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GROUND-WATER RESOURCES OF WESTERN
TENNESSEE

By Francis G. WELLS

ABSTRACT

The area treated in this report is that part of Tennessee that lies west of the
northward reflex of the Tennessee River. Most of the area falls within the
eastern flank of the Gulf embayment, a basin of Paleozoic rocks filled with
unconsolidated sand and clay of Cretaceous and Eocene age. The floor of the
basin and the overlying sediments dip to the west at 15 to 30 feet to the mile.
Paleozoic rocks ranging in age from Ordovician to Mississippian crop out as a
narrow band along the eastern boundary. The unconsolidated sand and clay
form the surface over the remainder of western Tennessee. These deposits range
in thickness from about 3,000 feet at Memphis to the vanishing point in the
eastern part of the area.

The Wilcox group, the McNairy sand member of the Ripley formation, and
the Eutaw formation are the principal water-bearing beds. They consist of
sand of varying sizes of grain with intercalated lenses of clay and yield large
quantities of water. Laboratory tests of 113 samples of sand taken throughout
the area show a wide range in physical properties, but most of the sands are
composed predominantly of grains coarsér than 0.25 millimeter in diameter; the
average porosity is 40.3, and the average coefficient of permeability 737. The
thickness of these sand formations, which reaches 1,900 feet for the Wilcox group,
400 feet for the McNairy sand member, and 250 feet for the Eutaw formation,
and the physical properties of the sand indicate that large quantities of ground
water can be developed throughout the area. ’

Analyses of samples of water taken throughout western Tennessee indicate
that except for the presence of considerable iron the water is of good quality for
all purposes. The waters are soft, and the total dissolved solids are usually less
than 100 parts per million. Xxcept in a few places the water contains sufficient
iron to precipitate out on standing or when the water is boiled. The iron is
readily removed, however, by aeration followed by sedimentation or filtration
for removal of the precipitate.

Large ground-water developments are few in western Tennessee. There are
40 public water supplies, but not more than 10 pump 500,000 gallons or more
a day. Bored wells are the most numerous throughout the area, but drilled
wells for domestic use are becoming more common. There are, however, very
few domestic water systems. The county reports show the types, depth, method
of pumping, and other data for typical wells throughout each county.

The largest ground-water development in western Tennessee is at Memphis.
All water used in the city is derived from the Wilcox group. The maximum
pumpage from the upper and middle Wilcox was reached about 1920; in this
year an estimated average of 37,575,000 gallons a day was pumped. In 1928 the
average daily pumpage from the upper and middle Wilcox was about 33,984,000

1



2 GROUND-WATER RESOURCES OF WESTERN TENNESSEE

gallons, a decrease from 1920 of 3,591,000 gallons. This decrease of pumpage
from the Wilcox formations instead of the increase that would normally be
expected resulted from cuts in pumpage by industrial plants due to many causes
but chiefly to the smaller quantity of water used in condensing after the intro-
duction of spray systems of cooling water and to the development of the lower
Wilcox by the Memphis Artesian Water Department, which pumped an average
of 4,616,000 gallons a day from this formation in 1928.

The static level at Memphis varies with the pumpage and the stage of
the Mississippi River. Originally it was about 230 feet above mean sea level.
The average static level for 1928 at the Auction Avenue plant was 202 feet
above mean sea level, which was about 28 feet lower than the original level.
This gives a yield of about a million gallons a day for each foot of
drawdown. The drawdown is not excessive, and additional pumpage can be
developed without undue lowering of head.

INTRODUCTION

Purpose and scope of investigation.—Of fundamental importance to
any community is an adequate supply of good water. There are
three possible sources of water—direct collection of rain, surface
water, and ground water. The first of these sources is suitable only
for small supplies. The second is capable of very large development,
but the cost of development is high, and sanitary control is necessary.
This leaves ground-water supplies as the cheapest and most sanitary
source of water for towns and scattered rural populations and, under
certain favorable conditions, for large cities. Consequently data on
the ground-water conditions—the depth at which water can be ob-
tained, the quantity of water that can be developed, and the quality
of the water—should be available to the inhabitants of any region.
As these features are all related to the physiography and geology of
a region, the study of them is a specialized problem requiring a famil-
iarity with the geology of the region as well as a knowledge of existing
ground-water supplies. It was the purpose of the investigation
whose results are here set forth to collect all the data available on
ground-water conditions, to synthesize these data in a logical manner,
to correlate them with the geology of the region, and finally to present
them in such a manner that an individual, industry, or municipality
could find the information necessary for the solution of its water
problems in a satisfactory and economical way. Obviously this is
for any region a difficult task. In many places the necessary data
are unavailable, and the data are not always amenable to simple
exposition.

The field work for this report was carried on for five months during
the summer and fall of 1928 and 4% months during the summer of
1929. With the aid of an automobile it was possible to cover the area
rather thoroughly. The laboratory work and writing of the report
were done during the winters and springs of 1928-29 and 1929-30.



INTRODUCTION 3

Location of area.—The area studied is commonly designated western
Tennessee. With the exception of the eastern part of Hardin County,
it lies west of the Tennessee River and is bounded on the north by the
Kentucky State line, on the south by the Mississippi State line, and
on the west by the Mississippi River. It comprises about 11,000
square miles. The location of the area as well as of other parts of
Tennessee that have been covered by similar reports is shown in
Plate 3.

Previous investigations.—The principal earlier reports treating of the
geology and ground water of western Tennessee are listed below.

Safford, J. M., Geology of Tennessee, 1869.

Glenn, L. C., Underground waters of Tennessee and Kentucky west
of the Tennessee River: U. S. Geol. Survey Water-Supply Paper 164,
1906. -

Wade, Bruce, The geology of Perry County and vicinity: Resources
of Tennessee, vol. 4, pp. 150-181, Tennessee Geol. Survey, 1914.

Wade, Bruce, The fauna of the Ripley formation on Coon Creek,
Tenn.: U. S. Geol. Survey Prof. Paper 137, 1926.

Dunbar, C. O., Stratigraphy and correlation of the Devonian of
western Tennessee: Tennessee Geol. Survey Bull. 21, 1919.

Wade, Bruce, Recent studies of the Upper Cretaceous of Tennessee:
Tennessee Geol. Survey Bull. 23, pp. 51-64, 1920.

Roberts, J. K., and Collins, R. L., The Tertiary of west Tennessee:
Am. Jour. Seci., 5th ser., vol. 12, pp. 235-243, 1926.

Roberts, J. K., Tertiary stratigraphy of west Tennessee: Geol. Soc.
America Bull., vol. 39, pp. 435-446, 1928,

Berry, E. W., Revision of the lower Eocene Wilcox flora of the
Southeastern States: U. S. Geol. Survey Prof. Paper 156, 1930.

Roberts, J. K., Tertiary and Quaternary sediments of west Ten-
nessee and their economic geology (in preparation).

Acknowledgments—This investigation was carried on under the
supervision of O. E. Meinzer, geologist in charge of the division of
ground water, United States Geological Survey, and W. F. Pond,
State geologist of Tennessee. Analyses were made by Margaret D.
Foster, of the Federal Geological Survey, who collaborated in the pre-
paration of the discussion of the chemical character of the waters.
D. C. Farrar, of the State geological survey, made some of the
analyses. To these and other colleagues of the two organizations the
writer wishes to express thanks for their assistance and advice. He
also desires to acknowledge his indebtedness for cooperation and as-
sistance in assembling the data to J. K. Roberts, who kindly put at his
disposal his unpublished report on the Tertiary and Quaternary sedi-
ments of western Tennessee, the material of which has been freely
used; to J. J. Sheehan, superintendent, W. D. Lanham, J. J. Ryan,
and other members of the Memphis Artesian Water Department, who
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helped the writer in many ways and placed the records of this depart-
ment at his disposal; to the well drillers of the area, who generously
furnished detailed information about the wells they had drilled; and
to municipal authorities and owners of wells, who courteously gave the
information which is the basis of much of this report.
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FiGURE 1.—Index map of western Tennessee showing sources from which the geologic map was
compiled

Geologic and hydrologic maps.—The geology of the area covered by
this report is shown in Plate 1. This map, except for changes in the
mapping of the Cretaceous and Tertiary, is taken from the geologic
map of Tennessee, edition of 1923. Figure 1 shows the sources from
which the data were compiled. As explained on page 75, the distribu-
tion of the Selma clay and the Coon Creek tongue of the Ripley for-
mation was mapped incorrectly on the geologic map of the State.
The Selma formation does not extend north of central Henderson
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County as such but either pinches out by overlap of the Coon Creek
tongue or is represented from Henderson County northward by beds
lithologically like the Coffee sand member of the Eutaw formation.
The two narrow bands previously mapped by Wade as Selma forma-
tion and Coon Creek tongue of the Ripley formation from Henderson
County northward together constitute the northward extension of
the Coon Creek tongue. Coon Creek fossils have been found in beds
mapped as far north as a point 4 miles north of Camden, Benton
County. The Tertiary has been remapped by Roberts and Collins:
and correlated with the Clayton, Porters Creek, Holly Springs, and
Jackson formations of Mississippi.

The location of wells described in the text is shown on Plate 2. The
wells are numbered consecutively in each county, beginning with No.
1 and following the United States land survey system of numbering
sections.

The method of locating the wells depended on the county maps
available. Good county maps made by the State geological survey
on the scale of 1 inch to the mile and showing much detail were avail-
able for Benton, Carroll, Chester, Decatur, Fayette, Gibson, Harde-
man, Henry, McNairy, and Shelby Counties. Wells could be located
with considerable accuracy on such maps. Blueprints of maps on the
same scale, started many years ago but never completed, were avail-
able for Hardin and Henderson Counties. The distances given in the
tables of wells for all these counties were scaled from the county maps,
A s0il map on a scale of 1 inch to the mile was available for Madison

_County,! and distances used in descriptions of well locations were
scaled from it. Post-route maps were the only ones available for
Crockett and Haywood Counties. These maps are not accurate, but
the location of villages and of such roads as are shown is fair. Some
of the distances given in the tables for these counties were scaled from
the county maps; others are the readings of the speedometer on an
automobile. The only maps available for Dyer, Lauderdale, Obion,
Tipton, and Weakley Counties were blueprints of sketch maps made
by the Tennessee Department of Health. Unfortunately these maps
were not drawn to scale, and though they showed all roads, villages,
schools, and churches, the locations were not accurate. All distances
given in the well tables for these counties were obtained from readings
of a speedometer (front-wheel type). As the distances traversed by
an automobile are never in a straight line, this introduces some error.
It is also probable that there are errors in the location of the towns as
shown on the base map of the State. The wells were transferred from
the county maps to the State maps by the method of squares. The

1 Lyman, W. S, and Lendon, W. E., Soil survey of Madison County, Tenn.: U. S. Dept. Agr. Bur.
Soils Field Operations, 1906,
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result has been that for some wells the locations on the State map do
not show the proper relation to some of the towns, but the general
location in the county is correct.

GEOGRAPHY
SURFACE FEATURES
PHYSIOGRAPHIC POSITION

The Tennessee River almost coincides with the boundary between
two of the great physiographic provinces of the United States, the
interior low plateaus, in central Tennessee called the Highland Rim,
and the coastal plain. Thus the area under discussion, with the excep-
tion of the eastern part of Hardin County, falls within the coastal
plain. The Highland Rim is a typical plateau country which has an
altitude in its eastern portion of about 1,200 feet, but which slopes
down to about 500 feet at its western boundary, where it grades with-
out a break into the slope of western Tennessee. This region has
reached a submature state of erosion. In Hardin County the streams
flow west or northwest to the Tennessee in narrow V-shaped valleys
that are as much as 150 feet lower than the intervening flat-topped
ridges, the remnants of the plateau surface. These ridges are utilized
for road sites, for they furnish the only flat places in this rough terrain.

The western valley of the Tennessee—the low-lying land along the
river below its northward reflex—has an average width of 10 to 11
miles and includes the lowlands along the tributaries in this area. At
its low-water stage the Tennessee is 350 feet above mean sea level
where it crosses the Alabama line in its northward course and 302 feet,
at the Kentucky line. The distance along the river between these
two points is 153 miles and the river gradient is thus less than one-
third of a foot to the mile.

The part of the interior low plateaus which falls within the area
here described has been called by Safford ? the plateau or slope of
western Tennessee. This surface can be visualized as a plain sloping
northwestward until it ends abruptly at the bluffs overlooking the
Mississippi flood plain. Inits northern portion it rises slightly toward
the Mississippi bluffs. This plateau is about 700 feet above sea level
in the eastern part and descends to an altitude of 300 to 390 feet at
its western margin. The plateau has been dissected and in its eastern
portion is hilly; toward the west the streams have cut broad valleys,
and the intervening uplands are gently rolling. The resulting fea-
tures are residual ridges, hills of erosion, and the Tennessee-Mississippi
divide.

2 Safford, J. M., Geology of Tennessee, p. 110, 1869,
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SURFACE FORMS

Residual ridge.—Extending northward from Mississippi into south-
western MceNairy County, Tenn., is a ridge about half a mile wide. It
is in the region where Ripley sands and clays come to the surface and
owes its preservation to the ‘‘ironstone’ thatis abundant in this region.
The ridge dies out toward the north.

Tennessee-Mississippi divide.—The Tennessee-Mississippi divide is
the high land just west of the Tennessee River. It forms the highest
part of western Tennessee and represents the remnant of the original
plateau surface. This divide separates the eastward-flowing rivers
that empty into the Tennessee from the westward-flowing rivers that
empty into the Mississippi. The eastward-flowing streams are short
and steep, but those flowing to the west have low gradients and broad
valleys. -

Hills of erosion.—Extending from the western part of Hardeman
County northward to Henry County is an unusually hilly belt com-
posed of Holly Springs sand. The flat tops of many of these hills are
parts of the old plateau surface. Owing to the sandy, porous nature
of the ground, rain water readily sinks into the permeable sands
and has not yet eroded them. Any slopes formed by stream cutting
are subject, however, to rapid erosion. The loose sand washes easily,
and the slopes are quickly eaten away. Thus the flat tops of the hills
remain unaltered, while the slopes are steep and deeply incised.

The general surface forms of western Tennessee are the result of
stream erosion on loose sand and clay. The behavior of sand has just
been described; the clay, however, erodes more uniformly, for it sheds
the water and develops the usual type of erosion surfaces. The his-
tory of the formation of the present surface is part of the geologic
history of the area and is set forth on pages 24-25. A surface feature
of the area which is of recent development is the badland topography.
Throughout western Tennessee there are areas which have been so
completely dissected by gullies that they resemble the badiands of the
Dakotas. (Seepl.4.) Anotherexpression of this action is found in the
great gullies, 50 feet or more deep, that in many places hem the country
roads on both sides. These surface features are due to the washing
of the sandy soil as soon as the vegetation is removed. With proper
attention cultivated fields can be kept from washing, but too often no
attempt has been made to prevent this form of erosion. Thus since
the advent of the white man large tracts have become barren.

Alluvial region.—Lying at the foot of the Chickasaw Bluffs, the
western boundary of the slope of western Tennessee, is the Mississippi
flood plain, a low tract much of which is covered by the extreme high
waters of the Mississippi River. Nowhere in western Tennessee is
this plain very wide. Its greatest width in Tennessee, some 10 miles,
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is in the north, but in the south it dwindles to nothing where the
Mississippi River washes the foot of the bluffs.

DRAINAGE

The eastern part of Hardin County drains westward into the
Tennessee by means of Horse, Indian, and Hardin Creeks. These
creeks are short, rapid streams. The longest, Indian Creek, is about
30 miles long, and much of its course lies outside of this area. There
are not enough known altitudes in the region to give even approximate
gradients for these streams; all that can be said is that they are swift
streams with falls and cascades.

- The Tennessee-Mississippi divide separates the region west of the
Tennessee River into two very, unequal drainage areas. The east
versant has a width of 9 to 25 miles. Besides the major streams, the
Beach and Big Sandy Rivers and Hurricane Creek, there are a few
short creeks that drain this slope. All these streams have fairly steep
grades, and numerous springs insure their permanency throughout the
year. The west vergant of the divide is from 98 to 105 miles in width
and is drained by long streams of low gradient. From north to south
these streams are the Obion, Forked Deer and its Middle and South
Forks, Hatchie, Loosahatchie, and Wolf Rivers and Nonconnah
Creek. The longest of these is the Hatchie River, which has a length
of 120 miles. With the exception of the Obion River, which flows
southwest though its major tributary flows northwest, all these rivers
flow in a direction north of west to points within a few miles of the
Mississippi River, where they swing to the southwest. Along their
lower reaches their valleys are broad and flat and in large part swampy
and subject to flooding during high water. The streams meander
through these swampy areas in tortuous channels. In some places
drainage of the bottoms has been effected by trenching the streams
and thereby shortening their courses. These streams are all perennial.

DEVELOPMENT

The difference between the broad valleys and gently rolling uplands
of the western part of western Tennessee and the rough lands of the
eastern part has had a strong influence on settlement and industrial
development. The counties bordering the Mississippi River (Obion,
Lake, Dyer, Lauderdale, Tipton, and Shelby) and those adjacent to
them (Weakley, Gibson, Crockett, Haywood, Fayette, and Madison)
are the most populous. These counties have a population of 46 to 92
persons to the square mile except Shelby County, which contains the
city of Memphis and has 383 persons to the square mile. In contrast
to this are the eastern counties, with a density of 24 to 42 persons to the
square mile. The only large city in the area, Memphis, with a popu-
lation of 253,143, is on the Mississippi River. The next largest city,
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Jackson, with a population of 22,172, is the county seat of Madison
County. The other six cities with a population in 1930 that exceeded
3,200 are Dyersburg, Paris, Union City, Covington, and Brownsville,
the county seats of Dyer, Henry, Obion, Tipton, and Haywood
Counties respectively, and Humboldt, the largest city in Gibson
County. In the eastern part of the area there are only a few small
towns.

Agriculture and lumbering.—Agriculture is the principal activity of
the region, and the major crop both in acreage and in value is cotton.
According to the census of 1925, 250,281 bales of cotton were grown in
western Tennessee in 1924. Corn ranked second in importance, the
yield being 722,595 bushels, and 203,755 tons of hay of all kinds was
grown. Except in the western counties dairying is not important,

_but the agricultural department of the State is encouraging this
branch of farming, and as time goes on dairying will become more
prevalent. Spring vegetables and small fruits are grown for northern
markets. Tomatoes and strawberries are the principal ones, but there
is a considerable acreage in cabbage and spinach. Gibson County is
the center of the truck gardening.

In the hilly parts of the eastern counties there is still considerable
timber standing, and lumbering is actively carried on. In the west
the land has been mostly cleared, but some lumbering is done in the
swampy river bottoms.

Industries—The industries of the region are those consequent on
agriculture and lumbering. Cotton gins are scattered over the area,
and cottonseed-oil plants and canneries are found in the largest towhs.
There are a few cotton-spinning mills. Sawmills are common, and at
Memphis thiere are many factories for the fabrication of wood. At
present all the clay produced in the area comes from northwestern
Tennessee, though in the past southwestern Tennessee produced con-
siderable clay of all grades—ball, sagger, wad, potters, and common
brick clay.? The finer grades were shipped to other States, but brick
and some of the cheaper wares were fabricated in the region. Prac-
tically all of the 45,593 tons of ball clay produced in Tennessee during
1928 came from Henry County.* All of this clay, with the exception of
a little used for the local manufdcture of jugs and churns, is shipped to
potteries outside of the State. Fire clay is mined at several localities
in the area and used in the local brick kilns.

Routes of communication.—The lower gently rolling land of western
Tennessee furnishes the natural passageway for railroads seeking an
outlet to the south. Consequently this part of the area is well served
with railroads. Hardin County is the only county in the area that

8 Nelson, W, A., Clay deposits of west Tennessee: Tennessee Geol, Survey Bull. 5, 1011,
¢ U, 8, Bur. Mines Mineral Resources, 1928, pt. 2, p. 192, 1930.

119722—33——2
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has no railroad within its boundaries. At the present time the State
and counties are actively engaged on a comprehensive program of
highway construction which will cover the area with a network of
hard-surfaced highways built in conformity to the specifications of
the United States Bureau of Public Roads. In addition, the prineipal
towns of each county will be connected by graveled roads. At present
this condition prevails in Shelby County, but in the other counties
the roads are still very poor, and during certain seasons of the year
they are almost impassable for automobiles. Formerly the Missis-
sippi and Tennessee Rivers formed the main routes of transportation
in western Tennessee. At present the traffic on the Mississippi River
is small, and that on the Tennessee has dwindled to occasional ship-
ments of bulky materials. .

RESOURCES

Minerals.—The mineral resources of the area are scanty. Deposits
of clay are worked as stated above. Though the present clay pro-
“duction is limited to Henry County, there are clay deposits in other
parts of western Tennessee which, with changes in economic condi-
tions, will probably be worked again, and there are undoubtedly
deposits that have never been developed.®

The sand deposits of western Tennessee are very large and of all
kinds, and the quantity of building sands is almost unlimited.® Road
material is plentiful in much of the area. The cherts of Devonian
and Mississippian age that occur in Benton, Decatur, and Hardin
Counties form good road metal.” The terrace gravel in the valley
of the Tennessee and the Pliocene gravel also form good road material.®

Low-grade phosphate rock occurs in Decatur County,® and tripoli,
a weathering product of the Fort Payne chert and St. Louis limestone,
is found in Hardin County. Although iron ore has been worked in
Decatur County,” it is doubtful whether the quantity and quality
warrant exploitation by modern methods. Some of the limestones
of the area might be used as polished stone, and others could be used
in the manufacture of cement. Deposits of these raw materials are so
abundant throughout the United States, however, that exploitation de-
pends largely on the proximity of markets or of cheap transportation.

& Nelson, W. A., ops cit; Schroeder, Ry Ay, Ball clays of west Tennessee: Resources of Tennessee, 1919,
Pp. 88-191. Roberts, J. K., Tertiary and Quaternary sediments of west Tennessee and their economic
geology €n preparation).

8 Roberts, J. K., op. cit. Nelson, W. A, Some building sands of Tennessee: Resources of Tennessee,
vol. 2, pp. 389-397, 1912.

7 Ashley, G. H., The Camden chert; an ideal road material: Resources of Tennessee, vol. 1, pp. 3443,
1911,

3 Wade, Bruce, Gravels of west Tennessee: Resources of Tennessee, vol. 7, pp. 55-89, 1917.

¢ Maynard, T. P., White phosphate rocks of Decatur County: Resources of Tennessee, vol. 3, pp. 161~
169, 1913, .

16 Miser, H. D., Mineral resources of the Waynesboro quadrangle, Tennessee: Tennessee Geol. Survey
Bull. 26, p. 118, 1921,
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Timber —Although most of the hardwood in the area under dis-
cussion has been cut, there is still considerable lumbering. Oak, ash,
hickory, poplar, gum, and cypress are being cut. In Hardin County
the cutting of pine logs for telegraph poles is actively carried on. No
figures either of the present production of timber or of the timber
resources of the area are available. Memphis is a large lumber center
and is the site of many factories that fabricate hardwood articles such
as wheel spokes, kegs, poles, shafts, and furniture.

>

CLIMATE

Rainfall —Western Tennessee is a region of abundant rainfall. A
map showing the location of rainfall stations and the areas of equal
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FIGURE 2.—Map of western Tennessee showing stations at which observations are made for the
United States Weather Bureau and mean annual precipitation

rainfall is given in Figure 2, and the annual precipitation at each of
the rainfall stations since its establishment is given in the following
table. The station with the largest annual precipitation is Savannah
with an average of 51.9 inches; the station with the lowest is Center
Point, with an average of 44.01 inches. The record at Center Point
is short, however, and the average is probably too low to represent the
long-time average. The average of the mean annual rainfall of 14
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_stations scattered throughout the area is 48.74 inches. This insures
the permanent flow of the many rivers and springs in the region. The
most rain falls in the winter and spring; the driest time is in the late
summer and autumn, when droughts lasting 15 to 30 days are not
uncommon. Heavy downpours of 2.5 inches or more in 24 consecu-
tive hours occur occasionally. The seasonal distribution of precipi-
tation is clearly demonstrated by the graph of the average monthly
precipitation in Figure 3. Though the deviation from the mean as
shown by the curves for minimum and maximum monthly precipi-
tation is large, the maximum and minimum curves show the same
seasonal trend.
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16 GROUND-WATER RESOURCES OF WESTERN TENNESSEE

Temperature.—The climate is mild and not subject to such sudden
and decided changes in temperature as are suffered in the Northern
and Northeastern States. The highest temperature recorded at Mem-
phis in 48 years is 104° F., and the lowest is 9° below zero. The
annual mean maximum and minimum temperatures, however, are 70°
and 53.3°. The crop-growing season is long. The average date of
the last killing frost in spring is April 6, and of the first in autumn
October 24. The winters are not cold, and the ground is practically
never frozen.

GEOLOGY

SUMMARY OF STRATIGRAPHY

Western Tennessee is situated in that part of the Gulf Coastal Plain
which is commonly called the Mississippi embayment. This embay-
ment is a down-warped trough of Paleozoic rocks pitching gently to
the south, whose upper end is in southern Illinois and whose axis
roughly parallels the Mississippi River but lies a few miles west of it.
This trough has been filled with sediments of Cretaceous and Eocene
age, which rest unconformably on the older rock floor. The Paleozoic
rocks crop out around the periphery of the trough. An east-west sec-
tion across the embayment is shown in Plate 5, A.

The oldest formation that crops out in western Tennessee is the
Hermitage formation, which is of Middle Ordovician age. The Upper
Ordovician is represented by the Arnheim and Fernvale formations.
The Ordovician rocks are cherty and argillaceous limestones containing
some shale members. The Brassfield limestone (of early Silurian
(Albion) age) rests unconformably on the Ordovician and is separated
from the overlying Middle Silurian (Niagaran) rocks by an uncon-
formity. The subdivisions of Niagaran age, from older to younger,
are the Osgood limestone, Laurel limestone, Waldron clay, Lego lime-
stone, Dixon limestone, Beech River limestone, Bob limestone, and
Lobelville limestone. The topmost Silurian formation, the Decatur
limestone, is of late Silurian (Cayugan) age. The Lower and Middle
and probably the Upper Devonian are represented in the stratigraphic
column of western Tennessee. The Lower Devonian rests uncon-
formably on the late Silurian Decatur limestone. It has been divided
into the following units, named in ascending order: Rockhouse shale,
Ross limestone, Bear Branch limestone, Flat Gap limestone, Birdsong
shale, Decaturville chert, Quall limestone, and Harriman chert. The
Middle Devonian is represented by the Camden chert and the over-
lying Pegram limestone. The Upper Devonian, if present in western
Tennessee, is represented by the 20 feet, more or less, of black carbon-
aceous shale known as the Chattanooga shale. This shale, however,
is considered by some geologists to be of Mississippian age. It rests
unconformably on the Middle Devonian rocks. The Mississippian is
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represented by the Ridgetop shale and Fort Payne chert, of lower
Mississippian age, and the St. Louis limestone, of upper Mississippian
age. This completes the Paleozoic column in western Tennessee.

On the eroded surface of the above-mentioned Paleozoic rocks rests
the Tuscaloosa formation, of Upper Cretaceous age, which occurs only
in a few scattered outcrops. The Eutaw formation, mainly the Coffee
sand member, also of Upper Cretaceous age, is found as a belt of sand
and clay covering the Paleozoic rocks in the eastern part of the area.
Overlying the Eutaw formation are the Selma and Ripley formations,
also Upper Cretaceous.

The Eocene is separated from the Cretaceous by a marked uncon-
formity. The Midway group is represented in western Tennessee by
the Clayton formation and the Porters Creek clay. In the southern
part of the State the lower part of the Clayton formation is an impure
limestone, and the upper part a glauconitic sand. Toward the north
the limestone soon thins out, but the glauconitic sand can be traced
into central Madison County. It is rarely found in outcrop. The
Porters Creek clay, a uniform clay formation, overlies the Clayton.
-The basal formation of the Wilcox group, the Ackerman, does not
crop out in western Tennessee, though it probably underlies all the
counties in the western part of the area. The overlying sand, the
middle formation of the Wilcox group, consists of about 450 feet.of
unconsolidated sand with intercalated lenses of clay. The Grenada,
or upper formation of the Wilcox group, resembles the Holly Springs
sand in lithologic characteristics, and the contact between the two
formations can not be determined in the field. There is a break
between the Wilcox group and the overlying Jackson formation, of
upper Eocene age. The Jackson outerop occurs in the Chickasaw
Bluffs only.

On the eroded surface of the Eocene formations are deposits of ter-
race gravel of Pliocene age. These are most common on the high land
bordering the flood plains of the Mississippi and Tennessee Rivers.
Overlying the gravel and forming the tops of the bluffs along the
Mississippi is loess of Pleistocene age..



