of the Midway group. The
beds strike approximately northward and dip westward beneath the
Porters Creek clay at the rate of 20 or 25 feet to the mile.

The rolling or moderately hilly surface along the western border
of the Pontotoc Hills is determined by the outcrop of the Clayton
formation. '

Water-bearing capacity—The sandy marls that form the main
body of the formation above the basal limestone include water-bear-
ing beds, the value of which, however, has not been fully determined.
A few wells in the western part of Tippah, Union, Pontotoc, and
Chickasaw Counties are believed to have their source in these beds.

PORTERS CREEK CLAY

General features—The Porters Creek clay appears in a long, nar-
row belt 4 to 12 miles wide, which enters Mississippi from Alabama in
Kemper County and extends northwestward and northward to the
Tennessee State line. (See pl. 2.)

The formation typically consists of about 150 feet of dark-gray
clay, which as a rule is not distinctly stratified. The clay weathers
light gray to nearly white and on drying breaks into small masses
that shell off in successive thin conchoidal layers. Toward the north
the upper part of the clay becomes sandy, and in Tippah County it is
replaced by 75 to 100 feet of yellow and red, somewhat glauconitic
sand, overlain by a few feet of hard fossiliferous glauconitic sand-
stone. For these sandy beds Lowe has proposed the name Tippah
sandstone member. Red or yellow micaceous sands, apparently the
continuation of the Naheola formation of Alabama, which overlie
the Porters Creek clay from the Mississippi line to the region beyond
De Kalb, have been mapped with the Porters Creek.

The Porters Creek clay rests conformably on the Clayton forma-
tion and where the Naheola formation is absent is overlain uncon-
formably by the Ackerman formation of the Wilcox group. The clay
dips to the west and southwest at the rate of 20 or 25 feet to the mile
and passes beneath the Ackerman.
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The clay does not resist erosion as effectively as the more sandy
strata of theé Ripley and Clayton formations on the east and the
Ackerman formation on the west, and its surface has been reduced to
a somewhat lower, gently undulating to moderately rolling plain,
known as the Flatwoods. (See p. 6.)

Water-bearing capacity—The clay is too compact to serve as a valu-
able aquifer, but a few shallow wells and springs that have their source
in it yield small quantities of water, which is, as a rule, rather highly
mineralized. The Tippah sandstone member probably carries water
in sufficient quantity and of suitable quality to serve as domestic
and farm supplies, though its importance has not been definitely

ascertained.
WILCOX GROUP

ACKERMAN FORMATION

General features—The belt of outcrop of the Ackerman formation
is 3 to 15 miles wide and lies immediately west of that of the Porters
Creek clay. (See pl. 2.)

The formation consists of 300 to 550 feet of stratified gray, more
or less lignitic clay, with many interbedded layers of lignite, some of
which are of good quality and of considerable thickness. Many of
the clay layers are more or less sandy, and some beds of sand are
interstratified with the clay. Associated with the clays in some
places are thin layers of carbonate of iron. Although the clays in the
basal portion of the Ackerman formation resemble the underlying
Porters Creek clay, the two formations are believed to be separated
by an unconformity. The Ackerman formation is overlain by the
Holly Springs sand, and the relation between these two formations
is also believed to be that of unconformity. The strata dip to the
west at the rate of 25 or 30 feet to the mile and pass beneath the
Holly Springs sand.

The outcrop of the Ackerman formation is marked by hills Whlch
contrast strongly with the lower, smoother surface of the Porters
Creek clay on the east. The hills are in general less pronounced
than those produced by the Holly Springs sand on the west. The
upland surface in the Ackerman belt ranges in altitude above sea
level from 400 to 600 feet.

Water-bearing capacity—Although the Ackerman formation is
composed predominantly of clay it contains interbedded layers of
sand that have more or less capacity for water; in some places
moderately large supplies are obtained from the formation, as at the
municipal waterworks at Louisville in Winston County (see p. 491);
elsewhere wells have passed through the formation without obtain-~
ing water. Small springs are common throughout the area.

Quality of water.—Results based upon analyses of 13 waters which
have their source in this formation are tabulated below. The total
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solids for this group range from 53 to 319 parts per million, but in
11 of the waters the quantity of total solids is less than 200 parts
per million. Although 9 of the waters contain less iron than the
average, layers of iron carbonate have been found in the clay, and
waters from this formation probably contain considerable iron. The
. two analyses which have total solids greater than 200 parts per
million—Grenada County No. 4 and Tallahatchie County No. 24—
have slightly higher chlorides. The greatest inereases, however,
were in the amounts of sodium plus potassium and 'in bicarbonate,
these increases being proportional to the increase in total solids.
The other constituents are consistent for all the waters considered.

Average, minimum, and maximum Iguantz‘t‘ies of mineral constituents in waters from

the Ackerman formation ©
[Parts per million)

Average | Minimum | Maximum-
Silica (SiOs) - 29 13 49
Iron (¥Fe) L6 .06 8.8
Calcium (Ca) . . 8.8 2.7 18
Magnesium (Mg) - a——- 2.8 .3 7.6
Sodium and potassium (Na+K) 42 9.5 120
Bicarbonate radicle (HCOs). 127 30 283
Sulphate radicle (804) 7.4 .8 21
Chloride radicle (C1) 6.3 2.7 12
Nitrate radicle (N Os) 1.5 .00 4.0
Total dissolved solids, 161 53 319
Total hardness as CaCOs 34 8 63

« Based on results of 11 analyses, as follows: Benton County, No. 1; Choctaw County, No. 1; Grenads
County, No. 4; Lafayette County, Nos. 9, 13, 17; Tallahatehie County, No. 24; Tippah County, No. 33;
Tunica County, No. 2; and Yalobusha County, Nos. 1, 8. For complete analyses see county descriptions.

HOLLY BPRINGS BAND

General features—The belt of outcrop of the Holly Springs sand
ranges in width from 3 to 20 miles and lies immediately west of that
of the Ackerman formation. (See pl. 2.)

The formation is predominantly composed of irregularly and highly
cross-bedded, more or less micaceous sand of white, light gray, or
bluish and greenish gray color, which weathers on exposure to red,
yellow, and purple and carries subordinate interbedded lenses of
elay, generally of light eolor. Very fine gray laminated sand is
common in the eastern counties. The formation ranges in thickness
from about 160 feet near the Alabama line in Lauderdale County to a
maximum of perhaps 600 feet in northern Mississippi. About mid-
way of the formation in northern Mississippi is a zone of pink or
white clay lenses, which more or less completely separates the lower
from the upper half of the formation.

The Holly Springs sand rests, probably with unconformity, on the
Ackerman formation. From Grenada County northward the forma-
tion is unconformably overlain by the Grenada, the uppermost
formation of the Wilcox group. In Lauderdale County the Bashi
(“Woods Bluff”’) and. Hatchetighee formations of the Wilcox group
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rest unconformably upon the Holly Springs. The Hatchetigbee is
probably contemporaneous with the Grenada. The strata that com-
pose the Holly Springs dip to the west at the rate of 15 to 20 feet to
the mile, and the formation disappears beneath the overlying younger
Eocene formations.

The Holly Springs area is one of pronounced hills and valleys.
(See p. 6.)

Water-bearing capacity.—The physical constitution of the Holly
Springs sand admirably suits it to serve as an aquifer, and it is the
source of the water of hundreds of springs and shallow wells in its
area of outerop. Toward the west and southwest, where the forma-
tion passes out under the overlying younger formations, its water-
bearing sands ‘are tapped by hundreds of deep wells, both flowing and
nonflowing. :

Quality of water—Waters from this formation show considerable
variation in the quantity and character of dissolved mineral matter.
The following table gives results based upon analyses of 30 waters
from this formation. None of the 30 waters has over 300 parts per
million of total solids. Six have total solids less than 100 parts per
million; 16 have between 100 and 200 parts per million; 8 have
between 200 and 300 parts per million. The group of 30 is quite
consistent in the quantities of the constituents present. Coahoma
No. 20, Holmes No. 24, and Tallahatchie No. 11 have total solids
greater than 300 parts per million and have not been included in the
apalyses mentioned above. These three analyses have low sulphate
and calcium and in the first and last of these the chloride is higher
than the average for the others from the formation. A few analyses
not included in the table had much larger quantities of calcium than
the average given. These analyses indicate that some waters of the
Holly Springs sand may have considerable dissolved material, of
which calcium is a large part. )

Average, minimum, and mazimum quantities of mineral constituents in waters from
Holly Springs sand ¢

[Parts per million]

Average | Minimum | Maximum
Silica (8i0s) 8.4 56
Iron (Fe) 2.6 .16 17
Calcium (Ca) 12 1.3 45
Magnesium (Mg) 3.6 .7 8.8
Sodium and potassinm (Na+K)...... 36 5.3 95
Bicarbonate radicle (HCO2) - avr oo oo e 126 16 205
Sulphate radicle (S0s). 8.9 .7 28
Chiloride radicle (Cl).- - 7.3 1.0 24
Nitrate radicle (NO3) ¢ 17 .00 12
‘Total dissolved solids 163 35 296
Total hardness as CaCOs 44 6 149

» Based on results of 27 analyses, as follows: Grenada County, Nos. 6, 9, 20; Holmes County, No. 11;
Lafayette Cotnty, No. 12; Lauderdale County, Nos. 9, 13, Marshall County, Nos. 3, 4; Neshoba County
Nos. 1, 2, 3, 4; Newton County, No. 19; Panola County, Nos. 3, 13; Quitman County, Nos. 1, 3, 4, 6; Tal-
Iahatchie County, Nos. 17, 19, 22; Tate County, No. 11; Yalobusha County, Nos. 13, 18,19, For complete
analyses see county descriptions.

® Based on 26 determinations.
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BASHI (“WoODS BLUFF”’) FORMATION

General features.—The Bashi formation of Alabama has been recog-
nized in Mississippi at two localities near Meridian, Lauderdale
County—one in a cut of the Memphis & Meridian Railroad south of
Meridian and the other in a public road cutting at Bonita, east of
Meridian. (See pl. 2.) The outcrop of the Bashi is not shown sep-
arately on the geologic map but is included with the Hatchetigbee.

The materials near Meridian consist of 30 or 35 feet of glauconitic
calcareous sand or sandy marl containing large gray calcareous fossil-
iferous concretions that weather out in mushroom-like forms. The
contact of the Bashi formation with the underlying Holly Springs
sand has not been observed but is doubtless unconformable. The
marine marl of the Bashi is overlain by fresh-water clay of the
Hatchetighee formation.

Water-bearing capacity.—The Bashi is not a valuable water-bearing
formation in Mississippi.

GRENADA FORMATION

General features—In the valley of Yalobusha River in the vicinity
of Grenada, Grenada County, occur outcrops of lignitic clay and lig-
nite interbedded with more or less sand, which has been named the
Grenada formation and which corresponds in age to the Hatchetigbee
formation. Outcrops of similar lignitic clay occur in the lower slopes
of the bluffs that overlook the Yazoo Delta in Grenada, Tallahatchie,
Panola, Tate, and De Soto Counties. These clays, including inter-
bedded sands, probably underlie a belt 20 to 35 miles in width east of
the bluffs and extend from Yallobusha Valley northward to the
Tennessee line. In this area the beds are in part concealed by
Pliocene terrace gravels and by loess. (See pl. 2.)

The Grenada formation is estimated to be 150 or 200 feet thick
in Grenada County. It rests unconformably on the Holly Springs
sand and is unconformably overlain by the Tallahatta formation.

Water-bearing capacity.—Little is definitely known about the water-
bearing capacity of the Grenada formation, but some of the beds of -
sand intertbedded with the clay doubtless contain water, and some
wells west of the outcrop of the formation probably have their source
in the formation.

HATCHETIGBEE FORMATION

General features.—The Hatchetighee formation extends from Ala-
bama across the greater part of Lauderdale County. It appears to
overlap the Bashi formation and to rest unconformably upon the
Holly Springs sand. The hills near Meridian are composed chiefly
of the Hatchetigbee, but some of them are capped by the harder
Tallahatta “buhistone.” The Hatchetighee formation is predomi-
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nantly clayey but contains also considerable sand and some lignite.
(See pl. 2.) The clays are brown or chocolate-colored and break
with hackly fracture, a characteristic which distinguishes the Hatchet-
ighee from the laminated or platy clays in the Holly Springs sand.
The exact thickness of the formation is unknown, but 75 feet may be
assumed as a conservative estimate.

The Hatchetighee formation has been correlated with the Grenada
formation (see p. 28) by means of its fossil plants, and this correlation
is confirmed by its stratigraphic position. Both formations lie
between the Holly Springs sand and the Tallahatta formation.

Water-bearing capacity—The formation probably contains lenses
and layers of water-bearing sand, although little is definitely known
about their capacity and extent.

UNDIFFERENTIATED WILCOX DEPOSITS

In some areas it was impossible to determine to what formation of
the Wilcox group the water-bearing sand belonged. The results in
the following table are based upon analyses of 14 such waters. Most
of these waters are much more concentrated than the waters of either
the Ackerman formation or the Holly Springs sand. Chloride is
greater than 10 parts per million in 11 of the waters; calcium is less
than 5 parts per million in 11 waters, and the sulphate less than 10
parts per million in 14 waters. There are not sufficient data at hand
to identify the particular formations of the Wilcox group from which
these 14 waters came. As arule the waters from the Wilcox group
have moderate quantities of dissolved mineral matter, the quantities
of calcium vary considerably, but only few really soft waters are
reported from this group.

Minimum and maximum quantities of mineral constituents in walers from Wilcox

group ¢
{Parts per million]
Mipi- | Maxi- Mini- | Maxi-
mum | mom R mum | mum
14 78 hPhate radicle 280 ) J— 0.9 29
.04 5.9 oride radicle (C) ..o ceeenene 5.0 185
.6 45 Nitrate radicle (NO's) ¢. .00 5.0
(Mg) , .1 30 Total dissolved solids. . .........| 180 2,079
8odium and potassium (Na+ K).| 92 850 Total hardness as CaCO 3| 3
Bicarbonate radlcle (HCO3)....| 146 1,939

MY+ Basod on results of 16 analyses, as follows: Bolivar County, Nos. 19, 20; Coahoma County, Nos. 1, 4,
8, 8, 8, 18; Hinds County, Nos. 18, 16; Sunflower County, Nos. 8, 12; Washington County, Nos. 2,12, 15
21. For com lote analyses see county deseri) Opt ons.

% Iron uminum oxidos, (Fos03+ Alz

e Based on 13 determinations.
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CLAIBORNE GROUP

TALLAHATTA FORMATION '

" General features—The Tallahatta formation comes to the surface
in a belt that extends from northern Clarke County to Grenada
County. The belt is widest and mest irregular in Clarke, Lauderdale,
and Newton Counties, where it is in places as much as 6 miles wide
and where the formation appears to be about 240 feet thick. The
formation thins toward the northwest to little more than 15 feet near
Duck Hill, and the belt of outcrop becomes correspoendingly narrower.
(See pl. 2.)

The prevailing rocks of the Tallahatta formation are white, gray,
or cream-colored brittle claystone or diatomaceous earth, interbedded
with hard gray sandstone or quartzite. A peculiar breccia-like rock
composed of patches of claystone inclesed in coarse sandstone is not
uncommon. These hard rocks are sometines called ‘“‘buhrstene.”

“The claystone is light in weight and perous and is compesed chiefly of
the siliceous remains of diatoms (tiny marine plants) and radiolarians
(tiny marine animals).

The outcrop of the Tallahatta formation has the form of a cuesta;
that is, its eastern or northeastern side is steep or even precipitous,
but the epposite side slopes very gently toward the west or southwest.
The bluff thus formed is inconspicuous in the northwest, where the
formation is thin, but at the other extremity a steep escarpment
upheld by the hard rocks of the Tallahatta formation forms a serious
obstacle to travel. The line of outcrop in this southern region is
very crooked because it is cut across by several streams. Outliers
of the Tallahatta rocks cap the ‘“mountains” near Meridian.

The Tallahatta formation lies between the Grenada or the Hatchet-
ighee formation below and the Lisbon formation above. It is
unconformable with the Grenada formation and is also probably
separated from the Hatchetighee by an unconformity, but it appears
to be conformable with the overlying Lisbon. In Lauderdale County
it dips southwestward at the rate of 25 feet or more to the mile.

Water-bearing capacity.—The formation probably does not carry
large quantities of water, although some of its more porous parts
may be water bearing.

LISBON FORMATION

General features—The Lisbon formation occupies a wedge-shaped
area that extends from the Mississippi line at Clarke County to the
edge of the Yazoo Delta, but the formation is concealed at the west
end by a covering of loess and gravel. The width of the area ranges
from 10 miles or less at the east end to about 60 miles in Holmes,
Carroll, and Grenada Counties.
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In Clarke County the Lisbon formation is more than 200 feet
thick and dips southward or southwestward at an estimated rate of
20 or 25 feet to the mile. The formation probably thickens toward
the west, and the dip becomes somewhat more gentle, but no reliable
data regarding thickness are at hand.

The basal part of the Lisbon, now known as the Winona sand mem-
ber, consists of highly ferruginous bright-red sand, which appears to
rest conformably upon the Tallahatta formation. In Clarke County
the Winona sand member is 45 feet thick and includes at the base a
10-foot bed loaded with ““Scutella” mississippiensis. To the north-
west it increases in thickness to possibly 300 feet.!* Where the beds
are unweathered the sands are green. The red color is due to the
presence of limonite (iron rust) formed by the oxidation of green-
sand. The red beds extend northwestward from Clarke County to
Montgomery and Carroll Counties.

The Winona member is overlain by cross-bedded white or iron-
stained sands at least 50 feet thick in Clarke County, which were
called “Decatur sand” by Lowe.”” In Attala and adjacent counties
much of this sand is consolidated into hard quartzitic sandstone,
which, because of its hardness, was regarded by both Crider'® and
Lowe® as of Tallahatta age. This part of the Lisbon formation has
recently been named the Kosciusko sandstone member by Cooke,*
because the name Decatur is preoccupied.

In Clarke, Jasper, and Newton Counties the white sand is overlain
by 50 feet or more of glauconitic marl and red and yellow sand which
contains a large fauna characteristic of the Lisbon formation of
Alabama. This typical part of the Lisbon formation has been called
the “Wautubbee marls” by Lowe.?* It is overlain by lignitic sands
that are referred to the Yegua formation.