GROUND-WATER RESOURCES OF WESTERN TENNESSEE

18

*Juejuod [BIOUTH

*BUNB] OULIBUI B SUIBY)
-uo09 ‘gIou oY) pIemo} Jurreeddesip

“ 4 {A8pp ABvi3 pus "ao 094" .
U317 Jo o 0] pejIodel ‘108 O[T ommmwmooﬂﬁmw owm EM_ME wmn vﬂaWWMM Frer-o HIOHERLIO) HOIATO mmwwww
‘e5eq 18 9UOISOTI]] JO JoAB[ J00J-L UIYI V' DIN
. ‘ermgonags Aposy .
1018 ON | gappoupgsip Suimoys A Aeid-oao | L6071 480 Y0010 s1010g
*BOIB
J9)BM OUIO! mmgaman %hwwmw%d _ww awnwmomau %__unm TOJ)EULI0} UBULISYD
. 7N . ¢ K T . BT £) .
s -31y §se[ Io elour Ae33 N_Q&mﬁm_mm_g ! v i Susdoq
Ul -eessouuo, Ul Jno doid jou Se0(L no.w. -£18n30],
. F006'1-009 » *
£8[0 JO 89SUS[ PAYBIEBOINIUL TIIM PUYS .
951800 PUB QU-WNIPOUL POIO[00-ATBTA pues s3uLIdg AfloH g
*1ueuod [BISUIUL MO] JO JOJBM JJ0S =
SpeIA {3urieeq Jojem A[JUBpUNqY *£8p0 JO o 01050180
$98TO[ POYB[BOIIUT U)1m PUBS POPPIQ ‘TOTIBILI0) BPBUAIYH *
-§5010 OUJ 07 WINIPIWI POJO[OOIIBA
‘sIeulsa)s Aq peyoeno onu .
oq 0} ouy 00} puBs ‘1ejBm [)IKT | -SI[ PuB ‘A8[0 ‘puss euy pPeppeq-uIY.L F00&-00T TOT}BULIO] TOSYIB[
10U QIS M JJO8 ‘S880] .
£ BII0A0 To . . . (0us003SII I e
£ e S esn pied i I e s s
*S[[0US PUe[ JO -
1078M O | BuUN®] 05IBdS B PUB SUO1OIOUOD OWIOS 001-0 *8S907] *0ue009s10[d.
IIM SSO0] TMOI-YSIMO[[0A pUB ABIf)
8018 o} Jo 1aed UI9)SOM AIsuie)snd)
M%ﬂﬁm@h.ﬂ%ﬁ%@wwﬂ MMMWOMQW%M “waLo F0e1-0 ‘WNIAR[[Y *Juedey
Ul ‘Supeeq J1ejBA - A[EEpUNGY S[198IANJ JO PN pus ‘puss ‘[eABIpn -
00]
J0 puK pue hﬁ%ﬂﬁ%nﬂéoﬂéﬁm m 1090838y [BIISATT mmomxowva I SUOISIAIPQNS sorleg wmegsAs BIg

22883UUS L, UL2189M 0 SU0DUWLOS 9160700 Y] fo U018 PazIDLIUIYH



19

GEOLOGY

“8ox8 do199no uy Jueuod

“SNOJAJIISso] ‘d[qqna gnq

01 SI9UJBAM [9}[[NOBAOT JUI[UILS 0720 ‘3109 TepwmB)
[BIOUIUL MO[ O 1938 )08 JUBPUNAY | 5, 13000 9[331Iq ME.E onq 07 SNYM, Uy p—
‘pIBy {199BM *8aJe 51U} .
oI INq UEJUOD ©0) DAAdYRd ST | Ul PesodxojON "QUOISOUNI OHTM O Fo-0 SUOISOMY] WBIZ]
490} 91 030 ) ; rOASCT
“1078. ON | ‘0580 18 (J9QUIOUX OWOISPUBS TIPIBH) 22-0 “o[eys 8300UTIIBY) usraoAe( 1a BIA0AS(]
QUOJSpUBS DIBY ‘O[BUS OSSP OB -d7) d0 UBdISSISSIAL | 20 SUORJTOAIBD | 100515
“pIBY L1018M AT ~a[BYS SMOGOI[IS J0BIq 07 £BID |  FOII-0 -arens dogegpry
5 Juuo) [sum P
10USy S8y S[es do0p WO} 9IBM *3[qqna £330 MO[ ) .
‘8a1¢ d0I0INO0 U JUSIUOD [edoujtr | -[oA §8 posodxd 310L) SNOBILOTED JIBQ 005-0 0P duksg 3i0d “weid dsS{SsTIA ‘snolepiuoqIe)
M0 AI9A JO I3)8m 9;08 JWBPUNQY
“PIGY 40988 OUIT | 55 posodxe wﬂwmmh_wmzwﬂhmwuwﬂo O] “au0)souI]] S[NO'T *3§
. *1090WIBIp [
AURRUO) [SISUITL MOT JO INBM YOS | gapoyy g 0 1 ‘zyasnb owmos pus 0Yd F00T-0 *UO[}8UIA0} ¥SOO[BOSN
SDIoIA (Suteeq Tejem Apmepunay | ol o L ROt oA, ¥ L
“Jue1mo0 *PUBS WNIPOW 0 9UY dITU0ONGLS “10q =
[BI9UWI MO[ JO 1998 1j0S SPIOIX | SS9I 10 0I0UI SAISSEUL DUB POPPRY-SS0ID -Wew e $9FAWOL, | 5
=
*Sy3dep 1098918 18 1998M *$n000BI0QIB) Se08[d T (¢)ggs-0 g
10pIey ‘eole dOIINO U JIUOD | ‘SIO0D STIOMBA JO AB[D (31 4 POIBTTUIE] “Ioqmemm pues eopop | § 4
[BIOUITE MO[ JO 19JBM 1JOS SP[O]X |-19}T} PUE OUY SN0DBI[UI POPPRC-55010 :
. “guN®} PUABUL . . . . .
. I938.Mm ON Surmpeyueo Aejo AXTeY0 0JUM 0] ABID 01230 £8[0 BUI[OY §n09084eI0 Joddn S§n0808ISID D10Z0SO AT
. "BUNE} SULIBW BUTU[EITOD ‘[I6TI O} ]
1M ON | oone3 ‘snosoBmoqisd  ‘SnOIEniIdT UBU0Y FOID) W00
.Sﬂsﬁﬂsa J0 9u0)SpusLs _u._am A10A “wop
*JUGYT0D [BIOUIUI MO[jo 10J6m 3508 | peonpoxd s8y HO}FEINDT] S90e[d SUIOS . oy
SpOIA ‘BUMBaq J0)EM A[JUBDENQY | UI ‘AB[0 JO S0SUS] paje[Bolejur Bup | 009098 |IeqUIST PUES AIBNOIN Wﬂmﬂm

-UB)U0d PUBS Pa3EIoLIeA POPPL-850I0

“Juejuod uoly g3y jo ‘Iejem o[l

BuNg} SUMRUL
SWUBIUOD [IBUI PUB PULS SNOSIBIIA

‘onduo} J91D (MO




GROUND-WATER RESOURCES OF WESTERN TENNESSEE

20

“oreys gsidind pue ewojsom “IOQqUISUT BU0)S
yurd un% Ao .nmmnoohw 1300 “A[BYS 9010 | oury Eﬁm AT W0OH | oW
[ ]
‘6U0JSOTI] A3I6UO OUOS {9WOISOTI[ “I0qIOTT 9038 g §
our[e)sL1d A1981800 ABIZ-JUII[ OAISSBIN &0 -ouI[ OU[BISAId qog & m “mBlNIg
g 1
*9[BYS YSAO0] *10QqUIOUT OUOJS By
-[04 pue ewojseun|] ATEYS POPPAQ-TIY.L 070 | ouny Areqs omrAqGOT
*aT0950 .
oInd 20q7e1 ‘K8I3-4BI] POPDOGTONLL, 90 erojsom] misoed
*JUe3u0D
ferouIx Ul Y3y St 10jeM syjdep *OU0JSo ] JO SPUL: .
10)90I8 98 ‘00D 709] (0f UBY} | OWOS ‘Oeys SNOSIEI[ED mew.zmwnoomc g0 Oeys SO0
SSOT S[I0A T 19)BA DIET OTIOS SPIOT X
*0U0JSOTH]] A110YD PUB SN0SD “Joquet
-I[IS POPPeq-uNy} ‘}08duIos ARIS-JIB(T 080 | guogsemyy ssox -
wn | B *0j0z00[8d
*9)118TSY IFI[00 “IOQUIOWI SUOJS | -BUIIO] |
pUB 9UO}SOUN)] POuIBigF-9sieoo oIndury 0 -ouIy[ Youwelg IBOEL e g
A
-ouojsomyy yurd 10 S3IA I8 “I0QUISTT 611098 fo g
-nuBIS 10 SUI[BISAI0 A[0STB0D GAISSBIA 990 lomy dep 18l g
y ; “TBITOAS( JOMOT
*GUOISGTI]] SUNTEISAId JO ]
SpuBq Uy} pue o[8ys mzceu_moﬂao ysmig 0.0 o[8Ys 3uospag
*pIBY I61BM OTHOY “410T0 £BIS 0 MO[[eA SNOI0T FO1-0 *110U OIAINISOOCY "uemoAeq
‘pIey ‘10jem OPIIT 1610 SN0ROIIS AB43-)431T F01-0 *ou0Iseu] I8Ny
douﬂﬁomﬁp Aysiy ezomx
e 10
wSa " wmwm@mmawwcw%oaﬂwo%oﬁw *1109 USPWIEY 0] IB[IUI[S HOTD 260 “J10TD TEMLIEH
[eIoTUJTI A0T JO 1038M 1508 JUEPUNAY
J0 DUy pun hﬁwwwww»wﬂsg..—oﬁ m 1oj08IRYD [B0ISAUT %amﬁww 1 SUOISIAIPANg soog wo)sAy By

PONUIUO)—59882UUI,J, UL2)82M [0 SUOLDWLOS 91601038 211 fo 1011958 PazIDIIUIY



21

GEOLOGY

*JeII0d
reseuyux uy Y31y Sy 1038 syjdep
1018013 98 ‘deop 9e0) 008 Uyl
$SO[ S[[0M U[ JIBMA PIBY OUIOS SPIO] X

eEgseniq | - . * (WS MBTOIN)
oesy Ty Deppequou) euoisow FoL0 UOHBTLIO) O3CYUWIOH | yuraraopio DI
snoedvyie joedEnod ARIS-SINIq B
. ‘UBOIAOPIO:
9UO03SOTITY .
A11070 pus oneydsoqd PeurBIZ-esI80D) &0 ,*9U0}SUI|| TIequAY A:Busqns_wowv
-eu0jsey] o138Udsond K818 pouTeIs . aBPAODPIO dan
081800 Aq Mn_m_uwﬂwz o[BS uselp 070 UO[JBULIO} S[BATIOL
*eu0Isewmy] ABI5-3q ] GUITLISAI0 Afoury 90 *0TI0]SOT]] PoyssBIg
*9uo}s o1 *19QUIOTI 9UO3S
-9UI][ STI090B[ (138 YSIPPeI POPPOQ-UTL, -omy[ Ay POOISO <
*9UOISOUT] USIPPa pus opdind SAISSBIN 80 | _mow euojseuyy HW.MM.H .m
2 ‘aBLnfIs
ouojseuny] A[BYs £813-1g31Y 0 | Ioquota AB[O UOIPIBM .m.
*QUOJSOWI]] QUI[[8ISAI0 .
-qus £e8 ysmq 20 USPId To6dmOD 970 |"lquomeuojseoBe] | &
=]
-oeys ysydind -IoqoIeur )
10 oI puB 9UOJSIUI]] POI SNOBBIIAIY 0 | ouossoryr Aqpaes uoxiq

*0[0208[8 J
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HISTORICAL GEOLOGY

Paleozoic ttme.—The geologic history of western Tennessee as
recorded in the exposed rocks of the area begins with Mohawkian
time, or the middle of the Ordovician period. Then the land lay to
the east, its western edge just crossing the eastern boundary of
the State. Western Tennessee formed part of an inland sea that
covered much of the interior United States. The rivers from the
low-lying land to the east brought to this sea limy mud, which the
currents and waves spread out in broad flat layers over the sea floor,
forming the limestones and shales of to-day. In late Ordovician
time the Cincinnati arch began to form. This was a low dome that
extended from Cincinnati to Nashville. As a result of this arching the
region southwest of Nashville was also gently raised above sea level,
and it remained as a low-lying land mass until Silurian time, when the
sea once more covered its comparatively level surface.

A long period of deposition followed, in Niagaran time. Owing to
slight movements of the earth’s surface minor oscillations in the shore
line took place, and from time to time different parts of the area were
lifted slightly above sea level and then were submerged again. Hence
the beds of limestone and shale that were laid down in Niagaran time are
not continuous over the area, and their thickness varies from place
to place. The material brought to the sea in Niagaran time did not
differ very much from that of the Ordovician period.

At the end of the Silurian period the region was raised slightly
above sea level and subjected to moderate erosion, so that the sea
returning in early Devonian time spread over an extremely flat
limestone country, depositing newer limestone on the old. Through-
out the Devonian period gentle warping caused the sea to change its
position at intervals. Early in Devonian time the submerged portion
of western Tennessee rose above water, but toward the end of the
Lower Devonian the water from the Appalachian trough inundated
the area. Then followed another brief emergence, and again the
waters swept in from the south. Another period of emergence and
erosion followed and was terminated when the Chattanooga sea spread
over Tennessee. During much of the Mississippian epoch the area
was submerged. Throughout Devonian and Mississippian time the
rivers that brought sediment to the sea covering this area had low
gradients and drained a base-leveled land. This old land furnished
very little clastic material to the streams, the erosion being due
mostly to solution. Hence the deposits were chiefly limestones and
cherts, and only rarely shales. '

Some time after the end of the Mississippian epoch the region was
lifted above sea level and remained land until Cretaceous time.

1 Twenhofel, W. H., Treatise on sedimentation, p. 384, 1926.
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During this long geologic interval the land was reduced to a peneplain,
which has been called by Hayes ? the Cumberland peneplain. Shaw 1
gives evidence to show that the Cumberland peneplain of Hayes is
not concordant with the rock surface under the Cretaceous and
younger rocks.

Cretaceous time.—It was not until Upper Cretaceous time that
downwarping of the land along an axis approximately coincident
with the present Mississippi River allowed the sea, which had already
covered the southern part of the Gulf States, to submerge this region.
The downwarping caused a tilting of the land mass to the southwest,
thus increasing the gradient of the streams, which began to erode
rapidly the deeply weathered land and carry much coarse material
toward their mouths. The drainage was to the southwest, following
the structural folds. Along the shore where these streams debouched
they built deltas, which constitute what is known as the Tuscaloosa
formation. The coarse material was dropped near the land, and the
finer material was carried seaward. The Cretaceous Tennessee River™
was the largest of these streams and contributed much material to
the Tuscaloosa delta. Continued warping caused the sea to grad-
ually transgress the land. The coarser materials were deposited
farther and farther up the valleys, and finer sediments were deposited
over the gravel downstream. So Tuscaloosa time changed into
Eutaw time. More of the land was covered by the sea. During the
Tuscaloosa and Eutaw epochs western Tennessee was never deeply
submerged, and much of the deposition was subaerial, but later, in
Salema time, the sea covered the area to a shallow depth. The rivers
were no longer active and flowed to the northwest. In the shallow
waters ‘marine life swarmed, and the deposits then formed consist
of argillaceous limestone containing abundant fossil remains. Minor
warping caused oscillations in the shore line, so that conditions of
sedimentation were locally different. A slight elevation of the area
followed, and the waters became so shallow that waves could reach
and erode the bottom. The sands that washed to the sea were
swept from place to place, so that they show much cross-bedding.
This condition prevailed during all except the early part of Ripley
time. .

Eocene time.—The great diastrophic movements that convulsed
much of North America at the end of the Cretaceous period did not
greatly disturb the embayment region. It was gently elevated above
sea level and exposed to erosion. Some of the material that had been

12 Hayes, C. W., The physiography of the Chattanooga district: U. S. Geol. Survey Nineteenth Ann,
Rept., pt. 2, pp. 23-28, 1899.

18 Shaw, E. W, The Pliocene history of northern and central Mississippi: U. S. Geol. Survey Prof. Paper
108, pp. 149-151, 1918,
- ¥ Berry, E. W., Upper Cretaceous floras of the eastern Gulf region in Tennessee, Mississippi, and Georgia:
U. 8. Geol. Survey Prof. Paper 112, pp. 26-30, 1919.
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deposited during Cretaceous time was removed. When in Eocene
time the sea crept up the embayment it inundated a relatively level
surface and penetrated as far north as southern Illinois. The region
was submerged to only moderate depth; in southern Tennessee lime-
stones were deposited but toward the north glauconitic sands were
formed. This phase gave place to the deposition of fine clay. Shark
teeth have been found in this clay from well drillings at Jackson. The
sea receded at the end of Midway time, and a period of erosion fol-
lowed, of which good evidence is found in the basal clay conglomer-
ates of the Holly Springs formation. (See pl. 6.)

The sea returned in lower Wilcox time but did not reach as far up
the embayment nor attain as great a depth as it had in the Midway.
Littoral and estuarine conditions prevailed, and the sand and clay’
brought in by the streams were swept along by strong currents and
laid down in irregular cross-bedded deposits. These conditions pre-
vailed until the end of Wilcox time, when the region once more became
land.*® During Jackson time swamp conditions existed over the area
south and west of Tennessee and covered the westernmost part of
this State. Sand, clay, and lignite were deposited.

Focene to Recent time.—By the end of Eocene time all of Tennes-
see was dry land, and the rivers began to erode the recently deposited
sand and clay. As these deposits were unconsolidated they yielded
readily to the erosive action of the streams, and thus much of the
material was carried away. Marbut ® has shown that at this time
the Mississippi River flowed west of Crowleys Ridge, the Ohio flowed
in what is now the valley of the Mississippi River,”” and the Tennessee
followed its present channel as far north as Kentucky. Though
erosion was active from the end of the Eocene epoch until Pliocene
time, the area was not reduced to a peneplain, and therefore the sub-
sequent formation was laid down on an irregular surface.

Some time during the Pliocene epoch the land wassufficiently lowered
to allow the heavily loaded streams that came from surrounding high-
lands to cover the area with sand and gravel. The exact conditions
of deposition are not known, but it is probable that the material was
derived from high land where erosion was active and was carried by
streams of high gradient and large transporting power. It was dropped
as a subaerial deposit on the low-lying lands where the flow of the
streams was checked and their transporting power greatly reduced.'

In Pleistocene time the northern part of the United States was
covered by continental ice sheets, which advanced and retreated in

15 Berry, E. W., Erosion intervals in the Eocene of the Mississippi embayment: U. 8. Geol. Survey Prof.
Paper 95, pp. 81-82, 1916.

16 Marbut, C. F., The evolution of the northern part of the lowlands of southeastern Missouri: Missouri
Univ, Studies, vol. 1, No. 3, pp. 47-63, 1912,

17 Stephenson, L. W., and Crider, A. F,. Geology and ground waters of nortbeastern Arkansas: U. 8. Geol.
Survey Water-Supply Paper 399, p. 129, 1016.

18 Idem, pp. 126-127.
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accordance with the changes in climate. The great quantities of
water liberated by the melting ice carried large amounts of glacial
débris, which was spread out as outwash plains or carried down the
rivers and deposited on their flood plains. When these deposits were
dry the wind lifted the fine silty material and dropped it on adjacent
regions. Such wind-transported material, called loess, was laid down
in the land bordering the Ohio (now the Mississippi) in western Ten-
nessee. Erosion had been resumed in this area after the deposition
of the Pliocene gravel, and it was on an irregular erosion surface that
the loess was deposited.

The heavily loaded Mississippi River of late Pleistocene time built
up its valley to a higher altitude than the valley of the Pleistocene
Ohio River, as is clearly shown by the old terraces at Cape Girardeau
and on Crowleys Ridge. At the end of the Pleistocene epoch active
erosion cut through the loess deposits in many places.'®

The streams soon adjusted their channels, but in comparatively
recent time a slight uplift has caused them to intrench themselves a
few feet and by lateral cutting to remove and redeposit the old allu-
vium, leaving along the edges of the river valleys only narrow remnants
of the older valley bottoms, which are called second bottoms.

GEOLOGIC STRUCTURE
FOLDING OF PALEOZOIC ROCKS

The Paleozoic rocks exposed in the eastern part of the area in gen-
eral lie flat, although they have been elevated and depressed many
times. However, the beds show slight flexures, the axes of which are
irregular but seem to have a northeast trend.?

Dunbar.? in describing these folds, says:

They [the sedimentary strata] are in many places thrown into low open folds,
on the limbs of which the dip may reach a maximum of 8° to 10°. In the south-
ern half of the valley (valley of the west Tennessee) faulting is not uncommon, and
the throws range from a few feet to 150 feet. The strongest disturbance observed
is in the viecinity of Clifton, where the strueture is transected and beautifully
shown along the Tennessee' River. The town is located on the crest of the anti-
cline, from which the rocks dip very gently away to the east and west for a mile
in either direction. The height of the arch if restored would be fully 250 feet,
and the south limb is broken down by a fault which has a throw of about 125 feet,
bringing the mid-Ordovician Hermitage limestone up in contact with the mid-
Silurian Dixon. Just below Grandview the river cuts across another low arch
some 2 miles wide and fully 100 feet high at its crest, while the preserval of the
big Devonian section at Olive Hill is due to a syncline of similar magnitude.
Considerable faulting has ocurred just below the Cerro Gordo, where a section of
the bluff 200 or 300 yards long composed of Devonian limestone dipping 8° to

1 Matthes, F. E., oral communication.

% Wade, Bruce, Geology of Perry County and vicinity: Resources of T'ennessee, vol. 4, p. 175, 1914.

# Dunbar, C. O., Stratigraphy and correlation of the Devonian of west Tennessee: Tennessee Geol.
Survey Bull. 21, pp. 13-15, 1919.

119722—33——3
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10° to the north intervenes between these bluffs formed of horizontal mid-Silurian
strata. Faulting is also seen in the bluff above Pyburns. Just below the mouth
of Bluff Creek the strata dip westward at an angle of about 8° and the top of the
Devonian is over 50 feet above water level. The dip decreases and the strata are
nearly horizontal half a mile to the west, where the bluff drops away to the val-
leys of Anderson’s and Johnson’s branches; and the top of the Devonian is but
little above water level. West of these valleys the previous section is repeated,
the dip being to the west again, and the top of the Devonian about 50 feet above
the river. A fault with a throw of between 25 and 30 feet, therefore, occurs
somewhere in the intervening valley.

While the dips are invariably slight and the folds broad and low in the limestone
and shale formations of the valley, the hard, brittle Camden and Harriman cherts
are extremely fractured and frequently crumpled by small sharp folds with dips
at all angles up to vertical. It is characteristic of these chert formations that the
bedding plains are seldom horizontal for more than a short distance, even though
the underlying shales and limestones bear no appearance of disturbance. This
character is well shown at the boat landing at Saltillo, which is situated on a
rather sharp anticline. Above the landing the massive Decatur limestone may
be seen dipping downstream at an angle of about 25°. Some 200 yards below it
appears again, dipping upstream at an equal angle. Aside from the dip, the
limestone shows no obvious results of deformation. The Harriman chert forma-
tion, which succeeds the Decatur, is well exposed by a ravine which enters the
river at the landing. The chert is thoroughly fractured and crumpled into a
series of small sharp folds, frequently reaching 80° or more. Some of these folds
are broken and others slightly overturned. Since the older limestones and shales
could not have escaped the same compressive stresses to which the chert has been
subjected, the contrast in their structure must be attributed to their different
physical character. The heavy limestones were stout and tough enough to carry
the stresses into broad open folds, while the shale was soft and weak enough to
yield by mashirrg and to accommodate itself between the harder formation. The
thin-bedded chert, on the contrary, being too hard to yield by mashing and too
brittle to carry the strain into broad folds, has been thoroughly fractured and
crumpled.

Detailed mapping would undoubtedly show other folds and faults.
To those mentioned above might be added an anticlinal fold at Old
Dunbar and another at Dry Creek.

The age of this deformation is uncertain. The overlying Cretaceous
beds are not involved, and inasmuch as all the older rocks are de-
formed, the age of the major disturbance may be placed between the
Mississippian and the Cretaceous. As the Pennsylvanian also is
faulted in Illinois it seems probable that the deformation occurred in
Permian time, when the entire Appalachian mountain system was
elevated.?

REGIONAL DIP OF CRETACEOUS AND TERTIARY FORMATIONS

Glenn* has likened the shape of the rock floor of the upper Missis-
sippi embayment to that of a spoon, with the tip extending northward
into Illinois and the east half underlying Tennessee and Kentucky.

# Dunbar, C. 0., op. cit. '
2 Glenn, L. C., Underground waters of Tennessee and Kentucky west of the Tennessee River: U. 8.
Geol. Survey Water Supply Paper 164, p. 10, 1906.
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The younger sediments, of Cretaceous and Eocene age, were deposited
in successive layers on this surface, and the slope of these beds is that
of the underlying floor. In the area under discussion this slope is
toward the west and southwest. Near their outcrops the formations
dip about 30 feet to the mile. This dip lessens considerably toward
the west and may reach a minimum of 15 feet to the mile. (See pl.
5.) Few drill holes penetrate the Paleozoic rocks west of their out-
crop area and the logs that are available are too general for precise
correlation, but it is probable that the axis of the basin lies about 15
miles west of the Mississippi River. Logs of two oil tests from the
files of well logs in the Arkansas Geological Survey are given below.
No change has been made in the lithologic descriptions as given by
the driller, and the data are not such as to permit accurate correlation.

Log of well No. 1 of J. Painter, jr., on farm of Page M. Patterson, northwest corner
sec. 35, T. 9 N., R. 7 E., Crittenden County, Ark.

Thick- Depth Thick- Depth
o | (feat) oy | (et
(feet) (feet)

Black surfaceclay......_..____._._. 5 5 11} 1,163
Sand and gravel .____ - 35 40 271 1,190
Sand and lignite____._.____ - 32 72 18| 1,208
White coarse sand and gravel - 40 112 22| 1,230
Sandy gravel . _____________ 18 130 10} 1,240
14 144 3| 1,243
12 156 || Broken gumbo___.__ 43 | 1,286
14 170 || Hard broken sand. 212 | 1,498
2 172 || Softsand ... ... __._____ 6| 1,504

23 195 || Sand mixed with okerite and cead
5 200 i - 14| 1,518
5 205 13| 1,531
25 230 || Greasy lime._ 3| 1,534
78 308 || Hard lime_ 14| 1,548
34 342 || Soft sandy 19| 1,567
32 374 || Hard sand__. 3| 1,570

26 0il and gas showing at 894, 989,

15 415 and 1,570 feet.

5 420 || Soft sand showing gas 13| 1,583
30 450 || Hardsand....__.______ 121 1,595
28 478 || Brokensand..__..._.. 411 1,636
5 483 || Softsand showing gas 82| 1,718

17 500 || Gunrbo; water at 1,742 feet from
Hard sand. 20 520 water well at 2.563 feet._..._..____ 24| 1,742
Gumbo... ... ... - 10 530 || White sand; fine water well - 28 | 1,770
Sand and boulder_ . ... - 40 570 || Shale, gummy___._.____. - 2| 1,772
Hard broken sand.__.._ | 160 730 || Gumbo... ... 11| 1,783
Hardsand rock___.____ - 10 740 - 189 | 1,972
Brokensand_..._...... 8 748 || Hardrock._ . ... _.._. 1,974
16 764 | 38| 202
12 776 . 3| 2,015
12 788 39| 2,154
: - 39| 2,193
20 808 || Shale_.__._....__._.. - 4] 2,197
17 825 || Gas showing. ..__.._ - 121 2,200
11 836 || Broken shale and lime_ 61 2,270
39 875 || Broken lime and gumb« 21| 2,201
19 894 || Tough gumko 20! 2,311
18 912 || Sand 25| 2,336
8 920 || Sand and 0 20| 2,356
22 942 || Graphite_____.__ 24| 2,380
17 959 || Sand and shale._..._. 138 [ 2,518
10 969 || Lime and some sand . - 6| 2524
20 989 || Sand and shale._____ - 8| 2,532
12| 1,001 SUM - - oommee - 10 | 2,542
9| 1,010 || Hard broken lime_ - 9 2551
80| 1,000 %}ijxed black lime_. - 1] 2552
10| 1,100 itelime_______. _ 2| 2554
20 | 1,120 || Hard brown line__._ - 1| 2,555
10| 1,130 || Hard lime and sand _ - 51 2,560
22| 1,152 || Hard sandrock. ... __.___ 3] 2,563
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Log of well No. 1 of J. Painler, jr., on farm of Page M. Patterson, northwest corner
sec. 35, T. 9 N., R. 7 E., Crittenden County, Ark.—Continued

(foot) (feet) (feet) (feet)
7| 2,570 46 { 2,916
24| 2,594 271 2,943
8| 2,602 52) 2,995
211 2,623 91 3,004
1| 2,624 12| 3,016
26 | 2,650 13] 3,029
30| 2,680 12§ 3,031
301 2,710 211 3,052
2| 2,712 241 3,076
19| 2,731 10| 3,086
7] 2,738 78 1 3,164
Shale, gumbo, and rock 14| 2,752 451 3,219
Hard rock and sand 10| 2,762 171 3,236
....... 8| 2,770 261 3,262
35| 2,807 14| 3,276
_________ 7| 2,814 14 , 290
1| 2,815 261 3,316
3| 2,818 41 3320
6| 2,824 21 3,322
1] 2,825 1} 3,333
6| 2831 18 | 3,351
15| 2,846 25| 3,378
41 2,850 39| 3,415
7| 2,857 4| 3,419
1| 2,858 || Hard chalk and lime 341 3,
71 2,865 37| 3,490
1{ 2,866 26 | 3,516
21 2,868 || Hard lime; hole abandoned at 3,516
2| 2,870 feet.

Log of well No. 1 of J. Painter, jr., on

Hunter farm, sec. 24, T.7 N., R. 8 E., Crittenden
County, Ark,

Depth
(feet)

g8
&g
~e

ness

(feet)

Surface clay.___ 10
Sand and Zg
129

1

69

130

Sandy shale__.. 37
Sand and gravel 35
Sand with hard streak 53
Gumbo..._ 60
Hard sand.. 22
Hard broken sand 75
Sand._.... R 118
Hard sand (gas at 865 feet) 144
Rock.... 2
Sand.__.._ 4
Hard sand._ 20
Brown shale 15
Hard sand... 15
30

10

35

5

15

4

11

9

6

Hard packed sand....__.._.._...._. 65
SBandrock._ . oi. 5
Blue gumbo_. 37
Sandrock.... 5
UMD e 95
Sand shale. - 8
Hard sand 2
Fresh-water sand. ..o 1

&8

P J okt ke ek ek ok ek
[ SE=4

BRY

Hard shale_

Hard packed sand_.
Sand; broken forma
Hard packed sand.__.
Hard sand

Soft sand and shale
Shell rock; cored at 1,867 feet;

water; soft sand
Soft sand . ...

oc!
Sandy shale; cored. .
Sandy shal
Gum
Sandy lime and shale; gas showing.
Gummy shale_ ... ... ... __
Broken lime and shale___..____...._
Gummy shale._ _._.._. ..o
Chalky shale. ... ...
Gummy shale_.__._______________.__
Chalkyshale. ... __._________
Black shale. ... _......__....
Black sandy lime_.._. .. ________._.

Gray watersand.____________________
Gray water sand; fresh water, hot..
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Log of well No. 1 of J. Painter, jr., on Hunter farm, sec. 24, T. 7 N., R. 8 E., Crittenden
County, Ark.—Continued

Thick-| Thick-|

ness ]()!:20 ness ]()fgggl
(foet) (feet)

Shale. | 35 2,645 20| 3,085
Sandy lime. _.________.________.____ 15 | 2,660 45 | 3,130
hale_ ... 70| 2,730 90, 3,220
Lime and shale. 30| 2,760 25| 8,245
Water sand____ 40 | 2,800 || Sand; cored; no water at 3,250 feet._| 20| 3,265
Hard sand and £ 120 | 2,920 Chalk S| al 20 3,285
Hard Sandy shale ... 40 | 2,960 || Shale and lime, broken - 50 | 3,335
Chalkyshale_._.____.___________.__ 60} 3,020 || Hardlime_...______________ .| 250 | 3,585
Chalk rock ......................... 45 | 3,065 || Paleozoic (abandoned)..._._.._.____ 29 | 3,614

Mr. Spooner * places the base of the Wilcox at 2,000 to 2,030 feet
and the base of the Midway (base of Eocene) at 2,578 feet. The
writer places the base of the Midway at 2,371 feet.

An analysis of these well logs shows unconsolidated deposits of sand
and clay to a depth of about 3,300 feet and hard consolidated rock
below this. The log of the well on the Hunter farm states that the
well was in the Paleozoic at a depth of 3,614 feet, where the work was
abandoned. On the assumption that the transition from unconsoli-
dated or soft materials to hard limestone represents the contact be-
tween the Cretaceous and Paleozoic this contact can be placed at
about 3,300 feet. This is the greatest depth to the Paleozoic floor in
this latitude, and the site of the axis of the basin can be assumed to be
at this point.

SURFACE WARPING

The plateau of western Tennessee has a general slope to the north-
west, but in the northwestern part of the area the land rises again,
forming the high tract in the western part of Obion County. Surface
warping has elevated this tract until its general level is about 100 feet
higher than the general surface level to the south. This is near the
area of maximum disturbance of the New Madrid earthquake of 1811
and 1812. That this earthquake formed Reelfoot Lake and caused
changes in level of parts of the land surface has been shown by McGee
and Shepard.? Uplift sufficient to give a difference of 100 feet could
not have occurred at the time of the New Madrid earthquake, for
ponding of the drainage would have resulted. It seems possible, how-
ever, that this warping could have been effected in recent times by
successive small disturbances similar to the New Madrid earthquake.

SLUMPING

Small faults, the displacement on which does not exceed a few feet,
occur in the Porters Creek clay. A good example of these faults is

# Spooner, W. C., personal communication.
# McGee, W J, A fossil earthquake: Geol. Soc. America Bull., vol. 4, pp. 411-414, 1893.
% Shepard, C. M., The New Madrid earthquake: Jour. Geology, vol. 13, pp. 45-62, 1865,
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seen three-quarters of a mile west of Middleton, in Hardeman County,
on the south side of the Southern Railway. Here three small faults
are exposed, of which the largest has a displacement of 8 feet. Another
fault, forming a small graben, is well exposed in a road cut on highway
15 just east of the Hatchie River, in Hardeman County. These small
faults were probably caused by slumping, and as the overlying Holly
Springs formation seems not to be affected the slumping probably took
place at the end of Midway time.

GROUND WATER
SOURCE AND OCCURRENCE

Of the rain that falls in any region a part returns to the atmosphere
by direct evaporation either from the land surface or from objects on
the surface, a part flows directly to the streams and is carried away,
and another part seeps into the soil or rocks. Some of this last part
is withdrawn by evaporation from the soil and transpiration of plants
and some penetrates downward through the cracks, crevices, and
interstices until it reaches the water table, or upper surface of the zone
of saturation, below which all openings are saturated with water.
Above the water table is the zone of aeration, where the water is
suspended against gravity by molecular forces. The zone of aeration
is not saturated but is moist.

Nearly all rock formations contain some openings through which
water will pass. Some formations, such as clean gravel and clean
coarse sand, are very porous and permeable; others, such as dense
granite and metamorphic rocks, may be impermeable except as they
are traversed by joints and fissures through which water may percolate.
Limestone may consist of very dense material but may contain a
system of solution channels that will carry water freely. In general
the most impermeable formations are those composed of clay, which
is itself impermeable and is too soft to have open joints or fissures,
The rocks of western Tennessee can be divided on the basis of the
nature of the openings in them into two distinct classes—the consoli-_
dated rocks of Paleozoic age and the relatively unconsolidated Cre-
taceous, Eocene, and Quaternary deposits.

WATER IN THE CONSOLIDATED PALEOZOIC ROCKS
OPENINGS IN SOLID ROCKS

Theopeningsin theindurated Paleozoicrocks can be divided into four
classes—major fractures, minor or joint fractures, anastomosis, and
solution channels. The formation of a particular class depends on
the stresses at work and on the physical and chemical nature of the
rocks. Thus under compressive stresses shales will tend to flow and
cherts to shatter; solutions carrying carbon dioxide will vigorously
attack limestones but have no influence on shales. :
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Major fractures caused by profound structural stresses, such as
faults and large fissures, may extend horizontally and vertically for
hundreds or thousands of feet and may traverse many formations.
The width of the fissures may attain several feet. They may contain
large volumes of water and furnish channels along which water
can move easily for considerable distances. Such fissures are not
common in this area but are found in conjunction with the folds.
(See pp. 25-26.)

The jointing in limestones and shales is largely due to cubical expan-
sion and contraction, especially during drying and settling.” The
jointing may be greater in one bed than in another and does not pass
from formation to formation but is most common at the contacts of
the different beds. Contraction and expansion take place in consoli-
dated beds as a result of temperature changes, absorption of moisture,
and other factors of weathering. These weathering processes bear a
relation to the surface, and joints caused by them are more numerous
at the surface and diminish with depth. Frost action and the pressure
of growing roots open the joints, so that their width also shows a
relation to the surface. Bedding planes are surfaces of weakness, and
joints are likely to form along them. Folding of the beds may produce
tension and compression joints.?

Owing to their brittle nature the cherts in this area were completely
shattered by the slight folding they have undergone, and circulating
ground waters have removed by solution their lime content, until the
remaining mass is cut by a labyrinth of irregular solution cavities.
The innumerable interlocking openings permit water to move freely in
all directions, instead of being restricted to definite channels as is
usual in impermeable rocks. Such a condition has been called anas-
tomosis by Martel,® who defines it as follows:

When the fissures are smaller and more numerous * * * in place of true
currents one is in the presence of a network of conduits arranged in a more or less
regular checkerboard and joined in every way, anastomosed-—that is, communicat-
ing with each other by chance aceording to the laws of hydrostatic equilibrium.

Meteoric waters carry carbon dioxide, which in solution is a solvent
for calcium carbonate. Hence meteoric waters percolating downward
through jointed or fissured limestones dissolve some of the wall rock
and thereby enlarge the openings. This process takes place largely
above the zone of saturation, where the movement of water is rapid; it
is generally negligible at any considerable depth below the water table.
With some possible exceptions the value of this process as a reservoir
former is confined to regions where the limestone formations have
stood above the ground-water level until caverns were formed and then
have subsided so that these caverns were lowered below the level of

2 1eith, C. K., Structural geology, p. 33, 1923.
28 Idem, pp. 47-48.
#® Martel, E. A., Nouveau traité des eaux souterrains, p. 111, 1921,
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saturation. In this area there are no large solution channels in the
Paleozoic limestones below the water table, but caves exist above the
ground-water level, and many surface streams disappear into such
caves, to come to the surface farther down their courses. These
underground streams do not everywhere represent the true ground-
water level.

From what has been said about the relation of joints, fissures, and
solution channels to the surface it follows that these openings are much
more numerous within the zone of weathering than at greater depth.
The geologic column (pp. 18-21) shows that none of the limestone or
shale formations in western Tennessee exceed 100 feet in thickness and
that most of them are less than 50 feet. Hence a well in these rocks
from 150 to 300 feet in depth will traverse several formations of varying
character in the zone where they are most highly fractured. If water
is not encountered above a depth of 300 feet the chances of obtaining
a successful well by drilling to greater depths are not good, and it is
generally advisable to start a new hole.

WATER IN LIMESTONES

The Paleozoic rocks of western Tennessee are limestones, shales, and
cherts. The limestones of this area vary considerably in composition
and texture and in the amount of jointing. Some beds, such as the
Decatur limestone, are massive crystalline limestone, which has rela-
tively few joints, no bedding planes, and few fissures. Other lime-
stones are argillaceous and grade into shale. These formations are in
many places thin bedded. The bedding planes are lines of weakness
and are the sites for the formation of numerous horizontal fissures.
Also these formations were more subject to jointing during deposition
than the pure limestones, and they are traversed by numerous cracks.
The influence of folding and of solution on limestones has been
described (p. 31) and applies to all the limestones in the area. The
argillaceous limestones are less soluble than the others and may serve
to deflect percolating waters, so that immediately above them hori-
zontal solution channels are found.

WATER IN SHALES

Many shales are essentially impervious and do not yield water but
serve as barriers to its movement. As they are relatively plastic they
are likely to yield to stresses by flowing instead of breaking, so that
even when folded they remain unbroken and impervious. The pure
shales of the region, such as the Chattanooga shale, are of this nature
and generally do not yield water to wells. Most of the shales of the
area, however, are impure, containing sand or calcium carbonate.
They have many bedding planes and are cut by numerous fissures.
They form better sources of water than the massive limestones.
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WATER IN CHERTS

The cherts of this area are calcareous and brittle. The slight folding
they have undergone has shattered them, and near their outcrops
circulating waters have removed the calcium carbonate by solution.
The solution cavities and the numerous fractures make these rocks
highly porous and permeable. They are excellent water-bearing beds
in localities where they crop out.

WATER IN THE RELATIVELY UNCONSOLIDATED CRETACEOTUS,
TERTIARY, AND QUATERNARY DEPOSITS

The relatively unconsolidated sediments of Cretaceous age consist
of sand, silt, and clay. The classification of gravel, sand, and clay,
expressed in millimeters, used in the-hydrologic laboratory of the
United States Geological Survey,? is as follows:

Gravel, greater than 5. . Fine sand, 0.25 to 0.1.

Gravel, 5 to 2. Very fine sand, 0.1 to 0.05.
Fine gravel, 2 to 1. Silt, 0.05 to 0.005.
Coarse sand, 1 to 0.5. Clay, less than 0.005.

Medium sand, 0.5 to 0.25.

The clays are arenaceous near their contact, and these parts will
yield a little water, but the massive clays are not water bearing. The
silts yield only a little water, but the sands are excellent water bearers.
The properties that determine the water-yielding capacities of sand are
those which hold for any granular deposit—namely, porosity, specific
retention, specific yield, and permeability.

POROSITY

A granular deposit consists of solid grains and the intervening open
spaces. ‘The percentage of the open spaces to the total volume deter-
mines the porosity of the deposit. To investigate the porosity of
granular deposits Slichter ** considered an ‘‘ideal soil”’ consisting of
spherical grains of equal size. He demonstrated mathematically that
the ratio of the volume of the intergranular space to the volume of
the spheres, or the porosity of such a soil, ranged from a maximum
when the arrangement of the spheres was such that lines joining the
centers of the spheres made angles of 90° to each other to a minimum
when the center lines formed rhombohedra with interfaced angles of
60° and 120° respectively. As the packing of grains changed from the
maximum cubical or open packing to the minimum or closed packing
the porosity ranged between the limits of 47.64 and 29.95 per cent.
The pores through such an ideal soil are capillary tubes of approxi-
mately triangular cross section, which enlarge slightly in area and then
diminish again as they follow the surfaces of the spherical soil grains.

3 Stearns, N. D., Laboratory tests of physical properties of water-bearing material: U.8. Geol. Survey
‘Water-Supply Paper 596, p. 127, 1928.

3 Slichter, C. 8., Theoretical investigation of the motion of ground water: U. S. Geol. Survey Nineteenth
Ann. Rept., pt. 2, pp. 305-328, 1899. )
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It can be mathematically demonstrated that the pore space of such an
ideal soil is independent of the size (diameter) of the constituent
grains, the porosity being a function of the arrangement of these
grains only.

In a soil consisting of spheres of many sizes the relationship above
set forth no longer holds true. It is obvious that a large sphere fills
the space that would otherwise be occupied by many small ones, thus
diminishing the number of voids, or the smaller spheres may be con-
sidered aslying in the spaces between the larger ones, thereby reducing
the void space. In such a soil the factor that controls the porosity is
largely the degree of assortment—that is, the difference in sizes of
grain and the proportion of the material that is of each size. Such a
soil can have a porosity less than the limiting porosity of an ideal
soil. Most clastic deposits are made up of grains of many sizes, and
the porosity of clastic deposits is determined largely by the degree of
assortment.

Another factor that determines the porosity of granular material
is the shape of the constituent grains, for the grains are not true
spheres but may have any shape. Angular and lath-shaped grains
generally give greater porosity, for they generally have a chaotic
arrangement, whereas tabular grains deposited by running water
tend to be laid down with the short dimensions of the different grains
parallel, causing such materials to be much less porous. The shape
of the grains depends on the minerals from which they are derived,
the size of the grains, and the amount of abrasion to which they have
been subjected. Grains derived from minerals with strong cleavage
will have shapes determined by the cleavage—for instance, mica
grains are platy—and as the grains are reduced in size they will tend
to maintain the same shape. Minerals without cleavage give frag-
ments of irregular shape, which may be rounded by abrasion, and as
the grains diminish in size they become more nearly round. Fine
sands, however, are often found to be very angular. This can be
explained by the fact that grains of less than a certain size are unable
to abrade or be abraded, as they are unable to inflict a blow of suf-
ficient force. Hence very small angular fragments smaller than this
limiting size are not rounded. The limiting size of abrasion is depend-
ent upon the specific gravity of the material and the conditions of
transportation. In a general way it may be said that fine grains are
likely to be angular. The sands of western Tennessee are composed
largely of quartz, a mineral with no cleavage, which has been worn
until it is subangular in shape.

Many methods of determining porosity have been used, as described
by Meinzer.32 The present method used in the hydrologic labora-

3 Meinzer, O. E., The occurrence of ground water in the United States: U. 8. Geol. Survey Water-Supply
Paper 489, pp. 11-17, 1923,  See also Stearns, N. D., Laboratory tests on physical properties of water-bear-
ing materials: U. S. Geol. Survey Water-Supply Paper 596, pp. 131-134, 1928,
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tory of the United States Geological Survey was developed by P. G.
Nutting and is described in a memorandum prepared by A. M. Piper
as follows:

The method of determining porosity which is at present in use in the hydro-
logic laboratory differs from the method described by Mrs. Stearns in Water-Supply
Paper 596 in three respects—(1) the fluid used is tetrahydronaphthalene instead
of water; (2) a Babcock milk or cream testing bottle is used in place of the John-
ston and Adams pycnometer; (3) the determination is made at room temperature.
The revised method has long been used in the Bureau of Standards laboratory in
determining the porosity of paint pigments.

Tetrahydronaphthalene is sold under the commercial name tetraline. It is a
colorless fluid of low volatility, boiling point 204° C., density 0.975 at 21° C, and
is very soluble in alchohol or ether and practically insoluble in water. Further-
more, its coefficient of thermal expansion is very low, and it is fairly stable. It is
sufficiently miscible with water to displace the small amount of moisture absorbed
by the mineral grains during determination. Parahyde is more effective than tet-
raline in displacing absorbed moisture but is distinetly inferior in that it is more
volatile. Toluene is much too volatile to be satisfactory.

The stem of a Babeock cream test bottle is larger in diameter than that of the
milk test bottle. Hence, with the cream test bottle the sand sample can be
inserted more easily, but the determination is uncertain in the hundredths of 1
per cent. With the milk test bottle and refined technique, the determination is
certain at least to hundredths of 1 per cent. As much as 15 grains of sand can
be placed in either the milk or the cream bottle.

Each Babcock bottle must first be standardized by weighing the quantity of
water required to fill it to the lower part of the scale (which is graduated on the
stem of the bottle) and reading the volume on the scale at two or three tempera-
tures between 0° and 35° C. The volume must be read after the bottle has been
brought to equilibrium in a constant-temperature bath. A similar geries of read-
ings is taken with enough water to fill each bottle nearly to the top of the scale.
From these data can be computed (1) the volume of the bottle below the mere
mark of the scale at 0° C., (2) the volume represented by each scale graduation,
(3) the coefficients of volume expansion of the bottle and of the stem.

The tetraline used is then standardized by repeating the set of observations
outlined in the preceding paragraph with tetraline rather than water. From
these data can be computed the density of tetraline at standard temperature and
the coefficient of change in density with temperature.

The determination of porosity is made thus:

1. The bottle is cleaned, dried in the oven, and weighed.

« 2, The sample of sand is placed in the bottle and its weight determined by
difference between the weight of the empty bottle and the total weight of bottle
and sample.

3. Enough tetraline is placed in the bottle to cover the sample, and the bottle
is held in an inclined position and rotated slowly in the hands until the air trapped
in the sample has been displaced. Usually the air is displaced rapidly, and there
is a well-defined cessation of the escape of air bubbles.

4. More tetraline is added to bring the fluid level up into the graduated stem,
and the weight of the tetraline is determined by difference.

5. The bottle is corked to prevent evaporation or entrance of foreign particles
and allowed to stand until it and its contents have come to temperature equi-
librium. The scale rating of the fluid level is then noted and the fluid tempera-
ture read from a thermometer inserted in the stem of the bottle. For conven-
ience, steps 1 to 4 are usually performed in the late afternoon, and the bottles are
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allowed to stand over night on a pad or other poor conductor of heat in a place that
is protected from the direct radiation of light, and the volume and temperature
readings are made early the following morning. Even in heated buildings the
changes in temperature during the night are not so rapid that the bottle will not
come to equilibrium.

From the known weights of the sample and the tetraline, the total volume of
sample and tetraline, the temperature, and the thermal coefficients of bottle and
tetraline, the porosity can be computed.

The results of 117 porosity determinations (see pp. 82, 96-97,101-102)
made on samples collected from all the sand formations in western
Tennessee, both from outcrops and from well drillings, show a high
porosity. The average is 39.9 per cent; the maximum 49 per cent
(sample 911, p. 102); the minimum 22.4 per cent (sample 855, p. 82).
The range of porosity is relatively small, almost falling within the range
possible in an ideal soil due to differences of packing.

SPECIFIC YIELD AND SPECIFIC RETENTION

Although in an ideal soil the grain size does not affect the porosity it
does affect the amount of water that such a soil when saturated will
yield under force of gravity. This is due to forces acting between
liquids and solids in contact with each other which cause a film of
liquid to adhere to the surface of a solid. These forces are propor-
tional to the surface area, and with an increase of area the quantity of
liquid held is increased. As the surface of spheres varies directly as
the square of their diameters and the number of spheres of equal size in
a given volume varies inversely as the cube of the diameters, the aggre-
gate surface of the spheres in a given volume increases with dimin-
ishing grain size, which hence results in an increase in the quantity of
liquid held. Surface tension manifests itself in small tubes by
capillarity. The height of a column of liquid that a capillary tube will
hold varies inversely as the diameter. The interstices between grains
in a granular mass can be considered irregular tubes. The size of the
tubes between the grains decreases as the diameter of the grains
decreases, but the number of tubes increases. Hence the smaller the
grains the more liquid will be held by capillarity. If a sand saturated
with water is allowed to drain, a certain amount of the water will bé
retained in the sand by the force of surface tension. The percentage
by volume of the water retained by a sand is called the specific. reten-
tion of the sand; the percentage which is occupied by gravity water
(water that Wlll drain out under gravitational pull) is called the
specific yield. From the discussion of surface tension it is obvious that
the specific retention varies inversely with size of grain, being greater
the smaller the grain. The sum of these two percentages equals the
porosity.

Various methods for determining the specific retention and specific
yield have been employed.®® One method of determining the specific

33 Meinzer, O. E., The occurrence of ground water in the United States: U. S. Geol. Survey Water-Supply
Paper 489, pp. 67—77 1923.
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yield is the moisture-equivalent method, which consists in determining
the amount of water retained by a saturated sample of sand after it has
been subjected in a centrifuge to a pull 1,000 times the pull of gravity.
The technique employed in making this determination in the hydro-
logic laboratory of the United States Geological Survey is described by
Mrs. Stearns.

The moisture-equivalent determinations made on 144 samples (see
pPp- 82, 96-97, 101-102) from the Eutaw, Ackerman, Ripley, Holly
Springs, Grenada, and Jackson formations at outcrops and from wells
in western Tennessee are low. The highest is 12.70 per cent (sample
859, p. 96); the lowest is 0.50 per cent (sample 1071, p. 101); and the
average is 3.32 per cent. The mechanical analysis of sample 859
shows that the sand centains 2.3 per cent of clay and 4.1 per cent of
silt and is all less than 0.5 millimeter in size. From the discussion
of specific retention it is obvious that the moisture equivalent will
increase with increasing content of silt and clay, but these samples
include materials which are as much as 83 per cent very fine sand (on
0.125-millimeter sieve), and by definition finer material does not fall
within the sand size. Therefore these determinations probably rep-
resent the range in moisture equivalent of the -sand formations of

western Tennessee.
PERMEABILITY

Specific yield and specific retention are of interest when a rock is
considered as a reservoir, for they indicate how much water a given
volume of a rock will yield. If a formation is to be considered as a
conduit for carrying water from one point to another, the capacity of
the formation for transmitting water under pressure, rather than the
water content of the formation, is of primary importance. This
capacity is called permeability and is defined as the rate at which a
formation will transmit water through a given cross section under a
given difference of pressure per unit of distance. The permeability of
a granular deposit is determined by the resistance that the deposit
offers to the passage of water through it. In a deposit composed of
very fine grains (less than 0.005 millimeter), the surface tension is so
great that water can not be forced through the deposit, and it is said to
be impermeable. In deposits composed of larger grains the resistance
offered to the flow of water depends on the diameter of the openings.
Slichter 3 has demonstrated that in an ideal soil the permeability
varies as the square of the diameters of the grains. In a natural
deposit no definite relation exists between size of grain and perme-
ability, but grain size is a very influential factor, and poorly sorted
coarse-grained material may have greater permeability than uniform

3 Stearns, N. D., Laboratory tests on physical properties of water-bearing materials: U. 8. Geol. Survey
‘Water-Supply Paper 596, pp. 134-139, 1928.
% Slichter, C. 8., op. cit., pp. 301-323.
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material of a grain size equal to the average grain size of the coarse
material.

Meinzer * has devised a laboratory method for measuring the per-
meability, the result being expressed as a coefficient of permeability.
The coeflicient of permeability is the number of gallons of water a day,
at 60° F., that is conducted laterally through each mile of the water-
bearing bed under investigation (measured at right angles to the
direction of flow), for each foot of thickness of the bed and for each foot
per mile of hydraulic gradient. A description of this method and a
discussion of its limitations are given by Mrs. Stearns.®” A method of
measuring permeability of a formation in place is discussed in the
present paper on page 306.

Permeability determinations were made on 113 samples (see
PpP. 82, 96-97, 101-102) collected both from outcrops and from well
drillings from the Eutaw, Ripley, Ackerman, Holly Springs, and
Grenada formations throughout western Tennessee. The results
show a wide range, from a maximum of 3,936 (sample 1039) to a
minimum of 9 (sample 862). The average, 750, is high and indicates
that the sands of western Tennessee are relatively permeable.

MECHANICAL ANALYSIS

The preceding discussion has shown that the properties of porosity,
specific retention, specific yield, and permeability are dependent upon
either the grain size or the degree of uniformity of grain size, or both.
Mechanical analysis is a simple laboratory analysis which will give
comparative data on the grain size and on the variations of grain size
of asand. The mechanical analysis of a sand is determined by sieving
a sample through a series of screens having mesh of different sizes and
weighing the material retained on each screen. The weight of the
material retained on each screen divided by the weight of the whole
sample and multiplied by 100 gives the percentage of the material by
weight held on each screen. If the percentage of the material that
passes through each screen is plotted against the logarithm of the size
of opening of the screen and the points connected by a curve, the shape
of this curve gives an indication of the degree of assortment. The
more nearly uniform the material the steeper will be the slope of the
curve; with completely uniform material the curve is a vertical straight
line.

Hazen 3 expressed the degree of assortment of a deposit by what he
called the uniformity coefficient, which is the ratio of the diameter of a
grain that is coarser than 60 per cent of the sample to the diameter of a

3 Meinzer, O. E., The occurrence of ground water in the United States: U. S. Geol. Survey Water-Supply
Paper 596, pp. 144-149, 1928,

¥ Stearns, N. D., Laboratory tests on physical properties of water-bearing materials: U. S, Geol. Survey
‘Water-supply Paper 596, pp. 144-149, 1928,

3 Hazen, Allen, Experiments upon the purification of sewage and water at the Lawrence Experiment
Station: Massachusetts Board of Health Twenty-third Ann. Rept., for 1891, pp. 420431, 1892.
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grain that is coarser than 10 per cent of the sample. If the grains are
all of one size the coefficient will be 1; as the difference in grain sizes
increases the coefficient increases. Hazen ® also states that the size
larger than 10 per cent of the material and smaller than 90 per cent
gives as good an idea of the nature of the sand as can be condensed into
a single figure, and he calls this size the effective size.

A descnptmn of the technique employed in making these measure-
ments is given by Mrs. Stearns. In many experiments where the
sand contained no silt or clay and was composed predominantly of
coarse grains it was deemed advisable to follow another technique.
One hundred grams of sand was weighed out and sieved in a nest of
five screens, the openings ranging from a width of 1 millimeter down
to 0.0625 millimeter, and those in each screen being half the size of the
preceding. The nest of screens was agitated in a machine which
gyrated them and tapped them periodically for 10 minutes, after
which the material on each screen was weighed and the percentages
determined. A torsion balance weighing to 0.1 gram was used
throughout this test. This procedure is called the second method.

Mechanical analyses of 134 samples collected from the Eutaw,
Ripley, Holly Springs, and Grenada formations throughout western
Tennessee are listed on pages 82-83, 96-98, 101-102, 104. These
analyses show considerable variation in the character of the sand,
both in size of grain and in uniformity of grain size. The uniformity co-
efficient ranges from 1.31 (sample L. & N. I) to 9.50 (sample 906), but
the average is 2.61, which israther low. These determinations indicate
thatin general terms the sands of western Tennessee are very uniform
in grain size.

PROBLEMS OF SAMPLING

A discussion of the limitations of these experiments is beyond the
scope of this paper. There is one point, however, that should be
mentioned. The porosity, moisture equivalent, and permeability are
dependent on the arrangement of the grains. It is impossible to
duplicate in the laboratory the arrangement of a heterogeneous sand in
place. Therefore it is never possible to obtain an absolutely correct
laboratory determination of these factors, but the laboratory result is
of the same order of magnitude as the true field condition.

Of greater importance than the above is the question whether the
sample is truly representative of the formation. This has two parts—
whether the sample accurately represents the formation at the place
where it was taken and whether the formation at that particular place
accurately represents the whole formation. The method of sampling
an outcrop and the accuracy of this method is discussed by
Mrs. Stearns.#* If the sample is taken from drillings the accuracy

® Hazen, Allen, op. cit., p. 431.
# Stearns, N. D., op. cit. (Water-Supply Paper 596), pp. 121-176.
41 ]1dem, pp. 22-23,
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depends on the method of drilling. When the rotary process is used a
fair sample can be obtained from the drillings, provided sufficient care
is observed in taking the sample and no sludge is used in the drilling
process. When a sludge is used in drilling it is necessary to remove
the sludge from the sample. A clay sludge can be removed by careful
washing, but any silt and clay that belongs to the sample will be
removed with the sludge. In the samples taken from outcrops
throughout western Tennessee the silt and clay content ranges from
11.9 to 2.2 per cent. The error resultant upon removing this silt and
clay from the sample can not be avoided. If the sludge is carelessly
washed out some of the fine sand will be removed at the same time,
thereby introducing a greater error.

The degree in which the sample represents the whole formation
depends on the uniformity of the formation, which in turn is deter-
mined by the source of the material and the environment under which
the formation was deposited. Materials that have undergone several
cycles of erosion and deposition may have been subject to various
types of sorting. If the same environment of sedimentation is repeated
the material will attain a very definite character; if the environment
is varied succeeding reworking may serve to mix the sorting previously
imposed on the material. Marine conditions of sedimentation where
reworked and sorted materials are being brought to the sea by streams
are likely to produce deposits that are uniform in character over large
areas. Deposits laid down by torrential streams bringing in hetero-
geneous material, however, will be extremely variable, and no sample
or group of samples will give adequate data on which to base conclu-
sions as to their water-yielding qualities. These are extreme eondi-
tions, neither of which is found in western Tennessee. In the sections
on porosity, specific retention, permeability, and mechanical analysis
it has been shown that the physical properties of the sands found in
any one formation in western Tennessee range between fairly wide
limits. Also lenses of clay occur irregularly distributed throughout
the formations. Though with adequate data it might be possible to
determine the physical properties for the formations as a whole, it is
obviously impossible to predict how much clay and sand of different
grades will be encountered in any one well. It is probable, however,
that almost invariably in any well as much as 50 feet of sand can
be found which will have a porosity, moisture equivalent, and perme-
ability equal to the averages of these physical properties as determined
from the samples collected from each formation.