The Lisbon formation rests conformably on the underlying Talla-
hatta formation and appears to be conformably overlain by the
Yegua formation. The average dip of the Lisbon strata is 20 to 25
feet to the mile. The hills in the area occupied by the Lisbon are
less pronounced than those formed by the outcrop of the quartzitic
rocks of the Tallahatta formation and in places in the northwest are
gently undulating and prairie-like.

Water-bearing capacity—The typical marl of the Lisbon is not a
notable aquifer, though it contains some water-bearing beds. The
Winona sand member, on account of its porous character is a valua-

18 Cooke, C. W., Correlations of Eocene formations of Mlssissipp! and Alabama: U. 8. Geol. Survey
Prof. Paper 140, pp. 133-136, 1925.

17 Lowe, E. N., Mississippi, its geology, geography, soil and mineral resources: Mississippi Geol.
Survey Bull. l4,p 78, 1919.

16 Crider, A. F., Geology and mineral resources of Mississippi: U. S. Geol. Survey Bull. 283, pl. 1, 1906.

¥ Lowe, E. N., op. cit., pp. 75-76, 1919.

» Op. cit.

% Lowe, E, N., op. cit., p. 78,1919,
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ble aquifer and is the source of the water obtained in hundreds of
shallow wells in its area of outcrop and also of the water of many
deep wells toward the southwest in central and west-central
Mississippi.

Quality of water.—Analyses of waters from the Lisbon formation,
including the Kosciusko sandstone and Winona sand members, were
used in the preparation of the following table. In 11 of the 18
analyses available the total solids are between 400 and 970 parts
per million. One water has total solids of 109 and another has 1,214
parts per million. This latter analysis, Covington No.5, is from a
well 1,487 feet deep. This water contains very little more sodium
and bicarbonate. Seven of the analyses have calcium greater than
20 parts per million, but the remaining 11 have calcium less than 10
parts per million. Chloride in several of the waters is higher than
would be expected. From these data it appears that the concen-
trations of waters from members of the Lisbon formation are high and
that calcium may be present in large quantities, but the predominat-
ing characteristic is the large proportion of sodium and bicarbonate.
A number of waters from this formation have a brown or red color
which is probably due to colloidal organic matter. In general the
eolor is more marked in the waters which contain the larger quan-
tities of sodium and bicarbonate.

Minimum and masimum quantities of mineral constituents in waters from Lisbon

formation s

[Parts per million]

Maxi Mini- | Maxi-

mum mym | mum
Silica (8109).c-cuccamemccecrana- 60 Sulphate radicle (804¢) 0.0 130
Iron (Fe)....... . 4.3 || Chiloride radicle (CI)... 4.5 72
Calcium (Ca)... - . 68 Nitrate radicle (NOg)®_. .00 4.0
Magnesium (Mg) .4 22 || Total dissolved solids... 100 1,214
Sodium and potassium (Na+K)_| 13 513 Total hardness as CaCOs........ 5
Bicarbonate radicle (HCO3)..... 63 1,235

o Based on results of 18 analyses, as follows: Clarke County, Nos. 21, 22; Covington County, No. 5,
Holmes Cqunty, Nos. 12, 16, 32, 33, 37; Humphreys County, No. 9; Jasper County, Nos. 2, 3; Jones County,
Nos. 9, 10; Newton County No. 20; éharkey County, Nos, 2, 8, 5; Smith County, No. 1. For complete
analyses see county descriptions.

b Based on 15 determinations.

YEGUA FORMATION
General features.—The Yegua formation appears at the surface in
a belt 1 to 8 miles wide that lies immediately southwest of that of the
Lisbon formation. (See pl. 2.)

_The formation consists of irregularly bedded, more or less lami-
nated lignitic clay, sand, and lignite and ranges in thickness from 30 to
40 feet in the southeast to 300 or perhaps as much as 400 feet in
Madison and Yazoo Counties. The formation lies between the Lis-
bon formation below and the Jackson formation above, both of which
contain marine fossils. Its lithology indicates an estuarine or fresh-
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water origin. The beds dip to the southwest at rates which prob-
ably range from 20 to 35 feet to the mile in different parts of the out-
crop, and the formation passes beneath the Jackson formation. The
topography produced by the Yegua is gently undulating to moder-
ately hilly. (See p. 6.)

Water-bearing capacity —The formation is sufficiently sandy to
render it of some value as an aquifer, and doubtless shallow wells in
the area of outcrop and some deeper wells southwest of the outcrop
draw water from it.

Quality of water.—Analyses Clarke Nos. 13 and 14 and Madison
Nos. 5, 13, and 15 are from this formation. No table was made for
these a,na,lyses because of the great variation in the determined
quantities. The total solids are from 211 to 1,388 parts per million,
and the calcium from 26 to 216 parts per million. ‘The water con-
taining the most dissolved mineral matter is classified as a calcium
sulphate water and may have percolated through a bed of gypsum.
These five analyses indicate that waters from the Yegua formation
may be high in total solids and calcium.

JACKSON FORMATION

General features.—The Jackson formation crops out in an irregular
belt that ranges in width from a few miles near the Alabama line in
Clarke County to a maximum of 25 or 30 miles in the valley of Pearl
River north of Jackson. (See pl. 2.)

The formation consists chiefly of clay, as a rule more or less calcare-
ous, and less prominent beds of sand and marl. The basal portion,
however, consists of beds of shells inclosed in quartz sand and glauco-
nite. This lower portion ranges in thickness from 35 or 40 feet in
the west to 90 feet in the east and is now known as the Moodys marl
member. The upper or typical portion of the formation ranges in
thickness from about 70 feet in the east to 600 feet in the west and is
now known as the Yazoo clay member. The total thickness of the
formation therefore increases from about 150 feet in the east, in
Clarke County, to over 600 feet in the west, in Yazoo County.

The Jackson formation overlies, probably unconformably, the
Yegua formation of the Claiborne group and is in turn conformably
overlain by the Vicksburg group of the Oligocene. In places the
Jackson is concealed by overlapping deposits that belong to the
Citronelle formation. Such deposits occur in Jasper, Smith, Rankin,
and Scott Counties. The strata of the Jackson dip south by west at
the average rate of 20 or 25 feet to the mile, but owing to the folding
of the strata the dip is in places less than indicated by these figures.

The surface of the country underlain by the Yazoo clay, where
not protected by more resistant surficial deposits, has been reduced
by erosion to flat or rolling, poorly drained plains. (See p. 6.)
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Water-bearing capacity—So far as known the Yazoo clay contains
no extensive water-bearing beds, but in places it yields small quan-
tities of rather highly mineralized water. The Moodys marl is more
porous and is probably more productive, although little is known of
the value of its water content,

OLIGOCENE SERIES

VICKSBURG GROUP

General features—The Vicksburg group # appears in outcrops in
a narrow strip of country just south of and parallel to the outcrop
of the Jackson formation. (See pl. 2.) It consists of a series of
sands, clays, marls, and limestones that have a thickness of about
185 feet in the east near the Alabama State line and probably decrease
to about 145 feet in the west, in the vicinity of Vicksburg. These
beds have been subdivided, from the base upward, into the Forest
Hill sand (in the east) and the Red Bluff clay (in the west); the
Marianna limestone, represented chiefly by the Mint Spring marl
member; the Glendon limestone; and the Byram marl.

The Vicksburg group is believed to rest conformably on the
Jackson formation. The stratigraphic relation of the group to the
overlying Catahoula sandstone has not been determined. In places
the Vicksburg appears to pass by gradual transition into the Cata-
‘houla, whereas elsewhere there appears to be an abrupt line of contact
between the two divisions. In places the Vicksburg strata are over-
lapped and concealed by younger sands and gravels, which probably
belong to the Citronelle formation of the Pliocene; overlaps and
outliers of these deposits occur in Jasper, Smith, and Rankin Counties.

The strata of the Vicksburg group dip south by west at a rate
that probably does not average over 20 feet to the mile, although
locally, as around the Jackson anticline,”® dips as high as 70 feet
to the mile have been recorded.

On account of the varied character of the Vicksburg deposits the
surface features that result from their erosion range from smoothly
rolling plains, such as the prairies which characterize the area of the
Red Bluff clay in Wayne County, to the rather pronounced hills
which here and there mark the outcrop of the Marianna limestone.

Water-bearing capacity.—All the subdivisions of the Vicksburg group
contain more or less water, but the one that affords the largest yield
is the Forest Hill sand, which is composed- of about 70 feet of sand
and subordinate amounts of clay. This sand is the source of springs
and shallow wells in the area of outcrop, and it has been tapped by
a considerable number of wells south of the outcrop.

12 Description based on published reports of C. W; Cooke.
'8 Hopkins, O. B., U. 8. Geol. Survey Bull. 641, p. 109, 1916.
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MIOCENE SERIES

CATAHOULA SANDSTONE %

General features.—QOutcrops of the Catahoula sandstone occur in a
broad belt that trends west by south across south-central Mississippi,
south of the outcrop of the Vicksburg group. (See pl. 2.)

The formation is composed of many alternations of sand, sandstone,
and clay; the sandy sediments predominate, and the clays are dis-
tributed through the sands and sandstones in the form of lenses of
small or large size. The thickness of the formation increases from
300 feet or less in eastern Mississippi to 500 feet or more adjacent to
Mississippi River.

The Catahoula formation is underlain by the Vicksburg group,
but whether the relation is one of conformity or of unconformity
has not been ascertained. The Catahoula is overlain by the Hatties-
burg clay, and apparently the relation between the two is that of
conformity. On the divides the Catahoula is at many places over-
lapped and concealed by deposits of sand and gravel that belong to
the Citronelle formation of the Pliocene. The strata that compose
the Catahoula formation dip to the south at the rate of approximately
20 feet to the mile and pass beneath the Hattiesburg clay.

The area underlain by the Catahoula sandstone is typically one
of moderate to pronounced topographic relief. Locally the out-
cropping ledges of sandstone produce a rough and relatively rugged
topography. In places the valley bottoms lie 250 to 300 feet below
the crests of the adjacent ridges.

Water-bearing capacity—The Catahoula is a highly valuable water-
bearing formation. The beds of medium to coarse sand that largely
compose the formation are porous and are admirably suited to serve
as aquifers. Throughout the belt of outcrop numerous shallow wells
enter these sands and afford abundant supplies of water suitable
for both domestic and industrial uses. South of the outcrop for
distances of 30 to 50 miles many deeper wells have been sunk through
the overlying younger formations into the water—beanng sands of
the Catahoula.

Quality of water—The results in the following table are based on
the analyses of 27 waters which have their source in the Catahoula
formation. These analyses are quite consistent. The range for
total dissolved solids is quite large, but 21 of the waters have total
solids less than 200 parts per million. Calcium is less than 10 parts
per million in 19 of the waters, and in only 2 is the amount of scale-
forming constituents greater than 90 parts per million. In 2 waters
sulphate is greater than 20 parts per million, and in § the chloride is
greater than 15 parts per million. Jasper Nos. 4 and 5 have 102 and
63 parts per million, respectively, of calcium. These quantities are so

% Matson, @. C., The Catahoula sandstone: U. S. Geol. Survey Prof. Paper 98, pp. 200-228, 1916.



56 GROUND-WATER RESOURCES OF MISSISSIPPI

much higher than those in most of the other waters of the formation
that they have been omitted from the tabulated results. As a rule
the waters from the Catahoula formation have moderately high total
solids and one may expect to find calcium in moderate quantities.

Average, minimum, and maximum guantities of mineral constituents in walers from
. Catahoula sandstone*

[Parts per million]

Average | Minimum | Maximum
Silica (Si09) .. z - 32 9 69
Iron (Fe)..... —- 1.1 .00 4.5
Calcium (Ca; 6.2 .4 17
Magnesium (Mg) -- 2.4 .5 6.2
Sodium and potassium (Na+K) 49 2.8 225
Bicarbonate radicle (HCOs).. 119 7.3 486
Slil]llphate 1831010 (BO) aemccccmecccccencccmcmmceneccmn e — e ———— 13 Lé 93
Chloride radicle (C]) ... R 14 10 54
Nitrate radicle (N Oyp) R - .36 .00 4.8
‘Total dissolved SOHAS_ .. coem e cracccmcmaacacanan 177 24 578
‘Total hardness as CaCOj_.... 26 4 68

* Based on results of 27 analyses, as follows: Claiborne County, Nos. 1, 2; Copiah County, Nos, 1, 3, 10,
18; Covington County, Nos. 4, 10, 11; Forrest County, composite of Nos. 9, 10, and 11, Nos. 12, 24; Hinds
County, No. 27; Jefferson Davis County, No. 1; Jones dounty, Nos. 4, 7,8, 11, 15, 19; Lamar County, Nos. 6,
10; Lawrence County, Nos. 6, 8; Perry éounty, Nos. 4, 5; Simpson dounty, No. 1. For complete analyses
see county descriptions.

HATTIESBURG CLAY

General features—The area in which occur outcrops of the Hatties-
burg clay * forms a belt of country 15 to 30 miles wide that lies
immediately south of that in which occur outcrops of the Catahoula
sandstone. (See pl. 2.)

The formation increases from an estimated thickness of 325 feet
in the east to 450 feet in the west. It is composed chiefly of marine
blue and gray clay that weathers to mottled red or yellow and finally
to deep red or yellow when exposed at the surface. Some layers are
indurated to “claystone’ or ‘“mudstone.” Some lignite and a few
fossil leaves occur in the clay.

The Hattiesburg clay rests apparently with conformable relations
upon the Catahoula sandstone; the strata dip to the south at the rate
of 15 to 20 feet to the mile and pass beneath the overlying Pasc#
goula clay. The contact between the Hattiesburg and Pascagoula 3
believed to be one of unconformity. On all the divides through tk*
area of its occurrence the Hattiesburg is thickly blanketed with a
deposit of sand, gravel, and clay that belongs to the Citronelle forma-
tion of the Pliocene. In the terraced lowlands of all the rivers and
larger creeks the formation is overlain by Pleistocene terrace deposits.
Outcrops of the Hattiesburg are therefore confined to the lower slopes
of the valleys and to the banks of streams. )

Most of the area underlain by the Hattiesburg is hilly, but the clay
has in reality influenced the topography only slightly, for the con-

 Based on unpublished manuscript of G. C. Matson,



GENERAL GBOLOGY 57

trolling factor in determining the character of the surface is the
resistance to erosion offered by sands and gravels of the overlying
Citronelle formation.

Water-bearing capacity.—Although the formation is chiefly com-
posed of clay, layers of porous water-bearing sand, some of which are
capable of yielding large quantities of water, are interbedded with the
clay in the southward buried extension of the formation, even as far
as the coast counties, as at Camp Shelby, Forrest County. (See p.159.)
The formation must indeed be classed as one of the valuable water-
bearing formations of southern Mississippi.

Quality of water.—The results in the following table are based upon
analyses of 11 waters which had their source in this formation. The
analyses used for the tabulation are quite consistent. Chloride is
less than 6.0 parts per million in 10 of the waters. Calcium is not
very high in any of the analyses which were used for the table. Most
waters from the Hattiesburg clay should be good for all purposes.

Average, minimum, and maximum ﬁ uantities of mineral constituenis in waters

from Haitiesburg clay *
[Parts per million}
Average | Minimuwm | Maximum
Si}ioa (SiOﬂ ...... 29 16 50
on (Fe) .70 .07 1.5
Caloium (Ca) - 25 .6 5.2
Magnesium (Mg) . . 1.5 4 3.2
Sodium and tassium (Na+K) 43 4.6 90
Bicarbonate radicle (HCO3)- 107 9.8 208
Phate radicle (804 12 - 6.5 16
‘hloride radicle (Cﬁ . 52 8.0 12
Nitta te radicle (N Os) 12 .00 1.0
Total dissolved sn“rh 144 29 230
Total hardness as CaCOs. 12 4 24

« Based on results of 11 analyses, as follows: Forrest County, Nos. 1, 4; Green County, No. 2; Marion
gounty, No. 2; Pearl River County, Nos. 6, 9, 10, 15, 16; Pike County, No. 14; Walthall County, No. 1,
'or complete analyses see county descriptlons
®» Based on 10 determinations.
! PASCAGOULA CLAY

General features—Qutcrops of the Pascagoula clay * are found in

2 belt of country 15 to 30 miles wide that trends west by north across
,he southern part of the State, south of the outerop of the Hattiesburg
L lay.  (See pl. 2.)
- The Pascagoula formation is composed chiefly of clay, including
many beds of sandy clay, and interbedded with the clay are many
beds of fine sand and silty sand. Some layers of sand and clay have
been indurated to sandstone and claystone. The formation is
estimated to be about 250 feet thick in the east, and it increases to
about 400 feet in the west.

The Pascagoula clay is believed to rest unconformably on the
Hattiesburg and is unconformably overlain by the Citronelle forma-

% Based on unpublished manuseript of G. C. Matson.
54134—28—5
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tion, which overlaps to/the north and forms a thick covering over
the Pascagoula on all the divides. Along the terraced river and
creek valleys the formation is overlain by relatively thin alluvial
deposits. Like the Hattiesburg clay, therefore, the Pascagoula crops
out only on the lower valley slopes and in stream banks and bluffs,

The strata are inclined in a direction slightly west of south at an
estimated rate of approximately 15 feet to the mile in the east in
the vicinity of the Alabama line, but the rate increases toward the
west until near Mississippi River it is about 30 feet to the mile.

The formation has only slightly influenced the topography in the
area in which it appears at the surface, owing to the fact that the
Citronelle formation so generally covers it except in the lower parts
of the valleys.

Water-bearing capacity—The more porous beds of sand inter-
stratified with the Pascagoula clay are water bearing, and in places,
particularly in the coast counties, these sands yield large quantities
of flowing water suitable for domestic and industrial uses.

Quality of water—The results in the following table are based on
analyses of 33 waters from this formation. There is a large range
in the quantities of total dissolved solids, sodium plus potassium,
bicarbonate, and chloride. Seventeen of the waters have total
solids less than 300 parts per million. Calcium is less than 3.1
parts in 28 of these waters. Chloride is greater than 100 parts per
million in 9 of these waters, which come from Jackson County. The
high chloride is probably due to embedded sea water. The calcium
is lower than would be expected from water mixed with sea water,
which may be due to an exchange of bases that possikly took place
as the waters percolated through the earth. Sulphate is less than
15 parts per million in all the waters considered, and in 23 of them is
less than 10 parts per million. Waters from the Pascagoula formation
probably contain considerable quantities of total dissolved solids,
without much calcium. The chloride will probably be high in waters
drawn from wells near the Gulf, but that is not a characteristic of
the formation.