RELATION OF GROUND WATER TO LAND FORMS

In this area the water table, or level below which the ground is
saturated, follows in a general way the configuration of the surface; it
rises under the hills and sinks under the valleys. The slope of the
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water table is nearly everywhere less than that of the land; therefore,
the depth to water ranges from nothing where the water table comes to
the surface at the streams in the valleys to a maximum on the highest
hills. Not only does the topography influence the depth to the water
table, but variations in the permeability of the underlying rocks modify
its position. An impervious layer may bring the water table to the
surface on a hillside, whereas high porosity will cause it to stand at
considerable depths. In the valleys of western Tennessee the water
table commonly stands from 10 to 20 feet below the surface, but in the
hills of the Wilcox group it is from 60 to 125 feet below the surface.
Local impervious layers of ‘“hardpan’ that stand above the main
water table may form small basins of perched water. (See fig. 5.)
Such basins are most common in the Holly Springs and Grenada sand
or at the base of the Pliocene gravel.
~ The fissuring of the Paleozoic rocks is greatest at the surface and
diminishes with depth. The same thing is true of the leaching of the
Impervious ironstone,
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F1GURE §.—Diagrammatic section showing perched water tables in western Tennessee

cherts. It should be borne in mind that the old surface of the pre-
Tuscaloosa peneplain underlies the Cretaceous and younger formations.
This old surface probably influenced the surface fissuring and leaching
of the Paleozoic rocks much more than the present surface, although
this pre-Tuscaloosa surface fissuring and leaching has been modified
by later fissuring and leaching due to weathering from the present
surface. Therefore, even where the Paleozoic rocks are covered by a
mantle of younger deposits the top 100 feet or so of the Paleozoic rocks
may be traversed by fissures and solution channels produced when
these rocks stood at the surface. Hence wells seeking water in Paleo-
zoic rocks that are so covered are most likely to strike water within
the first 100 feet below the Paleozoic rock surface.

RELATION OF GROUND WATER TO GEOLOGIC STRUCTURE

The Paleozoic rocks of the area under discussion were gently folded
sometime after the Mississippian epoch. The folding was not intense
enough to fracture the flexible limestones and slates greatly, but it
severely fractured the brittle cherts. Hence in the areas of folding
the cherts ‘are more permeable than elsewhere. On the crests of the
anticlines the limestone has been somewhat fractured, and along the

119722—33——4



42 GROUND-WATER RESOURCES OF WESTERN TENNESSEE

fractures there has been considerable solution, resulting locally in
the formation of caves, as at Dry Creek, Hardin County.

The only structure in the younger formations other than surface
slumping is a monoclinal dip to the west of 20 to 30 feet to the mile.
In areas where water is obtained from the outcropping formation this
dip does not influence the water table. However, when deeper arte-
sian formations are to be penetrated this dip must be considered, for
the depth to a given formation increases toward the west. The dip
also has a very important bearing on artesian conditions, discussed
below.

ARTESIAN CONDITIONS.

According to Meinzer * artesian water is ground water that is under
sufficient hydrostatic pressure to rise in a well above the zone of satu-

FIGURE 6.—Artesian fiow caused by local clay lens.

ration. If it rises above the surface the well is called a flowing well.
In general the following conditions are fulfilled in artesian water-
bearing beds—an inclined pervious bed lying between two impervious
beds and having its outcrop at a height greater than the water table
at the well, an outcrop favorable to absorption, a rainfall sufficient
to furnish the necessary supply, and the absence of extensive leakage.
It has been found that these conditions are nonessential. Fuller
has shown that in porous formations, even where the grains of the
formation are of uniform size, there may be artesian flow if the per-
meability of the formation in a direction parallel to the bedding is
greater than the permeability in a direction across the bedding.

In western Tennessee artesian conditions are found in the Eutaw
and Ripley sands west of their outcrop area and are shown diagram-
matically in Plate 5, €. The confining beds are the Selma and
Porters Creek clay, respectively, and the Eutaw and Ripley forma-
tions crop out in the hilly region in the eastern part of the area.

12 Meinzer, O. E., Outline of ground water hydrology: U. 8. Geol. Survey Water-Supply Paper 494, p. 39,
1923.
4 Fuller, M. L., Artesian flows from unconfined strata: Engineering News, vol. 53, pp. 320-330, 1905,
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Water in the sandy layers of the Ackerman formation is under
artesian pressure, being confined by the clayey upper beds of the
formation. In the extreme western part of the State artesian
-conditions exist in the Holly Springs and Grenada formations,
as at Memphis, being due to a bed of blue clay that forms a con-
tinuous layer in the Jackson formation or the upper part of the
Grenada formation in the extreme west. Local artesian conditions
are also found where a sloping clay lens that crops out on a hilltop
may trap the water below it, so that a well located at the lower
‘level and passing through the lens may obtain an artesian flow.
(See fig. 6.)
QUALITY OF GROUND WATER

By Francis G. WeLLS and MARGARET D. FosTER

Samples of ground water from 176 sources were collected by Mr.
Wells in the course of the field seasons of 1928 and 1929. About half
of these samples were analyzed in the laboratory of the United States
Geological Survey, Washington, D. C., and the remainder were
analyzed in the laboratory of the Tennessee Geological Survey. Five
analyses of water representing the treated water of such city supplies
as treat the well water before distributing it and one analysis of the
water representing the water supply of Tiptonville, which is derived
from Reelfoot Lake, were made. These analyses are listed in tables
according to counties, each table being included with the county
description.

CHEMICAL CHARACTER OF NATURAL WATERS

The amount and character of the mineral matter dissolved in a
water depend on the chemical composition and physical structure of
the rocks with which it has been in contact, the temperature, the pres-
sure, the duration of the contact, and the materials already in solution.
The character of a water may, however, be altered by various pol-
luting agencies. Usually the materials thus added are organic matter
or its decomposition products. The treatment of a water for munici-
pal or industrial use may also affect its chemical character.

The most noticeable characteristic of most natural waters is their
appearance as to color or turbidity, and the removal of color and tur-
bidity is one of the first considerations of any plant for the purification
of water for a public supply. Much of the apparent color may be due
to clay or other colored matter carried in suspension in water that is,
of itself, colorless. In technical discussions of water problems the
term ‘“color” is usually confined to the true color caused by dissolved
or colloidal material largely derived from decaying leaves or other
organic matter, so finely divided that it is not removed by sedimenta-
tion or ordinary filtration. It is most pronounced in water from
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swamps and is usually not noticeable in waters that have been in con-
tact only with rock, sand, or gravel. In some regions colored waters
are obtained from deep wells that penetrate beds of lignite or other
deeply buried organic material. Ground waters are, as a rule, practi=
cally colorless; surface waters are in general noticeably colored even
when quite free of suspended matter.

The turbidity and suspended matter in a water may be caused by
suspended silt or other inorganic matter or, in industrial and well-
populated areas, by the suspended solids of sewage and industrial
wastes. (Ground waters are normally free from suspended matter
except as iron may be precipitated on exposure to air. Suspended
matter is an important factor in determining the value of a water for
most uses. Its removal is necessary to make water satisfactory as a
public supply or suitable for many industrial uses.

The mineral constituents of natural waters considered here are
those usually found in quantities sufficient to have a practical effect
upon the value of the water for ordinary uses.

The waters of western Tennessee vary considerably in the amount of
mineral matter which they carry in solution. In some the mineral
content is very low—25 or 30 parts per million; a few others contain
almost 1,000 parts per million, but 300 or 400 parts per million of dis-
solved mineral matter is high for most of the ground waters of this
area.

Calcium (Ca) is dissolved to some extent from practically all rocks
and may be dissolved in large quantities from limestone, dolomite, and
gypsum. Calcium carbonate, the essential mineral of limestone, is
but slightly soluble in pure water but dissolves readily in water con-
taining carbon dioxide in solution. Of the unconsolidated deposits of
western Tennessee the only formations containing appreciable quan-
tities of calcium carbonate are the Selma clay, the Coon Creek tongue
of the Ripley formation, the Clayton formation, and the loess.
Ground water from these formations or from the top part of the forma-
tions immediately underlying them may have a high content of
calcium carbonate. .

Water from dolomite or dolomitic limestone usually contains con-
siderable magnesium; other rocks furnish smaller quantities. Mag-
nesium is one of the abundant constituents of sea water and is found
in appreciable quantities in water contaminated with sea water or
with salts or brines embedded in deposits laid down in the sea in past
ages.

Calcium and magnesium are the chief cause of hardness in water.
They are also the principal basic constituents of the scale formed in
boilers or other vessels in which water is heated or evaporated.

Sodium is a normal constituent of all natural waters. Traces of
sodium are found in practically all rocks. It may also be present in
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a water as a result of pollution by sewage or of contamination with sea
water or salts or brines inclosed in marine sediments. The quantity
in solution ranges from a few parts per million in most waters in humid
regions to several thousand parts in waters from the alkali rocks and
soils of the semiarid regions of the Southwest. In some waters the
sodium content has apparently been increased by the exchange of the
calcium and magnesium in solution for sodium by certain clays capable
of such exchange. Moderate quantities of sodium have little effect
upon the suitability of a water for ordinary uses. Water containing
sodium in excess of 100 parts per million, however, may cause foaming
in steam boilers unless precautions are taken to prevent it. Waters
that contain large quantities of sodium salts injure crops, and some
waters contain so much sodium that they are unfit for nearly all uses.

Potassium is usually present in waters in smaller quantities than
sodium, although many rocks contain more potassium than sodium.
Approximately equal quantities of sodium and potassium are found in
many waters in which the quantities of these two constituents com-
bined amount to less than 10 parts per million. With larger amounts
of sodium, however, the proportion of potassium is less. Few waters
contain more than 100 parts per million of potassium. In many
analyses the sodium and potassium are reported together as sodium.
The two elements have practically the same effect in the use of the
water.

Carbonate is not present in appreciable amounts in most natural
waters. The carbonate of the rocks is held in solution as bicarbonate
through the action of carbon dioxide. Waters that come from
relatively insoluble rocks may contain less than 10 parts per million
of bicarbonate. Waters from limestone or dolomite generally contain
from 100 to 500 parts per million of bicarbonate, although some
limestone waters contain less than 100 parts. Calcium and mag-
nesium bicarbonate make up the greater part of the dissolved mineral
matter of many natural waters. The bicarbonate as such has com-
paratively little effect upon the use of a water.

Sulphate is derived from various sources in the soil and rocks and
from materials added by human agencies—f{rom gypsum, from sul-
phates resulting from the oxidation of metallic sulphides or organic
compounds, or from fertilizers containing sulphates. The waters of
some public supplies contain additional sulphate from the aluminum
sulphate used in treating the water. In mines, where pyrite (iron-
sulphide) is exposed to the action of air and water, the oxidation of
sulphide and the formation of sulphuric acid is so extensive that
serious damage results. Hardness due to calcium or magnesium
sulphate may increase the cost of softening, and it makes the scale
formed in boilers much more troublesome. If present in sufficient
quantity, sulphate may impart a bitter taste to the water.
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Chloride is dissolved in small quantities from rock materials.
Waters that are contaminated with sea water or that come from deep
wells which penetrate brines or salt deposits inclosed in the old marine
sediments contain large quantities of chloride. Sodium chloride is a
characteristic constituent of sewage, and any appreciable pollution of
a water is accompanied by a measurable increase in chloride. The
presence of chloride in more than ‘“normal’” quantities can not,
however, be taken alone as a definite indication of pollution, because
of the many other sources from which chloride may be derived. Chlo-
ride gives a salty taste to water if present in quantities greater than
300 parts per million.

Nitrate may be leached from rocks, although few rocks contain
appreciable amounts of nitrate except in regions where there are
nitrate deposits. It may be washed from the soil, especially in areas
where nitrate fertilizer is used. Nitrate in water is usually, however,
considered a final oxidation product of nitrogenous organic material.
Many waters contain less than 1 part per million of nitrate, although
as much as 100 parts per million is sometimes found. The interpre-
tation of the presence of abnormal amounts of nitrate with reference
to the sanitary condition of a water should be made with extreme
caution and only after due consideration of the chloride content,
the sanitary surroundings of the source of the water, and the nature
of the rock formation from which it is derived. The quantities of
nitrate usually found in water have no effect upon the value of the
water for ordinary uses.

The mineral constituents considered above are those which are in
chemical equilibrium in water. The mineral matter dissolved in a
natural water is not a collection of random quantities of several
constituents. In practically all waters the quantities of the basic
radicles—calcium, magnesium, sodium, and potassium—are together
chemically equivalent to the sum of the acid radicles—bicarbonate,
sulphate, chloride, and nitrate. If the quantities in solution of all
but one are known the quantity of the missing radicle may be calcu-
lated to complete the analysis. In addition to these constituents
that are in chemical equilibrium with each other all waters contain
iron, aluminum, and silica, which are generally supposed to be
present in the colloidal state as oxides.

Iron is dissolved from many rocks and may be dissolved from water
pipes in sufficient quantities to be objectionable. Some of the waters
of western Tennessee contain much iron in solution. In the lime-
stones, shales, and cherts of Paleozoic age the source of the iron is
either the oxides or sulphides of iron, which are present in small
amounts in these formations. In the Cretaceous and Tertiary
formations the iron is dissolved from the oxides and sulphides of iron
or from the mineral glauconite. The sulphides of iron are associated
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with the clays of these formations and are most abundant in the
carbonaceous clays. Oxides of iron coat the sand grains of all the
unconsolidated sediments in outcrop. It is difficult to determine
whether part of the iron oxide was formed on the sand grains at the
time of deposition and part formed at the outcrop by the oxidation
and precipitation of the iron dissolved in the ground water, but it is
certain that much of the iron oxide that now coats and cements the
sand grains has been formed at the outcrop. On the other hand, as
any iron oxide laid down with the sediments would be dissolved
when the formation was buried and reducing conditions existed, it is
probable that iron oxides have contributed iron to the ground water.
Glauconite is an iron-potassium silicate formed on the sea bottom at
shallow depths. It is a common mineral in sediments formed in this
habitat. Glauconite is dissolved by ground waters and contributes
iron to the solution. From what has been said it follows that the
Eutaw formation and the Owl Creek tongue of the Ripley formation
give waters with high iron content, but water from the vicinity of
lenses of carbonaceous clay in any formation is likely to be high in
iron. Small quantities of iron in water are more objectionable than
much larger quantities of other constituents. If iron is in solution in
excess of about 1 part per million some of it may separate out as the
reddish hydrated oxide when the water is exposed to air. It is this
precipitated oxide which forms the reddish sediment in many spring
and well waters and which causes the reddish stain on white enameled
or porcelain plumbing fixtures. A water that contains more than 0.5
part per million of iron is objectionable for laundry work. Many
of the waters of western Tennessee have sufficient iron in solution to
make them poor for industrial or domestic use. The excess of iron
may be removed from most waters by simple aeration and sedimen-
tation or filtration, but a few require the addition of lime or some
other substance.

Aluminum is usually present in waters in quantities decidedly less
than 1 part per million. It appears to have no particular effect on the
use of the water where only normal quantities are present. Its deter-
mination was omitted in the analyses made for this report.

Silica is dissolved from practically all rocks. In most waters it is
found in quantities of 10 to 30 parts per million. The silica separates
with other scale-forming constituents in steam boilers and not only
adds to the amount of the scale but makes it harder than it would be
without it. Otherwise silica is of no significance in regard to the use
of a water.

The hardness or soap-consuming power of a water is due chiefly to
the salts of calcium and magnesium. A few waters contain enough
iron, aluminum, zine, or other metal to produce measurable hardness,
but such waters are rare. Hardness was formerly differentiated as
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“temporary’’ and “permanent”. Temporary hardness was that part
of the hardness removed by boiling and was approximately the hard-
ness caused by the carbonate and bicarbonate of calcium and magnes-
ium. Permanenthardness wasnot removed by boiling and was caused
by sulphate or other strong acid salt of calcium or magnesium. These
terms were not definite and have been replaced by the definite terms
“carbonate’” and ‘“noncarbonate’” hardness. Hardness in general is
expressed as the quantity of calcium carbonate equivalent to the cal-
cium and magnesium present. Water having a hardness of less than
50 parts per millionis considered soft, and its treatment for the removal
of hardness is rarely justified. Hardness between 50 and 150 parts
per million does not seriously interfere with the use of the water for
most purposes but it does increase the consumption of soap. Its
removal by softening processes is profitable for laundries and other
industries using soap in large quantities. Treatment of such water for’
the prevention of scale is also necessary for the successful operation of
steam boilers. More than 150 parts per million of hardness is noticed
by everyone. If the water contains more than 200 parts per million
it is common practice to soften the water for household use or to
install a cistern to collect rain water.

Water from some of the wells in the Paleozoic rocks and water from
many springs throughout the area contains hydrogen sulphide (H, S).
This is derived from the pyrite which is found in the shale and clay.
Hydrogen sulphide imparts an unpleasant odor to water, and its pres-
ence in water renders the water unsatisfactory for domestic use.

Carbon dioxide is derived from the atmosphere by the rain and from
the oxidation of carbonaceous material in the soil. Carbon dioxide in
solution increases the solvent power of water. Many of the ground
waters of western Tennessee contain considerable free carbon dioxide.
As long as the water remains under the conditions of temperature and
pressure that existed underground the carbon dioxide is retained in
solution. But on exposure to the air, where different conditions of
temperature and pressure prevail, much of it escapes, precipitating
iron and sometimes calcium which were held in solution through its
action. Water containing free carbon dioxide in solution actively
attacks iron pipes. ' :

The chemical character of the ground waters of western Tennessee
is shown by the analyses given in tables with the county descriptions.
The analyses were studied in regard to the source of the waters in
order to compare the chemical character of waters from the same for-
mation. The results are discussed in the descriptions of the geologic
formations. The conclusions are general and indicate only the prob-
able quality of the water to be found in the formations considered.
The discussions are concerned with the characteristics imparted to the
waters by the mineral matter dissolved from the rocks, and it should
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be understood that the analysis of water for its mineral constituents
gives little indication of the sanitary condition of the water.

EXPRESSION OF RESULTS

The analyses made for this report are expressed in parts per million
of the radicles determined, in accordance with the long established
custom of the United States Geological Survey and the usage of most
water analysts. Results given in parts per million may be converted
to grains per United States gallon by multiplying by 0.058 or dividing
by 17.12. ’

If one basic and one acid radicle make up the greater part of the
dissolved mineral matter it is customary and helpful to refer to the
water as characterized by the name of the compound made up of
these radicles. A large proportion of the waters from limestone can
properly be called calcium carbonate or calcium bicarbonate waters;
calcium and bicarbonate together may make up 70 to 90 per cent of
the dissolved mineral matter. A brine is a sodium chloride water. If,
however, the quantities of several of the acid or basic radicles are of
about the same magnitude, it is unjustifiable and misleading to char-
acterize the water by the name of a single compound.

It is not possible to put down the names of the compounds that
are dissolved in a water. The hypothetical combinations in which
analyses are sometimes reported represent the salts and their quanti-
ties that would make up a solution chemically identical with the water.

The composition of some of the waters is shown graphically by
diagrams made according to the method used for some years in the
United States Geological Survey.* The heights of the several sections
correspond to the quantities of the radicles, expressed in terms of com-
bining weights rather than in parts per million. One unit of height
corresponds to 20 parts per million of caleium, 12 of magnesium, 23 of
sodium, 39 of potassium, 61 of bicarbonate, 48 of sulphate, 35.5 of
chloride, 62 of nitrate, and 50 of hardness as calcium carbonate. The
total hardness is measured to the top of the magnesium. If the bicar-
bonate block extends above the magnesium block all the hardness is
carbonate hardness, but if the top of the bicarbonate is lower than
the top of the magnesium, part of the hardness i1s due to sulphate or
even to chloride, if the chloride extends down below the top of the
magnesium. ,

REMOVAL OF IRON AND CARBON DIOXIDE

Many of the waters of western Tennessee contain sufficient iron and
carbon dioxide in solution to make them poor for industrial or domestic
use. Iron will precipitate from solution, thereby clogging water

# Collins, W. D., Graphic representation of water analyses: Ind. and Eng. Chemistry, vol. 15, No. 4,
D. 394, 1923,
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systems. It stains plumbing fixtures, vessels, and clothes. Carbon
dioxide in solution vigorously corrodes iron pipe.

Excessive carbon dioxide is removed from solution by aeration.
Aeration will also precipitate iron. The air-lift method of pumping
serves this purpose. Spraying, allowing water to fall over a set of
tiers, or any system whereby the water is brought into contact with the
air is effective in precipitating the iron. Another method of precipi-
tating iron is by the addition of small amounts of lime. After the iron
is precipitated it must be removed from the water. At Paris, Tenn.,
this is effected by allowing the water to flow slowly through a series of
tanks in which baffles are inserted in such a manner that the water
must flow under and over successive baffles. This method of sedi-
mentation is very efficient. Many other cities in western Tennessee
have rapid sand filters, which remove the iron effectively. Sometimes
a small dose of alum is added to the water to coagulate the iron
hydroxide and make filtration more effective.

A simple system of treating water can be installed for a few thousand
dollars. Such a system is easy to operate and gives good results.
The simplicity of installation, low cost, and ease of maintenance bring
such systems within the reach of the smallest municipalities, and they
are feasible for any consumer who uses more than 10,000 gallons of
water a day.

UTILIZATION

Dug wells.—Several types of wells are found in western Tennessee.
The type used depends on the depth to ground water, the physical
character of the underlying formations, the quantity of water desired,
and the amount the owner can afford to pay. Formerly dug wells
were very common, but they have nearly all been replaced by wells of
better types except in chert areas or in districts where a thin water-
bearing bed at shallow depth is the only source of water within a depth
of 200 feet. The reason for using dug wells in chert areas is that the
small fragments of chert cause the bit of the drill to jam and give a
great deal of difficulty in drilling but can be readily dug with pick and
shovel. A well of small diameter has but small reservoir capacity. A
dug well, however, of 3 feet or larger diameter has a storage capacity
sufficient to meet the requirements of the average household at any
one time. In parts of Shelby and Tipton Counties a bed of Pliocene
gravel 2 or 3 feet thick that yields water slowly is found below 30 or
40 feet of loess and is underlain by 100 feet or more of clay or very fine
sand. As drilled wells in these areas would have to be sunk to a depth
of several hundred feet to reach a coarse sand and would be expensive,
dug wells are very largely used. In western Tennessee dug wells are
generally 3 feet in diameter and from 20 to 60 feet deep and are curbed
with wood, brick, or glazed tile. Shallow wells are very liable to
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contamination by surface drainage, owing to disintegration of curbing
or lack of water-tight curbing below the water table, also by the intro-
duction of foreign material either on the bucket or because the well is
not tightly covered and thus may become unsanitary. For this
reason, wherever possible, shallow wells should be replaced by drilled
wells, and where this is not feasible great care should be exercised in
the location of the well with reference to possible pollution from waste
water; curbing that is not subject to decay should be used and so
installed that it is water tight; a pump should replace the bucket; and
the top of the well should be carefully sealed, so that no refuse can
gain aceess to the well.

Wells bored with augers.—Throughout the areas where the Eutaw,
Ripley, and Wilcox crop out and where the water table stands from
40 to 110 feet below the surface bored wells are the most commonly
used. The unconsolidated sand and clay of these formations are
easily bored with an auger, and bored wells are relatively cheap and
yield sufficient water for domestic needs. Bored wells are also pre-
ferred because they can be equipped with buckets. Though this
method of lifting water from the well is a means by which contamina-
tion is frequently introduced into the well, in many places the well
bucket is used in preference to the lift pump, because the water stand-
ing in the pump barrel acquires an iron taste and grows warm, so that
it must be pumped off before fresh cold water can be obtained. Long
cylindrical buckets with a check valve in the bottom are generally
used. Bored wells are 6, 8, or 10 inches in diameter and are usually
curbed with cypress or gum. Oak is rarely used for curbing, as it
imparts an unpleasant taste to the water. Sometimes tile is employed
for lining the well but it is not very popular because it is easily broken.
As wood curbing is subject to decay, can not be maintained water-
tight, and hence permits the entrance of shallow ground water which
may be contaminated, it should be replaced by tile or concrete.

The wells are bored with a steel auger 6, 8, or 10 inches in diameter
and 45 inches long. The pitch of the spiral is 5 inches. The surface
of the blade is flat, and the cutting lip is sharpened and sometimes has
a ‘““toe” of sharp thin steel affixed at its outer edge. This toe is bent
down slightly so as to dig into the dirt. A steel rod 1 inch square and
10 feet long is put through the hollow center of the shank of the spiral,
and the auger is keyed on. This leaves about 6 feet of rod projecting
above the spiral. In use the auger is attached to a rope and lifted and
dropped into the hole by means of the rope, which is fastened to a
windlass.

A lever 5 feet long with a square boss in the center which fits on the
auger shaft is used to rotate the auger. In starting a hole the auger
is lifted until it swings freely and then lowered until it touches the
ground. If the ground is uneven at this point it is levelled off with a
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shovel. These precautions are necessary in order to start and keep the
hole straight. While operating, one man stands at the windlass and
slowly lowers the auger, always having just enough tension to hold the
auger vertical, while two men rotate the bit by standing on opposite
sides of the lever bar and walking around the hole. When the auger
is full of dirt it is hoisted out of the hole and cleaned off. The auger
fills for every 30 inches of lowering of the bit. As the hole is deepened
additional lengths of rod are screwed on to the original auger shaft.
The soil is usually sufficiently moist to adhere to the auger and be
hoisted out. As soon as the auger reaches the zone of saturation a
pump bucket or sand pump is used for deepening the hole. Such a
hole can generally be drilled in one or two days. The auger can be
used effectively for holes as much as 125 feet deep, but some wells as
much as 175 feet deep are made by this process. Plate 7, A, shows
such a boring rig.

Punched wells—Another method used in western Tennessee to make
wells in soft unconsolidated materials is punching. A punch has two
parts—the cutting barrel and the stem. The cutting barrel consists of
a steel cylinder 1 to 2 feet long, split along one side and slightly spread.
The lower portion of the cylinder is very slightly expanded, sharpened,
and tempered into a cutting edge. This cylinder is fastened to the
stem, a heavy pipe 10 feet long, by means of a fork, the shoulder of
which is welded to the top of the cylinder and screwed to the end of
the pipe. A rope is fastened to the end of the stem, run through a
shive at the top of a tripod, and fastened to a drum. The punch is
raised from the hole by winding up the rope on the drum, which is rota-
ted by a mule, until the punch reaches the top, when the drum is
released by a trip and the punch drops to the bottom of the hole. As
the punch enters the clastic material it is spread slightly so that it
holds the material by squeezing. The punch is then hoisted out of the
hole, the sand or clay removed, and the operation repeated. The
hardness of the sand or clay that is being penetrated determines the
distance the punch must be dropped. A punch works in moist sand
as well as in clay; dry sand must be slightly moistened but not satu-
rated. A punch is shown in Plate 7, B and C. Wells as much as
150 feet deep are made by this method. Such wells are usually curbed
with wood, and the water is drawn by a cylindrical bucket.

Wells sunk by means of bailers.—Another method used for sinking
wells in unconsolidated material is by means of a bailer or sand pump.
Water is poured into a hole and a bailer is worked up and down in the
bottom of the hole. The sand is loosened and forms a thick sludge
with the water, and the sludge is then removed by bailing. The bailer
consists of a section of tubing 6 to 8 feet long and somewhat smaller in
diameter than the well. It has an iron valve at the bottom, either
of the flat pattern or the ball and tongue pattern. (See fig. 7.)
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Sometimes a sand pump is used which in addition to the bottom valve
has a plunger that is worked like the plunger of a water pump and thus
sucks the mud into the tubing. This method is very simple and effi-
eient where the materials are loose, but it will not work in hard sand
or tough clay. -Wells as much as 250 feet deep are made in this way.
These wells are 2 or 3 inches in diameter and are
usually cased with standard galvanized-iron pipe.

Wells sunk by jetting process.—Jetting, or what
is locally called ‘“washing down,” is an effective
and common method of making wells of small
diameter 100 to 300 feet deep in unconsolidated
or only slightly consolidated sand and clay.
Veatch* describes the method as follows:

In the jetting process the material is loosened and the
drillings are elevated to the surface by means of water
under pressure. * * * The water is conducted into
the well by. means of pipes of relatively small diameter,
ealled wash pipes, jet pipes, or drill pipes, and is directed
downward near the bottom of the well by means of a
suitable bit. The drill is turned from time to time by
means of a clamp or wrench and so keeps the hole true
and aids the water in wearing away more resistant masses
of clay or like substances.

This method is best suited to unconsolidated
material but is also used successfully in penetrat~
ing consolidated material if not too hard. In this
area such wells are usually less than 6 inches in
diameter and 300 feet in depth.

Driven wells—Along the flood plains or “bot-
toms’’ of the streams the depth to water is in
many places less than 25 feet and driven wells are
largely used. A drive point is fastened to the
end of a strainer, which is put on a pipe, and this
is driven into the ground. When the strainer is
below the water table a suction “pitcher” pump
is put on the end of the pipe and the well is
pumped until all the fine sand and clay has been
washed out of the sand surrounding the strainer.
Such driven wells are very simple to make.

Wells sunk by hydraulic rotary process.—The hydraulic rotary proc-
ess is coming into more general use for drilling small wells throughout
western Tennessee and in the past has been used almost exclusively in
Memphis and elsewhere in the State for drilling wells 6 inches or more
in diameter and several hundred feet deep. In this process drilling is
accomplished by rotating a string of drill pipe at the lower end of which

FIGURE 7.—Sand bucket

4 Veatch, A. C., Geology and underground water resources of northern Louisiana and southern Arkansas:
U. 8. Geol. Survey Prof. Paper 46, p. 103, 1906.
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is a toothed cutting shoe or a fishtail-shaped bit; when hard rock
formations are to be penetrated the fishtail bit is replaced by a rock-
roller bit. During the drilling operation mud fluid, which is pumped
down the drill pipe under pressure, issues from holes in the bit and
returns to the surface between the outside of the drill pipe and the
wall of the hole. The mud fluid serves to carry the drillings to the
surface, to mud up the walls of the hole, and to form a column of high
density both buoying the string of casing and exerting a pressure
against the walls of the well to prevent their caving. Unless difficulty
from caving is experienced, the hole is not cased until the water-
bearing formation is reached. Because of the sealing effect of a high
column of mud fluid, the water-bearing sand issometimes penetrated by
the use of a sand pump instead of continuing the drilling with the
fishtail bit. For a detailed description of the hydraulic rotary process
reference should be made to publications on well-drilling methods.*

Often in drilling wells “hardpan” is encountered, and sometimes a
well is abandoned because it seems impossible to penetrate the hard
layer. The hardpan is never more than a foot or two thick and with
proper tools can be penetrated. In most placesin western Tennessee
coarse sand can be found within a depth of 200 feet, and such sand is
readily checked by a strainer. In some places, however, the depth to
coarse sand is as much as 350 feet. The cost of a well of this depth is
considerable and may represent a capital outlay greater than the small
farmer can afford.