Average, minimum, and maximum gquantities of mineral constituents in water
Sfrom Pascagoula clay®

[Parts per million]
Average | Minimum | Maxim

Silica (81038) - oo m e oo e 33 1

on (Fe)___.. 22 .00 .
Caleiim (C8) oo - 2.4 .5 11
Magnesintm (Mg).oooeeooocaoooao. .1 3
Sodium and potassium (Na+K) . - - - 122 10 381
Bicarbonate radicle (HCOs). ... - 232 30 531
Sulphate radicle 5804)"_ - 6.7 .7 15
Chloride radicle (CI) - - 55 3.7 284
Nitrate radicle (NOs) ¢ 25 .00 1.3
Total dissolved solids..._..__.. - - - 338 49 979
Total hardness as CaC03. ... eiceccccecaen 9 2 36

@ Based on results of 33 analyses, as follows: George County, No. 2; Hancock County, Nos, 4, 7, 8, 24,
26, 27; Harrison County, Nos. 4, 7, 13, 16, 18, 20, 22, 23, 28, 30, 32, 34; Jackson County, Nos. 8, 9, 10, 13, 15,
17, 18, 19, 20, 24, 25; Marion County, No. 15; Pike County, No. 11; Stone County, No. 9. For complete
analyses see county descriptions.

b Based on 26 determinations.
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PLIOCENE SERIES

CITRONELLE FORMATION

General features.—The Citronelle formation” is the most wide-
spread surficial formation in Mississippi. It covers more or less
continuously the greater part of the State south of the latitude of
Vicksburg and Jackson in the west and of the latitude of Quitman in
the east. (See pl. 2.) The formation differs in composition from
place to place but consists predominantly of sand or in many parts
of the area of sand and gravel, though subordinate amounts of clay
occur in the form of thin layers and lenses. These materials are of
fluviatile, estuarine, and shallow marine origin. Most of the materials
available for study have been weathered to orange, red, and yellow.

The Citronelle formation has its greatest thickness in Jackson
County (350 to 450 feet). In Stone County it is 200 to 300 feet or
more thick, in Pearl River County 150 to 200 feet, and in George
County 100 to 200 feet. It includes all the materials that compose
the uplands from the tops of the ridges down to and below the water
level of the streams. In the southernmost tier of counties it rests
unconformably on the Pascagoula clay, and the beds are slightly
inclined toward the south at a rate that probably does not exceed 5 or 6
feet to the mile. In the southern part of Pearl River County and
in the northern part of Hancock, Harrison, and Jackson Counties the
formation passes beneath sands, clays, and loams of Pleistocene age
that border the Gulf coast.

From southern Mississippi the formation spreads away to the
north, overlapping and partly concealing the Pascagoula, Hatties-
burg, Catahoula, Vicksburg, and Jackson formations. In the south-
ern part of Lamar, Marion, Walthall, Pike, Amite, and Wilkinson
Counties the base of the Citronelle formation rises above the water
level of the streams, and thence northward it continues to rise at a
very low angle, so that toward the north the formation gradually
grows thinner, until it finally feathers out and disappears, mostly
in the belt ofeoutcrop of the Catahoula sandstone, though a few
outliers occur on the hills in the area of outcrop of the Vicksburg
group and the Jackson formation. Included in the Citronelle for-
mation are superficial contemporaneous terrace deposits, which
were laid down on plains that rise 250 to 500 feet above sea level,
named, in the order of their age from the oldest to the youngest, the
Brookhaven, Sardis, Canton, and Loxley terraces. Throughout a
large part of southern Mississippi the older Catahoula, Hattiesburg,
and Pascagoula formations appear in surface outcrops only beneath
the Citronelle formation in the lower slopes of the valleys and in the
banks of streams.

2 Matson, G. C., The Pliocene Citronelle formation of the Qulf Coastal Plain: U. 8. Geol. Survey
Prof. Paper 98, pp. 167-192, 1916.
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Throughout that part of southern Mississippi in which the Cit-
ronelle is the principal outcropping formation the surface is carved
into the hills that are described on page 7 as the Long-leaf Pine
Hills,

Water-bearing capacity.—The sand and gravel of the Citronelle
formation are water bearing, particularly toward the basal part of the
deposits, and in places they yield large quantities of “freestone”
water of excellent quality for domestic and industrial uses. Thou-
sands of dug and bored wells have been sunk to these water-bearing
beds. Where the formation passes beneath the Pleistocene deposits
in Hancock, Harrison, and Jackson Counties, it is the source of
flowing wells of small to moderately large yield.

Quality of water.—The following table is based on analyses of 19
waters from the Citronelle formation. In 14 of these waters the -
total solids are less than 100 parts per million. Calcium is low in
all the waters studied, and in none does the amount of scale-forming
constituents exceed 52 parts per million. Sulphate is less than 8.1
parts per million in 7 waters, but most of these are from shallow wells
and have considerable nitrate present. Waters from the Citronelle
formation should contain small or moderate amounts of dissolved
material and should be good for most uses.

Average, minimum, and maximum quantities of mineral constituents in waters
Sfrom Citronelle formation o

[Parts per million}

Average | Minimum | Maximum
Siliea (8i09).. 19 7.4 36
on (Fe) .47 Trace. 3.0
Calcium (Ca, 2.3 .4 4.1
Magnesium (Mg) 1.2 .3 3.1
Sodium and potassitm (N8 + K oocuee e vcmeeecvncanaeeannae 31 5.7 92
Bicarbonate radicle (HCOs) ... 69 7.3 228
Sulphate radicle (804) ———- - 49 .8 16
Chioride radicle (C1) 8.5 4 21
Nitrate radicle (N Os) 2.7 .0 19
Totsal dissolved solids. IR 105 23 270
Total hardness as CaCOs 16 2 20

a Based on results of 10 analyses, as follows: Amite County, Nos. 8, 10; George County, Nos. 1, 3; Han-
cock County, Nos. 5, 14; Harrison County Nos. 5, 27, 31; Lamar County, No. 8; Lincoln County, No. 7;
Pearl River County, No. 20; Pike County, Nos. 7, 9, 15; S8impson County, No. 2; Stone County, Nos. 11,
12; Wilkinson County, No.2. For complete analyses see county descriptions.

PLIOCENE TERRACE DEPOSITS OF UNDETERMINED RELATIONS

General features.—Along the western border of the upland of
Mississippi in the area underlain by the thicker portions of the loess
(see pl. 2) and in places extending somewhat to the east of the main
loess belt, occur relatively thin deposits of sand and gravel which
rest on formations of Eocene, Oligocene, and Miocene age and are
largely overlain by the loess. These sands and gravels are believed
to have been deposited by ancient streams, which during the Pliocene
epoch flowed at much higher levels than the present streams. The
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deposits are probably contemporaneous with the Citronelle formation
but their relation to that formation has not been accurately deter-
mined.

Water-bearing capacity—The sands and gravels are generally
coarse and porous and therefore contain much water, which is drawn
upon by many shallow wells and which emerges as springs along the
foot of the bluffs that overlook the Yazoo Delta and along the lower
slopes of the valleys among the loess hills. Water from these
deposits is commonly hard.

QUATERNARY SYSTEM
PLEISTOCERE SERIES

TERRACE DEPOSITS ALONG THE GULF COAST

General features—The broad, flat terrace plains that border the
Gulf coast in Jackson, Harrison, and Hancock Counties are under-
lain by deposits of loam, sand, and clay of Pleistocene age that
increase in thickness from only 20 or 30 feet along their northern
border to 200 feet or more in the immediate vicinity of the coast.
(See pl. 2.) These are believed to rest unconformably on the Citron-
elle formation. The surface of the deposits is probably separable
into several plains, which differ slightly in altitude above sea level,
but these plains have not been differentiated in detail.

Water-bearing capacity.—Some of the sand beds in these forma-
tions carty abundant water, but these waters are not under a strong
artesian head and are generally cased off by the drillers, who prefer
to sink the wells to the waters at deeper horizons which yield flows.

NATCEEZ FORMATION

General features—As described by Shaw in an unpublished manu-
script, the Natchez formation is a very early Pleistocene stream
deposit that consists of 150 to 175 feet of gravels, sands, and clays.
The only good exposure of this formation that is known is at Natchez,
the type locality, where it lies considerably above the position reached
by the highest floods of the present day and is well exposed in the bluff.
It appears to be much older than the loess.

Water-bearing capacity—Little is known in regard to the water-
bearing capacity of this formation. .

ALLUVIAL TERRACE DEPOSITS (‘‘SECOND BOTTOMS')

General features.—Most of the rivers and larger creeks of the
State flow in level terraced lowlands which range in width from half
a mile or less to 7 or 8 miles. In most of these valleys the lowlands
are separable into two or three plains, which lie at different altitudes
above the present stream channels and which represent old abandoned
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flood plains formed during different stages of the development of the
valleys during Pleistocene time. All these plains are covered with
deposits of loam, clay, sand, and gravel, which range in thickness
from a few feet to 40 feet or more and which were laid down by the
streams during these former stages at the same time that the plains
were being cut and in the same manner that flood-plain deposits are
being formed at the present time.

Water-bearing capacity.—The basal portions of most of these old
alluvial deposits are composed of coarse sand, or porous sand and
gravel, and as the underlying older formations are generally compact
and thus hinder downward drainage the sand and gravel are water
bearing at most places. Hundreds of dug, bored, and driven wells
have their source in deposits of this kind, and many springs emerge
along the contact between these deposits and the older formations in
the lower slopes of the valleys that have been cut in the terrace
plains. These deposits commonly yield hard water.

LOESS

General features.—In Mississippi the materials classed as loess
form a thick mantle on the older formations in the upland bluffs that
overlook the Mississippi River bottom, from the Tennessee State line
in De Soto County in the north to the Louisiana State line in Wilkin-
son County in the south. Throughout this distance the loess near
the bluffs ranges in thickness from 50 to 100 feet or more. Toward
the east it gradually becomes thinner and eventually disappears,
though loesslike loams coat the uplands for a distance of 40 to 60
miles east of the bluffs.

The typical loess is a grayish to yellowish to brown, massive, cal-
careous (limy) silt, the fine particles of which consist chiefly of quartz,
with subordinate amounts of calcite, dolomite, feldspar, and magne-
tite. The material is relatively light and porous and permits water
to percolate down through it readily. Shells of snails are scattered
through the loess and in places are abundant. Toward the east,
where the loess becomes thinner, it loses its limy character, probably
through leaching by percolating water, and the thin noncalcareous
facies east of the main body of the loess are generally classed as yel-
low, brown, or red loam. The main body of the loess—that is, the
typical calcareous loess—which is regarded as of Iowan or early-
Peorian age, occurs in a belt of hilly country known as the Bluff or
Loess Hills, which is 5 to 20 miles in width and which forms the west-
ern border of the Upland portion of the State from Tennessee to Louisi-
ana. It is this typical portion of the loess that is shown on the
geologic map (pl. 2).

The loess rests from place to place on formations of all ages from
middle Eocene to Pleistocene, but at many places, perhaps at most
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places, the typical loess lies upon deposits of terrace sand and gravel
of Pliocene age, which intervene between the loess and the under-
lying older formations.

Water-bearing capacity.—The loess, though porous and capable of
absorbing large quantities of water, is generally non water bearing,
for the reason that the water that enters it percolates readily down
through it into the coarser sand and gravel that underlie it at most

places.
PORT HUDSON FORMATION

General features—As described by Shaw in an unpublished manu-
script, the Port Hudson formation consists chiefly of clay and sand
of late Pleistocene age and is apparently largely a brackish-water
deposit, though a part was laid down by fresh waters at the lower
end, near the mouths of rivers, and a part is a marine deposit offshore.
Its areal distribution indicates that a large part of the deposit was
laid down in estuaries, the principal one of which extended up Missis-
sippi River to southern Mississippi and perhaps farther north.
Where best developed the Port Hudson bears only a scant deposit of
loess. This loess is probably of later age than the main body of
loess, which is regarded as of Jowan or early Peorian age.

Water-bearing capacity.—The water-bearing capacity of this forma-
tion has not been ascertained.

RECENT SERIES

ALLUVIUM OF MISSISSIPPI RIVER

General features—The bottom lands of Mississippi River which
intervene between the river channel and the foot of the Loess or
Bluff Hills is underlain to depths of 125 to 200 feet by alluvial loams,
clay, sand, and gravel which have been deposited by the river as it
has meandered back and forth across its flood plain during the Recent
epoch. (See pl. 2.)

Water-bearing capacity.—These materials are saturated with water
to a level within 15 feet or less of the surface, and the porous sands
and gravels, which largely compose the lower half of the deposits,
contain vast quantities of water that can readily be procured by
means of properly constructed wells and pumps. Generally this
water is cased off and the wells are sunk into the deeper Eocene
formations, the waters of which are at most places under a sufficiently
high head to cause flows at the surface. Some use, however, is made
of the water, as, for example, at Shaw in Bolivar County (p. 92),
where it furnishes the municipal water supply, and on a plantation
near Ben Lomond, Issaquena County (p. 226), where it is used both
for domestic supplies and for irrigation. Water from the alluvial
deposits is commonly hard and moderately high in mineral content.
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GROUND-WATER RESOURCES BY COUNTIES

ADAMS COUNTY
GENERAL FEATURES
Area, 426 square miles. Population, 22,183 (census of 1920)

Adams County includes parts of two physiographic districts—the
hilly loess-covered upland and the Mississippi Alluvial Plain. The
topographic aspect and the soils of the upland portion of the county
are determined chiefly by the loess, which forms a covering that
ranges in thickness from 50 to 60 feet in the west, where the bluffs
overlook the Mississippi lowland, to only a few feet on the hills in
the eastern part of the county. The loess is underlain, in descend-
ing order, by the Natchez (very early Pleistocene), Citronelle (Plio-
cene), Pascagoula (Miocene), Hattiesburg (Miocene), and Catahoula
(Miocene) formations. Of these the Natchez formation is well
exposed in the bluff at Natchez, and the Citronelle, Pascagoula, and
Hattiesburg crop out beneath the loess along the escarpment that
overlooks the Mississippi lowland and at a few places in the eastern
part of the county, whereas the Catahoula is completely buried
beneath the younger formations. These formations are described
on pages 55-61, and their distribution is shown on the geologie map
(pl. 2). The Mississippi lowland is underlain by alluvial loam, clsy,
sand, and gravel, estimated to be 150 to 200 feet thick, which rest
in part upon the Catahoula sandstone and in part upon the Hattios-
burg clay.

GROUND-WATER CONDITIONS

The shallow ground-water conditions in the upland are largely
determined by the loess, which forms a covering over the older
Citronelle formation. The loess is calcareous and pervious, so that
the surface water readily drains down through it, dissolving lime as
it goes, and passes into the sands and gravels of the underlying
Citronelle formation. Most of the shallow wells of the upland—
that is, wells less than 100 feet deep—derive their supply from the
Citronelle. The degree of hardness of the water, which is due to
the dissolved lime, varies greatly and in places is higher than is
desirable for domestic uses. This fact, together with the excessive
thickness of the loess in the western part of the upland, has led to
the construction of cisterns, which ha.ve come into common use for
storing rain water.

Springs that have their source in the sands and gravels of the
Citronelle formation are numerous along the line of outerop of
the Citronelle, in the escarpment that faces the Mississippi lowland,
and in the slopes of the deeper creek valleys that trench the upland.
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The Pascagoula clay extends into approximately the southeastern
two-thirds of the county and intervenes between the Citronelle
formation above and the Hattiesburg clay below. The maximum
thickness of the Pascagoula in the southeastern part of the county
is probably about 200 feet. Little is known in regard to the impor-
tance of the formation as an aquifer within the county, but some
of the interbedded layers of sand are probably water bearing,

The Hattiesburg clay underlies the Pascagoula, and ‘some of its
interbedded sand layers are valuable water bearers, as shown by
the records of wells at Natchez, most of which derive their supplies
from this source at depths of 100 to about 450 feet (Nos. 3-12).
In the log of the Natchez Ice Co.’s well a coarse water-bearing sand
is indicated at a depth of 252 to 272 feet. The formation may be
regarded as a possible source of water throughout the county. The
beds dip slightly toward the south, perhaps at the rate of 10 or 15
feet to the mile, so that north of the latitude of Natchez, where the
base of the formation lies about 420 feet below sea level, the water-
bearing beds lie at somewhat shallower depths than they do south
of that latitude. .

A deeper and probably a very abundant, though largely unde-
veloped, source of water is the Catahoula sandstone, the water of
which is contained in the coarser layers of sand. In the well of the
Natchez Ice Co. (see log), the principal water-bearing sand at a
depth of 493 to 509 feet is believed to be at the top of the Catahoula.

The sand and coarser basal sand and gravel of the alluvial deposits
which underlie the Mississippi lowland to an estimated depth of
150 to 200 feet are water bearing and are utilized in the inhabited
parts of the area, where waters are obtained chiefly by means of
driven wells. Wells at Arnot (No. 1), Kienstra, and elsewhere in
the lowland are equipped with windmills for raising the water.

LOCAL SUPPLIES

Naichez—The principal source of water supply at Natchez is the
Hattiesburg clay, the water-bearing beds of which are reached by
wells 100 to about 450 feet deep. The waterworks is supplied by
five wells (including Nos. 3-5) 275 to 300 feet deep, situated at
the river front, about 70 feet above sea level. Two wells of the
Natchez Ice Co. at Natchez (Nos. 7 and 8), 534 and 509 feet deep,
are believed to tap a water-bearing bed in the top of the Catahoula
formation. The log of the 534-foot well follows: '
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. ‘Log of well of Natchez Ice Co., Natchez
[Altitude at mouth of well, about 75 feet above sea level. Authority, A. B, Learned, of Natchez]

Thick- Thiek-

ness | Depth : ness | Deptlr

Citronelle formation (?): Gravel | Feet Feet Hattiesburg clay—Continued. Feet Feet
andsand . ..o 49 49 Clay. 65 400
Hattiesburg clay: Soft clay. .. 10 410
Ard Clay oo voeoooaeeeeee 203 252 Clay. 83 463

Coarse white sand; water Catahoula sandstone: |

bearing. 20 272 Fine sand; water bearing.___. 16 509
28 300 8 517
3 303 6 523
27 330 3 526
5 335 8 534

Washington.—The Jefferson Military Academy obtains its water
supply in part from Ellcots Spring, which probably has its source
in the Citronelle formation, and in part from a large cistern in which
rain water is stored. The daily yield of the spring is said to be
between 2,000 and 3,000 gallons. The spring water is described
as rather limy and hard.