Screens.—Some form of screen should be used in wells that end in
loose sand, in order to exclude the sand and offer as large an open area
as possible to the inflow of water. Secreens are made of many ma-
terials and are of several types, each type offering some advantage of
cost, strength, resistance to corrosion, area of opening, etc. The
commonest type consists of metal cylinders containing perforations,
which may be of any shape but are most generally circular holes or
rectangular slot openings. The slot type is gradually replacing the
circular-hole type, as it has many advantages, the chief of which are
that the greatest strength with the largest percentage of opening can
be obtained with longitudinally cut slots;* the slots are less liable to
complete clogging, for, as can be readily seen, one large grain of sand
can completely close a smaller circular hole, whereas it is very difficult
to close a slot completely; and the milling of slots of narrow width is
more easily effected than the drilling of holes of the same diameter.

It is desirable to have the width of the slot increase from the outer
edge toward the interior of the screen in order that a grain of such a
size that it just passes the outer edge may not catch but freely move

% Bowman, Isaiah, Well-drilling methods: U. S. Geol. Survey Water-Supply Paper 257, pp. 70-75, 1911.
Petroleum engineering methods, pp. §3-144, Los Angeles, Petroleum World, 1930. Jeffery, W. H., Well
drilling, pp. 232-318, Houston, Gulf Publishing Co., 1025,

47 Petroleum engineering handbook, p. 151, 1930.
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on. Thisis effected in screens with thin walls by cutting the slot from
the inside out; in screens of thicker walls the slot is undercut. The
undercutting must not be great, otherwise the wall at the outer edge
of the slot is so thin that it is readily worn off. The trade furnishes
screens of the slot type made of seamless brass tubing with slots cut
either longitudinally or at right angles to the length. One type of
brass screen is made of a brass wire of special cross section that is
wound in a spiral; the turns of wire interlock with one another to form
a screen with a continuous slot. Such screens are available in various
diameters and with slots that range in width from 0.06 inch to 0.125
inch.

Another type of screen is made by drilling large holes in a pipe which
is either covered with fine woven screen or else wrapped with wire, the
size of opening being determined by the spacing of the wire. In wire-
wrapped screens wire of various cross sectional shapes, such as tri-
angular or trapezoidal, is used to prevent clogging.

Iron is readily attacked by most waters, and screens made of it will
not give long service. As most waters will not corrode brass this
metal is widely used in screens. Some waters, however, are chemi-
cally very active and rapidly corrode most metals and alloys. To
cope with such waters concrete screens with slot openings have been
made.

Concrete is also used in strainers in which the water flows through
the concrete. A concrete in which the sand and gravel grains are
grouted together is very permeable, and yet the pores in the outer sur-
face are small. One screen of this type consists of sectors filled with
grouted sand and gravel. The finest sand is at the periphery, and
each succeeding layer is coarser than the preceding. This is grouted
with cement. Another screen is made of chert gravel about one-eighth
of an inch in diameter. This gravel is grouted together, and the per-
meability of the screen, which is designed to be the same as the perme-
ability of the sand in which it is used, is determined by the amount of
cement used in grouting.

The openings in a screen should be aslarge as possible, for the smaller
the openings the greater the resistance offered to the flow of water.
The experimental work of Tickell and Coberly on the relation between
sand grain size and size of screen opening is summarized by Lake*® as
follows:

Some excellent experiments on the screening effect of various dimensioned slots
on various sized grains and assortments of sands have been made by Prof. F. G.
Tickell at Stanford University, from which the following conclusions have been
drawn:

7. If an oil sand is poorly sorted, large grains will form a bridge agalnst the slot
and will prevent the passage of finer grains through the slot.

8. The size of grains capable of bridging the slot depends on the dlﬂ"erentlal
pressure at the slot.

4 Lake, F. W., Petroleum engineering handbook, p. 152, 1930.
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9. If the sand grains are slightly larger than one-half the slot width, they will
not pass through at low pressure but will pass through at pressures in the neigh-
borhood of 1,000 pounds.

10. If the sand grains are one-half the slot width or smaller, they will pass
through at low pressure.

Additional and more detailed experiments have been conducted by Clarence J.
Coberly, of Los Angeles, which have substantiated the conclusions of Professor
Tickell. It was found that if the slot opening was more than about three times the
diameter of the sand grains they passed through readily, that if the slot opening
was less than approximately twice the diameter of the grains they were bridged by
the slot, and that in between these ratios there was an unstable condition in which
the sand tended to pass through but not readily. In numerous tests on sands
composed of various sized grains fairly well assorted, it was found that successively
larger slot openings were bridged as the percentage of the larger grains increased.
From the tests so far conducted it was reasonable to conclude that in a well-
assorted sand such as is the usual occurrence, a slot which would be bridged by
those larger grains existing in the amount of between 25 and 30 per cent of the
total sand volume would be sufficiently small to retain all of the sand after an
initial sorting and arranging of the grains about the slot.

Wells that end in sand are usually developed by back washing, by
surging, by pumping, by the use of compressed air, or by a combina-
tion of these methods. Bridging of the sand particles across the
screen openings is thus overcome, and the fine sand is removed from
that portion of the water-bearing formation adjacent to the screen
or to the gravel pack around the screen in wells that are finished with
a gravel wall. Formerly it was considered that the purpose of a screen
was to prevent all sand from entering the well, and hence very small
screen openings were used. Within recent years screens having rela-
tively large openings have come into general use, for it is recognized
that wells of larger capacity are obtained by removing, during the
development process, the fine sand in the water-bearing formation
around the well. However, the screen openings should not be too
large, for the small graias may abrade the openings as they pass
through, allowing slightly larger grains to pass through, and thus a
screen may be abraded until it will not check even the largest grains
in a sand.

In order to increase the production of wells in fine sands a system
of surrounding the screen with a layer of gravel called a gravel wall,
is sometimes used. This is most generally used in wells less than 300
feet deep; for greater depths the method is likely to be costly. Vari-
ous methods of putting in a gravel wall are used. One company
employs the following technique. First a test hole is drilled to de-
termine the depth and thickness of the water-bearing bed; then
a well 24 to 36 inches in diameter is drilled by means of the hydraulic
rotary method to the top of this bed. This hole is cased. Then a
screen, the lower 3 feet of which is flared so as to fit the 24 to 36 inch
casing, is lowered into the hole on a string of casing, and a few feet
of gravel is put in the hole between the inner and outer casing. Bail-



UTILIZATION 57

ing is started inside the screen, and the screen is slowly lowered as
bailing continues. Gravel is added as the screen is lowered. In
this way a wall of gravel is formed around the screen. When the
well is finished the outer casing is pulled.

Another company employs a different method. First a well is
sunk to the depth planned for the finished well. This well is large,
the initial diameter being as much as 6 feet, but diminishes in diameter
as the progress of sinking the well necessitates. The excavation is
done by an orange-peel bucket, and men may work in the well if
necessary. The casing follows upon the excavating, in the same way
as a caisson. When the desired depth is reached the well strainer
and casing are lowered into the well. Then gravel is added, and the
outer casing is pulled slowly so that a foot or two of gravel remains
between the inner and outer casing.

Ground-water developments.—All towns in western Tennessee with
a population in excess of 800 and some of the smaller towns have
public water supplies. All these towns obtain water from one or more
deep wells. The wells are usually 6 or 8 inches in diameter, though
larger wells are in use. 'They are equipped with pumps of many types.
A few public supplies are pumped directly into the mains, but in
general an elevated tank holding 25,000 or 50,000 gallons is used, and
this may. .be supplemented with a reservoir. Except for the iron
content, which is objectionable, the waters are good. The larger
municipalities precipitate the iron either by a system of aeration or
else by treating the water with lime and alum, after which the iron
is removed by filtration or sedimentation. The smaller communities
do not treat the water, though aeration and filtration cost but little
and would eliminate the troubles caused by the iron. More detailed
information about each municipal water supplyisgiven in the county
descriptions, and the water supply of Memphis is described in a sep-
arate section.

The industries both in Memphis and in other parts of the area
obtain water from wells, for it is very easy to obtain water in suffi-
cient quantity for industrial use in all parts of the area. In general
the water is good for boiler use, neither scaling nor foaming.

The railroads usually obtain boiler water from the numerous per-
ennial streams, for water from the streams whose drainage basins
lie within the coastal plain area is very low in dissolved solids and is
slightly better for boiler use than well water. The water of the Mis-
sissippi and Tennessee Rivers, however, is inferior to well water in
quality, the yearly average of the Mississippi River at Memphis being
about 200 parts per million total dissolved solids and of the Tennessee

119722—33——5
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River at Gilbertsville, Ky., about 100 parts per million,* whereas
the average of the total dissolved solids in samples from 130 represen-
tative wells in western Tennessee was 80 parts per million. The
railroads use well water at Memphis and at other places throughout
the area where the distance between streams necessitates intermediate
watering points.

Practically all farm houses are supplied from wells. Bored wells
are the most common though 2, 3, or 4 inch wells sunk by jetting or
a rotary drill are employed, and some dug wells are still in use. Very
few farmers have power-driven pumps, and relatively few are equipped
with water systems. The automatically controlled pump and pres-
sure tank systems operated by electricity or gasoline engines are grad-
ually coming into more general use.

WATER-BEARING FORMATIONS

The geologic formations of western Tennessee fall into two groups,
different in age and markedly different in lithologic character. The
older, or Paleozoic rocks, crop out over the small part of the area
that is contiguous to the Tennessee River. These formations consist
of limestone, shale, and chert. The limestones are hut poor water-
bearing formations, yielding small supplies of hard water; the shales
range from the calcareous shales that yield only a little water to the
pure shales that yield no water; the cherts, however, yield abundant
supplies of water.

Though the Paleozoic rocks are found in outcrop only in the eastern
part of the area, they underlie all the region to the west. Any one
formation may locally be absent, but there can be no doubt that the
general geologic section is continuous. Whatever is said of the differ-
ent formations in the succeeding description applies to these forma-
tions in their general outcrop area and can not safely be applied to the
formations where they are deeply buried. It is known that the water
derived from these formations where they are buried is very poor in
quality, containing considerable sulphide, sulphates, and various salts.
These formations also have fewer openings with depth and therefore
will yield less water. This is especially true of the chert, which may
not be fractured in the western part of the area and is certainly
unweathered there, whereas in its outcrop area it owes its condition
of anastomosis to fracturing and wesathering.

The formations of Cretaceous and Tertiary age are quite different
form the Paleozoic rocks. They consist of unconsolidated sand and
clay. Loose sands form the commonest type of deposit, and lime-
stone is almost entirely lacking. The formations have a wide distri-
bution and as a rule yield very large supplies of good water. In con-

4 Clarke, F. W., The composition of the river and lake waters of the United States: U. S. Geol. Survey
Prof. Paper 135, pp. 52, 90, 1924,
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sidering the unconsolidated deposits the danger of extrapolating the
descriptions beyond the outcrop area should be borne in mind. These
deposits may thicken toward the west, or other formations may come
in. They are known to vary from place to palce and may show a
progressive change toward the west; sand formations may give place
to clay, coarse sand to fine sand, and vice versa. This is especially
true along the southern boundary of the State.

PALEOZOIC ROCKS
ORDOVICIAN SYSTEM
HERMITAGE FORMATION

The oldest geologic formation that crops out in western Tennessee
is the Hermitage formation, which is exposed at several places in
Hardin County and is visible during periods of very low water in the
bed of the Tennessee River at Savannah. Its best as well as its most
northerly exposure is at Clifton, where 70 feet of it crops out. It
probably underlies the whole area, although only one well in the
western part of the area is known to have penetrated it—the well of
the Spring Creek Development Co., in Hardeman County. The
thickness of the Hermitage in this area is unknown, but in two wells
at Iron City, ® Wayne County, that pass through it the thickness is
126 feet. 'This formation consists of equal quantities of limestone and
shale, which.alternate with marked regularity. The limestone is dark
bluish gray and fine grained and occurs in layers 2 to 6 inches thick.
The shale is blue and fissile.

The Hermitage probably will yield some water. Near its outcrop
the quantity of water would be larger. The one analysis of water
from the Hermitage formation (Hardin County, No. 35a) is probably
not representative, as the sample probably contained a mixture of
Tennessee River water, and the high nitrate content indicates pollution,
As reported by users, the water from the formation is of poor quality,
containing large amounts of hydrogen sulphide and having in solution
a large amount of dissolved solids. Near its outcrop the water is of
fair quality but is very hard.

ARNHEIM LIMESTONE

The Arnheim formation ranges in thickness from a feather edge to
3 feet. It is a coarse-grained phosphatic cherty limestone and has no
importance as a source of water. Except for an outerop in the vicinity
of Decaturville reported by Pate and Bassler, the Arnheim is not
known to occur in the area.

%0 Miser, H. D., Mineral resources of the Waynesboro quadrangle, Tenn.: Tennessee Geol. Survey
Bull. 26, pp. 27-37, 1921.
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FERNVALE FORMATION

The Fernvale formation crops out in the northern part of Hardin
County along the Tennessee River. Both the Arnheim and Fernvale
formations were partly removed by eroston before the deposition of the
Silurian, so they may be missing at any place. The Fernvale ranges
from 20 to 40 feet in thickness and consists of two equal parts, the
lower limestone and the upper shale. The limestone is light gray and
coarsely crystalline. The shale is soft, green, and fissile or platy.
Small quantities of water can be obtained from the Fernvale formation.
Near the outcrop area the water is of fair quality, but where the for-
mation is buried it is high in dissolved solids and is a poor water. A
more detailed discussion of the quality of water from limestone is
given on page 62,

SILURIAN SYSTEM

Silurian rocks are found in the valley of Horse Creek in southeastern
Hardin County and are widely exposed in the northeastern part of the
same county. Most of the exposed rocks of eastern Decatur County
are of this age. The most northerly exposure of Silurian rocks is at
Allen Mills, 5 miles northeast of Holladay, Benton County, and Silu-
rian rocks probably underlie the whole area. The total thickness of
the Silurian rocks is about 200 feet, but in no one place in the area is
such a thickness exposed. The Silurian rocks are mostly limestone and
argillaceous limestone, though there is some shale. In general they
yield but small supplies of hard water. In their outcrop area these
rocks yield sufficient water for domestic use, although the water is
somewhat hard. Where they are buried the water derived from them
is of very poor quality. The discussion of water in limestone on
page 62 shows that it is never advisable to drill deeper than 150 to
200 feet in limestone formations. If water has not been encountered
at this depth it is better to start a new hole.

BRASSFIELD LIMESTONE

The Brassfield limestone, of early Silurian (Albion) age, occurs at
the surface, so far as known, only in the northern part of Hardin
County. At one place on Indian Creek a thickness of 25 feet is
exposed, but as a rule the formation is much thinner. It is finely
crystalline and light gray, is in thin layers of unifdrm thickness, and
contains many small grains of glauconite. It has no importance as a

source of water.
WAYNE FORMATION

The middle Silurian or Niagaran rocks in the western valley of the
Tennessee River are divided into the Wayne formation below and
the Brownsport formation above, each of which has been subdivided
into several named members. The members of the Wayne formation

are described below.
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Osgood earthy limestone member.—The Osgood limestone is not
known to crop out in the area described, though it is found on the
east bank of the Tennessee River at Clifton. It is a thin-bedded red-
dish argillaceous limestone which contains some layers of pure lime-
stone and is 15 feet in maximum thickness. This member yields
some water.

Laurel limestone member.—The Laurel limestone is found at the
surface in the northern part of Hardin County along the Tennessee
River and the lower part of Indian Creek. It is in general massive,
though it contains some thin layers. Its thickness ranges from 28 feet
to the vanishing point. The limestone is purple and reddish. It is
differentiated from the Lego limestone with difficulty. The Laurel
limestone is not'a good source of water, though here and there it
contains water-yielding fissures.

Waldron clay member—The Waldron is a thin member, havmg a
maximum thickness of 4 feet. It is a fossiliferous indurated shaly
‘limestone, usually gray, but in places pink. It yields no water.

Lego limestone member—The Lego limestone is widely distributed
throughout Hardin County, being found along much of the length of
Horse and Indian Creeks as well as along the Tennessee River in the
northern part of the county. It is also exposed in Decatur County
but, as far as known, does not occur at the surface north of Decatur-
ville. The Lego has a maximum thickness of 46 feet and is usually
more than 25 feet thick wherever it is exposed. Lithologically it is
a compact but suberystalline pinkish or bluish-gray limestone much
of which contains small crystals of pyrite. It occurs in layers from
a few inches to 2 feet thick. The Lego limestone is a fair water-
bearer.

Dizon earthy limestone member.—What has been said of the distri-
bution of the Lego limestone is true for the Dixon, which conformably
overlies the Lego. The Dixon forms ledges along many of the streams
where it is well exposed. It consists of argillaceous red limestone and
red or purplish shale. It has a maximum thickness of 44 feet and

yields some water.
BROWNSPORT FORMATION

The type locality for the Brownsport formation is Brownsport
Furnace, in southeastern Decatur County. Pate and Bassler ®
describe the section, which has a thickness of 109 feet. The Browns-
port formation is widely distributed in eastern Decatur County and
is found in northern and northeastern Hardin County. It has been
divided into three members, which are described in ascending order
below.

M Pate, W. F., and Bassler, R. S., The late Niagaran strata of west Tennessee: U. S. Nat. Mus. Proc,
vol, 34, pp. 407432, 1908,
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Beech River shaly limestone member.—The Beech River member
occurs'at the surface in many places in central, eastern, and north-
eastern Hardin County and is extensively exposed in southeastern
Decatur County. It is composed mostly of shaly fossiliferous cherty
greenish-gray and pink limestone and fossiliferous purplish shale and
ranges in thickness from a feather edge to 106 feet. Practically
everywhere that the Beech River limestone crops out it forms glades—
barren patches of white or light-gray clay and limestone rubble on
which is a scanty vegetation of dwarf cedars, bushes, and weeds.
The surfaces of many of these glades are covered with well-preserved
fossils, which have been weathered out of the limestone.

Bob crystalline limestone member.—The Bob limestone is patchy
and irregular in distribution in central, northeastern, and eastern
Hardin County but is extensively exposed in southeastern Decatur
County. The thickest section exposed in the area is at Bob, where
a maximum of 42 feet is found. The Bob limestone is a massive
coarsely crystalline light-gray fossiliferous limestone but in places
it contains beds of cherty limestone. It is a poor source of water.

Lobelville shaly limestone member—The general distribution of the
Lobelville is the same as that of the Bob member. The Lobelville
is a gray, shaly limestone and yellowish shale. It is very fossiliferous,
containing many different corals, and is invariably thin-bedded. It
has a maximum thickness of 40 feet and furnishes some water.

DECATUR LIMESTONE

The Decatur limestone is widely distributed over the northern and
eastern parts of Hardin County, but in the southeast it crops out
only in small patches along Horse Creek. It crops out throughout
eastern Decatur County, where it finds its typical development. It
forms prominent bluffs, such as those on the Beech River north of
Decaturville, its type locality. Its most northern exposure is at
Allen Mills, 5 miles northeast of Holladay, Benton County, where
20 feet of Decatur limestone occurs at the foot of the bluff. In thick-
ness it ranges from 50 to 70 feet. This formation is massive, occurring
in thick layers of coarsely crystalline fine-grained light-gray lime-
stone. The Decatur limestone is a poor water-bearing formation,
though water can be found in the few large fissures.

QUALITY OF WATER IN LIMESTONES

Water from the Decatur limestone is similar in quality to that
from other limestones in western Tennessee. In this area a few wells
derive water from limestone at depths of less than 300 feet, but none
derive water from limestone at depths exceeding 300 feet. Hence
very few analyses of water from limestones are available, and these
give data about water from shallow wells only. Of the analyses
made of waters from shallow wells in limestone (Benton County,
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No. 34; Decatur County, Nos. 27¢, 31a, 49; Hardin County, Nos. 35a,
59; Henry County, No. 28) only two can be taken as representative.
These are predominantly calcium bicarbonate waters with low content
of all other constituents. The other samples show such a high
content of nitrate and chloride that they indicate contamination
with surface drainage. Water from the well at Savannah (Hardin
County, No. 35a), which has a mineral content of less than 100 parts
per million, is probably a mixture of Tennessee River water and
ground water. Some of the waters from the limestones contain
enough iron to make separation by aeration followed by sedimentation
or filtration desirable. If the water comes from depths exceeding 200
feet it may contain hydrogen sulphide, which gives the water an
unpleasant taste and smell. (See analysis No. 33, Benton County.)

DEVONIAN SYSTEM

Rocks of Devonian age are found in small outerops in southeastern
Hardin County in the valleys of Horse and Indian Creeks but are
extensively exposed in eastern, central, and northern Decatur County.
In Benton County Devonian rocks occur at the surface over large
areas, especially along the valleys of Birdsong Creek and its tribu-
taries, in the environs of Camden, and in the east. They also crop
out in Henry County along the west side of the Big Sandy River.
The conditions of sedimentation during Devonian time were such
that the boundaries of the formations deposited were irregular, and
intraformational erosion added to the irregularity of their distribution.
This is especially true of the Linden group, of Helderberg (Lower
Devonian) age. The formations of this group are spotty in distri-
bution and very irregular in thickness. With the exception of the
Decaturville chert they consist of limestone and shale. The maxi-
mum thickness of the Linden group is found at Olive Hill, where a
section of 174 feet is exposed.’® Most other outcrops show sections
of only 20 to 55 feet. It is not advisable to drill wells deeper than
150 to 200 feet in formations of this group, for the reasons given on page
32. Brief descriptions of the formations of the Linden group follow

in ascending order.
ROCKHOUSE SHALE

The Rockhouse shale, which occurs in the southern part of Hardin
County, is a calcareous greenish-gray shale interbedded here and
there with layers of light-gray crystalline limestone, which are thicker
and more numerous toward the base. Its thickness is from 10 to 15
feet. It crops out in only three places in southern Hardin County.
Some water of very poor quality is derived from it.

83 Dunbar, C. 0., Stratigraphy and correlation of the Devonian of western Tennessee: Tennessee Geol,
Survey Bull. 21, pp. 119-121, 1919,
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OLIVE HILL FORMATION

The beds above the Rockhouse shale and below the Birdsong shale
have been named Olive Hill formation and separated into several
members, described below, in ascending order.

Ross limestone member. —The Ross limestone is an impure dark-gray
siliceous and cherty limestone occurring in layers 2 to 5 inches thick.
The limestone is hard and eommonly forms eliffs. It has a maximum
thickness of 80 feet. It is widely distributed in Hardin County, be-
ing eonspicuously exposed along the Tennessee River at Grand View,
and is found along upper Horse Creek at Rockhouse. Some water
is procurable from the Ross limestone, but it is not a good source.

Bear Branch limestone member—The Bear Branch limestone is
found in a small area in the northeastern part of Hardin County. It
consists of impure coarse-grained limestone and oolitic hematite.
It occurs in layers 2 to 12 inches thick and ranges in eolor from gray
to dark red. It is unimportant as a source of watet.

Flat Gap limestone member—The Flat Gap limestone ranges in
thickness from a feather edge to 55 feet. It has about the same
distribution asthe Bear Branch member. Itis a thick-bedded, coarsely
crystalline or granular white or pink limestone that contains but few
fossils. Like the Bear Branch, it is unimportant as a source of

water.
BIRDSONG SHALE

The Birdsong shale, which overlies the Olive Hill formation, is
most extensively exposed in Benton County. Its northernmost out-
crop is at the steel bridge about 4 miles above the mouth of the Big
Sandy River, where 22% feet of it is exposed. About a mile upstream
from the steel bridge is another exposure of the formation, showing
a thickness of 35 feet. There are many other exposures in Benton
County. The Birdsong shale is also well developed in Deeatur
County but thins to the south and is not found south of Saltillo. It
econsists of interbedded bluish ealcareous shale and thin bands of erys-
talline limestone. The lower few feet of the formation consists of
limestone, which becomes less abundant higher up. The shale
is very fossiliferous and gives rise to the glades of this area. It
ranges in thickness from 70 feet to the vanishing point. At Allen
Mills, Benton County, the Birdsong shale rests unconformably on
the Decatur limestone, the other formations of the Linden group
being absent. It is probable that the older Devonian rocks were
eroded away in the northern part of the area. The Birdsong has no
importanee as a source of water but in its outerop area would probably
yield very small supplies.

DECATURVILLE CHERT

The Decaturville ehert is found as far north as southern Benton
County, where it crops out in the valley of Birdsong Creek. It occurs
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on Saltillo, Grandview, and Dry Creeks, in Hardin County, and is
widely distributed over Decatur County. However, it may be locally
absent due to intraformational erosion. The Decaturville is a yellow
to gray chert, in places stained by iron oxide. It is thin-bedded and
porous, and the upper 6 inches of the formation is very fossiliferous.
It is generally from 5 to 6 feet in thickness, though locally it probably
attains a maximum of 10 feet. This formation yields medium-sized
supplies of water. The water derived from it varies considerably in
chemical character and in this respect is similar to the water from the
Camden chert. (See p. 66.)

QUALL LIMESTONE

In Hardin County the Quall limestone unconformably overlies the
Decaturville chert, the top formation of the Linden group, and uncon-
formably underlies the Harriman chert. It consists of thick-bedded
dense cherty gray limestone, nowhere more than about 10 feet thick.
The Quall limestone and Harriman chert are of Oriskany (Lower
Devonian age). The Quall formation occurs in patches so small that
it has no importance as a source of water.

HARRIMAN CHERT

Above the Quall limestone is the Harriman chert, which is nearly
white on fresh exposure but weathers to shades of yellow and buff. It
is exposed in layers from a few inches to a foot in {. ickness and is very
hard and brittle. In its outcrop it is thoroughly fractured and forms
a rubble of small angular fragments. It ranges in thickness from 30 to
55 feet. It is extensively exposed in Benton County and forms chert
hills in northern Decatur County but is not found to the south except
at Grandview and Cerro Gordo. In Decatur County the Harriman
chert furnishes good supplies of water, which shows the same variation
in chemical character as the water from the Camden chert. (See p. 66.)

CAMDEN CHERT

The Camden chert, of Middle Devonian (Onondaga) age, is a white
to buff-yellow flinty, hard, brittle chert, resembling novaculite. It
occurs in thin layers usually from 1 to 3 inches thick, rarely as much
as 8 to 10 inches. These layers are commonly separated by soft gritty
clay along the bedding planes. In some places the chert is calcareous,
and in many places it contains considerable clay. Locally there are
irregular more or less vertical pockets of white powdered silica, the
result of leaching along ground-water channels. Where the formation
contained considerable clay leaching has removed the lime, leaving the
clay as a filling around nodules of chert. In some localities the chert
content is low and large lenses of almost pure clay are found. The
chert is everywhere extremely fractured, so that any face is seen to
consist of a mosaic of irregular blocks, which quickly break down
to form a rubble slope. (See pl. 8, 4, B.)
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The Camden chert has a maximum thickness of 240 feet. It forms
most of the chert hills that occur in Benton County and is exposed in a
few places in Henry County along the west side of the Big Sandy
River. It is found in northern Decatur County but does not extend
as far south as Persons or Perryville. It may occur under the younger.
deposits to the west. It is difficult to differentiate between the Cam-
den and Harriman cherts in the field, for they are very similar in their
weathered forms, and the only safe criterion is the evidence afforded by
fossils. The Camden is an excellent water-bearing formation in this
region. It is the source of many springs.

Eight samples of water from the Camden chert, at varying depths,
were analyzed (Benton County, Nos. 10a, 10b, 32, 35; Carroll County,
No. 17; Decatur County, No. 2; Henry County, No. 28, 46). These
waters vary widely in mineral content and chemical character. In
the following table No. 1 is a water of high mineral content in which
sodium predominates, with practically equivalent amounts of bicar-
bonate and sulphate; No. 2 is a calcium bicarbonate water of moderate
mineral content; No. 3 is a water of low mineral content that can not
be said to be characterized by any particular constituent. The waters
from the Camden range from very soft water, such as No. 3 of the fol-
lowing table, to water containing about 200 parts per million of total
hardness. The analyses indicate that the deeper well waters are more
highly mineralized than the shallow well waters. This may be due to
the greater leaching of the lime from the chert near the surface. The
content of iron in waters from shallow wells is usually sufficiently low
to be unobjectionable, but water from deeper wells generally should be
treated by aeration followed by sedimentation or filtration for the
removal of the excess iron. Water from the Camden chert at depths
of a few hundred feet may contain considerable hydrogen sulphide.
The waters from the Decaturville and Harriman cherts are similar in
chemical character to the water from the Camden chert.

Analyses of waters from the Camden chert

[Parts per million]

1 2 3

Silica (8102) - oo 12 6.2 13
Iron (Fe)..._.__ - .15 15 .11
Calcium (Ca)... 19 75 3.1
Magnesium (Mg 3.7 5 1.3
Sodium (Na). .- 167 9 2.9
Potassium (K).-__.....____ 5.0 .8
Bicarbonate radicle (HCOs] - 194 202 5.0
Sulphate radicle (SO4) .- - 151 40 4.9
Chloride radicle (Cl)_ .. o 84 3 2.5
Nitrate radicle (NO3).____....___.__. - - 19 .4 7.5
Total dissolved solids..__..__._._.____ - - 542 240 42
Total hardness as CaCO3 (calculated) - 63 208 13
Date of collection. . . June 19, 1929 | June 22,1929 | Sept. 29, 1928
Analyst e e M.D.F. D.F.F. M.D.F.

s M. D. F.—Margaret D. Foster, U. 8. Geological Survey, Washington, D. C.; D. F. F.—D. F. Farrar,
Tennessee Geological Survey, Nashville, Tenn.

1. Water with high.minerai content from well 1,000 feet deep (No. 9¢, Benton County, p. 120).

2. Water with medium mineral content from depth of 270 feet in well 31a, Benton County (p. 120).

3. Water with low mineral content from well 20 feet deep (No. 2, Decatur County, p. 147).



WATER-BEARING FORMATIONS 67
PEGRAM LIMESTONE

The Pegram limestone, also of Middle Devonian (Onondaga) age,
is found in four exposures in the western part of Tennessee, none of
which lie within the area of this report, but it is believed to be present
in places. It is a pure-white thick-bedded limestone and because of
its spotty distribution is of no value as a source of water.

DEVONIAN OR CARBONIFEROUS SYSTEM
CHATTANOOGA SHALE

The Upper Devonian, if present in western Tennessee, is represented
by the Chattanooga shale. Some geologists, however, consider this
formation to be of Mississippian age. It crops out in the valleys of
southeastern Hardin County, on the hillsides of southeastern Decatur
County, and at scattered localities in northeastern Benton County.
It probably underlies much of the area, but it is not continuous in its
distribution and may be lacking in places. It consists of a basal mem-
ber, the Hardin sandstone, and the shale proper. The Hardin member
is nowhere very thick, in this area ranging from 2 to 15 feet, but a
maximum of 22 feet is reported from Wayne County. The shale is
a black fine-grained fissile shale, which splits like slate into very thin
flat sheets. It gives a petroliferous odor when hit with a hammer and
contains much pyrite. The Chattanooga shale ylelds very little
water, which is of poor quality. The overlying Fort Payne chert
contains abundant water. The impervious Chattanooga shale de-
flects the downward circulation of water in the Fort Payne, with the
result that along the valleys where the Chattanooga crops out springs
are very abundant. The valley of upper Horse Creek is a good ex-
ample of this. The Hardin sandstone is usually from a few inches to
3 or 4 feet thick but has a maximum development at Olive Hill, where
it attains a thickness of 15 feet. It is very irregular in distribution.
It consists of a single massive bed of fine-grained muddy-gray sand-
stone. Its thinness and small, irregular extent preclude its being of
value as a source of water.

CARBONIFEROUS SYSTEM
MISSISSIPPIAN SERIES

The formations of unquestioned Mississippian age that occur in the
area under discussion are, in ascending order, the Ridgetop shale, ths
Fort Payne chert, and the St. Louis limestone. As the St. Louie
has only a very sparse distribution and in its weathered outcrop is
similar to the Fort Payne, no attempt will be made to differentiate
it in this report.

RIDGETOP SHALE

The Ridgetop shale is a gray to black siliceous shale that directly

underlies the Fort Payne chert in Hardin County. It is not a good
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water bearer, and as the Fort Payne is present wherever the Ridge-
top is found it has no importance as a source of water.

FORT PAYNE CHERT

The Fort Payne chert occurs along the sides of the valleys in south-
eastern Hardin County, and most of the large springs in this area
issue from it. It covers the uplands of northeastern Decatur County,
occurs at the surface over most of eastern Benton County, forms a
narrow band along the eastern boundary of Henry County, and prob-
ably underlies the younger formations to the west. The Fort Payne
is a dark calcareous_chert in beds 1 to 4 inches thick which have been
broken by folding into angular blocks a few inches square. It weathers
to a yellow color and when exposed is full of solution pores. Its out-
crops consist of rubble composed of loose angular fragments. In
some places it has been weathered to form tripoli. No exact figures
on the thickness of the Fort Payne in this area are available. It may
attain a thickness of 200 feet in some places, but its usual thickness
is from 50 to 100 feet.

The Fort Payne is the source of many large springs, which furnish
excellent water. Wells sunk into the fractured weathered portion of
the Fort Payne formation obtain water in abundance.

The waters from the Fort Payne formation (Benton County, Nos.
8, 15, 53; Hardin County, Nos. 28, 71), which vary extremely in quan-
tity and character of dissolved mineral matter, can be divided into
three groups on the basis of their mineral content—water containing
less than 100 parts per million of total dissolved solids, water contain-
ing less than 1,000 parts per million, and water containing more than
1,000 parts per million. These groups are determined by the amount
of ground-water circulation that takes place in the formation. Where
the Fort Payne chert is the surface formation and is thoroughly leached
by rapidly circulating ground water, it yields soft water of low mineral
content, which falls in the first group and except for the iron content,
which may need to be removed by aeration followed by sedimentation
or filtration, is of excellent quality for all uses. The analysis of a
representative sample is given in the following table. Most of the
waters derived from the Fort Payne formation in the area covered
by this report fall in the first group.

Waters of the second group are obtained from the Fort Payne chert
where it occurs at shallow depths and is sufficiently fractured to allow
some circulation of ground water. The mineral content of waters of
this group ranges from 100 to 1,000 parts per million. An average
of 14 analyses is given in the following table and represents a calcium
bicarbonate water containing about 200 parts per million of dissolved
mineral matter. The third group comprises waters obtained from the
Fort Payne formation at depths where there is very little movement
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of ground water. These waters are high in total dissolved solids and
unlike those of the other groups contain predominant calcium sulphate
and sodium chloride. It is probable that these waters are modified
connate waters. The high content of calcium sulphate is probably
brought about by solution of the gypsum present in the argillaceous
portions of the formation. These waters have too high a mineral
content to be suitable for any use. An average of 5 analyses from this
group is given in the following table:

Analyses of waters from the Fort Payne chert

[Parts per million]

1 2 3 1 2 3
Silica (8108) <o ccmmoeio s 43|14 17 Sulphate (8O4) e coooauos 11 20 1,883
Iron (¥e)..._._ | L8| .47 7.5 || Chloride (Cl)_.__ 6 6.7 700
Calcium (Ca)- ... J 9 52 591 Nitrate (NO3z)_.____ .3 L0 Le
Magnesium (Mg)._. a2 11 135 Total dissolved solids. ._..__ 52 207 3,970
Sodium (Na) and potassium Total hardness as CaCOs

4 gg 7 ?‘716 (calculated) - ... _..._..__. 2 A (RO PO —

1 3

1. Representative analysis of waters containing less than 100 parts per million of total dissolved solids
(Benton County, No. 52, p. 120).

2. Average of 14 ana]yses containing between 100 and 1,000 parts per million of total dissolved solids.
Pu;gg, A 2M Ground water in north-central Tennessee: U. S. Geol. Survey Water-Supply Paper 640,
D

3. }Everaglgz of 5 analyses containing more than 1,000 parts per million o fdissolved solids. Piper, A. M.,
op. cit., p

ST. LOUIS LIMESTONE

The St. Louis limestone is found at the surface over a small area in
northeastern Henry County between the Big Sandy and Tennessee
Rivers. Itis a gray porous limestone containing considerable chert.
It does not crop out but weathers to form a clayey rubble containing
angular fragments of yellow fossiliferous chert. In Henry County
large springs issue from it at the foot of the hills. The chemical char-
acter of the water from the St. Louis limestone in this area is similar
to that of the water from the Fort Payne chert.

MESOZOIC ROCKS
CRETACEOUS SYSTEM
TUSCALOOSA FORMATION

The Tuscaloosa formation as described at its type locality consists
of sand, clay, and gravel. Berry ® has shown that this is a delta for-
mation which thins toward the north and becomes prevailingly
gravelly. The Tuscaloosa probably covered all of this area at one
time, but most of it has been removed by erosion, and now only iso-

83 Berry, E. W., Upper Cretaceous floras of the eastern Gulf region in Tennessee, Mississippi, Alabama,
and Georgia: U. 8. Geol. Survey Prof. Paper 112, p. 13, 1919,
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lated remnants are to be found. It occurs only in southeastern
Hardin County in the area under consideration, though it crops out
east of the Tennessee River in Decatur County.?* No good sections
were encountered, and its thickness in Hardin County can not be
accurately given but probably ranges from 10 to 100 feet.

The Tuscaloosa formation consists of well-rounded waterworn peb-
bles most of which are 1 inch in diameter, although many are larger,
as much as 6 inches. The pebbles consist mostly of chert derived
from the Mississippian and Devonian chert formations. The forma-
tion shows some stratification of the coarse and fine pebbles. In most
outcrops there is very little sand present, but in some it is more
abundant. In places the pebbles have been cemented by iron oxide,
forming a very hard conglomerate.

The Tuscaloosa forms an excellent source of water wherever it
occurs at or near the surface. Usually water is found running out of
it along the sides of the valleys and ravines where it is exposed, and as
in its area of outerop the population is sparse these springs furnish all
needs. Its small areal extent precludes large water developments
from it, but supplies of as much as a few thousand gallons a day could
be obtained in favorable localities. No analyses of water from the
. Tuscaloosa were obtained, but the users report that it is of excellent
quality, being low in dissolved mineral matter.

EUTAW FORMATION

The Eutaw formation in western Tennessee is divided into the
Tombigbee sand member below and the Coffee sand member above.
These two members are nowhere sharply demarked, and it is probable
that the Tombigbee sand grades into the Coffee sand.® These
deposits were laid down by a transgressing sea, the Coffee sand
representing the shallow-water stage of deposition and hence being
slightly younger than the Tembigbee sand.

The Tombigbee sand caps the hills of eastern Hardin County.
Near Burnsville, Miss., it contains a small marine fauna, and fossils
perhaps from the same horizon have been collected in Hardin County,
about 5 miles east of Nixon on the Florence road. The remainder of
the Eutaw formation in western Tennessee belongs to the Coffee sand
member. Owing to the difficulty of differentiating the Tombigbee
sand from the Coffee sand the two members will not be treated sepa-
rately but the formation will be discussed as a unit.

# Wade, Bruce, The gravels of west Tennessee Valley: Resources of Tennessee, vol. 7, pp. 55-89, Ten-

nessee Geol. Survey, 1917,
8 Wade, Bruce, The fauna of the Ripley formation on Coon Creek, Tennessee: U. S. Geol. Survey Prof.

Paper 137, p. 6, 1926.
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DISTRIBUTION AND THICKNESS

The Eutaw formation is found at the surface over the eastern part
of the area under discussion as a belt several miles wide in the south
but diminishing to almost nothing at the Kentucky line. It forms
the tops of all ridges and hills in Hardin County, occurs in the western
half of Decatur County, occupies a narrow strip 1 to 3 miles wide along
the eastern boundary of McNairy and Henderson Counties, and con-
tinually decreases in width as it passes north through central Benton
County to eastern Henry County. As it dips toward the west at the
rate of 20 to 30 feet to the mile, it is found at progressively greater
depths below all the region to the west. The Eutaw lies on the
slightly uneven surface of the Paleozoic rocks; in some places it has
been removed by erosion, but it covers most of the above-mentioned
area with a mantle of sand and clay that ranges in thickness from 20
feet in the vicinity of Dulac, northeastern Henry County, to a maxi-
mum of 250 feet at the western edge of its outerop area in southern
Hardin County. Waest of its outerop area the only well that is surely
known to pass through the Eutaw formation is the one on the Sain
farm, 5 miles south of Bolivar. (See p. 76.) The record of this well
shows the Eutaw to have a thickness of 218 feet here, and it is probable
that the formation thickens to the west. Whether well 25 at Mem-
phis (p. 284) penetrates the Eutaw is questionable, as the log that
was obtained is not sufficiently accurate to serve as a basis for defi-
nite correlation. From a study of the log of the test well of the
Ira T. Johnson Co. near Ridgely, Obion County (p. 235), it seems
probable, however, that the Futaw was penetrated at a depth of
about 2,500 feet.

LITHOLOGIC CHARACTER

Although the Eutaw formation is dominantly sandy, clay is always
found with the sand. The most usual condition is a series of rapidly
alternating layers of sand and clay, the sand occurring in laminae
from a quarter of an inch to 6 inches thick with sheets of white, dark-
gray, or black clay one-sixteenth to one-half inch thick. The clay
layers thicken laterally into lenses several feet in thickness, which in
turn give place to the thin sheets. Almost every outcrop of the
Eutaw shows the condition just described, but in some localities solid
beds of clay are found. These clay beds are dark brown to black and
are composed of fissile paper-thin laminae. Their carbonaceous con-
tent is high, in places being enough to form argillaceous lignite.
Fragments of leaves and wood are abundant, and marcasite is common.
The best exposure of the Eutaw formation in western Tennessee is
found at Coffee Bluffs, on the west side of the Tennessee River about
4 miles north of Savannah, Hardin County. Here a section of more
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than 215 feet is exposed. The section as given by Glenn® is as
follows:
Section of Coffee sand member at Coffee Bluff, Tenn.

1. Back half a mile west of the bluff red and yellow chert
gravels of Pliocene age with overlying reddish sandy clay_ 15
2. Along descending slope of road from above point to edge
of the bluff are poorly exposed light-colored sands and
leaden-colored clays interbedded in thin layers which

Feet

are usually minutely laminated._.___________________ 120
3. At top of bluff light-colored sands similar in color, texture,
and structure to those below___ . _________ 13

4. Dark slate-colored clay in thin laminae, usually a very
pure and fine-grained clay but in places with thin sandy
layers. It containssmall fragments of indistinet plants
and showed at its base local unconformity with the
underlying beds_ . 25

5. Fine gray sand interbedded with slaty or leaden-colored
clay in fissile papery laminae. The sand and clay are
often interlaminated and more or less cross-bedded;
in places a relatively pure bed of sand or clay several
feet thick grades over along the bedding plane into the
other within a few yards. On the surface of the thin
fissile shales are indistinct leaf impressions. The sand
and clay alike earry more or less lignitized wood, which
is in small pieces except in the lower part of this division
wherelogs of it are found. Decomposing pyrite is asso-
ciated with the lignite. Two logs of petrified wood
projected from this sand and clay when Safford made
the measurements recorded on page 412 of his Geology
of Tennessee. These have since disappeared by the
recession of the bluffs from undercutting by the river.
Some of the sand is flecked with fine mica particles.
In places a tendency to induration is noticeable in the
sands, though generally they are rather soft. The
cross-bedding is always on a small scale, and frequent

reversals of direction aretobeseen_._______________ 40
6. Sand varying in color from light gray to canary-yellow,

MICACEOUS - - - 3
7. Sand, gray and lignitic, with much decomposing pyrite,

to water'sedge_ .. ___ . __._ 15

The sand of the Eutaw formation is composed dominantly of sub-
angular quartz and chert grains. Muscovite is a universal accessory
mineral and in some places is so abundant that the sand sparkles in
the sun as if made up entirely of this mineral. Much of the mus-
covite occurs in definite layers a fraction of an inch thick. The sands
are of variegated color but usually are red, yellow, or buff, though
some white sand is found. The red coloration is due to a surface
coating of iron oxide which covers all the grains. This staining may
have resulted from the oxidation of the iron in the percolating water,

% Glenn, L. C., Underground waters of Tennessee and Kentucky west of the Tennessee River: U S,
Geol. Survey Water-Supply Paper 164, pp. 24-25, 1906.
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which takes place near the surface of the ground and may be absent
in depth. The sands show small-scale cross-bedding. In the central
part of Decatur County, in the vicinity of Parsons and Decaturville,
the basal part of the Eutaw contains irregular lenses of fine chert and
quartz gravel, some of them several feet thick. This material has not
been found elsewhere. In northern Decatur County and in Benton
County a bed of black lignitic clay about 20 feet thick occurs near the
base of the Eutaw formation in many outcrops.

WATER-BEARING PROPERTIES

The laboratory analysis of four samples from the Eutaw formation
shows that they are fine grained, being composed largely of material less
than 0.25 millimeter in diameter. The uniformity coefficient has
a wide range, from greater than 6.1 to 1.5, which is very low. The
porosity is high, ranging from 516 to 398. The coefficient of permea-
bility ranges from 379 to 104. These factors indicate that the sandy
parts of the Eutaw are fair water bearers and compare favorably with
the other sands. It must be borne in mind, however, that the pres-
ence of interlaminated clays in the deposits makes the Eutaw sand a
poorer source of water than any other in the region. Also the Eutaw
changes abruptly from place to place, and intercalated with it are
large masses of clay. It is difficult to find a section of clay-free sand
more than 10 feet thick, and even such a section may have some clay
seams that give trouble. At any one place it may be difficult to find
a layer of sand in which to end a well, but a change of site should
solve this difficulty. The Eutaw will furnish ample water for farm
wells, but it will be difficult to develop wells in this formation with a
capacity of more than 300 gallons a minute.

The logs of the Spring Creek Development Co.’s well, in Hardeman
County; the Ira T. Johnson Oil Co.’s oil test well, in Obion County;
and the deep well at Memphis afford scanty and imperfect data
but seem to show that the sandy parts of the formation continue
to the west and are present in about the same relative amounts as in
their outcrop area.

The pressure-indicating surface in the Eutaw formation in its out~
crop area depends on topographic position. To the west of the
outcrop area there are no data available with the exception of the
log of the deep well at Memphis, which has not been definitely corre-
lated. The static level in this well is 360 feet above mean sea level.

QUALITY OF WATER

Twelve samples of water from the Eutaw formation were analyzed.
These analyses, as well as 48 analyses from the Eutaw formation in
Mississippi,?’ indicate that the waters from this formation vary

7 Stephenson, L. W., Logan, W. N.,and Waring G. A., The ground-water resources of Mississippi:
U. 8. Geol, Survey Water-Supply Paper 576, pp. 35-36, 1928.

119722—33——6
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considerably in the amount and character of the dissolved material.
The waters from the Eutaw in Tennessee can be divided into three
groups, examples of each of which are given in the following table.
One group includes waters {from the outcrop area of the Eutaw for-
mation and is represented by seven analyses (Benton County, No. 60;
Hardin County, Nos. 3, 35b, 36; Henderson County, No. 11a; Mc-
Nairy County, Nos. 5,17). Three of these analyses show high nitrate
and chloride, which may be obtained from surface sources. The
other four samples, which may be taken as representative of the for-
mation, are soft waters of low mineral content varying considerably
in character. Some of the waters contain enough iron to make its
removal by aeration followed by sedimentation or filtration necessary.
Analysis 1 in the following table represents a water from this group.
A second group includes waters derived from the Eutaw formation to
the west of its outcrop area but at depths less than 1,000 feet. The
content of total dissolved solids in waters from this group for which
analyses are available (Henderson County, No. 14; McNairy County,
Nos. 3, 11b, 12, 14) range from 193 to 290 parts per million except in
one sample, which contains 875 parts per million and which is prob-
ably derived from a sandy layer of the base of the Selma formation and
should not be included in this group. The other samples of this group
are all calcium bicarbonate waters of low sodium and chloride content,
but with varying amounts of sulphate. Some of these waters should be
treated to make them satisfactory for laundry use and for use in steam
boilers, and in some the iron content is sufficiently high to necessitate
its removal. Analysis 2 in the table represents water of this group.

Though the water from the Eutaw formation in its cutcrop area
is fairly soft and has a moderately low content of dissolved solids,
the water obtained from deep wells that penetrate the Eutaw in
Mississippi * contains over 1,000 parts per million total dissolved
solids and is characterized by sodium chloride.

Analyses of walers from the Eutaw formation
[Parts per million]

1 2 3 4
Silica (8I02) oo o 6.2 19 16 16
Tron (Fe) . oo e - .8 .27 .40 1.7
Calcium (Ca).__ | 14 52 3.2 5.5
g{a%n%h(llirn )(Mg lg 2(7) ; 1.0 1.8
oaium (Na)__._ - A
Potassium (K)....... - 1 5.1 } 432 269
Bicarbonate (HCO3) oo oeo o e 20 208 21, 068 5494
Sulphate (SO4) - e 23 55 1.8 2.4
Chloride (CD . __ | 18 2.8 16 142
Nitrate (NOs) L3 1.0 .02 0
Total dissolved solids. . 86 260 1, 026 692
Total hardness as CaCOs3 (calculated) 43 212 12 21

e Includes 71 parts per million of carbonate (COj).

b Includes 14 parts per million of carbonate (COs).

1. Analysis of water from the Eutaw formation in its outcrop area (Benton County, No. 59, p. 120).

2. Analysis of water from the Eutaw formation to the west of its outcrop area, bui at depths less than
1,000 feet (M¢Nairy County, No. 11b, p. 233). X

3. Analysis of water from the 2,656-foot well at Memphis (analysis 10, p. 287).

4, Analysis of water from Eutaw formation in Clay County, Miss. U. 8. Geol. Survey Water-Supply
Paper 576, p. 132, 1928,

87a Stephenson, L. W., Logan, W. N, and Waring, G. A., op. cit., pp. 35-36.
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SELMA CLAY

The Selma, clay crosses the area in a direction a little east of north,
forming a belt that diminishes in width from 8 miles at the southern
boundary to the vanishing point in central Henderson County.
Formerly % the Selma formation was believed to continue north into
Kentucky, but recent work indicates that the supposedly northward
continuation of the Selma formation is the Coon Creek tongue of the
Ripley formation.®® The most northerly outcrop in Tennessee known
to contain fossil shells is in central Henderson County, on the old
Lexington-Parsons road 2.2 miles west and a little north of Chester-
ford. Here the road crosses a creek and goes up an abrupt hill.
Where the road has worn away the surface soil, typical black marl of
the Coon Creek, is exposed and fossil shells are abundant. Stephen-
son ® identifies this fauna as Coon Creek. The most northerly
exposures of the supposed Selma contain only fossil molds, the shells
having been weathered out. Though no systematic collections of
these molds were made, the fossils recognized were more characteristic
of the Coon Creek than of the Selma, and the lithologic characteristics
of the material also indicate that the bed belongs with the Coon Creek
rather than with the Selma formation. Unmistakable Selma fossils
have been found at several outcrops in southern Henderson County.
As it is impossible to differentiate the Selma from the Coon Creek
in the usual well log in this report, any Coon Creek that may be present
in a well is included in the material classified as Selma. A study of the
microfauna of the Selma formation and the Coon Creek tongue of the
Ripley formation made by Cushman ® has revealed a rich fauna, which
furnishes a basis for the accurate correlation of these formations from
well drillings. Like the Eutaw formation, the Selma dips from 20 to 30
feet to the mile toward the west and underlies all of the region west of
its outerop. In southern McNairy County it has a thickness of about
210 feet, but by the time it reaches central Henderson County it has
thinned out. The well of the Spring Creek Development Co., in
Hardeman County, 25 miles west of the western edge of the Selma
outcrop, shows a thickness of about 172 feet for this formation. The
deep well at Memphis (p. 284) gives no positive data. The top of the
Cretaceous is believed to be at 2,371 feet, but how much of the ma-
terial below this belongs to the Selma and how much to the Ripley
formation can not be determined, though most of it is certainly
Ripley.

The Selma clay was deposited under marine conditions in water of
sufficient depth to keep the bottom free from wave action. Though
much of the lime has the characteristics of chemically precipitated

% Wade, Bruce, Recent studies of the Upper Cretaceous: Tennessee Geol. Survey Bull, 23, p. 58, 1920.

8 Stephenscn, L. W., oral communication.

60 Cushman, J. A., A preliminary report on the Foraminifera of Tennessee: Tennessee Geol. Survey
Bull. 41, 1931,
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calcium carbonate, fragments of shells from the numerous marine
organisms that swarmed in these waters formed a part of the sediment,
and the large shells of Inoceramus and Erogyra are very conspicuous.
throughout the formation. Clay and sand were brought to this sea
and were deposited along with the lime, so that the formation consists
of chalky clay and argillaceous sand. Specks of glauconite are found
throughout the formation but are very abundant near its base, where
the Selma consists of a glauconitic sand indurated by lime. The
unweathered clay when wet is slate-blue and is locally known as.
“blue dirt.” Its weathered surfaces are from grayish white to gray
and are strewn with fossils.

Though the Selma is slightly porous it is not a water-bearing
formation. Very small quantities of water will seep out of it, but the
water is highly charged with mineral matter, has an unpleasant taste,
and is poor water for any purpose.

RIPLEY FORMATION
DISTRIBUTION AND THICKNESS

West of the Selma clay and paralleling it in trend is a broad band of
sand and clay of the Ripley formation, which ranges in width from
18 miles in the south to 8 miles at the northern boundary of Tennessee..
This formation is found at the surface over most of McNairy, Chester,
and Henderson Counties, the western part of Benton County, and the
eastern half of Carroll and Henry Counties. It has a maximum
thickness of 600 feet in southern McNairy County but thins to about.
350 feet at the Kentucky line. It dips 30 feet to the mile toward the
west and underlies all the younger formations.

The well of the Spring Creek Development Co., 5 miles south of
Bolivar, in Hardeman County, furnishes the only precise- measure-
ments of thickness and the only detailed description of lithology of the
Ripley formation west of its outcrop area. The log of this well is as
follows:

Log of well of Spring Creek Development Co., Hardeman County

Thick-
< : Depth
Geologic age Formation (?::g) (fest)
Holly Springs sand. Soil, sandy loam . .o oo oaiccees 2 2
Soapstone. _ e 14 16
Quicksand.____.___ I [} 22
Eocene. Porters Creek clay. Lime, soft, gray....- 82 104
Sand, green; water____ . 16 120
Sandstons, soft, blue__ ... o 9 129
: Lime, soft, blue. oo eceaan 17 146
Clayton formation. | Ti110" coft! gray - oooonooooosoooom oo oo 104 250
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Log of well of Spring Creek Development Co., Hardeman County—Continued

. Depth
Geologic age Formation ness
(fest) (feet)
10 260
51 311
Owl Creek 69 370
tongue. Shale, black, hard_........... 42 412
Sand, coarse, brown,; shells 6 418
Marl, sandy, gray oo oo meiaas 434
Sand, brown; water__ 450
Marl, sandy, blue__ e 480
o Sand, gray; water 551
2 Lime, hard, white 555
" Sand, green; water...._...___ 612
g Lime, hard, gray.-- 615
5 | McNairy sand | Marl, sandy, blue.. 660
; member. Sand, gray; water_. 718
o Lime, hard, gray.-- 720
= Sand, white; water. 748
I~ Lime, hard, gray... 750
Sand, hard; water_ ..o .. 783
Marl, sandy, blue oo ool 801
Lime, hard, white. ... .. 804
Sand, gray; Water - - eciceaoeane 820
Cretaceous.
Mar), sandy, black 30 850
Coon Creek | Lime, soft, blue.._ 22 872
tongue. Shale, black, hard ... __._______ 8 880
Marl, sandy, black - 60 940
Lime, ‘ ‘blue rock,” soft 52 992
Lime, shells, blue. ... 9 1,001
Lime, ‘‘blue rock,” soft 14 1,015
Lime, shells, blue_...___...__........ 36 1,051
Jelma clay. Shale, black, hard. ... 15 1,066
Lime, soft, white_.... 23| 1,089
Sand, gray; water. - 17 1,106
Lime, hard, gray. ——— . 1 1,107
Sand, brown._... ——- - 2 1,109
Lime, 80ft, DlUe.ccou oo cacceeccaccaann| 3 1,112
Sand, gray, mica; water-........._. 10 1,124
Clay beds, sand intervene 80 1,204
Eutaw formation. Sand, white, mica; water..... 76 1,280
Clay, medium, hard, gray.... 10 1,290
Shale, blue, black.. . 40 1,330
Tuscaloosa formation. | Gravel, sand, gray. . 10 1,340
Sandstone, gray, hard 5 1,345
Lime, white, hard___. 49 1,304
Sandstone, gray, hard 11 1,405
Lime, brown, hard..... 23 1,428
Sandstone, gray, hard 10 1,438
\ Lime, gray, hard.. - 12 1,450
Carboniferous Sandstone, white, hard._.-_____________________ 13| 1,463
and Lime, gray, hard..-._. 85 1,548
Devonian. Lime, blue, hard._. 87 1,635
Sandstone, gray, hard 35 1,670
Lime, blue, hard. - oo oo ieaeeeas 7 1,677
Sand, gray, dry - 3 1,680
Lime, sandy, gray - - oo oo eeeeae 30 1,720
Lime, white, hard. . 10 1,730
Shale, gray, hard 10 1, 740
Lime, bluish, bard .. -l 90 1,830
Lime, shaly, gray, hard. 65 1,895
Sandstone, gray, hard 80 1,975
Lime, gray, hard..... 20 1, 995
Lime, shaly, gray, hard. 75 2, 070
) Lime, bluish, hard.__ 95 2, 165
Silurian. Shale, gray, hard...... 12 2,177
Lime, shaly, gray, hard. 90 2, 267
Sandstone, white, hard . 13| 2280
-Lime, shaly, gray, hard. 60 2,340
Lime, white, hard. ... 55 2,395
Shale, bluish, hard. . 20 2,415
Lime, blue, hard .- .. 12 2,427
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Log of well of Spring Creek Development Co., Hardeman County—Continued

Thick-
Geologic age Formation ness ]?fgtt)h
(feet)
Lime, blue-gray, hard_ . _.___.______________.__ 92 2,519
Shale, blue-gray, medium hard.. 20 2, 539
Lime, gray, hard. ..o coeo___ 21 2, 560
Lime, blue-gray, hard.. 45 2, 605
Sand, dark-gray, dry_.- 2 2,607
Shale, blue-black, hard. 38 2,645
Sandstone, gray, hard.. 70 2,715
Lime, white, hard_ ... 80 2,795
. Lime, bluish, very hard.. 40 2,835
Ordovician. Lime, shaly, gray, hard__._._. - 62 2,897
Sandstone, gray, medium hard.. - 9 2,
Lime, blue, hard - 89 2,995
Lime, gray, hard__. - 73 3, 068
Shale, blue, hard - 22 3, 090
Lime, bluish-gray, hard.-_ - 70 3, 160
Sand, dark-gray; water_._ - 18 3,178
Lime, bluish-gray, hard.. 22 3, 200
Lime, gray, hard.._.__.__ - 5 3, 205
Lime, shaly, blue, hard . ... __.______.____ 5 3,210

Though the deep well at Memphis (see p. 284) penetrates the Rip-
ley formation, the log is so vague that it is impossible to determine
whether it passes through the formation.