Walker Springs—A group of seven springs, known as Walker
Springs, emerges in a valley 114 miles south of Fenwick, in sec.
32, T.7N,, R.1 W. These springs flow from either the Pascagoula
formation or the terrace sands and gravels that intervene between
the Pascagoula and the overlying loess. The water of spring No. 7
is bottled and sold to local consumers. (See analysis 16.)
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Mimeral analyses of ground waters from Adams County
[Parts per million, Numhug at heads of columns refer to corresponding well and spring ntimbers in pre-

ceding table)
3 4 5 8 13 14 -16

Silips (Si0g) 55 57 47 53 40 60 4
Iron (Fe) . ———— - 2.1 2.2 .60 | Trace. .13 1.4 .62
CalodurmdOa) . ___ .. 34 34 42 8 | 81 203 21
Magnesinm (Mg)... | 11 11 15 15 35 11 8.9
Sodium and potassium (Na-+XK)....... .| 83 77 9 70 31 32 8.9
Carbonate radicle (COg...... - .0 e .0 L0 .0 .0 .0
Biearbonate radiele (HCOs) . wean| 340 @6 | 317 | 849 | 430 739 08
Sulphate radicle (SQQ.__..... IO ST 16 | 24 17 6.4 | 12 6.8
CHoride radicle (C1)....____ .. 501 %071 28 6.0 22 17 5
Nitrate radicle (NOa) oo oo oo Trace. 2.3 .38 25 9.0 .00 9.0
Tetal dissotved sofids at ¥80° C_...___._______ 364 366 862 378 434 702 128
Total hardposs 98 CaCiOy (caloulsted) ... .. - 130 | 130 166 | M9 | 348 858 89
Date of eollecti . _| Sept., | Sept., | Sept., | Bept., | Sept., | June, | 1914

i 1919 1919 1018 1919 1018 g |-

o Analyses of 6 other Walker aprings show setal dissal ved solidls 166, 110,04, 112, 124, 136 paris million
and are similar in composition to Nosis 16. » 110,94, 118, 124, pa v '

Anslysts: 8, 4, 5, 8, 13, H. B, Riffenburg, U. S. Geological Survey; 14, Mississippi State Chemical Lab-
oratory; 16, W i, Hand, Mississippi State Chemieal Lahoratory.

ALCORN COUNTY
GENERAL FEATURES
Area, 386 sqguare miles. Population, 21,369 (census of 1920)

Alcorn County, in the upland of northern Mississippi, embraces
parts of three physiographic districts—the Tombigee or Tennessee
River Hills in the east, the Black Prairies in the cemter, and the
Pontotoc Hills in the west.

The geologic formations that underlie the county are of Upper
Cretaceous age and are separable, in ascending ordery into the Tus-
caloosa formation, the Eutaw formation (Coffee sand member), the
Selma chalk, and the Ripley formation. These formations are
described on pages 29-39 aad shown on the geologic map (pl. 2).

GROUND-WATER CONDITIONS

The Coffee sand membaer of the Eutaw formation is a valuable water-
bearing terrane, and in the area of its outcrop, which embraces the
hills in approximately the eastern third of the cemnty, it is the prin-
cipal source of domestic supply. In these hills springs of small to
moderate yield are mumerous, amd ‘where convemient are utilized;
but dug and bored welds, which range in depth frem a few feet to
100 feet or more, are the chief means employed to obtain the water
. from the sands. No deep wells have been reported from this area.

The Selma chalk, which crops out in the gently undulating to roll-
.ing belt 4 to 8 miles wide that trendsfnorthward through the central
part of the county, is so fine grained and compact that it does not
readily yield its water to wells, but thef chalk serves as a confining
stratum for the water of the underlying Eutaw and Tuscaloosa
formations, which is thus kept under sufficient hydrostatic pressure
to raise it within easy reach of pumps and to produce flows in the
valley of Tuscumbia River west{offCorinth. Many wells have been
drilled through the chalk into the Eutaw sands, and in the vicinity
of Corinth some have been sunk deep enough to tap the water-
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bearing sands of the still more deeply buried Tuscaloosa formation.
The water-bearing strata of the Eutaw lie at shallower depths along
the eastern border of the chalk belt than along the western border
where, as at Kossuth, it is necessary to drill at least 250 feet to reach
them. Cisterns and artificially constructed pools for storing rain-
water are in common use by those inhabitants of the Selma belt who
have not provided themselves with artesian wells.

The ground-water conditions in the hilly to rugged area in the
western partof the county, which is underlain by the Ripley formation,
are similar to those of the Eutaw area in the east. Springs, which are
numerous, and shallow wells afford an abundance of water for the
needs of the comparatively few inhabitants of the area.

The upper surface of the Paleozoic rocks, which form the basement
on which the Cretaceous deposits rest, lies at a depth of about 200 feet
in the eastern part of the county and is encountered at a depth of
more than 300 feet at the waterworks at Corinth. These rocks also
contain water-bearing beds, as shown by the record of the deeper
wells at the Corinth waterworks.

Analyses of eight of the ground waters are given on page 75.

LOCAL SUPPLIES

Corinth.—The municipal waterworks at Corinth is owned by the
town and is located about half a mile south of the Mobile & Ohio
Railroad station, west of the track. The water supply is obtained
from six wells (Nos. 5-10). 'The two deeper wells enter the Paleozoic
basement rocks and obtain water from so-called gravel, which is
either true gravel or badly shattered novaculite that occurs at the
Fort Payne horizon. The water is raised from all these wells by
vertical force pumps operated by steam. Logs of the 46314-foot
well and an abandoned 551-foot well are given below. Analyses of
samples of water from the 46314 and 264(?) foot wells are given in
the table. Several other wells have been drilled within the corporate
limits of Corinth (Nos. 1, 3, and 4).

Log of well No. § at the waterworks, Corinth (No. 7)
[Authority, Southern Mill & Contracting Co., Memphis; copy of log on file at the waterworks]

Thick- Thick-
ness | Depth ness | Depth
Selma chalk: Feet | Feet || Paleozoic (?): Feet | Feet
Redelay. oo oo s 10 10 Very hard limerock....___._..__ 5 305
White Clay e mmcceacececceecann 10 20 Loose sand and a littleshale....| 66 371
Blue clayand shale.___..__..... 15 35 Hard limerocK... ... cc_.coooo. 2 373
Eutaw and Tuscaloosa formations: Loose sand and a little clay._... 32 405
Sandrock..._.oeeee__.. 11 46 Clay. - eeeeecccicamcaccneanae 3 408
Blueclay. oo 10 56 Very hard black rock._ ... 14 408
Loose sand; water bearing...... 54 110 6] C: R 1 409
Blueelay. . oo oo 28 138 || Paleozoic: ‘‘Gravel’’ (Fort Payne
Sandrock... - 4 142 chert) with streaks of clay at the
Blueclay. .o o 11 153 tep and two little streaks of sand;
Loosesand. ... . eoceeoeo . 31 184 water bearing_.___.__._...o_.co._. 54 46314
Sandrock. 2 186
Loose gray sand; water bearing. 20 206
Blue Clay-ee e eeemeee 10 216
Loose sand and a little clay;
water bearing........._....... 84 300
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The accuracy of this log is questioned by the engineer at the plant,
who is of the opinion that not only this well but the 470(?)-foot woll
is at least 600 feet deep and that this well is 10 inches in diameter.

Log of an abandoned well at the waterworks, Corinth
[Altitude of mouth of well about 430 feet ab%v% seq le]vel. Adapted from description by Crider and
ohnson ¢ .

Thickness | Depth
Feet Feet
Soil and residuum from Selma chalk.. 156 16
%elga cf at}3 lueixfltal'ly part, Tuscal 1 tion in the basal part: » 8
utaw formation 8 pper oosa formation )

Sand; watet bearin .B’f ......... 30 €b

Hard rock 1 66

Sand; water bearing. . 35 101
Pal Fin;a sand, clay, and hard shale (?); water bearing. 200 301

00z0!

Sandstone, limestone, and shal ——- 185 446

Silicgous rock (“flint rock”), (Fort Payne chert) 115 561

o Crider, A, F., and Johnson, L. C., Summary of the underground-water resources of Mississippi: U. 8.
Geol, Survey Water-Supp]y Paper 159, p. 60, 1906.

The log of T. F. Burnett’s well (No. 11) is as follows:

Log of well of T. F. Burnett, 3% miles west of Corinth
[Altitnde 10 fest above*Tuscumbia River]

Thickness | Depth

Feet Feet
Surficial deposit: Red Clayee o coe oo 20 20
Selma chalk
Blue cla.y - 20 40
‘White lim 70 110
Eutaw (ormation Sand, clay, and rock; water bearing ; 10 120

East of Corinth.—No deep wells have been reported from the
eastern part of the county, where water in sufficient quantity for
ordinary domestic purposes is eagily obtained from the Eutaw forma-
tion by means of shallow dug or bored wells. Logs of two such wells
are given below:

Log of well of W. T. Wilson, 3 miles south by east of Glen, in sec. 12, T.3 8., R. 8 E.

Thickness | Depth

Eutaw formation: Feet Feet
Red clay. 1
Sand - 40 50
Sand and rock; water bearing...___...._. 4 54

Log of well of John Hathcock, a q?arter ofgaEmile west of Kendrick in sec. 32, T.

.y .

[Adapted from description by T. T. Watson}

Thickness | Depth

Feet
Soil and residuum.... 10 Feet 10
Eutaw formation:
Red sand 15 25
8

Black loam 33
‘White sand; abundantly water bearing. . 12 45
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Taylor Spring, owned by a corporation, emerges on a hill slope
5 miles east of Corinth; it lows 60 gallons & minute and supplies an
artificial lake 40 acres in extent. The water is regarded as possessing
certain therapeutic properties and in addition to supplying the lake
is used chiefly for drinking. The spring is of historic interest, as
according to report it was dug by Federal cavalry who were encamped
at this locality during the Civil War. (See analysis 18.)

Kossuth.—Wells which tap a water-bearing stratum in the Eutaw
formation at depths of 250 to 350 feet are numerous in the vicinity
of Kossuth, a village about 8 miles southwest of Corinth, near the
western border of the Selma chalk belt (Nos. 13-16). The following
additional information on the ground-water conditions is summarized
from a statement furnished by Mr. H. B. Priddy, a well driller who
lives at Kossuth. Many wells which range in depth from 270 to
350 feet have been drilled in the Selma chalk belt east of the Pontotoc
Hills in Alcorn County. The water-bearing stratum of sand and
gravel is 20 to 30 feet thick, and the depth at which it is encountered
in any well depends in part upon the altitude of the surface at the
well and, as the stratum dips to the west at about 30 feet to the
mile, in part upon the distance of the well from the eastern margin
of the Selma chalk. A 4l4-inch casing is sunk to a depth of 20 or
30 feet, where it rests securely on a firm chalk foundation; below
this depth casing is not needed. The water rises within 70 to 90
feet of the surface on the upland, but in the valley of Tuscumbia
River, 4 or 5 miles to the northeast, the artesian pressure is sufficient
to cause the water to overflow at & maximum height of about 20
feet above the surface. Force pumps are therefore necessary to lift
the water to the surface on the upland, the capacity of the pumps
commonly in use being 12 gallons a minute. A log showing the
nature and thickness of the materials encountered at Kossuth is

given below:
General section of strata at Kossuth
[Adapted from description by H. B. Priddy, driller]

Thickness | Depth
Feet Feet

Sand and clay (residual from the Selma). ... .o oo ... 20 20
Selma chalk: Blue marl e ieeean 230 250
Eutaw formation (Coffee sand member): "

3 1o S U, 2 25!
gine sand; yields a small quantity of water g 2%
_________ s 260
Coarse sand and gravel; water bearing 30 290
(6310 (€] ®

Wenasoga.—Wells 200 to 300 feet deep, in which the water rises
within 20 to 75 feet of the surface, have been drilled in the vicinity
of Wenasoga. Although no detailed information has been obtained
in regard to these wells, the conditions are essentially the same as
at Kossuth, where the water is found beneath the Selma chalk in s
bed of sand that belongs to the Eutaw formation.
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Mineral analyses of ground walters from Alcorn County

[Parts per million. Numbers at head of columns refer to corresponding nambers in preceding table]

3 4 7 9 12 16 17 18
Silica (SiO2) 20 28 31 22 11 11 :
Iron (Fe) ..o miaees 62| 33 . 10 2.0 3.1 2.1 .41
9.0 71 14 14 12 43 2.9 3.3
2.1 4.7 9.5 3.0 2.4 7.6 2.8 .8
9.1 12 98 22 12 13 220 3.0
.0 . 13 .0 .0 .0 .0
te 38 165 92 93 63 12 12 12
Sulphate radicle éSOI)- - 8.2 30 1n 7.6 7.6 25 3.9 3.0
Chioride radicle —e- 6.0 | 36 117 6.1 4.8 7.5 | 2 3.0
Nitrate radicle (NOs) .. .00 | 10 Trace. | Trace .00 20 .50
Total dissolved solids at 180° C....___ 67 287 334 135 92 191 107 31
Total hardness as Ca COs (calculated)| 31 197 74 47 40 139 19 12
Date of collection - <o oooeeeeeeeel 1914 | Apr., | Sept., | Sept., | May, | June, | Sept., | Nov,,
1914 1919 1919 1913 1914 1919 1914
= Calculated.

Anslysts: 3, 4, 16, W. F. Hand, Mississippi State Chemical Laboratory; 7, 9, 17, Margaret D. Foster,
U, 5. Geological Sutvey; 12, 18, Mississipp State Chemical Laboratory. ~~ =~ * " ’

AMITE COUNTY

GENERAL FEATURES
Area, 714 square miles. Population, 18,960 (Census of 1920)

Amite County is included in the Long-leaf Pine Hills and lies
chiefly within the upper drainage basin of Amite River, whose waters
flow into Lake Maurepas, La. The two principal geologic formations
that appear at the surface in the county are the Pascagoula clay
(Miocene), which is seen only in small outcrops low on the valley

‘slopes in the north, and the Citronelle formation (Pliocene), which
overlies the Pascagoula and which determines the principal topo-
graphic and soil characters of the area. These formations are
described on pages 57-60, and their distribution is shown on the
geologic map (pl. 2).

GROUND-WATER CONDITIONS

The developed ground-water supplies of the county, so far as
reported, are, with two exceptions (Nos. 4 and 22), derived from the
sand and gravel, which, together with subordinate amounts of clay,
compose the Citronelle, the formation that immediately underlies
practically the whole area. Dug and bored wells, chiefly the latter,
which range in depth from 15 to 150 feet, are numerous, and with
local exceptions furnish abundant supplies of water that is soft and of
a satisfactory quality for domestic and farm uses. Some typical
wells are described in the table of well data.

In general the static head of the waters of the Citronelle is low, and
in few places does the water rise more than a foot or two higher than
the containing stratum. Commonly the wells are bored, and square
wooden cribbing is inserted as deep as the top, middle, or bottom of
the water-bearing stratum. Such wells are quickly and cheaply
constructed, the cost ranging from $10 to $40 a well.
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An unusual number of wells are reported from this county as
showing certain effects produced by varying weather conditions.
Some wells are described as ‘“blowing’’ or “breathing” during times
of storm, whereas in others the water becomes milky, muddy, or
-irony during unsettled weather. The following table lists the wells

reported. :
Wells affected by atmospheric conditions in Amite County

[Based on descriptions given by the owners]

;| Lithologic char-
Location and owner Depth eg;;& acter of water- Phenomena
bearing bed
Well of Natalbany Lumber Co. | 136 |—132 |.ccooiooeaooos During storms'water tastes of ga.(and
14 mile north-northwest of Coles is unfit to use until well is cleaned
(No 4 in table). out.
Well %f Jt ’(IJ‘ lLeake, 14 mile south- 32 | —28 | Quicksand....... Becomes muddy during rainy weath-
west of Coles. er.
Well of J. N. McDowell near 80 | —62 | Gravel........__. Becomes irony at times when wind
gol;sﬁin SW.;{ sec. 32, T.4N., isrough.
.2 E. (No. 5).
Wellof W. J. Little, 6 miles south 50 Gravel composed | Beeomes milky. “We have had
of Liberty (No. 12). of black peb- about one week of elondy weather
bles. and we can hear the well roaring at
tlsgtiilsganoe of about 35 feet.”” (Nov.,
Well of J. White, 12 miles 135 | —%5 | Quicksand and rainy or stormy weather well
north of leerty (No. 18): ¢ gravel. wo d roar and blow mud 2 or 3 feet
aban above its month.
Well olJ E. Felder 14 milencrth 33} ~29 | Gravel...___..... Beeomes muddy during rain or wind
of Peoria (No. 19), storms.
Wellof E.J. Gerald 2 miles west 70 | —58 | Yellow gravel.._.| Blows -considersbly and becomes
of Smithdale (No. 21). milky during rainy weather.

Two blowing wells have been reported from Pike, the adjoining
county on the east. (See p. 387.) The cause of blowing wells and
related phenomena in Mississippi is discussed on pages 19-20.

Springs of small to moderate yield, generally not exceeding 10
gallons a minute, which have their source in the sands and gravels of
the Citronelle formation, occur particularly in the more hilly areas in
.the central and western parts of the county. The springs occur
chiefly near the base of the slopes of the deeper branch and creek
valleys, which have been cut shightly below the level of the water
table. According to the reports, the waters of the springs are gen-
erally soft and of good quality, though a few are described as irony,
sulphurous, or hard.

With the exception of two wells (Nos. 4 and 22 in the table), none
of the wells reported from the county have been drilled through the
Citronelle formation into any of the underlying older formations,
which include, in descending order, the Pascageula clay (Miocene),
the Hattiesburg clay (Miocene), and the Catahoula sandstone
(Miocene). Of these the Pascagoula and Hattiesburg contain some
interbedded layers of water-bearing sand. The Catahoula sandstone,
which is a valuable aquifer in seme of the counties to the morth, is
estimated to lie at depths of 900 to 1,500 feet in the northern part of
Amite County, and several hundred feet deeper in the southern part
of the county. The more porous sands of the formation may be
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regarded as a possible, though as yet untested seuree of water supply.
The static level of the Catahoula waters may be high enough to pro-
duce flows at the surface, in wells that are low in the valleys of some
of the larger headwater tributaries of Amite River.

LOCAL SUPPLIES

Gloster—The town of Gloster has constructed a waterworks in a
shallow branch valley half a block west of the Yazoo & Mississippi
Valley Railroad station and obtains water from a 78-foot well (No. 8)
that has its source in the Citronelle forrnation. A 100-foot well, 18
inches in diameter (No. 9), is kept in condition as a reserve supply.