Since the time of Safford ® this formation has been correlated with
the Ripley formation in Mississippi. Because of the lithologic dis-
similarity of the sand and clay in Tennessee to the typical materials
of the Ripley formation, Stephenson ¢ used the name McNairy sand
member to designate the upper part of the Ripley formation in Ten-
nessee. Wade % retained the name Ripley formation for the whole
series but subdivided it into three lithologic and faunal units—in
descending order the Owl Creek tongue, McNairy sand member, and
Coon Creek tongue.

LITHOLOGIC CHARACTER

The Coon Creek tongue consists in the southern part of this area of
black to bluish-green marl. The marl is composed of quartz, sand
grains, glauconite, small flakes of mica, and fragments of shells
cemented together by fine calcareous material. Pieces of lignitic wood
and small nodular masses of pyrite are common but not abundant.
The lime and clay content are variable. Scattered through this
matrix are numerous fossil shells. Toward the north the lime content
decreases, mica becomes more abundant, and the material becomes
greenish gray, in places stained brown with iron oxide. Fossils are no
longer present, though molds may be found in the material; but irreg-
ular nodular masses composed largely of limonitic material and

61 Safford, J. M., On the Cretaceous and superior formations of west Tennessee: Am. Jour. Sci., vol. 37,
Pp. 360-372, 1864; Geology of Tennessee, p. 550, plates and map, 1869.

62 Stephenson, L. W., Cretaceous deposits of the eastern Gulf region: U. 8. Geol. Survey Prof. Paper 81,
pp. 17-18, pl. 10, 1914,

63 Wade, Bruce, The fauna of the Ripley formation on Coon Creek, Tennessee: U. S. Geol. Survey Prof.
Paper 137, pp. 7-8, 1926.
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vaguely resembling organic forms are conspicuous features of any
outcrop. The large and beautiful fauna of well-preserved marine
fossils in the type locality has been described by Wade. % The
northern extension of the Coon Creek tongue was formerly considered
to belong to the Selma clay, but although there is no fossil evidence
in northern Tennessee on which to base a correlation, the lithologic
nature of the material would place it in the Coon Creek.

Wade ® describes the ferruginous clay portion of the Coon Creek
tongue as follows:

The ferruginous clay portion of the Coon Creek tongue of the Ripley is well
exposed in a cut on the Mobile & Ohio Railroad just south of Falcon, in McNairy
County. It consists of a series of stratified micaceous clays about 100 feet thick
containing numerous concretions of limonite, which are very conspicuous on the
eroded slopes in the central part of McNairy County. A scant and dwarfed
marine fauna has been obtained from this clay in the southern part of the State.
Toward the north this clay becomes sandy, loses its identity, and merges into the
MeNairy sand.

The McNairy sand member is predominantly sand, though clay
lenses from 10 to 20 feet thick are found throughout the member.
The sand consists chiefly of fine to coarse subrounded quartz grains.
Mica is present but is less abundant than in the Eutaw formation.
Glauconite occurs in small amounts. The sands are variegated in
color—red, white, brown, yellow, pink, and purple—but in the out-
crop are predominantly a deep red to brown owing to the oxidation
of the iron in the waters of this member, which probably contain more
iron than those of any other formation in western Tennessee. When
exposed to the oxidizing influence of the air the iron is precipitated
and forms a coating of red ferric oxide on the surface of the sand
grains. In places the ferric oxide cements the grains together, form-
ing hard sandstone. Locally this is found as large tabular masses, as
near Dollar and Hollow Rock, Carroll County, or in fluted columns,
as at Big Cut, McNairy County. The sands are in many places
strongly cross-bedded but elsewhere show parallel bedding. Here and
there the sands contain interlaminated layers of clay, from & fraction
of an inch to several inches in thickness. In other places large lenses
of thinly laminated clays are found. The clays are gray, dove-gray,
or black. Leaves and fragments of leaves are found in the clays, and
fragments of lignitic wood are common. The following section of the
Ripley at a deep cut on the Southern Railway 1) miles west of
Cypress station, Tennessee, is given by Glenn: %

6« Wade, Bruce, The fauna or the Ripley formation on Coon Creek, Tenn.: U. S. Geol. Survey Prof.
Paper 137, 1926.

6 Idem, p. 8.

8 Glenn, L. C., Underground waters of Tennessee and Kentucky west of Tennessee River: U. S. Geol.
Survey Water-Supply Paper 164, p. 29, 1906,
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Section of Ripley formation near Cypress

{Residuum:] Feet
1. Red casehardened Lafayette sand and clay with a
few broken pieces of ferruginous sandstone and
scattering quartz pebbles marking the contact with

the underlying Ripley - - - oo 8
{Ripley:]
2. Fine red sand and clay with rolled clay pellets and
thin streaks of whiteelay - oo 20-25
3. Concretionary tabular and ironstone in single pipes or
in masges of parallel ones with soft sand cores.... 2-8

4. Fine variegated sand, having as a whole a light-
grayish color, but showing in detail red, white,
brown, yellow, and purple streaks or mottling.

Casehardened so that it breaks off in large masses_. 20
5. Ferruginous sandstone pipes and flutes massed as
ADOVe . e 0-5

6. Finesandand clay interbedded in thinlaminae; yellow,
brown, cream, or gray; sands micaceous; leaf and
other plant markings common but indistinct and
unidentifiable, exposed down to 15 feet below track
level. oo e 35
Another place where the Ripley is well exposed is just south of the
Carroll County line in northeastern Henderson County, 1 mile east
of Holly Springs Church. Here a series of gullies about 60 feet deep
show in one place the following section:

Section 1 mile east of Holly Springs Church, Henderson County

Feet
S0il - o i o 0-1
Very coarse sand and gravel as much as 3 millimeters in
diameter. - _ . o 1-6
White sand and elay._ - . . _____ 6-7
Medium-grained white sand, irregularly stained with iron
OXIA@ o e e mmm 7-21
White thinly laminated sandy clay with stocks of clay and
clay balls seattered through sand...____.______________ 21-23
Medium-grained white cross-bedded sand. ... __________ 23-28
Medium-grained white and pink sand showing distinct bed-
ding with a few thin layers of clay. To the west the sand
gradually changes to white plastic clay by the inter-
fingering of layers of clay 1 to 6 inches thick________.____ 28-55

The bottom of the McNairy sand is, in general, white and very fine
grained. High banks of this fine white sand are found at Zacks,
Benton County, in southwestern Benton County, just east of Lexing-
ton, and southwest of Selmer. Though this belt of fine sand has not
been traced uninterruptedly across the State, it probably forms a
fairly continuous layer representing a certain phase of sedimentation.
Sand samples 925 and 809 are typical of this sand. Above it occur



WATER-BEARING FORMATIONS 81

many lenses of very coarse sand. Though any particular outerop in
this belt may not show coarse sand, yet in general coarse sands are
present. Sand samples 865 and 914 represent this coarse sand.

Stratigraphically above the McNairy sand member in southwestern
McNairy County and eastern Hardeman County is the Owl Creek
tongue. This is a series of micaceous sands and marls about 168 feet
in thickness in Tennessee that contain a portion of the Owl Creek
marine fauna. This northern extension of the Owl Creek does not
extend far into Tennessee.

The Ripley formation was deposited by a sea that receded and then
advanced again. The shallow marine conditions that are represented
by the Coon Creek tongue gave way to shallow-water and littoral
conditions of the McNairy sand, which in turn were followed by the
shallow marine conditions of the Owl Creek.

PHYSICAL PROPERTIES

In order to determine the physical properties of the sands of the
Ripley formation 24 samples were collected in the outcrop area.
These samples were taken, as far as possible, along east-west lines at
right angles to the strike of the formation. Two such series were
collected, one across southern Carroll County and one along highway
15, which crosses central McNairy County. Besides these two series
other samples were taken at good outcrops. Owing to the facts that
the outcrops are not large or continuous and that the formation is
extremely variable, it is impossible to determine what proportion of
the total formation each grade of sand makes. It may be said, how-
ever, that the measurements of the thickness of the sands of different
size in different outcrops are approximately the same, and if it is
assumed that the chance distribution of outcrops is such that the
various grades of sand are represented by samples in proportion to
their relative abundance in the formation, the properties of the average
sample give a fair average for the formation as a whole.



GROUND-WATER RESOURCES OF WESTERN TENNESSEE

82

*31qe) JXIU 9IS S{SA[BUB [BO[UBYIOW 104 ¢

-dn W0330q WOJ} UOYIBULIO) SS0I08 I9PI0 U PeISY[ So[dweg »

TLS L°0% 8°¢ G 9% £6°C 280" 5" e 82 0°cy 0°9¢ €6 T 6% 1
c99 6 V¥ 01 6 9% 13°¢ [1°) SR R 101 9¥ z8 0°¢¥ 0°Th £C 891
168 8 9% 9T ¥ 8% 286°C frA coomTeem f4x4 11 878 £ 0% 0er 90 69T
G098 0Ty VL v 6F A 290" R 98 208 £°69 LT [ ‘UON 09°1T
544 08¢ qe IS4 08T g1 D XA 9°C 091 209 ¥ '8¢ € 99°1
.......... 1°6% | &4 Ty 16T g1 TTTTTTTTTILg 1 ¥ 8% 9°9% 8 *AUON 99 °T
281 $'9% ¥9 LC8 06 Y [1] S It s A 4 c6 8°0¢ 'Ly (33 66 ‘T
1548 962 9°¢ [y 34 09°¢ [4:( A I8V L 967 0P 0T 0 002
G '6C '8¢ 601 1°68 29T 890 |77 i i ] 981 VgL ‘9T g T 13T
28 0°L8 001 0Ly i¢R3 280 8T L4 gL £99 8¢1 8°T ¥ 8% 1
1¥6 . L°18 ¢ 07¢ 90 ¥ Go1° ]’ [ 4 9°1 99 [ )44 188 ¥°'02 841
L¥8°C V€8 98¢ 0°9¢ 99°C j3 01 81 17e T 6T 9°11 6L QLT
QLY 2°L8 (x4 ¥ 68 4 991 9 LT 9° ¢ gl £ 6% 992 69 9L°1
869 &°L8 [ 4 ¥ 68 00°¢ €L 9° 91 0°¢ 9 9%¢ 8¢l z° €9°T
809 8 '68 19 0°9% 8.9 $80 ° 9° 6°G 3 4 6°¢ 498 1% L' 961
128 ‘1 qg'1g 0°¢ g ¥e €8T 760 01 b1 4 19 1 f ALt 611 479 99°1
0L 698 g°g i 44 09°1 011" 0 ¥ L 0°96 ¥ g QUON 69T
288 . £°9¢ 011 €°LE 6.°C 890 2C 19 26 108 01 g BUON 09°1
090 ‘2 | x4 L¥ 0°ce 0L°C Lg° 0T 71 6 9y LAY 199 9°6 8°1
Gl ¥ 8l 06 &4 (1] x4 c01 " 9v g'¢ 71 0°19 912 6 v g¢°'T
048 ¢ 61 9L°¢ 093 29 ¢ 811° 0 1 AL % ¥ '8¢ ze 6" WL
692 8 '8¢ 62 ‘T 1°0% i 0¥e * 0 0 6 68 0°0% 6 0% 298 8L°1
966 1°68 19°0 L 68 GL°¢ ¥81° 0 L 87 1 86 °T1 16 '8¢ i&4Y 28°% 8L°1
L12 08¢ 60°T 6 68 122 6170 I B Il ey I e I 69T
(eumpoa |y ord
Aq yued | _ , usd o wux uied . Ldtes
sonmiaq | RO guor | IOA 1 quoo | quooge | SIREET | 4SO | S| onpiseyy | 010220 | gz0-g0 [MHOT| WAL | BOMD
-sAIODbA |7 10d) 00 £y | I ] 2"0N £1098I0Q8T
30 309 | gmasrom | YL | gyisodog | -wmaogrup | OZ FU8? Ayraeid
“meo) | MANoW | .gambe | 450104 MO0 pdgr ogmweds
Ansolog | PTISION (3ue0 Jod) woINISOdTION [BI[TBYIRTN jusreddy

29882UUI ], fO

[1eUSIA "D A £q SUOIBUIULINIOD £10)8I0q8T]

wonvwLof fiayday ay3 f0 DU dosdIno woLf spuvs fo sagiadosd Jporshiy g



WATER-BEARING FORMATIONS 83

Mechanical analyses of sands from the Ripley formalion of Tennessee, made
: according to second method

[See p. 39]
Mechanieal composition (per cent)
Residue
Laboratory No. 0.25-0,125 | 0.125-0.062 | on pan
2-1 mm 1-0.5 mm {0.5-0.26 mm om mm
9.0 18.0 58.5 15.6 0.5 0.3
1.1 49.1 41.5 6.1 .8 .4
6.0 43.8 45.9 3.5 .4 .2
.9 3.1 41.6 52.3 L5 .8
1.2 8.7 52.5 33.7 1.6 1.6
4.0 68.0 26. 0 15 .4 .b
.3 1.0 9.0 73.0 9.0 6.4
None. .3 6.7 81.9 9.3 .9
66. 5 16.5 11.0 2.0 1.0 2.5
3.5 54.5 40.0 1.0 .5 .5
............ 14.0 78.0 7.0 .5 1.0
5.0 32.0 59.0 5.0 .5 .5
59 34.5 4.0 1.6 1.0 2.5
23.3 47.0 26. 5 L0 .5 .9
2.6 2.0 310 54.0 8.0 2.0
11 34.7 55.8 4.2 1.7 .6
None. 4.5 48.8 20.0 13.2 3.5

o Saroples listed in order across formation from bottom up.

851. Gully 0.25 mile south of Buchanan, Henry County. Altitude of top of gully 500 feet. Section from
top down: 0-9 feet, red sandy clay, some gravel; 9-9,5 feet, impure white clay; 9.5-15 feet, alternating bands of
red and white sand about 3 inches thick, white sand coarser grained, red sand contains some clay; 15-23 feet,
cross-bedded white sand of varying coarseness, lenses of purple spots accentuating bedding. Sample taken
23 feet below top of section.

852, Same as 851; 21 feet below top of section.

853. Same as 851; 19 feet below top of section.

854. Same as 851; 17 feet below top of section.

855. Same as 851; 15 feet below top of section.

_865. Gully 1.5 miles east of Mansfield and 1 mile south of New Hope Church, Henry County, on south
side of road. Altitude of tog of gully 470 feet. Section from top down: 0-15 feet, red sandy clay; 15-25 feet(i
alternating 3 to 12 inch bands of red and white fine-grained sand; 25-27 feet, coarse cross-bedded white ans
brown sand. Sample taken 26 feet below top of section.

864. Same as 865; 20 feet below top of section. .

925. Sand pit on west side of State highway 1, Zacks, Benton County. A 30-foot bank of fine white sand.
Sample taken 15 feet above level of railroad track. .

915. Gully 6.2 miles southeast of Yuma and 1 mile east of Holly Springs Church, Henderson County, just
south of Carroll County line. Altitude of top of gully 580 feet. Section from top down: 0-1 foot, soil;
1-6 feet, very coarse sand and gravel as much as 3 millimeters in diameter, in channels; 6-7 feet, white sandy
clay; 7-21 feet, medium-grained sand stained irregularly with iron oxide; 21-23 feet, white, thinly laminated
clay with some stocks of clay and clay balls scattered through sand; 23-28 feet, medium-grained white cross-
bedded sand; 28-55 feet, medium to fine grained white and pink sand with some layers of clay. Sample
taken 5 feet below top of section.

916. Same as 915; 20 feet below top of section.

917, Same as 915; 28 feet below top of section.

018. Same as 915; 54 feet below top of section. .

914. Gully on south side of Yuma-Cavia road 3.4 miles east of Yuma, Carroll County. Approximate
altitude at top of gully 490 feet. Section from top down: 0-7 feet, bedded medium-grained sand with lumps
of clay; 7-22 feet, coarse sand. Sample taken 16 feet below top of section. .

913. Gully on south side of Yuma-Cavia road 1.9 miles east of Yuma, Carroll County. Approximate
altitude of top of gully 440 feet. Section from top down: 0-6 feet, soil grading within a few inches into very
coarse sand; 6-12 feet, very coarse sand showing bedding at angle to the preceding; 12-17 feet, very coarse
sand, as much as 3 millimeters in diameter; 17-20 feet, white and pink thinly laminated clay. i

919. Hillside 2.8 miles south of Clarksburg on east side of highway 44, Carroll County. Approximate
altitude of top of hill 390 feet. Section from top of hill down: 0-5 feet, argillaceous sand; 5-35 feet, dark-red,
Partly cemented fine sand; 35--50 feet, micaceous thin-bedded red sand; 50-53 feet, thin-bedded carbonaceous
<lay. Sample taken 45 feet below top of section. .

809. Gully 1 mile east of Lexington on highway 20 (old road), Henderson County, north side of road.
Fine-grained white micaceous sand. 3

808. Gully 0.5 mile east of Lexington on highway 20 (old road), north side of road. Variegated dark-
brown, yellow, and white sand. .

812. Road cut on highway 15, 0.25 mile west of Selmer Courthouse, McNairy County. Cut 20feet deep.
Medium-grained quartz sand streaked with red. .

813. Road cut 0.5 mile west of Selmer Courthouse on highway 15, McNairy County. Cross-bedded
black, brown, red, yellow, and white sand.

814. Road cut 5.0 miles west of Selmer on highway 15, McNairy County. Cut 20 feet deep. Coarse-
grained sand in shades of yellow and red. . .

805. Road cut 6.2 miles east of Selmer on highway 15, McNairy County. Cut 20 feet deep. Fine white
micaceous sand.

815. Road cut 5 miles east of Hornsby on highway 15, McNairy County. Cut 20 feet deep. Coarse-
grained variegated red and yellow sand.

866. Big cut on Southern Railway 1.5 miles west of Cypress. Section from top down: 0-15 feet, dove-gray
and white finely interbedded clay, at the top of which are some fiuted iron oxide sandstone formations;
15-17.5 feet, finely laminated dove-gray and white clay, also some layers of sand; 17.5-28.3 feet, coarse white
and brown cross-bedded sand; 28.3-32.4 feet, interbedded gray and white plastic clay in l-inch groups com-
posed of layers 14 to 16 inch thick; 32.4-10.3 feet, coarse brown and white cross-bedded sand. Clay covered
with talus. Sample taken 24.8 feet below top of section.

867. Same as 866 ;36.5 feet below top o fsetion.
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An examination of these analyses shows a wide range in the physical
properties. Sample 914 shows 79.5 per cent of the sand coarser than
1 millimeter; sample 925 shows 96 per cent on the 0.1-millimeter
screen. The samples range from very uniform material, such as
sample 923, with a uniformity coefficient of 1.31, to variable material,
such as sample 916, with a coefficient of 6.78. The average uniformity
coefficient is 2.96. The coarse sands are as a rule less uniform than
the fine sands, but there are exceptions. The porosity is high and
ranges from 22.4 to 49.4 per cent, with 39.1 per cent as the average.
There seems to be no relation between grain size and porosity. The
moisture equivalent is low, ranging from 0.61 to 11, with 4.61 as the
average. The coefficient of permeability has a wide range, from 29.5
to 2,347, and averages 670. '

WATER-BEARING PROPERTIES

The Coon Creek tongue and the Owl Creek tongue of the Ripley
formation yield little water, but the McNairy sand member is a good
watber bearer. In its outcrop area this member is predominantly sand,
and though clay lenses may be encountered in it these can be readily
drilled through. The sand is usually sufficiently coarse to finish a well
in, though the very fine sand would not be checked by strainers of the
usual type. Very few data are available concerning the Ripley forma-
tion to the west of its outcrop area. Three wells that are within
10 miles of the western boundary of the outcrop area and pass com-
pletely through the Ripley formation show that the formation is about
half sand at these points. It is reasonable to assume that farther to
the west the proportion of sand decreases. Evidence furnished by
the deep wells at Memphis (p. 284) and in Crittenden County, Ark.
(p. 27), bears this out. If it is assumed that at Memphis the Ripley
is encountered at 2,371 feet, the amount of sand below this is lessthan
33 per cent and the proportion of sand found in the oil tests in Critten~
den County is even less. Furthermore, the sand is here partly
cemented and indurated and probably has a lower porosity and per-
meability. It seems probable, however, that some sand will be found
in the Ripley wherever it occurs. Large supplies of water can be
developed from the Ripley formation, but the quantity is not inex-
haustible. As larger quantities of water are developed from it there
will be a lowering of the head, and wells that now flow will cease to
flow. For this reason waste of water should be stopped, flowing wells
that are not used should be shut off, and the flow of wells that yield
much more water than is needed should be cut down. In this way the
greatest use can be made of the water with the least loss of head.

The static level of the water in the Ripley formation in the area
where it crops out depends on topographic position. To the west of
the outcrop area the static levels in different wells are as follows:
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Paris, 392 feet above mean sea level (based on railroad altitude);
Huntington, 405 feet; McKenzie, 403 feet; Pinson, 390 feet; Mid-
dleton, 381 feet; Memphis, 360 feet. 'This gives an average altitude
of the static level at the western edge of the outcrop area of 400 feet.
The loss in head is about 0.5 foot to the mile toward the west, the
minimum head being about 360 feet.

QUALITY OF WATER

The McNairy sand member and the Owl Creek tongue of the
Ripley formation yield waters of different chemical composition.
Most of the waters from

Hordiaen®izs  the McNairy sand (see

. analyses—Benton County,

Sodium  [RChloride No. 31; Carroll County,

aH | [potassium n?{;‘;te iso  Nos. 33, 40, 58, 69, 71, 74;

Chester County, Nos. 1,3,
4; Henderson County, Nos.
1, 5b, 8a; Henry County,
Nos. 7,15, 64, 68, 79; Madi-
son County, Nos. 15¢, 31)
are low in mineral content,
usually containing less than
100 parts per million of
total dissolved solids, and
they are generally soft, con-
taining less than 50 parts
per million of hardness.
They are usually character-
ized by calcium bicarbonate.
Water from the Ripley

Hanry Co. %E formation at Memphis

" <X -
? Magnesium ::::: Sulphate
Z .9,
1 [7 pIXX)
Ca.k:ium ] Bicarbonate
/4 34

Madison Co.
15¢c

I~
o

N
I}
o

HARDNESS AS CaC03~PARTS PER MILLION

~N
(o]

7

o
(=]

MILLIGRAM EQUIVALENTS PER KILOGRAM

]

(sample 10, p. 287), how-
o ever, has a highmineral con-
tent, containing 1,026 parts
. per million of total dissolved
solids, and is characterized by sodium bicarbonate. This water is
not fit for domestic or industrial use. It is probable that the change
from water such as is found in the outcrop area of the Ripley formation
to the water obtained at Memphis is gradual, but data_are not avail-
able to show the western boundary of good water. The change from
a calcium to a sodium bicarbonate water is effected by certain clay
minerals in the formations. This change with increasing depth is also
observed in waters from Ripley sand in Mississippi.¥’ Analyses of
waters having high, low, and medium mineral content are given in

6]

A B [ D
FIGURE 8.—Analyses of water from the Ripley formation

o7 Stephenson, L. W., Logan, W, N, and Waring, G. A., op, cit., . 43.
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Figure 8, as well as an analysis of water from the Ripley formation at.
Memphis.

Water from the upper portion of the Ripley formation, the Owl Creek
tongue, yields water of higher mineral content. The six waters ana-
lyzed (Hardeman County, Nos. 11a, 15a, 15b,17,22; Madison County,
No. 17) range in total dissolved solids from 148 to 217 parts per
million and are of moderate hardness, ranging from 90 to 150 parts
per million. They are all calcium bicarbonate in character, but some
contain considerable sulphate. Thedifferencein sulphate content may
be due to local variations in the mineral composition of the formation.

The waters from both divisions of the Ripley formation are likely
to be high in iron. The iron can be easily removed by some method
of aeration followed by filtration or sedimentation.

CENOZOIC ROCKS
TERTIARY SYSTEM
EOCENE SERIES
MIDWAY GROUP

Safford ® proposed the name Porters Creek for the clays that
are well exposed along Porters Creek, a small tributary of the Hatchie
River in southeastern Hardeman County. Later® he differentiated
a lower Eocene formation consisting of fossiliferous argillaceous,
glauconitic sandstone and other undescribed beds lying between the.
Porters Creek clay and the Ripley formation, and called it the “Mid-
dleton formation.” This formation is included in the Clayton for-
mation of the present report. Harris ™ correlated the Porters Creek
clay and the “Middleton formation’’ of Safford with other formations
throughout the Gulf embayment area, demonstrated that they were
of early Eocene age, and applied the name Midway to all these for-
mations. Glenn ™ regarded the ‘“Middleton” and Porters Creek as
one formation and grouped them as Porters Creek.

Roberts ™ has correlated the basal part of the Midway in southern
Tennessee with the Clayton limestone of Mississippi and retained
the name Porters Creek for the characteristic clays of the upper
formation of the Midway group.

The Midway group is distinctly marine, as indicated by its fauna.
It lies unconformably on the Ripley formation, of Upper Cretaceous
age. This group crops out in a band that strikes a little east of north
and is about 7 miles wide in Hardeman County but narrows to 1 mile

 Safford, J. M., On the Cretaceous and superior formations of west Tennessee: Am. Jour. Sci., vol. 37,
. 368, 1864.

¢ Safford, J. M., Notes on the Middleton formation of Tennessee, Mississippi, and Alabama: Geol. Soc.
America Bulil,, vol. 3, pp. 511-512, 1892; Am. Geologist, vol. 9, pp. 63-64, 1792.

P Harris, G. D., The Midway stage: Bull. Am. Paleontology, vol. 1, pp. 18-22, 1896.

" Glenn, L. C., Underground waters of Tennessee and Kentucky, west of Tennessee River: U. 8. Geol.
Survey Water-Supply Paper 164, p. 32, 1906.

1 Roberts, J. K., Tertiary stratigraphy of westTennessee: Geol. Soc. America Bull., vol. 39, p. 436, 1928,
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at the Kentucky line. Tt is encountered in all wells west of its out-
crop area that penetrate the Cretaceous.

CLAYTON FORMATION

The Clayton formation unconformably overlies the Ripley formation
from the Mississippi-Tennessee State line to a point 2 miles north of
Beech Bluff, though not continuously exposed. Its maximum ex-
posed thickness probably does not exceed 60 feet. According to
Cooke™ the Clayton is thickest in eastern Alabama and thins to the
west. Whether the Clayton thins out to the west in Tennessee is
not known, but the presence in Jackson County, Ark., and as far
north as Dunklin County, Mo.,” of calcareous fossiliferous Midway
that is considered to be equivalent to the Clayton formation indicates
that the Clayton probably underlies much of Tennessee west of the
outcrop of the Cretaceous-Eocene contact. The logs of the deep
wells at Memphis and in Crittenden County, Ark., are not sufficiently
detailed to determine whether the Clayton is present or not, but if
present it certainly is not a limestone. At its best exposure, near
Trim’s mill, in southeastern Hardeman County, about 4 miles south-
east of Middleton, the limestone phase of the Clayton shows a section
of 7 feet of limestone containing characteristic Midway fossils. This
is overlain by 30 feet of glauconitic sand and clay, showing imperfect
impressions of leaves. The limestone is coarse grained, consisting of
a heterogeneous mass of shells cemented by glauconite and calcite.
It is gray with a yellow tone. The weathered portions are porous
and stained with iron. Toward the north the limestone disappears
and the Clayton is composed entirely of a loose medium-grained sand
consisting of two-thirds quartz and one-third green sand, with alittle
mica and amphibole. It varies in color from that of the scattered
sand—medium green when dry or dark green when wet—to the light
green or brown of the weathered material, but in some places so little
glauconite is present that the sand is gray. The sand grains are sub-
rounded or angular, and there is very little clay present.

The limestone phase of the Clayton is not a good water bearer.
Mechanical analyses of two samples of green sand show it to range
from coarse to medium grain and to have a low uniformity coeffi-
cient. The artesian wells in the vicinity of Hornsby, which obtain
water from the Clayton formation, have large yields considering the
slight head the water must be under.

78 Cooke, Wythe, Correlation of the Eocene formations in Mississippi and Alabama: U. S. Geol. Survey
Prof. Paper 140, p. 134, 1925,

" Stephenson, L. W., and Crider, A. F., Geology and ground water of northeastern Arkansas: U. 8.
Geol. Survey Water-Supply Paper 399, p. 51, 1816. Berry, E. W., Northernmost extension of marine Eocene
beds in Mississippi embayment: Pan Am. Geologist, vol. 37, pp. 75-76, 1922.
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PORTERS CREEK CLAY

Nowhere in southwestern Tennessee does the width of the outcrop
of Porters Creek Clay exceed 5 miles, and locally it is found only in
a small band less than a mile in width. Its greatest thickness in
outcrop is 250 feet, but it thins toward the north, being 140 feet
thick at Paris. The deep wells at Memphis (p. 284) and in Crittenden
County, Ark. (p. 27), pass through the Porters Creek clay but are
not sufficiently detailed to permit definite correlation. Dr. J. A.
Cushman 7* has identified diagnostic Midway fossils in core from the
S. J. Bradshaw oil test well No. 1, in southwestern Obion County,
at a depth of 2,080 to 2,094 feet. Material from depths of 1,785 to
2,100 feet lithologically resembles the Midway. In Mississippi the
transition from Wilcox to Porters Creek, as found in wells, is grada-
tional, and no sharp division can be made, though in its lower part
the Porters Creek is fossiliferous and can be differentiated from the
underlying Cretaceous. Hence it is at present impossible to deter-
‘mine the top and bottom of the Porters Creek clay, but most of this
material undoubtedly belongs to that formation. At the Mississippi
River the Porters Creek clay is probably as much as 350 feet thick,
thus showing a slight thickening to the west. The formation has an
average dip from Middleton to Memphis of 19 feet to the mile, but
farther east it dips 30 feet to the mile. The Porters Creek Clay is
lead-gray to dove-gray when dry but becomes dove-gray to black on
wetting. It is homogeneous, smooth, and plastic, with a greasy feel.
"These properties explain its local appellation “soapstone.” It is dis-
sected into small cubical or rectangular blocks by innumerable joints
intersecting at right angles, and upon weathering it parts along these
lines, the mass thus acquiring a hackly structure. The fresh dry clay
has a conchoidal fracture. (See pl. 5, B.) In certain areas where the
Porters Creek is exposed it is cut by sandstone dikes from a fraction
.of an inch to 22 feet thick; they show no systematic orientation and
many of them intersect one another. The material forming the dikes
.consists of sand of uniform size, fragments of Porters Creek clay, and
a few foraminifers and gastropods. The sand contains muscovite,
limonite, and some green sand. Glenn ? ascribes the formation of
these dikes to earthquake disturbances in Eocene time that opened
fissures into which the underlying sand was injected.