Liberty—On the low ridge on which the town of Liberty is built
water is obtained chiefly by means of bored wells about 76 feet deep
(No.10). Analysis 11 represents a sample of water from J. L. Jacobs’s
well. The water-bearing stratum tapped by the wells in the town
crops out along the base of the westward-facing slope of Tan Yard
Creek west of town and is marked by a line of seeps and springs.

Ooles.—Two wells near Coles are described in the table (Nos. 4, 5)
and the logs of two typical wells are given below.

Log of well of J. N. McDowell, at Coles, in SW. Y4 sec. 32, T. 4 N., R. 2 E.

[Authority, the owner}

Thickness | Depth

Citronelle formation: Feet Feet
Clay .-

Gravel

Sand and gravel
Blus clay; well stopped on water-bearing gravel

8BRS

Log of well of J. T. Leake, one-half mile southwest of Coles

[Authority, the owner]

Thickness | Depth

Citronelle formation: Feet Feet
Red clay. : 8 8
PiDB ClAY - o e oo ccmamaee - 4 10
(€ 3.3 IR 18 28

32

Quicksand; water bearing. . .caee oo eccceecececmeec————- 4

Stephenson.—The inhabitants at Stephenson, a lumber-mill com-
munity 2 miles west of Coles, are supplied with water for domestic
use from a well 280 feet deep (No. 22) that is owned by the Foster
Creek Lumber & Manufacturing Co.

Bewelcome.—Wells in the vicinity of Bewelcome range in depth
from 60 to more than 100 feet. One of the deeper wells is described
in the table of well data (No. 3), and a log of the well is given below.
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Log of well of T. F. Randall, 5 miles north of Bewelcome, in NE. Y4 NW. ¥4 sec.
84, T.4N.,,R.8E.

[Authority, the owner]

Thickness | Depth

Citronelle formation: Feet Feet
Clay and sand, mixed.......... ._._...._. e 52 52
Quicksand, with small pebbles al base; Water bearing. .coe-coeeceoaacaooaaos 53 105

Woodmen Springs—Among the hills 3 miles north of Gloster, in
sec: 9, T. 3 N., R. 2 E,, lies a group of springs known as Woodmen
Springs. Some of the springs are reputed to possess therapeutic
qualities. The place was formerly conducted as a health and pleasure
resort under the auspices of the Order of the Woodmen of the World.
There are reported to be more than 50 small springs at the foot of the
slopes within a radius of one-half mile of the hotel. A sample of
water from a spring at the base of the slope east of the hotel and
about 75 feet below the crest of the hill on which the hotel stands
was analyzed (No. 24).
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Mineral analyses of ground waters from Amite Couniy

[Parts per million. Samples collected July 5, 1919. Numbers at heads of columns refer to corresponding’
well and spring numbers in preceding table]

8 10 - 24
Silica ﬁ‘ i09) - - ——- — 16 12 16
Iron (. — .04 .78 .08
Oa.lcmm (8 oo ccam e ————————————— 2.5 L8 2.7
M L. Y 1.4 .6 .7
S d potassinm (Na+-K)...._..... . 20 86,9 11
Carbonate radicle (COs) .- oo e e e ————— .0 .0 .0
Biearbonate radicle (FICO8). - oo evene oo emmen 32 16 28
Sulphate radicle (804) e oo oo acaaen - 2.9 1.6 3.4
Chloride radicle (Cl) 9.8 4.9 <45
Nitrate radicle (NOj) e aem—e 6.0 1.3 1.6
Total dissolved solids at 188° C. 74 38 53
Total hardness as CaCO; (CAlCUIAtEA) cuumeeome o cccmme e cmae 12 7 10
« Calculated.

su‘:vpgsjsts: 8, Margaret D. Foster,. U. 8. Geclogical Survey; 10, 24, Addie T. Geiger, U. 8. Geological
ATTALA COUNTY
GENERAL FEATURES
Area, 715 square miles. Population, 24,831 (census of 1920)

Attala County is included within the physiographic division known
as the North Central Hills. Most of the surface of the county is
underlain by sedimentary materials belonging to the Tallahatta
formation and the overlying Lisbon formation (including the Winona
sand and Kosciusko sandstone member), both of which belong to the
Claiborne group. In a small area in the northeast the Holly Springs
sand of the Wileox group forms the surficial covering. The principal
streams are bordered by lowlands 1 to 2 miles in width, and here
alluvium covers the older, more consolidated deposits. Descriptions
of these formations are given on pages 46-50, and their distribution
is shown on the geologic map (pl. 2).

GROUND-WATER CONDITIONS

All the formations contain sandy water-bearing beds, but the Holly
Springs and Winona sands are the principal water-bearing formations.
The water-bearing strata dip to the southwest at the rate of 20 or 25
feet to the mile.

The Wilcox group, which underlies the Tallahatta formatlon and
is thought to be 1,000 feet thick, contains numerous water-bearing
sands. Itcropsoutina rela.tlvely small area in the extreme northeast
and dips gently to the southwest. This group is therefore a promls-
ing source of water supply throughout the area, though it is most

. accessible and most used in the northeast, where it comes to or near
the surface.

Springs issue at several places along the base of the Winona sand,
and the spring 4 miles northwest of McCool is typical. This spring -
yields slightly sulphureted water of good quality at the rate of 2
gallons a minute,

On the higher lands, between the streams, water is obtained from.
shallow wells, driven or dug in the surficial portions of the several
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formations. The 18-foot well of Jeff Sills (No. 12), 4 miles north-
west of Kosciusko, is typical of this class of wells, except that it yields
a more highly mineralized water than most of the shallow wells; this
water has been sold locally as a mineral water. Drilled wells on the
upland generally yield water of better quality than that of the
shallow wells. ~

On the hills along the southern border of the county water is -
commonly obtained by means of drilled wells about 100 feet deep.
In a 120-foot well, which taps the upper or typical beds of the Lisbon
formation (No. 19), on a slope 3 miles west of McVille, water stands
at a depth of 108 feet. Near McVille W. E. Rickets has a similar
but shallower well, and farther east, near Center, wells (Nos. 1 and 2)
penetrate the Winona sand member of the Lisbon formation to
depths of somewhat less than 100 feet.

In the northwest, along Big Black River, shallow water of only
fair quality is obtained from wells sunk in the alluvium. Deeper
drilled wells draw chiefly from the Lisbon formation, but well 21
struck solid rock, probably a hard layer in the Winona sand member
of the Lisbon, beneath which an artesian flow was obtained.

LOCAL SUPPLIES ¢

Kosciusko.—At Kosciusko, good supplies of water are obtained,
at depths of 200 to 325 feet, in part in the Winona sand, and in part
in the upper portion of the Holly Springs sand. One well (No. 9)
has been sunk much deeper into the Holly Springs sand. The
character of the strata penetrated is shown by the logs of this well
and one of the wells at the water-works (No. 4), below. The munic-
ipal waterworks is half a block west of the courthouse square, and
water is obtained from two wells, each 307 feet deep (Nos. 4, 5),
at the plant on ground about 15 feet lower than the top of the hill
at the courthouse. (See analysis 4.)

Log of well of Kosciusko Cotton Mill (No. 9)

Ap- Lo | AP

‘Thick-| proxi- Thick-| proxi-

ness | mate ness | mate

depth depth

Undifferentiated Lisbon and Talla- Undifferentiated Lisbon and Talla-
hatta formations and Holly hatta formations and Holly
Springs sand: Feet | Feet Springs sand—Continued. Feet | Feet
Clay and quicksand 50 50 SO TOCK . oooooevmeemmem e 4 300
Blue muek. ... 8 58 Mud. 7 307
Hard blue mud_.___.... eaeue| 10 68 Rockand mud . ..cooveacrann- 4 311
Rotten slate (lignite) . _......._. 10 78 Green mud........ 9 320
‘White hard limestone . _.____.. % 78 Jointelay.__._. 83 403
Rotten slate. 25 103 Mud and sand. 20 43
Limests - 1 104 Black clay...... 56 479
Soft SanAStONe- v n oo amee e 1 105 Clay..._._. .| 45 524
Green sand, water bearing...... 50 155 Lignite . .. __.._. . 1 526
Blackelay oo oovoooooeeos b 155 Soft clay-—-..... 12 637
Quicksand - 1 156 Rotten “limestone” .. 76 613
Softelay. . 82 238 Soft yellow mud..._. ... 4 617
Coarse white sand............. 20 258 CLAMeroCK” o e 24 641
Black clay.. 7 265 MUQ. oo neann 68 709
Sandrock. . _..oceeoeoooo 4 206 Very hard roCK .« e mcoocemeoann 3 712
Greenclay . oooooouoo. 3 269 Mud. 16 728
Rock and mud in layers .17 286 Rotten “limestone” . .......... 25 753
Quicksand. oo cceacaaae 10 206
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ng of well at waterworks, Kosciusko (No. 4)

Thick- Thick-
ness | DePth ness |Depth
Feet | Feet . Feet | Feel

Undifferentiated lower Claiborne Undifferentiated lower Claiborne
and Wilcox deposits: and Wilcox deposits—Continued.

Clayand sand.- . .coemeoo.... 30 30 Graysand .. ... . ooccoeecoao- 40 195

Black clay. — 10 40 Black clay and gray sand.______ 50 245
Black clay androcK. ... 25 65 Gray sand, black clay, and

Rock, greensand, and shells_ ___ 25 90 170 S 30 275
Sandandshells_.___.__________ 60 150 Sand (Holly Springs sand?);

Black dirt (lignite) - ... cooo.._ 5 155 water bearing.. .- c.oeccaeacan 327 307

The character of the water obtained at Kosciusko is shown by
analyses 4 and 6. The waters from the deeper wells (see table, pp.
84-85) probably come from the Holly Springs sand, whereas those
from the shallower wells come from the Lisbon formation, chiefly
the Winona sand member. A good supply is furnished by a well 191
feet deep, drilled on the Gilliland place, 2 miles north of Kosciusko,
in the bottom of an abandoned quarry, where road metal has been
obtained! from hard ledges of the Kosciusko sand member of the
Lisbon formation. The following log of this well is available:

Log of well on Gilliland place, 2 miles north of Kosciusko (No. 11)

- | Thickness | Depth

Lisbon formation: Feet Feet
Red clay (started drilling below the outeropping ledge of rock in the quarry) 24
Gray coarse-grained sandstone, slightl uconitic - 28
Clay and red sand with numerous roc! ayers - - 88

QGray sand. . .
Black “muck” (lignitic elay?) - o - oecremee e cceeeeeacmnea -
Coarse white sand (Winona sand member), water bearing. - ... oo oo oo

108
147
191

28B3.R

McCool—At McCool wells are sunk below the river alluvium
into the Holly Springs formation, in which good supplies of water
are obtained in sands at depths of 60 to 200 feet or more. The
B. L. Black, Fancher, Turnipseed, and M. L. Black wells (Nos. 14
to 18) are typical.

Ethel—The town of Ethel, in the valley of Yokahockany River
in the eastern part of the county, owns a public well (No. 3) 105 feet
deep, which probably enters a water-bearing bed in the upper part
of the Holly Springs sand. Hard rock was encountered at a depth
of 50 to 58 feet, and good water was found at a depth of 100 feet in
white sand. Water was also encountered in this well in alluvium
bordering the river at depths of 18 and 35 feet. Three other drilled
wells, each about 100 feet deep, and several dug or driven wells,
20 feet or less in depth, have been reported.

Sallis.—At Sallis, near the western border of the county, on a
tributary of Big Black River, the town supply is furnished by a
flowing well (No. 22), 235 feet deep, which probably taps a water-
bearing bed in the Winona sand. Six other flowing wells, each
about 200 feet deep, have been reported, and several other flowing
wells are said to have been obtained along the stream valley within
a distance of 5 miles to the east and to the west.
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Mineral analyses of ground waters from Attala County

[Parts per million. Samples collected Feb. 7,1921; analyzed by C. 8. Howard, U. 8, Geological Survey”
Numbers at heads of ecolumns refer to corresponding well numbers in preceding table

4 6

Silica (8i0s) 57 42
Iron (Fe)... - - - . 2.3 1?7
Calcium (Ca, 21 13
Magnesium (Mg)... 5.8 5.6
Sodium and potasssium (Na + K) 9.2 9.8
Carbonate radicle (CO3). . . .o_____ . e c—m—————— .0 .0
Bicarbonate radicle (HCOs).__.___..... e m—m———————————— 87 71
S%lf)hate radicle (SOg).. ... R - . 15 12
Chloride radicle (C1) _.__.___ - - 50 2.0
Nitrate radicle (NOa) . ..o - --| Trace. | Trace.
Total dissolved solids at 180°C_.__..... R - 161 114
Total hardsiess as CaCOs (caletlated) - .o oo oo cccccccmcmmas 76 55

BENTON COUNTY
GENERAL FEATURES
Area, 396 square miles. Population, 9,851 (census of 1920)

Benton County lies in the northern part of the North Central
Hills district. The county is underlain chiefly by the Ackerman
formation and the Holly Springs sand—the two lowermost formations
of the Wilcox group of the Eocene. These formations are described
on pages 45-47, and their distribution is shown on the geologic map
(pl. 2). The Porters Creek clay, the uppermost formation of the
Midway group of the Eocene, closely underlies the Ackerman forma-
tion in the east; the main belt of outcrop of the Porters Creek is in
western Tippah County, but a narrow strip in southeastern Benton
County appears to be included in this belt.

GROUND-WATER CONDITIONS

The strata that compose the Eocene formations mentioned above
dip to the west at the rate of 20 or 25 feet to the mile and afford con-
ditions favorable to the development of artesian pressure in the
waters contained in their westward buried extensions. However,
both the Porters Creek formation and the lower part of the Ackerman
formation are dominantly composed of clay, and it is doubtful if they
contain sandy beds suitable to serve as reservoirs for large or perhaps
even for moderately large quantities of water. Flowing wells are
therefore scarcely to be expected from them.

The upper part of the Ackerman formation contains sandy beds,
which are probably water bearing, and the coarse sands which largely
compose the Holly Springs formation carry abundant quantities of
water. Both these formations probably lie too high in the hills to
afford flowing wells in Benton County, but they are the sources of the
domestic and farm supplies obtained by means of shallow dug and
bored wells throughout the greater part of the area. Many springs
also flow from the sands of these formations where they crop out on
the slopes.
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The sandy beds of the Clayton, the lowermost formation of the
Midway group of the Eocene, and similar sands which in part compose
the Ripley, the uppermost formation of the Upper Cretaceous are
possible sources of flowing artesian water in the valleys of Wolf River
and Tippah Creek inr Benton County. These formations crop out
in Tippah County (see geologic map, pl. 2), where they dip to the west
at a low angle and pass out under Benton County. The water-bearing
sands of the Ripley formation are estimated to lie at depths of 500 te
800 feet in the valley of Tippah Creek in Benton County. A 600-foot
well at Hickory Flat, in Benton County, and a 718-foot well at Potts
Camp, just across the line in Marshall County, both in the valley
of Ocklimetah Creek, probably reach the Ripley. At Michigan City
the Ripley would probably be entered at a depth of 600 to 800 feet.
The sands of the Clayton formation would be reached at a shallower
depth than those of the Ripley. A flowing well 160 feet deep,
owned by H. A. Stubbs, in the valley of Tippah Creek, 8 miles south-
east of Ashland, probably has its source in the Clayton formation.

LOCAL SUPPLIES

Michigan City.—At Michigan City domestic supplies are obtained
chiefly from the Holly Springs sand by means of wells 30 to 60 feet
deep. The Illinois Central Railroad owns a small plant at this place,
which pumps water from Wolf River for use in the boilers of
locomotives.

Lamar.—At Lamar bored wells 75 or 80 feet deep enter the Holly
Springs sand and yield satisfactory domestic supplies. A dug well
only 20 feet deep, owned by Steve Dowdy, in a small stream valley
3 miles west of Lamar, is said to emit a small stream at times, though
the static head may be as much as 3 feet below the surface at other
times. The well probably taps a westward-dipping water-bearing
sand whose intake is at a higher level on the hills within a few miles
to the east.

Maxwell.—The 100-foot well of J. S. Maxwell, 30 yards west of
the post office at Maxwell, penetrated water-bearing sands in the
Holly Springs formation at several levels between depths of 50 and
100 feet. The largest quantities come from the deeper sands.

Canaan.—At Canaan the domestic water supplies are obtained from
wells 50 to 125 feet deep. In the shallower wells the source of the
water is the sands of the Holly Springs formation, but the deeper
wells probably pass through the Holly Springs formation into the
underlying Ackerman formation. A 55-foot well owned by L. Ben-
ton, a mile east of Canaan, is typical. There are several springs in
this vicinity, of which one, owned by J. C. Hicks, half a mile east of
Canaan, is typical. These springs yield small quantities of good
water,
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Ashland.—At Ashland water is obtairied chiefly from shallow wells
that have their source in the Holly Springs sand. The 160-foot well
at the courthouse at Ashland probably has its source in the Ackerman
formation, as has also the 150-foot well of A. J. Simpson, 100 yards
east of the post office, in the SW. 1{ sec. 11, T- 3S., R. 1 E. Water
from the courthouse well is soft, as is shown by analysis.

Hickory Flat—In the narrow lowland of Ocklimetah Creek at
Hickory Flat dug or driven wells, 40 to 70 feet deep, yield fair sup-
plies. A well owned by the town, 100 feet north of the St. Louis &
San Francisco Railroad, dug in 1893, is 30 feet deep and is cribbed
with terra-cotta pipe. The water is raised by hand and is used for
public drinking. (See analysis 2.) Other somewhat deeper wells
have been drilled here, but apparently they enter the clay that forms
the base of the Ackerman formation and the underlying Porters Creek
clay, and do not yield satisfactory supplies. However, one 600-foot
well drilled in 1900 on the property of J. T. Crawford, in the SW.1{ -
sec. 27, T. 5 8., R. 1 E., penetrates a water-bearing sand, probably in
the Ripley formation of the Cretaceous, at a depth of 490 to 500 feet
and yields by pumping 60 gallons a minute. In this well 4-inch casing
extends to a depth of 200 feet, and 2-inch casing extends to the water-
bearing sand. The static head is 15 feet below the surface. The well
cost $600, and the water is rather hard but is used for domestic sup-
plies, for stock, and for boilers. (See analysis 3.)

Mineral analyses of ground waters from Benton County
[Parts per million. For further data regarding these wells see text]

1 2 3

Siliea (S108) n oo e ——— 13 26 38
Iron (Fe)...-... .41 . .05 “4.8
Calcium (Ca) 2.7 5.3 33
Magnesium (Mg) ceccmmmmncamans - 1.6 3.7 11
Sodium and potassium (Na+K) . accaaann 9.5 32 528
Carbonate radicle (CO8)-c oo e ceecee e e m——n .0 0 .
Bicarbonate radicle (HCO3). . _covmaeeenna. — 30 68 209
Sl;]tlllphate radicle (804) .o .....__. 6.6 3.7 15
Chioride radicle (CI) . 2.7 31 2.5
Nitrate radicle (N Os) .00 4.0 6.0
Total dissolved solids at 180° C 53 159

‘Total hardness as CaCOj (calculated 13 28 128
Date of collection. . . .. e m————— June, 1914 | Sept., 1919 | Nov,, 1911

o Includes iron and aluminum (Fe--Al. b Calculated.

Analysts: 1, W, F. Hand, MississipFi State Chemical Laboratory; 2, C. 8. Howard, U. 8. Geelogical
Survey; 3, W, L. Perdue, University of Mississippi.

1. Courthouse well, 160 feet deep, at Ashland.

2, Dug town well, 30 feet deep, at Hickory Flat,

3. Drilled well, 600 feet deep, of J. T'. Crawford, at Hickory Flat.,

BOLIVAR COUNTY
GENERAL FEATURES
Ares, 879 square miles. Population, 57,669 (census of 1920)
Bolivar County lies in the Yazoo Delta. The surface is underlain
by alluvial deposits that have an estimated thickness of 150 or 200
feet and the alluvium is underlain by a thick series of interbedded
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clays and sands which belong in descending succession to - the
Claiborae, Wilcox, and Midway groups of the Eocene.

GROUND-WATER CONDITIONS ‘

Water in great quantity but under littls or no artesian head is
contained in the more porous sands and gravels of the alluvium that
underlies the county to a depth of 150 or 200 feet. This water is
easily obtainable by means of bored and driven wells that are equip-
ped with ropes and buckets or with pumps. At most places the water
table lies within easy reach of suction pumps. Locally the shallow
water has been rendered more or less objectionable for domestic use
by coloring matter derived from buried vegetation.

The thick series of Eocene sands and clays that underlies the'
alluvium includes porous sands, the waters of which are under suffi-
cient artesian head to yield flows anywhere in the county. The
highest static head recorded is that of the 1,250-foot well owned by the
town of Duncan, the water of which, if confined, will rise to a height
of 70 feet above the surface. The flowing wells of the county range
in depth from 300 to 1,700 feet. They have their source in the
Claiborne and Wilcox groups of the Eocene, but it is not possible by
means of the available data to determine with exactness the positions
of the boundaries that separate the different formations of these
groups. In the table on pages 93-94 a rough attempt has been made
to determine the formations from which the wells draw their Wa,ber,
but these correlations must be regarded ag only tentative.

LOCAL SUPPLIES

" Round Lake and vicinity.——The character of the water of shallow
wells in the northwest is shown by the analyses of samples from driven
wells (Nos. 16 and 10) at Round Lake and at the village of Francis,
2 miles north of Rownd Lake.

Duncan—The town of Dunean owns a strongly ﬂow;lng artesian
well 1,250 feet deep (No. 9), which probably completely penetrates
the Cl!iborne group and enters the upper part of the Wilcox group.,
Oh the Boughman plantation, near Duncan, water is obtained from
sandy layers in the alluvium by means of 32 dnven wells 20 to 60 feet
..desp, equipped vn‘th pitcher pumps, and 3 dn]led wells 84 to 86 feet

deep :

Gunnison.—The principal part of the mumclpal water suppIy at
QGunnison is furnished by & 1,750-foot flowing well three and a haIf
blocks southeust of the Yazoo & Mississippi Valley Raxl:road station
(No. 12). A well owned by J.J. McGowan, depth not. stated supplies
manufactm‘ing needs and also the Nousehold’ reqmremen& of about,
400 people.

54f3€-*§8—-—-—‘~7’
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Shelby—The town of Shelby owns a waterworks a quarter of a;
mile southwest of the Yazoo & Mississippi Valley Railroad station::
The water supply is obtained from two wells (Nos. 20 and 21), one of
which is 1,565 feet deep and flows 250 gallons a minute and the other
is a nonflowing well that is reported to be approximately 800 feet
deep. A 1,582-foot well that was formerly used as a municipal supply .
has been abandoned. Analyses of samples of water from this well and .
the two wells now in use are given in the tables (Nos. 20, 21, 22). In
a 1,045-foot flowing well (No. 22), about 3 miles east of Shelby, the
principal water-bearing sand is reported to have been encountered at
a depth of 915 feet. (See analysis 22.)

Rosedale—The waterworks at Rosedale is owned by the town and
is two blocks west of the courthouse. The water supply is obtained
from a nonflowing well 316 feet deep (No. 15), which is equipped for.
pumping either with a deep-well pump or with an air compressor. |

Beulah and vicinity—The town of Beulah owns a flowing well 1,760
feet deep (No. 4), which provides the municipal supply. The static;
head of the well is 40 feet above the surface, and when flowing freely
it yields at the rate of 80 gallons a minute. There are several wells
at Beulah that range in depth from 350 to 530 feet, but detailed
information is wanting. Bellisle, 4 miles southwest of Beulah, ang
Lobdell, 6 miles south of Beulah, obtain their domestic water supplies\
chiefly from the alluvium-by means of driven and dug wells.

Mound City—At Mound Clty, 5 miles southeast of Beulah, the
dug well of V. R. Young (No. 14) is 40 feet deep, and the water stands
within about 35 feet of the surface.

Mound Bayou.—A public well at Mound Bayou (No. 13) is 1,150
feet deep and yields a moderate flow of water, which probably comes
from the upper part of the Wilcox group at a depth of 1,030 to 1,050 .
feet. (See analysis 13.)

Cleveland. —The principal part of the water supply at Cleveland i is
furnished by a flowing well that is reported somewhat questionably
to be about 1,500 feet deep (No. 8). It is at the waterworks about
400 feet north of the Yazoo & Mississippi Valley Railroad station..
An old well, said to be about 1,000 feet deep (No. 7), furnishes only a.
subordinate part of the supply. (See analysis 7.)

Merigold.—At Merigold domestic water supplies are afforded by
three flowing wells the depths of which are not recorded. The source
of the water may be the lower part of the Claiborné group. The
wélls are directly connected with mains that have a total length of
114 miles, by which the artesian pressure is utilized in dlstnbutmg
the water to the consumers.

Boyle —The mummpal water supply at Boyle is afforded by a well
1,555 fest deep (No. 5), which is estimated to yield about 225 gallons-
a minute when allowed to flow freely. The water is under a strong
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artesian headland is dlstnbubed through-a system of mains and pipes
by means of the natural pressure. The source of the water is believed’
to be the Wilcox group. The well of L. C. Taylor at Boyle (No. 6)
is 1,000 feet deep and yields a strong artesian flow which questionably
has its source in the lower part of the Claiborne group.

Benoit.—A description of an abandoned 686-foot well drilled at-
Benoit in 1904 under the auspices of the town is given in the table
of well data (No. 1), and a log of the well is given below. Another
public well (No. 2) drilled in 1910 is probably 353 feet deep and taps
a water-bearing bed in the Lisbon formation. The well does no&
flow, but the artesian pressure is sufficient to bring the water within
13 feet of the surface. The present municipal water supply is afforded’
by a 1,702-foot flowing well (No. 3), which yields 130 gallons a minute. -
This well has its source in the Wilcox group.

Log of town well on land of Allen Gray at Benoit
[Authority, O. L. Aldrich]}

Thickness | Depth
Alluvium Feet Feet
Blue buckshot clay. 4 4
. Gray QUIOKSSNdaa.. e oo o oo ccecem e cmeme s cm e mcmaememeo o e cnee 16 20
gray gatgd'cksand with thin strata of blue clay; water bearing in lower 67 feet .. ' 8;.7; i% .
: “Glacial drift” gravel; water bearing. -.. ... 35 145
Boulders and coarse 3and, fine grave! and boulders; abundantly water bearlng. 15 160
C]aibome group:

Blue clay. . R .- 8 168
Hard blue clay. 7 176
Very hard blus clay. & 180
Sandstone. 2 182
Dark-brown sand; showing of ois reported - 2 184
Hard sandstone 1 185
Hard blue shale ““soapstons”. 3 188
Blue sandy shsl .- 4 192

sandstone 1 193
Alternating strata of sand and clay 37 230
Dark-blue clay interbedded with thin layers of gmy 8aNA. camerinncccacnaanne 10 240
Dark-blue very soft clay (“sea mud ) - 30 270
Blue tenacious, sticky clay. 30 300
Soft blue clay. 5 305+

, Medium hard shale 15 320
8oft sandy shale and clay. . 30 350
Hard; 18 368
Soft shale. L 40 408
grlll;]e tenadous,d sticky &lgg-.. ;g gg

e, y predominating .
Hard i B 20 470
“8oa I!dne” ...... 20 400
Tenacious blue cly and shale. 10 500 .
Shale, gray predominating . 25 ‘525
Hard gray shale, 8 533
Hard shale._. 1 534
Gray shale. 18 562
Tanah ight gray hale or o @ o
o y e or clay

Shale containing fine gray sand..__... 33 636
Soft shale_.. 16 62
Tenacious, sticky shale. 34 686
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Secoit.—The following log pertains to a dug well 7 milea southeast
of Seott, near the southern border of the county:

Log of well 7 miles southeast of Scoté

| Thigkness | Depthi

Allgvjum: Feot Xui
gurigeeloamm 33nd freshly depesited by Mississippi Ri % ’ g‘
and, resem 3| @ § {: U °
Black bucksbol?gl v Gepost v v 30 36
Red clay (and sand?), Water bearing, 3 87

When the red water-bearing clay (or sand?) was reacheéd in this
well the water rose so rapidly that the man engaged in digging was
obliged to abandon the work precipitately. The water rose within
15 feet of the surface. The log is of interest as showing the prezence
here of buckshot clay, which in places characterizes the delta deposits.

Shaw.—The town of Shaw owns a municipal waterworks about
one and a half blocks south of the Yazoo & Mississippi Valley Rail-
road station. The water supply is obtained from one well 160 feet
deep (No. 17), which has its source in the coarse sand and gravel
that forms the basal portion of the Mississippi River alluvium. The
water is very hard, as is shown by analysis 17. Two other wells
have been drilled for the purpose of supplying the town with water.
The depth of the older of these wells was 4368 feet, but it has been
abandoned; the other is a flowing well of small yield, 1,360 feet deep
(No. 18), which supplies a fountein in front of the waterworks.

Log of the 436-foot well ewned by the town of Shaw (No. 18}

Thick- ‘ Phiok] po
ness Depth ness : th
Aflavium Feet | WFeed |t Lisbon formation (?): Feer] Feet
Soil and L1153 2 —— 28 28 Clay. 1501 208
Sand 114 142 FinesanQ®. . ceemmmeaaeaceci 80 378
Qravel.. 6 148 o Coarse sand; water bearing._... a8 436

The coarse sand described in the portion of the log referred”qués-
tionably to the Lisbon formation has led Dr. E. N. Lowe to infer
that coarse sandy beds, unlike the outcropping beds of the Lisben in
Mississippi, may dovetail from the west into the finer-grained Eocene
beds that are buried beneath the delta deposits. ‘ A
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CALHOUN COUNTY

Mineral analyses of ground walers from Bolivar Cownty -

pe

{Parts pér million. Numbers at heads of eolums refer to-corfesponding well ﬁu;nbe’rs in preceding table]

7 10 11 13 15 18-

Silica (8iOa) 18 42 22 27 14 26
Iron (Fe).. ¢ 7.0 5.5 2.2 b .40 ®.20 .90
Calcium (Ca) 1.1 9.9 25 18 16 a0
. Magnesium (Mg) —wvooecoooonneee .5 11 7.2 8.0 1.5 2.2
Sodium and potassiam (Na+K).... {ﬁ“ Baob oew | am 192 o4 <75
Carbonate radicle (CO8)...oooeeee—oo .0 .0 0 24 .0 .
:Bicarbonate radicle (HO QO3)- 672 208 386 593 164 183
Sulphate radicle (SO4) ... 1.2 12 56 5.2 14 4.9
.Chloride radicle (CI) - - ceovcuaeneaas 5.0 16 50 3.5 22 26
* Nitrate radicle (NO3).. 5.0 .70 4.0 8.0 8.5
Phosphbate radicle (POs).. - ovveceuan 3K J N SV SRR RN SN,
Total dissolved solids at 180° C._._.| ¢ 626 342 508 570 233 253

.Total hardness as CaCOjs (ealcu-

lated) 5 70 92 78 46 34
- Date of collection . . Aug.,1911| Aug., 1911 | Oct., 1911 | Oct., 1911 | Aug., 1011
17 19 20 21 22

¢
Silica (Si04).. 39 34 16 19 25
Iron (¥e) 4.0 1.1 .69 3.3 L5
Calcium (Ca). . 106 9.6 3.1 18 4.0
Magnesium (Mg) - - wcveemeeeceeeceemcnm——— 29 6.0 .1 5.8 .6
8Sodium and potassium (Na+K). ¢ 28 207 246 ¢ 110 29

' Carbonate radicle (COg).. .oauua- . 4.8 . 8.6 19
Bicarbonate radxcle (HCO:)- 415 561 468 327 583

. Sulphate radicle (SO 80 6.8 5.4 3.0 1.3
Chloride radicle (Cl).. 15 12 105 14 6.6
Nitrate radicle (NO) . .50 5.0 . 3.2 1.0
Total dissolved solids at 180° C 503 571 621 348 603
Total hardness as CaCOs (calculated) ... 384 49 8 69 12
Date of collection_ Sept., 1919 | July, 1911 | Nov., 1914 | Sept., 1919 | Aug., 1913
. eIron and aluminum oxides (FeaOs-+Al:0s). ®Includes iron and aluminum (Fe+Al). ¢Calculated.

- Analysts: 7, W. R. Perkins (Mississippi Agr. Exper. 8ta. Bull. 89,
Unlvemty “of Mississippi; 13, 15, W i Perdu:p%niversity of

,and Clars M. Forman, U. §. Geological Survey; 20, 2, Mississippi State Chemical bomory.

. 84, 1905); 10, 11,18, 19, W L. Kennon,
ssissippl. 17, 21, M

CALHOUN COUNTY

GENERAL FEATURES

Area, 579 square miles. Population, 16,823 (census of 1920)

Foster

Calhoun County lies within the North Central Hills district and
chiefly within the belt of outcrop of the Ackerman formation of the
Wilcox group (Eocene). (See geologic map, pl. 2.)

GROUND-WATER CONDITIONS

The Ackerman formation consists of an estimated thickness be-
“tween 500 and 600 feet of strata, including massive clays at the base
-which pass above into interbedded sands and sandy clays and some
interbedded layers of lignite and lignitic clay. . ‘The more sandy lay-
-ers carry water in moderate quantities, sufficient, however, for ordi-
nary domestic and farm needs, and throughout the county domestic
supplies are obtained chiefly from this source by means of dug or
‘bored wells less than 100 feet deep. Springs of small yield are also
fairly common, and some of them are utilized.

l
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The Ackerman formation is underlain by the Porters Creek clay
of the Midway group, which lies at a shallow depth along the eastern
boundary and dips to the west beneath the Ackerman at an estimated -
rate of about 25 feet to the mile. The thickness of the Porters Creek
is 100 feet or more. On account of the predominance of clay the
formation is not an important aquifer, although it contains some
water, which is as a rule rather highly mineralized. The Clayton,
the basal formation of the midway group, and the underlying Ripley
formation of the Upper Cretaceous both contain sandy strata that
would doubtless prove productive of water in Calhoun County,
especially in the eastern part. One well at Calhoun City probably
reached the water-bearing sands of the Ripley at a depth of 600 feet.

In the eastern part of the county the deeply buried sands of the
Eutaw formation (Upper Cretaceous) may possibly be a source ‘of
nonflowing water. The 1,200-foot well at Vardaman is believed to
have reached these sands, and it is roughly estimated that the well
passed through 450 feet of clay, sand, and limestone belonging to the
Midway group, 100 feet of sand of the Ripley formation (Upper Cre-
taceous), 550 or 600 feet of Selma chalk (Upper Cretaceous), and 50
or 100 feet of Eutaw sand. The formations of the Midway group
and the Upper Cretaceous are described on pages 29-45.

LOCAL SUPPLIES

Pitteboro.—In the vicinity of Pittsboro springs are fairly common
and have their source in sandy beds of the Ackerman formation.
One on the property of C. D. Davis 2 miles southeast of Pittsboro
yields clear orange-colored, strongly chalybeate water that is used
locally for medicinal purposes. A well on the Provine farm, 3 miles
southwest of Pittsboro, was drilled through the Ackerman formation
into the Porters Creek clay to a total depth not stated by the inform-
ant. A fair supply of water was obtained in the Ackerman forma-
tion at a depth of 210 feet, but the Porters Creek clay yielded no
water. In the 150-foot well of J. I. Aston, 8 miles west by south of
Pittsboro (4 miles northwest of Bounds), the water derived from
sand in the Ackerman formation rises to a level within 10 feet of the
surface.

Ooles Oreele.—Coles Creek is a small village near the western border
of the county. In 1900 L. S. Provine drilled a well in the valley of
Yalobusha River, 3 miles south of Coles Creek, where he hoped to
obtain flowing water. Water was struck in white sand at a depth
of 40 to 110 feet and rose within 2 feet of the surface. Below this
sand only non water-bearing clay was penetrated, and the well was
abandoned at a depth of 565 feet. The well probably penstrated
nearly to the base of the Porters Creek clay. -The following is the
log of the well:



CALHOUN €OUNTY N 4
Log of well of L. 8. Provine, 2 miles south bf Coles Creek

‘Thickness | Depth

o ' Fet | Feet
- &B«xvium - - 1 10
Ad B;‘mlmém Miﬁonandrwm(}mkohy » "10 »
Red mns, water bearing 5 %
Whee h’d tor boaring. ’ % 1

sand; water DesriRg. et oemeeeaeen

Black shele (lignitic (3% SN 45 30!

Calhoun City—At Calhoun City water is obtained from both deep
drilled wells and shallow wells. The Bursur wel], 600 feet deep, was
drilled in an attempt to get flowing water but whth negative results.
The well probably penetrated the Ackerman ~formation . aid the
Midway group and entered the Ripley formation.

L. Y. Mallory owns a well at Calhoun City, drilled in 1914, which
is 400 feet deep and 6 inches in diameter and yields an adequate
supply of water for domestic use. The source of the water is prob-
ably a sand stratum in the Clayton formation of the Midway group.
The water rises within 30 feet of the surface and is raised by means of
a hand force pump. The mouth of the well is reparted to be about
50 feet higher than the level of the track at the Mobile & Ohio Rail-
road station. For an avalysis of water from this well see No. 1 in
the table. The water supply of the Calhoun City Hotel is obtained
from a 35-foot well sunk about the year 1910 and eribbed with 10-inch
wooden casing. The water is derived from sand in the Ackerman
formation and the static head is 20 feet below the surface; the water
is raised by hand. (See analysis 2.) The dug well of J. W. Seale,
located in a valley on Washington Street one-fourth of & mile north- -
east of the post effice, is 24 feet deep and melds a fair supply of water
from sand in the Ackerman formation.

Vardaman.—Vardaman (formerly called Timberville), a village
on the Mobile & Ohio Railroad, 8 miles east of Calhoun, owhs. s
1,195-foot well, drilled in 1912, The well taps & water-bearing sand:
in the Eutaw formation of the Upper Cretaceous at a depth ofi
1,170 to 1,195 feet, and the static head of the water is 30 feet below
the surface. From incomplete data it is estimated that the surface
at the mouth of this well is about 325 feet above sea level. Accord-
ing to the log given below the base of the Selma chalk was reaahe»d at
& depth of 964 feat, or 639 feet below sea level. .
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-Log of tewn wel] at Vardamen

Thickness | Depth
Feet Feet

Earth. . 40 40
8oft black rock. ) h 300 340
White chalk (Selma) - - ——— 624 964
Hard rock. - 2 968
sOn; formmm ______ 3 269

1 970
Soft black formation . - . 200 1,170
Sand; water bearing. - 25 1,195

Mineral analyses of ground waters from Calhoun County
[Parts per million. Samples collected Dec. 4, 1920; analyzed by C.S. Howard, For further data regarding

these wells see text]
1 2
Slica (sio,) 30 2
Iron (Fe) a1 .72
Calcium (Ca).... 6.9 4.4
Magnesium (Mg).. . - 3.9 3.0
um and potasslum (Na+K)_ - : 90 49 -
Carbonate radicle (CO0s) - - - - .0 .0
Bicarbonate radicle (HCOs) e o m——————m———————— 205 12
Sulphate radicle SO4) ............ 13 3.7
Chloride radicle (C e m e cmmmamm—m—mem—mem.amamm————————————aam 24 80
Nitrate radicle ( O,)..-. ....... Trace. Trace.
Total dissolved solids at 180° C__...... P 267 179
Total hardness as CaC O (caleulated) 33 2

. Drilled wecll, 400 feet deep, of L. Y. Mallory, at Calhoun City.
2 Bored well, 35 feet deep, of Calhoun City Hotel, at Calhoun City.

CARROLL COUNTY
GENERAL FEATURES
Area, 624 square miles. Population, 20, 324 (census of 1920)

Carroll County lies mostly within the Loess or Bluff Hills district
but a small portion on the west slopes into the Yazoo Delta and an
area on the east merges into the North Central Hills district.

The county is underlain by the Tallahatta and Lisbon formations of
the Claiborne group (Eocene.) A surficial mantle of loess, which
ranges in thickness from 40 to 50 feet in the west to only a few feet
ih .the east, covers the Eocene beds throughout most of the county.
Outcrops of the Eocene beds appear only in the lower slopes of the
valleys and of the escarpment that bounds the Loess Hills on the
west. In places several feet of terrace sand and gravel, probably of
Pliocene age, intervene between the Tallahatta formation below and
the loess above. The Tallahatta formation, the Lisbon formation
(including the Winona sand member), and the loess are described on
pages 50—-52, and the distribution of the formations is shown on the
geologic map (pl. 2).

GROUND-WATER CONDITIONS

The beds that compose the Tallahatta and Lisbon formations,
together with the still older deeply buried Eocene beds thatunderlie the
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Tellahatta, all dip west by south at an estimated rate of about 25
feet to the mile. . The conditions are therefore favorable for the devels:
opment ‘'of artesian pressure, and flowing wells have been bbtamed
in different parts of the county.

The oldest water-bearing formation reached by wells in Ca;rroll
County is the Holly Springs sand of the Wilcox group, which does
not come to the surface within the county but whose topmost beds
lie at depths that range from 200 to 250 feet in the east to perhaps
600 feet in the west. The coarse sands that largely compose the
formation carry an abundance of water, which is under a strong
artesian head, probably sufficient to produce flows in the lowlands,
particularly in the lowland that borders Big Black Creek in the east
and in the Yazoo Delta, the eastern edge of which forms a narrow
belt along the western part of the county.

The Tallahatta formation is relatively thin and overhes the Holly
Springs sand. It cropsoutin a smallarea in the southeast and extends
to the northeast through Montgomery County, butits westward buried
extension probably underlies all of Carroll County beneath the
Winona sand. The Tallahatta probably does not contain abundant
supplies of water.

. The Winona sand member of the Lisbon formation overlies the.
Tallahatta formation and appears in surface outcrops in a narrow
strip along the eastern part of the'county and in adjacent parts of.
Montgomery County. The Winona is probably 200 or 300 feet thick
and is the source of the water obtained in shallow wells in its belt of-
outerop and in deeper wells farther to the west, where it passes under
the younger parts of the Claiborne group. Some of the flowing
wells in the vicinity of McCarley and Vaiden probably tap the Winona
water-bearing sands.

. The typical beds of the Lisbon formation, which here overlie the
Winona sand member, are the source of the water obtained in some of the
nonflowing wells in the central part of the county. The Lisbon is,
concealed - by the loess and the gravels which underlie the loess
throughout the central and western parts of the county.

. The terrace sands and gravels, which in places intervene between.
the Tallahatta formation below and the overlying loess, are water-
beering and produce springs along the lower slopes On the loess-
covered upland wells are also sunk through the loess to these sands and
gravels

LOCAL SUPPLIES

Oarrollton —The town of Carrollton owns a waterworks which is-
located near the bridge over Sandy Creek at the line between Carroll~
ton and North -Carrollton. Water is obtained from two flowing
wells, 408 and 260 feet deep (Nos. 1,2). A well drilled at the water-
workd dam 1900 but apparently no longer in use was 1,250 feet deep

§
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(No. 3). J. E. Trummell’s well (No. 5,), about 134 miles southeast’
of Carrollfon, penetrates water-besring sand in the Lisbon formation-
at a depth of 68 feet; the water rises within 40 feet of the surface..
An analysis of water from one of the waterworks wells (No. 1) is
gitven. below. S

Mfineral analysis of water from town well 408 feet deep at Carrollton, Carroll County
[Sample collected Sept. 29, 1919; analyzed by Margaret D, Foster, ). 8. Geological Survey]

Parts per

million
Silica (S108) - o e e et cecmceemccmmmm——— e 36
Iron (F@) - o e e e e e e e m e e . 64
Caleium (Ca) - oo e e e e e 16
Magnesium (Mg) - - oo 65
Sodium and potassium (Na + K) (caloulated)_ . _________ 33
Carbonate radicle (CO38) oo oo oo e .0
Bicarbonate radicle (HCOg) - - o eomiece e e e 149
Sulphate radicle (SOy) - & C - o e 10
Chloride radicle (CI) .. oo oo o__ e emm———————— 2.7
Nitrate radicle (NOs) - - oo oo e e 2.9
Total dissolved sqlids at 180° C__ . ________.__._ 184
Total hardness as CaCOyj (caleulated) .. ..o . ______ 67

In unpublished notes Dr. E. N. Lowe, the State geologist, describes
& “blowing well”’ in Carroll County that was brought to his attention
in March, 1913. He responded to an urgent request to examine an
old well at the residence of John Mabrey, 10 miles north of Carrollton,
which was said to be spouting mud and water in an alarming manner.
The well was of the bored type, about 8 inches in diameter, and said
to be about 70 feet deep. It had been abandoned and was partly
clogged with earth. On a certain night during s pretracted storm of
heavy rain and wind strange noises came from the well, and in the
morning water and mud were spurting from it. When Dr. Lowe
reached the well, on March 31, the weather had cleared and instead
of “blowing”’ the well was “sucking’ or drawing a strong current of
airintoit. The cause of these phenomena is discussed on pages 19-20.
According to Mr. Mabrey, the well penetrated a thick bed of clay
and entered porous sand, which was doubtless not saturated with
water. During the stormy weather, which constituted a period of
unusually low atmospheric pressure, air escaped forcibly from the
unsaturated porous sand and blew the obstruetions from the well,
and later, when clear weather and high atmospheric pressure pre-
vailed, air was driven back into the sand.

McCarley.—McCarley is a village 5 miles east of Carrollton. "A
well owned by C. C. Felts (No. 9), one-fourth of a mile west of McCar-
" ley, at & point about 15 feet above the bottom lands along Sandy:
" Creek, is 200 feet /deep, and flows a small*stream, whick is sufficiens,:

however, for domestic and stock uses. The source of this water is the
Winona sand. At McCarley two wells (Nos. 7 and 8), 175 and 180
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feet deep, also have their source in the Winona. In each well the
water i8 under artesian head, but only the 160-foot well, the mouth
of which is topographically lower than that of the 175-foot well,
yields a flow. The water of the 175-foot well is said to come from
green glauconitic sand, such as is characteristic of the Winona sand.

Coila.—In the vicinity of Coila water is commonly obtained from
shallow wells and from springs, both of which have their source in
terrace gravels that underlie the loess deposits. A few deeper wells
have been sunk, however, of which that of N. H. Hughs (No. 6) is
probably typical; it yields a fair supply of water from the Lisbon
formation at a depth of about 100 feet. Four springs, which are
used for domestic and stock supply, are reported to the east and
southeast of Coila. Those of W. E. Collier and Mr. Reeve are each
about 2 miles east of Coila; those of Henry Burnley and W. A.
Catron are each about 314 miles southeast of Coila. The following
record of a dug well 9 miles east of Coila shows the general character
of the strata that compose the Winona sand.

Log of dug well 9 miles east of Coila

Thickness | Depth

‘Winona sand member: . Feet Feet

Variegated clay. -

Indurated (Iierruginous sand, with seams of crystalline selenite alternating with

greensan

Greensand.

Indurated ferruginous sand with layers of gr d

‘Hard, calcareous rock. .

Siliceous, indurated sandstone withshells . __._.____.. . ____..____

Light—yeﬁow sand; water bearing; includes ledges of indurated sand that earry
concretions of sandstone and nodules of clay.

S IWhOE
[ 3431

- Water that was too strongly mineralized for domestic use was
found in this well at a depth of 44 feet.

Blackhawk.—In the vicinity of Blackhawk water is obtained at
depths of 25 to 100 feet, principally at a depth of about 65 feet, in a
stratum of white sand in the Lisbon formation.

Blackmonton.—At Blackmonton water.is obtained by means of
wells 40 to 150 feet deep, which penetrate the Lisbon formation, the
deeper ones probably reaching the Winona sand member; they en-
counter water which rises within about 30 feet of the surface.

Vaiden.—At Vaiden a 230-foot well (No. 11), owned by R. A. Pea-
cock, located in the lowland near Hays Creek, yields a moderate
artesian flow from the Holly Springs sand. About 214 miles south of
Vaiden, in the same valley, the well of R. E. Meyers, of Beatty, Miss.,
on the old Doctor Fullilove place (No. 12), yields a small artesian
flow from the Winona sand at a depth of 110 feet; the water is used
for domestic and farm supply.
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. OHIOKASAW .GOUNTY:: '

GENERAL FEATURES ]
Area, 501 square miles.. Popu]atmn, 22,212 (census of 1920)

Chickasaw County is divisible into..three distinct physlogmphic
parts—the Black Prairie belt, the Pontotec Hills district, and the
Flatwoods district. - Two upper Cretaceous formations—the Selma
chalk and the Ripley formation—and three Eocene formations—the
Clayton formation, the Porters Creek clay, and the Ackerman
formation—appear at the surface within the county. These forma-
tions are described on pages 36-46, and their distribution is shown on
the geologic map (pl. 2). They all dip west 25 or 30 feet to the mile.

GROUND-WATER CONDITIONS °

The Black Prairie belt, which occupies the eastern part of the
county, is underlain by the Selma chalk. Owing to its compact,
impervious character, the Selma is not a water bearer of economic
importance, but it serves as a confining agent for the underlying
abundantly water-bearing Eutaw and still deeper Tuscaloosa forma-
tions and is therefore one of the chief factors determining the artesian
pressure which causes the water to rise in wells from these two lower
formations to a level within easy reach of pumps. Previous to the
advent of the artesian well, cisterns ahd artificially constructed
pools for storing rain water were the principal means of prmndmg
domestic water supplies.

The Eutaw formation is encountered at a depth of 300 to 350 feet
along the eastern border of the county. Owing to the westward
dip of the strata at the rate of about 30 feet to the mile the formation
lies at successively greater depths from east to west, being 650 to
750 feet below the surface along the western border of the Black
Prairie belt. The uppermost important water-bearing stratum of
the Eutaw, which lies about 100 to 150 feet below the top of the
formation, is tapped by many wells in the Black Prairie belt (see.
table), and this source of supply is rapidly replacing that of cisterns
and surface pools.

Owing to the abundance of water obtainable from the upper part.
of the Eutaw formation few wells have been sunk to the water-bear-
ing beds of the lower part of the formation, and few, if any, are deep
enough to draw upon the still more deeply buried Tuscaloosa waters,
which may prove to be better suited for general domestic and indus~
trial uses than those of the Eutaw. Nos. 2, 7, and 18 are high in
chloride. (See analyses and local descriptions.)

The Pontotoc Hills, in the central part of the county, are underlain
by the sands and clays of the Ripley formation. In the longituds
of Houston the Ripley is 200 to 250 feet thick, but on account of the
westward dip of the strata the successively Iower beds of -the formae
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tion ‘come to the surface from.west to east, aad the formation finally
feathers out 5 or 6 miles eagt of Houston. The inhabitants of this:
hilly area obtain their water supplies chiefly from water-bearing beds
in the Ripley; in the eastern part of the belt, where the formation
is thin, the water is mostly taken from shallow dug and bored wells,
whepreas farther to the west, as at Houston and Houlks, dug, dnﬂsd, k
and bored wells 100 to 160 feet deep are in general use.

At about the longitude of Houston the westward-dipping beds of
the Ripley pass beneath overlapping beds of Eocene age, which
immediately underlie the surface throughout the western two-fifths
of the county. The Eocene is represented chiefly by the Porters
Creek clay, w*oh does not contain large supplies of water. In the
belt of outcrop of the Porters Creek the Ripley waters lie at depths
from east to west of 100 to 400 feet or more and are therefore valuable
water supplies. A few wells in the Pontotoc Hills have been drilled
to the water-bearing beds of the Eutaw formation, which lie at depths
of 700 to 1,000 feet (Nos. 11, 21-23). Analyses of five waters are
given on page 110. ,

. LOCAL SUPPLIES

Okolona.—Okolona and the surrounding country depend for water
supplies chiefly on the water-bearing sands of the Eutaw formation,
which are first encountered at a depth of 423 feet (Nos. 18-20). As
the base of the Selma chalk lies at a depth of 320 feet the water-
bearing stratum, which is 50 feet thick, is 103 to 153 feet below the
top of the Eutaw. As shown by the following quotation,® the avail-
ability of the waters of the Eutaw formation was discovered prior to
1854:

Tn Okolona & boring has been made to the depth of 470 feet, which supplies
& well sunk to the depth of 90 feet, the water rising to within 75 feet of the surfaee,

The waterworks is owned by the town and is located about a bleck
northwest of the Mobile & Ohio Railroad station; en ground abeut
level with the track at the station. Two other deep wells at Okolona
are described in the table (Nos. 19, 20), and a log of the heds pene-
trated in the well of the Mobile & Ohio Railroad is given below:

Log of well of Mobile & Ohio Railroad, Okolana e =
[Altitude of mouth of well about 304 feet above sea level. Adapted from description by Logan and Perkins)

" Thickness | Depth

Peet Feet
Gravel an: lain by 8oil), residual from the BelMa. .. mueeenemenaanne.ad] 20 20
%m !Urmatiu one {n}m‘h 30 820
w . . .
Hard sandmnk 3 3B
ArocK. ... tememnnt 100 423
Greonsand and dlay; water bearlng ............ 52 473

Clay enddionad Ly b8

nLogan W N., ath&tkin!,W ‘R, staimppiw Exper. Sta.Bull 89, p. 29, 1905,

I'Waﬂeq,B L. q,repvrton the zaologymd am«xltureofmwssippi (published by m'dar otcholelh-
Inture), p. 290, 1854
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Egypt—The ground-water conditions at Egypt are essentially like
those at Okolona except that, owing to geographic position, the upper-
most valuable water-bearing stratum of the Eutaw lies at a shallower
depth at Egypt—only 300 feet. Many wells that range in depth from
360 to 460 feet, four of which are described in detail in the table (Nos.
7-10), have been drilled at and near Egypt.

Buena Vista.—The numerous wells at and near the village of °
Buena Vista, owing to the westward dip of the water-bearing strata,
reach the water-bearing sands of the Eutaw formation at depths of
600 to 700 feet. Six wells (Nos. 1-6), are described in the table.

McCondy.—The ground-water conditions at McCondy are essen-
tially the same as those at Buena Vista, except that according to the
rather meager available information the depth to the first valuable
water-bearing stratum is not so.great. The wells within a radius of
several miles of the village range in depth from 300 to 700 feet, depend-
ing on their geographic positions. One privately owned well at
McCondy is described in the table (No. 17).

Vanvleet.—The village of Vanvleet is close to the boundary between
the Black Prairie belt and the Pontotoc Hills, and wells must be sunk
through practically the full thickness of the Selma chalk to reach the
water-bearing beds of the Eutaw formation. The wells range in
depth from about 690 to 800 feet; three of them are described in detail
in the table (Nos.21-23). Shallow wells (15 to 30feet deep) are used by
some of the people of the vicinity, especially by those living in the
area to the west underlain by the sands of the Ripley formation.

Houston.—Houston stands near the boundary which separates the
area underlain by the Cretaceous deposits on the east from that
underlain by the Eocene on the west. The municipal water supply is
derived from a water-bearing stratum in the Ripley formation by
means of two wells, each 115 feet deep. (See No. 15.) A log of one of
the wells is given below. The waterworks is owned by the town and
is located about three blocks north of the courthouse. The water-
bearing stratum from which the municipal water supply is drawn
is tapped by other wells at and near Houston at depths of 100 to
160 feet. ,

Log of one of the wells at the municipal waterworks, Houslon
[ Mouth of well is 2 or 3 feet lower than the level of the Mobile & Ohio R. R. track, which passes near

the pumping station]
Thickness | Depth
: : Feet Feet
Surfaee soll (residual) : : 20 20
RipleY formation:
Blue rock (sand and clay?)...... ' ] 110
Gray finely micacéous sand; water bearing. 5 115

Houlka —The people living at a,nd in the immediate vieinity of
Houlke obtain water for general domestic and farm uses chiefly from
a water-bearing stratum in the Ripley formation, which probably
corresponds to the stratum that affords the mumclpal water supply

54134—28——=8
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at Houston. The wells range in depth from 100 to 250 feet. A few
wells less than 100 feet deep are in use. A well (No. 13) 434 miles
southwest of Houlka taps a water-bearing stratum near the base of
the Ripley formation at a depth of 380 feet. Two wells at Houlka,
one owned by the Ferguson & Palmer Co."(No. 11), the other by the
New Orleans, Mobile & Chicago Railroad, penetrate the Ripley for-
mation and the Selma chalk and enter the underlying Eutaw forma-
tion, the well of the Ferguson & Palmer Co. at a depth of 87014 feet.
An abundant supply of water was obtained from the Eutaw in the
well of the Ferguson & Palmer Co., and as the 4-inch casing was
inserted to the bottom of the well the water was probably obtained
from sand below the lowermost layer of hard rock described in the
log (given below)—that is, at & depth of about 1,087 feet, or 217 feet
below the top of the Eutaw.

Log of well of Ferguson & Palmer Co., one-fourth of a mile west of Houlka

L Altitude of mouth of well, more than 350 feet above sea level. Adapted from log furnished by E. N. Lowe,
State geologist; drilled by Layne & Bowler Co.]

Thick- Thick-
ness Depth ness Depth

Ft in. | Ft. in.
Soil 1 0 1 0 Sehxi? cl):alk—Contmued Ft.in. | Ft. &
2

5
.

Chiefly Ripley formation; an- 497 0
d_lﬂerentiabed Eocene in up- 7 498 7
permost D 4| 498 11

Lxght-yellow clay. 0 13 0 5 508 4
Rock 8 55 8 0 519 4
7 67 3 10 578 2
9 68 0 0 588 2
4 73 4 0 592 2
0 74 4 0 601 2
0 7% 4 1 607 3
0 79 4 0 619 3
6 80 10 0 621 3
0 82 10 0 627 3
11 116 9 0 638 3
5 129 2 6 685 9
(] 129 8 0 694 9
2 0 131 8 6 722 3
1 0 132 8 0 726 3
1 6 134 2 11 742 2
2 0 136 2 6 746 8
3 10 140 0 0 748 8
3 8 143 8 4 750 0
3 0 146 8 0 763 0
2 0 148 8 1 768 1
1 4 150 0 4 779 b
4 0 154 0 0 786 b
37 0 191 0 11 797 4
2 0 193 0 2 810 6
3 0 196 0 0 821 6
3 0 199 0 0 824 6
1 0 20 0 0 825 6
9 0 209 0 9 843 3
1 7 210 7 7 896 10
90 0 300 7 ock._ ... 8 870 6
Eutaw formation:
68 0 369 7 Fine sand (salt-and-pepper
2 0 371 7 l ) 22 7 893 1
9 4 380 11 15 5 908 6
4 0 384 11
28 5 414 4 31 0 939 6
4 0 418 4 2 0 941 6
16 0 434 4
1 6 435 10 27 10 960 4
7 0 442 10 6 0 975 4
3 0 445 10 8§ 4 983 8
4 0 49 10 37 11,020 9
5 0 454 10 6 51,027 2
4 0 458 10 8 01,035 2
5 0 463 10 1 61,036 8
7 10 471 6 01,042 §
3 0] 474 8 40 9]L,08 5
4 0 488 8 3 3|1,08 8
8 2 496 10
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This log, though accurately recorded, is not easily interpreted
owing to the terms used in describing the materials. Obviously the
terms ‘‘soft I‘Ock,” “clay,” “sha.le,” “gumbo,” “rock,” and “sand”
are used for different facies of the chalk, and as the same terms are
used for parts of the section both above and below the chalk it is
difficult to determine the limits of this formation. However, as the
chalk formation is so well known to drillers who are operating in the
northeastern part of the State it is perhaps reasonable to assume that
the Selma was encountered at 300 feet, as indicated by the first
appearance of the term ‘“chalk” in the log, though this assumption
may involve some error. The thickness of Selma chalk thus obtained
(570 feet) is the same as that shown by the log of a well 514 miles
southeast of Montpelier. (See p. 129.)

Another well 2 miles east of Houlka (No. 12), owned by I. W. Cole,
penetrated a water-bearing sand at a depth of 720 feet. If the
correlation indicated in the preceding log is correct the water-bearing
sand in the Cole well would, on the assumption of the usual dip of
30 feet to the mile, seem to be stratigraphically too high to belong to
the Eutaw formation, and it may be a sandy facies of the Selma
chalk.

Woodland.—Two deep wells (Nos. 24 and 26) at Woodland tap the
water-bearing sands of the Eutaw formation (Upper Cretaceous) at
depths of 955 and 1,014 feet. One well (No. 25), only 170 feet deep,
yields water too highly mineralized for ordinary uses; this water is
probably from the Ripley formation. A well known as the Lewis
Mineral well, 4 miles southwest of Woodland, is especially interesting
because of the shallow depth (14 feet) at which flowing water was
obtained and the highly mineralized character of the water; the
source of this water is apparently the base of the Ackerman forma-
tion of the Wilcox group, near the contact of the formation with the
underlying Porters Creek clay. The following is a partial log of one
of the deep wells at Woodland:

Log of well of Mrs. Van E. Abernathy, holf a mile west of the railroad station at
Woodland

[Altitude of mouth of well, 322 feet above sea level. Authority, W. N. Logan]

Thick- l Thick-
ness | Depth | ness | Depth
|

Feet Feet | Feet Feel
Not reported. .. oneveenmcncecenn 25 25 | Hard white rotK.. . cceenceaann 3 807
Blue rock. 475 500 | Not reported - 128 935
White chalky material............ 200 700 | Sandroek... . . . cocecceeeiacenn 940
Binek soft 100K . e oceaanas 100 800 | Not reported 60 1,000
Hard white rock O 1 801 | White sand; water bearing 14 1,014
Soft black rock.. oo ooooannnn] 3

From above downward this well passed through an undetermined
thickness of the Porters Creek clay, the Clayton formation, and the
Ripley formation, the full thickness of the Selma chalk, and entered
the Eutaw formation, from which the water was obta,med
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110 GROUND-WATER RESOURCES OF MISSISSIPPI

Mineral analyses of ground waters frem Chickasaw County
[Parts per million. Numbers at heads of columns refer to eorte;ponding well numbers in preceding table]

2 7 | 15 16 18
I
Silica (8i0y)-. - 12 9.4 ! 18 16 25
Iron (Fe) -4 .50 1 .11 1.9 .06
Caletum (C8) - oe oo 81 18 | 22 21 8.1
Magnesium (Mg)-.oovvocena-s . 1.8 2.8 9.6 83 2.8
Sodium and potassium (Na+K) 105 88 | 134 133 4106
Carbonate radicle (COs)-....... - .0 .0 .0 .0 38
Bicarbonate radicle (HCO3).. - 178 190 326 387 92
Slilllphﬁte radicle (SO¢) ... 5.6 10 97 82 3.6
Chloride radicle (C1) ... - 7% 70 8.1 10 84
Nitrate radicle (NOg) v onoo R .00 1.0 3.0 1.2 L5
Total dissolved solids at 180° C.ooovoenoo o 208 287 450 45 317
Total hardness as CaCOj3 (calculated) ... 28 56 94 86 32
Date of collection Sept.,1914 | Nov., 1911 | Apr., 1920 { June, 1914 | Sept., 1919
s Calculated.

Analysts: 2,7,16, W. F. Hand, Mississippi State Chemical Laboratory; 15, Margaret D. Foster, U. 8.
Geological Survey; 18, Margaret D, Foster and Clara M. Forman, U. 8. Geological Survey.

CHOCTAW COUNTY

GENERAL FEATURES
Area, 414 square miles. Population, 12,491 (census of 1920)

Choctaw County lies within the North Central Hills district.
The county is underlain chiefly by the Ackerman formation and the
Holly Springs sand, both of which belong to the Wilcox group of
the Eocene. These formations are described on pages 45-47, and
their distribution is shown on the geologic map (pl. 2).

GROUND-WATER CONDITIONS

The strata that compose the Ackerman and Holly Springs forma-
tions dip west by south at a rate between 20 and 30 feet to the mile,
so that their attitude is favorable for the development of artesian
pressure. On account of the predominance of clay the Ackerman
formation appears to carry only a little water, but the Holly Springs
sand contains an abundance of water of excellent quality for general
uses. Supplies of water adequate for domestic and farm use are ob-
tained throughout practically the entire county, even in the belt
underlain by the Ackerman, by means of dug and bored wells, most
of them less than 100 feet deep. No flowing wells have been reported
but the conditions appear to be favorable for obtaining flows in the
northwestern part of the county, in the valleys of Big Black River
and its larger tributary creeks, at depths of 120 to 600 feet. Springs
of small and moderate yield are more or less common but are espe-
cially numerous in the area underlain by the Holly Springs sand.

LOCAL SUPPLIES

Reform.—A spring located in a valley near “Williams Hill” on
T. L. Griffin’s place, 3 miles north of Reform, yields 2 gallons a min-
ute, and the water is used locally. for medicinal purposes. ~The water
has its source in the Ackerman formation. (See analysis 1.)
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Bankston.—The Bramlette well, 5 miles northwest of Bankston,
in the' NE. 14 sec. 22, T. 18 N, R. 8 E., is 73 feet deep and 10 inches
in' diameter and yields water that is used for domestic and stock
supplies; it has its source in the Holly Springs sands. Red Springs,
4 miles northwest of Bankston, on the farm of J. L. Williams, has
been developed as a local resort, including a small hotel, Red
Springs mineral water has been bottled and sold to local consumers.
The springs flow from the Holly Springs sand. About 3 miles north-
east of Bankston J. W. Ramage has a spring, also from the Holly
Springs formation, whose water is used for domestic supply.

Chester.—In the vicinity of Chester good water, as a rule, is obtained
by means of wells 50 to 75 feet deep. A typical well is the 50-foot well
of J. L. Ray, three-fourths of a mile southwest of town, in which water
was obtained in gray sand. However, the 73-foot well of B. G. McGar-
rity, 300 yards north of the post office, yields a strongly mineralized
water that comes from beneath a bed of lignitic clay. Domestic water
supplies are also afforded by springs. A typical spring is one owned
by I. W. Lowery a mile north of Chester which yields a constant
flow of clear, soft water at the rate of 4 gallons a minute. .This water
comes from the base of light-colored sands that lie above a sandstone
ledge; these beds belong to the Holly Springs sand.

French Camp.—At French Camp domestic supplies are obtamed
from wells 10 to 100 feet deep. In the 70-foot well of Z. T. Irving,
200 yards west of the post office, a good supply of water was encoun-
tered near the bottom, and it rose within 50 feet of the surface.

Ackerman.—The source of the municipal water supply at Ackerman
is a group of springs, owned by the town, located at the head of a
small branch, about a mile south of the courthouse. The average
daily consumption is about 25,000 gallons. The present supply is
scarcely adequate, and the addition of other springs is contemplated.
(See analysis 2.) Two attempts have been made to obtain the
muncipal water supply at Ackerman from deep wells. The first well
was 300 or 400 feet deep and yielded apparently an insufficient
quantity of water, probably from the Midway group. In 1910 a
second attempt was made apparently with the intention of sinking
the well to the deeply buried sands of the Eutaw formation, which
underlie the Selma chalk. The following log shows the character
of the beds penetrated in this well.
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Log of tbell at tha municipal walerworks, Ackerman
{Altitade of tonth of well 530 foot above ada level. Adapted frony deseripsion furnishéd By B. N, Lowel
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This well probably completely penetrates the Eocene and several
hundred feet of the underlying Upper Cretaceous strata. The
materials as described in the log suggest that the 517 feet of “‘black
mud”’ at the base should be correlated with the Selma chalk. It is
estimated that in order to reach the Eutaw sand at Ackerman it
would be necessary to drill a well to a depth of 1,600 to 1,800 feet.
One other well at Ackerman, three blocks east of the post office,
owned by W. F. Burney, was drilled to a depth of 375 feet, and
water rose to a level within 12 feet of the surface, or to an altitude of
about 540 feet above sea level. The well was abandoned. This
water probably had its source in the Midway group. The character
of the water is shown by analysis 3 in the table below.

Mineral analyses of ground waters from Choctaw Counly
[Parts per million. For further data regarding the wells and springs see pp. 110-112]

1 2 3
Silico 43303 ) SRR aam——- 38 11
é‘ 0--esems s e e e 3.8 .85 L) %2
C um (C 13 5.2 1
agnesiam (Mg). .. .- 52 .9 8.1
Sodfm and potassium (Na-+K) 14 as [(F* %,
Carbonate radicle (COs .0 .0 .0
Biea.rbouato radlcle ( H O3) - 62 20 154
ulphate radicle (80 21 3.1 2.3
hloride radicle Cl) ............................................... 7.0 6.0 6.1
Nitrate radicle (NO3) .70 00 |
Phosphate radicle (POq...... .90
Tota] dissolved solids at 180° C____._ 129 39 5184
Total hardness as CaCOs (calculated) . 54 17 61
Date of collection April, 1914 | May, 1914 |.cauccaaea. -
e Iron and aluminum oxides (FesOs+Al0s). . % Calculated,

Analysts: 1, MlSSISS {;m State Chemical Laboratory; 2, W. F.' Hand, Mississippi Btate Ghemical
Laboratory, 3 W, erkins, Mississi 1gpi State Chemical Laboratory.
1. Spring owned by T. L. Griffin at
2. One of the springs that furnish the,municipal supply at Ackerman.
3. Abandoned well, 375 feet deep, of W. F. Burney, Ackerman.

eform.
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| CLAIBORNE COUNTY
GENERAL FEATURES
Areas, 489 a;iuare miles. Population, 13,019 (census of 1920)

The greater part of Claiborne County lies in the Leees Hills
district, but a relatively small part lies in the Mississippi alluvial
Plain, and an eastward extension lies in the Long-leaf Pine district.
The two principal geologic formations that underlie the upland
part of the county are the Catahoula sandstone and the Hatties-
burg clay (both of Miocene age). These formations are overlain
by a discontinuous sheet of sand and gravel, generally 80 feet or
less in thickness, which belongs to the Citronelle formation (Pliocene),
the distribution of which has not been determined in detail. Owver
all these formations lies a coating of loess and loesslike loam; which-
during the Pleistocene epoch was carried by the winds in the form
of dust from mud flats in the bottom lands of Mississippi River
upward over the higher lands to the east, where it accumulated
to depths that range from a few feet to 75 feet or more. The Missis-
gippi lowland and the narrow bottom lands bordering Big Black
River and Bayou Pierre are underlain by alluvial deposits of loam,
clay, and gravel, which-in places in the Mississippi bottom probably
exceed 150 feet in thickness. (See pp. 5563 and geologic map, pl. 2.)

GROUND-WATER CONDITIONS

The loess that covers the upland to depths of a few feet to 75
feet or more is a fine ecalcareous permeable material, whieh allows
the surface water to drain down through it into the sand
and gravel of the underlying Citronelle formation. The loess is
therefore not a valuable aquifer. The water of the Citronelle forma-
tion, because it has been in contact with the overlying ecalcareous
loess, is more or less hard, and at some places the degree of hardness
is such that the water is unsuited for domestic use. Many springs
have their source in the sands and gravels of the Citronelle and the
water of some of the springs is utilized for domestic or farm supplies
and for public drinking places along the roads.

‘The water of some shallow wells (less than 100 feet deep) at Port
Gibson, Martin, Brandywine (southwest corner of county), and else-
where, are reported to be hard, irony, and sulphurous and mere or
less unsatisfactory for ordinary uses. These qualities, together with
the excessive hardness that in places characterizes the water from the
sand and gravel of the Citronelle formation, have led to the construc-
tion of many cisterns for storing rain water. However, water of
satisfactory quality is found at many places at depths that range
from a few feet to 100 feet.
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In the bottom lands of the Mississippi lowland in the western part
of the county water for domestic use is obtainable from the sands and
gravels of the alluvial deposits at depths that range from a few feet to
150 feet or more, though the shallower wateérs of these deposits (less
than 50 feet deep) can searcely be regarded as a satisfactory source
of water supply owing to the danger of pollution from the surface. .

The Catahoula sandstone underlies the northern part.of the county
beneath the loess and the Citronelle formation and dips southward
at the rate of 15 or 20 feet to the mile, so that it passes beneath the
next younger formation, the Hattiesburg clay. The Catahouls also
underlies the alluvial deposits of Mississippi River. Many of the sand

_beds of this formation are water bearing and constitute the prineipal,

though largely undeveloped, source of potable, nonflowing artesian
water in the county. Deep wells at Alcorn and Port Gibson have
their source in the Catahoula.

The Hattiesburg clay, which overlaps the Catahoula formation in

approximately the southeastern third of the county, contains some
-beds of sand that may be water bearing, but definite information in
regard to this possible source of water is lacking. The data afforded
by the 1,760-foot well at Port Gibson indicate that the water con-
tained in the deeply buried Tertiary formations is too salty for either
domestic or industrial uses.

LOCAL SUPPLIES

Port Gibson.—The waterworks at Port Gibson is owned by the town
and is located on Market Street about 1,000 feet southwest of the
Yazoo & Mississippi Valley Railroad station. The water supply is
obtained from a bed of sand about 10 feet thick, in the Catahoulsa
sandstone, by means of two wells at the plant, one 250 and the other
260 feet deep. The surface at the waterworks is about 120 feet above
sea level. The 250-foot well is 10 inches in diameter and yields by
pumping with air 300 gallons a minute. The 260-foot well is 8 inches
in diameter and yields 200 gallons a minute; in both wells the static
head of the water is 55 feet below the surface. An abandoned well at
the waterworks, drilled in 1909, is 1,760 feet deep. The log given
below shows the position of several water-bearing beds. Salty water
was encountered at three levels between depths of 1,405 and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>