Owing to its fine texture and clay composition the Porters Creek
clay is impervious to water. It furnishes a confining bed for the
waters in the underlying Ripley sands, creating artesian conditions
to the west.

s Personal communication.
% QGlenn, L. C., op. cit., p. 31.
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WILCOX GROUP

Berry™ has shown that the ““La Grange formation” of Glenn” in-
cluded the Wilcox group, of lower«Eocene age, and the Jackson
formation, of upper Eocene age, the intervening Claiborne group,
of middle Eocene age, apparently being absent. As the Wilcox
formations and the Jackson are now differentiated in western Tennes-
see, there is no longer need for the inclusive name ‘“La Grange.”
Roberts and Collins™ have identified, in the Wilcox group as exposed
in Tennessee, the two upper formations of the group,the Holly Springs
sand and the overlying Grenada formation. The two formations
are lithologically very much alike, so that it is impossible to differ-
entiate them except on the basis of the fossil floras. For this reason
no precise correlation of well drillings can be made. In this report
whenever it is definitely known which formation is being considered
the formation name will be used; in case of doubt the group name
will be employed.

ACKERMAN FORMATION

In Mississippi the Wilcox group includes at its base the Ackerman
formation, but the Ackerman does not crop out in Tennessee, its
most northerly exposure being found in the northwestern part of
Tippah County, Miss., where it disappears beneath the Holly Springs
sand by overlap. On account of the northward strike of the Acker-
man formation in Mississippi it seems probable, however, that the
Ackerman continues to the north beneath the Holly Springs formation
and would be encountered in depth beneath the counties bordering
the Tennessee River. This assumption furnishes the best explana-
tion of the thickening of the Wilcox group observed in the S. J. Brad-
shaw oil test well No.1. (Seep.235.) The thicknessof the Ackerman
formation in Mississippi is 300 to 500 feet.”® It probably is much
thinner than this along its eastern margin in Tennessee but along
the Tennessee River may exceed the maximum thickness given.

The Ackerman formation rests unconformably on the surface of
the Porters Creek clay. According to Berry 7® this is an erosional
surface.

In outerop the formation consists of stratified gray, more or less
lignitic clay with many interbedded layers of lignite. Many of the

" Berry. E. W., The lower Eocene floras of southeastern North America: U, S. Geol. Survey Prof,
Paper 91, pp. 29-30, 45, 1916; The middle and upper Eocene floras of southeastern North America: U. S,
Geol. Survey Prof. Paper 92, pp. 96, 98, 1924,

7 Glenn, L. C,, op. cit., pp. 33-40.

1 Roberts, J. K., and Collins, R, L., The Tertiary of west Tennessee: Am. Jour. Sci., 5th ser., vol. 12,
pp. 238-241, 1928.

78s Stephenson, L. W., Logan. W. N., and Waring, G. A., The ground-water resources of Mississippi.
U. 8. Geol. Survey Water-Supply Paper 576, p. 45, 1928.

8% Berry, E. W., Erosion intervals in the Eocene of the Mississippi embayment: U. S. Geol. Survey Prof:
Paper 95, pp. 73-78, 1916.

119722—33——7
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clay layers are more or less sandy, and some beds of sand are inter-
stratified with the clay. The character of the Ackerman formation
in Tennessee is not known except at Memphis, where material en-
countered by deep wells between 1,300 and 1,900 feet and in this
report correlated with the Ackerman (see p. 284) is predominantly
clay, though it contains some beds of good sand as mueh as 100 feet
thick. The physical properties of this sand are shown by 7 complete
and 14 partial analyses. The samples were taken from drillings ob-
tained by the hydraulic rotary process. They were carefully washed
and the silt and clay decanted. This introduced an error, for the
silt and clay of the sample were lost, but it is believed that the silt
and clay content was so small that its loss would not materially alter
the physical properties of the sand.

The sand is medium grained and very uniform, having an average
uniformity coefficient of 2.02. The average porosity is 40.2 per cent.
The average moisture equivalent, 2.2, is very low and may be ex-
plained in part by the absence of the silt and clay removed from the
sample by washing. The average permeability coefficient is 802,
which shows that the formation will yield considerable water to wells.

Phystcal properties of sands from wells in the Ackerman formation of Tennessee
{Laboratory determinations by V, O. Fishel]

Apparent Mechanical composition (per cent)
speci:(tic
gravity
Laboratory No.s of oven- 05025 | 0.2501 Resi-
dried | 2-1 mm |[1-0.5mm ‘mm ‘mm | dueon Silt Clay
sample pan
1.47 0.5 0.9 14 89.2 7.5
1. 47 .3 .3 23.3 75.4 b
)33 B N 17 510 46.3 .2
152 0 2,1 32. 65.3 .3
1.51 0 1.3 28.7 69. 4 .3
1,59 foeeooao e 5.0 £6.8 37.5 .2
) 1 1 7.7 55.9 34.5 L3

Moisture | Porosity Coeffi-

10 per Uniform- equiva- | minus

cent size —"| Porosity cient of
Laborstory No.s Gill-" | 7,905 | cont| (DY, | TORE® | permen-
meters) | (per cent)| lent bility
0. 104 1.62 42.0 2.6 39.4 335
113 1.82 4.0 L6 42.4 904
120 2.50 40.0 1.6 38.4 894
114 2.02 42.0 1.4 40.6 919
.113 1.96 43.0 14 41.6 842
125 2.20 38.7 1.7 37.0 918
. 168 1.81 40.8 L1 39.7 132

s Listed in order of depth.
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Physical properties of sands from wells in the Ackerman formation of Tennessee, as
determined by the second method

[See p. 39. Laboratory determinations by V. C. Fishel}

Mechanical composition (per cent)
Laboratory No.e 0.25-0.125 | 0.125-0.062 | Resid
.25~0. . X esidue
2-1 mm |1-0.5 mm [0.5-0.25 mm Tam mm on pan
0.3 1.0 4.0 46,0 7.0 0.4
.2 1.0 40.6 51.5 5.0 .6
.2 .5 88.5 10.0 .3 .1
.1 .3 91.7 7.0 .7 .3
.1 .5 91.0 7.0 1.0 .3
.2 .5 88.0 10.2 1.0 .3
.2 .5 87.5 11.0 1.0 .2
.1 W7 87.0 12.0 .5 .2
.3 .5 89.0 10.0 .4 .1
.1 L0 93.0 5.3 .3 .1
.1 Lo 91.0 7.0 1.0 .1
0 1.0 88.0 10.0 .5 .1
0 .8 88.0 11.0 .6 .2
0 .8 83.0 14.8 1.2 .3
0 2.0 82.0 16.0 1.0 .1
0 7 83.0 15.0 L0 .1
0 1.0 89.0 9.5 7 .1
0 1.0 87.0 10.0 .7 o1
.1 2.0 88.0 9.0 .8 .2
s Listed in order of depth.
978. Well 51 of Memphis Artesian Water Depart- 1080. Same as 978; depth 1,270 feet.
ment, on Southern Avenue West of West Tennessee 1081. Same as 978; depth 1,275 feet.
State Normal School; depth 1,215 feet. 982, Same as 978; depth 1,280 feet.
1072, Same as 978; depth 1,220 feet. 1082. Same as 978; depth 2,285 feet.
1073. Same as 978; dzth 1,225 feet. 1083. Same as 978; depth 1,290 feet.
979. Same as 978; depth 1,230 feet. 1084, Same as 978; depth 1,295 feet.
1074. Same as 978; depth 1,235 feet. 981. Same as 978; depth 1,305 feet.
1075. Same as 978; depth 1,240 feet. 1085, Same as 978; depth 1310-1315 feet.
1076. Same as 978; depth 1,245 feet. 828. Well 33, Memphis Artesian Water Depart-
1077. Same as 978; depth 1,250 feet. ment, about 4 miles west of well 51; depth 1,200-
1078. Same as 978; depth 1,255 fest. . 1,383 feet. . .
980. Same as 978; depth 1,260 feet. 829. Well of western State hospital, Bolivar,
1079. Same as 978; depth 1,265 feet. Tenn.; depth 615-654 feet.

The sample of water from the 1,400-foot well at Memphis is the
only sample available from the Ackerman formation in Tennessee.
This water (see analysis 9, p. 287) is a sodium bicarbonate water; it is
soft but contains sufficient iron to make necessary some form of treat-
ment for its removal. In Mississippi water from the Ackerman for-
mation ™° near its outcrop:is a calcium bicarbonate water, but with
increasing depth the water changes to a water characterized by sodium
bicarbonate. The water from the 1,200-foot well at Tutwiler, Miss.,”
very closely resembles the water from the 1,400-foot well at Memphis,

HOLLY SPRINGS SAND

Drstribution and thickness—The Holly Springs sand rests uncon-
formably on the surface of the Porters Creek clay, which is probably
an erosional surface.” The formation crops out as a broad band
which is 20 miles wide at the southern boundary of the State and

8¢ Stephenson, L. W., Logan W. N., and Waring, G. A., The ground-water resources of Mississippiz
U. 8. Geol. Survey Water-Supply Paper 576, pp. 4546, 1928.

78d Jdem, p. 443.

" Berry, E. W., Erosion intervals in the Eocene of the Mississippi embayment: U. 8. Geol. Survey Prof.
Paper 95, pp. 73-78, 1916.
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8 miles wide at the Kentucky line and which trends slightly east of
north. Tt is the surface formation over most of Hardeman and
Madison Counties, the western half of Carroll and Henry Counties,
and the southeast corners of Fayette, Haywood, Gibson, and Weakley
Counties. In southern Fayette County it probably has a thickness
of 450 feet but thins to 250 feet at the north. This formation dips 20

TRACK LEVEL

SOFEET

ro

Ficure 9.—Diagrammatie seetion of the north end of the east side of the big cut on the Gulf, Mobile
& Northern Railroad near Pine Top, Hardeman County. 1, Angular sand with scattered small
lenses of clean white sand, 0-25 feet; 2, yellow sandy clay with fossil plants, grading downward
into dark-gray, very irregularly bedded sand and clay, more or less concealed by slumping, about
95 feet; 3, laminated sandy clay; 4, sand; 5, gray sandy clay; 6, massive sand; 7, argillaceous
lignitic sand with plants, small quartz pebbles, and bauxite, 0-5 feet; 8, clay; 9, massive greenish-
gray fine micaceous sand

to 30 feet to the mile toward the west and underlies all the younger
formations west of its outcrop area.

Lithologic character—The formation consists predominantly of
sand, strongly cross-bedded and of all sizes from small gravel to the
finest of sand, which is in many places mixed with clay. It is ques-
tionable whether these sands of various sizes occur in continuous beds
rather as irregular masses that may have considerable lateral extent
but eventually pinch out. This is especially true of the very coarse
sands. Locally the sands of various sizes are disposed in irregular
masses which show the greatest confusion of arrangement, as is well
llustrated in the big cut on the Gulf, Mobile & Northern Railroad
near Pine Top, Hardeman County. (See fig. 9.)
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What appear to be thick beds of homogeneous sand are found on
close examination to consist of a successive series of thin lenses from a
fraction of an inch to 10 inches in thickness. (See pl.9, A.) Although
these lenses show enough difference in grain size and arrangement to
form distinguishable layers, yet a series of them may be coarse, giving
rise to a coarse bed of considerable thickness, whereas the overlying
bed may consist of a series of lenses of fine sand. The individual
lenses may show slight differences in color, but usually the whole bed
is of one color and the succeeding bed is of another. Lenses of clay
are intercalated with the sand. The clay is of three types—white
plastic clay free from grit, dark to black lignitic clay, parts of which
contain an abundant flora, and a sandy white clay locally called pipe
clay. The clay lenses show the greatest variety in size and shape,
ranging from those a few square feet in area and a foot or two thick
to some covering several acres and 100 or more feet in thickness, and
from long, thin lenses to short, thick ones. The picture of the Wade
clay pit (pl. 9, B) gives an idea of the extent of some of these clay
lenses.

In some exposures the base of the Holly Springs is a clay conglom-
erate composed of pebbles of varying size, from 8 or 9 inches down.
The pebbles are all rounded, although some of them have a longer
dimension. There is no sorting or orientation. The matrix is a clay
which is sandy in some places. These conglomerates were probably
formed by gully filling and give evidence of erosional activity in early
Wileox time. (See pl. 6, A.)

In order to understand such variation and abrupt change both
horizontally and vertically in the physical character of the sediments
of Holly Springs age, it is necessary to visualize the conditions under
which the deposits were formed. In middle Wilcox time the Gulf of
Mexico extended up to the present mouth of the Ohio River, forming
a shallow marine embayment sloping gently to the southwest. The
surrounding land rose slightly above the gulf, forming low-lying shores
of unconsolidated sediments, a continuation of the gently sloping gulf
bottom. Conditions were favorable for the maximum development of
the littoral zone. The tides swept over this gently dipping bottom,
churning up the loose materials and carrying them from place to place,
Strong undertows and currents also served to carry and sort the ma~
terials. Along some parts of the shore barrier beaches were built, and
into the quiet waters protected by these beaches streams of low
gradient brought only the finest sediment. Leaves from the forests
along the shore fell into the water and were buried with the fine silt.
Thus were formed the lenses of clay that occur in these sediments.
Slight sinking allowed the sea water to sweep over these clay lenses
and cover them with sand. Currents formed channels and scour
holes, while farther on bars and islands were built up. The rapid
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succession of conditions of strong and weak currents and of quiet
waters gave rise to the lateral and vertical variations in size of grains
which are exhibited in these deposits.

The best section of the Holly Springs formation to be found in the
area here described is at La Grange, where, just south of the town,
there are gullies and ravines from 100 to 150 feet deep. Glenn ¥ gives
the following section measured at this locality:

Seciion at La Grange, Tenn.
Feet

1. Soft loose light-yellow to light-gray sands, cross-bedded. 15-18
2. Soil layer, dark with organic matter..__._______________ 1
3. Massive bed of brick-red sand, casehardened, showing

even top but very irregular lower surface and resting

unconformably on the underlying sand_________.____ 4-15
4. [Holly Springs sand:] Soft cross-bedded sands, mostly fine

but in places coarse, of various light colors such as

nearly white, light yellow, faint pink, and faint purplish,

with a few thin crusts and small rounded or short tabu-

lar concretions of sand ironstone in place. Near the

top there is a clay lens of irregular shape ranging up to

8 or 10 feet thiek. - .ooo oo oo oo o o__.____._ 100

Although there is a wide range in the size of the Holly Springs sands,
the sand in any one layer is fairly uniform. The large grains are sub-
rounded and show some frosting and pitting. The small grains are
angular and have fresh surfaces. The sands are variegated, shades of
gray, black, brown, red, pink, purple, and yellow being found, as well
as white. The prevailing color, however, is gray, and next in order is
yellowish brown. The coloring is a surface stain and can be removed
by abrasion. Quartz is the most abundant mineral, and weathered
chert is present in varying amounts. Mica is sometimes noticeable.
Other accessory minerals are hornblende, rutile, tourmaline, and

zircon.
GRENADA FORMATION

Overlying the Holly Springs sand and cropping out west of it is the
Grenada formation, which occupies a belt 20 miles wide at the south
and about 22 miles at the north. Its maximum thickness is 600 feet.
The Grenada, like the Holly Springs, consists largely of cross-bedded
sand of various colors, intercalated with which are lenses of clay,
comparable in size and shape to those in the Holly Springs and having
the sand mode of occurrence. Toward the west the lenses of clay
probably increase in number and in horizontal extent. The sands are
more uniform in grain size and on the whole finer than those in the
Holly Springs formation and are of fewer colors. Limonite concre-
tions of two types occur in the Grenada—cylindrical concretions from

® Glean, L. O,, op. cit., p. 36.
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2 to 4 inches in length and as much as a quarter of an inch in diameter,
some of which are hollow, and round flat concretions consisting of a
limonite shell with a clay center.

The clays of the Grenada are either smooth white or dove-colored to
brown clays of fine texture or gritty light-colored clays. In many
places they are fossiliferous, and it was on the basis of their contained
flora that the division of the Wilcox was made. A characteristic
feature of the clay is the presence in it of numerous small crystals of
selenite, which average 2 to 3 millimeters in length. The conditions
of sedimentation that prevailed during Grenada time were much the
same as those of Holly Springs time but on the whole were more uni-
form. At the base of the Grenada the sands are prevailingly coarse,
but the basal sand bed is absent in places. The other sands are finer
than the sands of the Holly Springs. Also they are of uniform size
and, as would be expected, are rather angular. The most prevalent
color is gray, but white and pink are common. Quartz is the most
abundant mineral, forming 90 per cent of the sand. The accessory
_ minerals are hornblende, rutile, zircon, and mica; the mica in places
forms as much as 4 per cent of the sand and is very noticeable.
Though the porosity and specific yield of these sands is high, the diffi-
culty of finishing wells in them and the presence of better sands at
greater depth has hindered their use.

The Grenada formation is well exposed in Hajy wood County on the
north bank of the Hatchie River a quarter of a mile west of the Browns-
ville-Somerville road. Here a gullied bluff about 100 feet high shows
the following beds: Pt

ee

Red fine-grained sand___ . .. 0-30
Layers of finer gray sand, average thickness 1 inch, interbed-

ded with layers of white plastic clay about 1 inch thick. 30-82
Bedded white elay - - - - ____ 82-100

PHYSICAL PROPERTIES OF SANDS

The results of laboratory tests of 48 samples collected throughout
the outecrop area of the Wilcox group of formations are listed in the
following table. Besides a few samples collected at random, these
samples comprise three groups taken as far as outcrops would allow
across the strike of the formation. Those of one group (samples 858
to 862) were collected across northern Henry County from a point
southeast of Puryear to College Grove. Those of another group
(samples 920 to 922 and 885 to 874) were taken across southwestern
Carroll County and southeastern Gibson County; those of the third
group (samples 886-908) were collected along the line of the Southern
Railway across southwestern Hardeman County and southeastern
Fayette County.
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f sands from the ouicrop area of the Wilcox group

1e8 0

Physical propert

[Laboratory determinations by V, C. Fishel]
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Mechanical analyses of sands from the ouicrop area of the Wilcox group, made
according to the second method

[See p. 39]
Mechanical composition (per cent)
Laboratory No.s
0.5-0.25 | 0.25-0.125| 0.125~ | Residue

2-1mm | 1-0.5 mmf ™, mr 0,062 mm| on pan
0.2 0.9 60.0 36.0 L0 L0
6.0 18.0 57.0 17.0 .8 .7
0 7.8 83.0 9.0 .3 .3
0 16.5 7.5 2.5 .6 .4
13.0 41.0 29.0 14.0 2.0 .8
0 .3 83.2 14.0 .8 1.0
0 .05 8.6 83.8 6.1 .8
.1 1.4 4.3 35.2 35.0 22.0
1.0 15.5 54.5 17.0 2.0 1.5
0 38.5 57.5 2.5 1.5 L5
2.0 38.0 53.5 5.0 1.5 L5
0 .5 74.0 23.0 2.0 B
.3 .6 62.5 35.0 1.5 .8
.3 1.0 61.5 35.2 1.0 10
2.5 18.8 72.0 4.5 1.0 L0
1.4 15. 5 81.0 2.0 .2 .3
4.0 20.0 65.0 1.0 .3 .3
2.0 210 74.2 1.0 .2 .3
0 4.5 84.0 1.5 .5 .5
.9 10.2 74.3 12.0 2.0 1.8
4.5 16.0 70.0 6.0 1.0 .5
.3 6.0 88.0 3.0 L0 L5
.3 5.5 83.0 8.0 1.0 2.0
W7 28.4 2.5 20 1.5 8
1.2 36.8 52.7 6.1 .4 o4
10 17.5 74.0 A 1.0 .8
.b 4.5 75.0 16.0 4.0 1.0
10.7 53.4 26.5 6.0 4.9 4.9
19.2 30.4 41.7 5.5 1.2 1.2
.5 12.5 66.8 15.5 5.5 b
1.0 11 62 19 6.0 L5
0 7.0 74.5 18.0 1.0 1.0
0 5.0 56.0 35.5 4.0 .5
10.0 30.3 42.0 13.8 4.0 1.0
.8 1.0 68.8 14.0 2.7 2.5
.3 7.5 62.0 2.5 5.0 1.0
3 41.0 55.9 2.5 1.0 L0
.3 2.5 52.5 38.6 4.5 3.0
Q .7 1.5 68.8 16.0 4.0
.2 17.0 79.3 3.0 .4 .4
0 .08 92,5 4.9 7 .5
1.3 23.5 71.3 1.6 .1 .1
0 .3 96.6 2.0 .2 .2
L7 24.5 3.6 1.2 .9 L0
0 10.4 67.1 20.4 ) 35 : 35 DU
0 2.4 72.1 22.6 2.9 {. -
L4 30.8 56.6 10.4 .90 -
3.1 43.5 46.1 6.8 Bl -
5.8 50.6 40.6 3.0 .01 -
32.7 38.9 24.4 3.1 10} -
2.8 62.3 34.0 .9 0 |- -
0 32.1 43.8 21.6 | N
0 9.5 6.0 27.6 37.9 19.0

0 0 37.5 55.0 7.4 0

0 1.2 75.2 19.7 3.9 0

0 2.6 72.5 23.4 2.5 0

0 4.4 62.2 290.7 3.7 0

« Samples listed in order across formations from botfom up.

858. Giully 5 miles south and a little east of Puryear, Henry County, on east side of old road from Paris
to Hazel, Section from top down: 0-27 feet, red soil and sand with irregular streaks of gravel; 27-30 feet,
mottled red and white sand with irregular cross-bedding; 30feet to talus, medium to fine white sand show-
ing shades of pink. Sample taken 40 feet below top of gully.

857. Same as 858; b feet below top of gully.

856. Same as 858; 30 feet below top of gully. .

861. Clay pit 2.3 miles south and a little west of Puryear, Henry County. Section from top down: 0-7
feet, red sandy soil; 7-17 feet, sand and gravel, 3 feet of clean gravel ; 17-42 feet, red and buff banded sand,
?o:?%i?tersttmtiﬁed layers of coarse at bottom; 42-45 feet, black, thinly laminated clay, Sample taken 32

0 ow top.
860. Same as 861; 27 feet below surface.
859. Same as 861; 22 feet below surface.
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863. Cottage Grove, Henry County; guily on west side of village. Section from top down: 0-7 feet, red
sandy soil; 7-50 feet, white, very fine grained sand showing markings m delicate pink. On weathering a
distinet bedding is revealed, showing beds from 2 to 13 inches thick. Sample taken 40 feet below top.

862. Same as 863; 15 feet below the top.

920. Gully 4 miles east of Lavinia, Carroll County, on Milan-Lexingtonroad. Shows 12 feet of medium-
grained white sand. Sample taken at bottom. 5 .

921. Creek bank 1.8 miles east of Lavinia, in Carroll County. Shows 15 feet of medium-grained sand.
Sample taken at bottom.

922, Bank 1.5 miles east of Lavinia, on right side of road. Section from top down: 0-10 feet, medium-
grained sand stained and cemented by iron oxide; 10-13 feet, white sandy clay; 13-18 feet, medium-grained
yellow sand. Sample taken 16 feet below top.

885. Bored well of T. M. Meads, 0.3 mile south of highway 5, Gibson County, on Madison County line.
Section from top down: 0-30 feet, red sand, clay streak at 30 feet; 3060 feet, coarse brown sand; 60-86 feet,
fine white sand. Sample taken 85 feet below top.

884, Same as 885; 80 feet below top.

883. Same as 885; 75 feet below top.

882, Same as 885; 70 feet below top.

881. Same as 885; 65 feet below top.

880. Same as 885; 60 feet below top.

879, Same as 885; 55 feet below top.

878. Same as 885; 50 feet below top.

877. Same as 885; 45 feet below top.

876. Same as 885; 40 feet below top.

875. Same as 885; 35 feet below top.

874. Same as 885; 30 feet below top.

899. Gully 8 miles east of Rogers Springs and 0.5 mile north of Southern Railway, Hardeman County.
Section from top down: 0-14 feet, coarse and medium-grained sand, stained red by iron oxide, weathered
product of underlying sand; 14-27 feet, white sand, cross-bedded, mostly coarse with some streaks contain-
ing pebbles 5 millimeters in diameter; 20-30 feet, fine white and red sand. Sample taken 29 feet below top.

900. Same as 899; 15 feet below top. ;

897. Bank 3 miles east of Saulsbury on south side of Southern Railway, Hardeman County, shows} 0
feet of white medium-grained sand grading into soil at the top. Sample taken 25 feet below top.

b 8198. tBank 1,000 yards west of 897. Shows 15 feet of brown medium-grained sand. Sample taken 13 feet
elow top.

901, Gully 1.5 miles east and a little south of Saulsbury on Old State Line Road, Hardeman County,
showing great variation in its different branches. At one place 15 feet of coarse white sand overlain by fine
sand, Bample from fine sand. .

902. Bank on roadside 200 yards west of 901, Red, brown, and white cross-bedded coarse sand.

896. Durden sand pit, on east edge of Saulsbury, on south side of Southern Railway, Hardeman County.
Shows 56 feet of white cross-bedded medium to coarse grained sand. =~ Wide bands of white sand showing
cross-bedding at high angles separated by red layers a few feet thick showing horizontal bedding. Sample
taken 45 feet below top.

895, Same as 896; 40 feet below top.

894, Same as 896; 35 feet below top.

893. Same as 896; 30 feet below top.

892. Same as 896; 25 feet below top.

891. Same as 896; 20 feet below top.

890. Same as 896; 15 feet below top.

889. In creek bank 3.4 miles east of Grand Junction on road to Saulsbury, Hardeman County. Shows
12 feet of interlaminated medium to coarse grained red and white sand. Sample taken 8 feet below top.
168t88't E:]nk 200 yards west of 889. Shows 20 feet of white and red medium-grained sand. Sample taken

ee! ow top.

886. On Southern Railway 2.4 miles east of Grand Junction, Hardeman County. Section from top down:
0-6 feet, sandy soil stained dark red by iron oxide, at bottom rubble of angular fragments of iron oxide and
pebbles; 6-26 feet, interlaminated coarse red sand; 26-55 feet, interlaminated fine-grained, slightly micaceous
white sand with plastic clay, from half an inch to 6 inches in thickness, Sample taken 55 feet below top.

903. Bank on Grand Junction-La Grange road at Fayette-Hardeman County line. Shows 15 feet of
medium-grained sand with usual weather staining., Sample taken 11 feet below surface.

905. Sand pit 0.5 mile east of La Grange and 0.5 mile south of Southern Railway, Fayette County. Shows
50 feet of irregularly bedded medium-grained white sand. Sample taken at bottom.

904. Same as 905; 30 feet below top. : .

906. Gully on north side of Southern Railway 1.5 miles west of La Grange, Fayette County. Section
from togedown: 0-20 feet, medium-grained white sand; 20-25 feet, coarse sand; 25— feet, clay. Sample taken
23 feet below top.

907. Same as 906; 13 feet below top. .

801. Gully 0.5 mile south of railroad bridge on Main Street, La Grange, Hardeman County. Medium
to fine-grained sand. .

802. Same as 801; 40 feet higher up gully.

803. Bank on Old State Line Road 1.1 miles southeast of Saulsbury, Hardeman County.

804, Bank at crossing of Brownsville-Somerville road and Nashville, Chattanooga & St. Louis Railway
track, Fayette County.

816. Road cut on State highway 15.3 miles west of Hornsby, Hardeman County. Shows 22 feet of white
and pink fine-grained sand. Sample taken 19 feet below top.

" Oggg.fW;ell 654 feet deep at Western State Hospital, Bolivar, Hardeman County. Sample from depth of
eet.

831. Same as 830; depth 20-30 feet.

832. Same as 830; depth 3040 feet.

833. Same as 830; depth 40-50 feet.

834. Same as 830; depth 50-65 feet.

835. Same as 830; depth 65-80 feet.

836. Same as 830; depth 80-90 feet.

837. Same as 830; depth 90-100 feet.

839. Same as 830; depth 207-232 feet.

840, Same as 830, depth 232-256 feet.

841, Same as 830; depth 256-276 feet.

842. Same as 830; depth 276-316 feet.
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It is impossible to say whether the samples represent the relative
abundance of the different grades of sand in the formation as a whole,
but there is little doubt that they indicate the range of sands present
in the formation. The maximum, minimum, and average figures
are as follows:

Mazximum | Minimum | Average

Coefficient of permeability. | 1,488 9 514
Uniformity coefficient. ... 9. 50 1.50 3.05
POrosity .o oo n - 48.0 30.0 39.3
Porosity minus moisture equivalent. . ..._..coweoeeocemeeeaes do____ 47.8 21.9 35.8

The coefficient of permeability shows a wide range, but there is
only one sample that is close to the minimum, and it is probable that
sand of that grade is rather sparsely distributed. There is also a
wide range in the uniformity coefficient, but samples showing high
values are rare. The porosity is limited in range.

A comparison of these figures with the following results of similar
tests made on 26 samples obtained from wells drilled throughout the
area is of interest. Of these samples 7 came from wells in different
parts of the area and 19 from wells in Memphis. Nos. 1039, 1040,
1042, 1048, 1052, 1056, 1059, 1061, 1064, 1068, and 1071 are complete
analyses made on representative samples selected from 33 samples
obtained from well 50 of the Memphis Artesian Water Department.
These 33 samples were taken one every 5 feet. The samples were
sieved, and a sample for complete analysis was taken from each layer
of sand that had a distinctive mechanical composition, The 11
complete analyses represent the character of 190 feet of sand. A
log of well 50 is given below.

Log of well 50, Memphis Artesian Water Department
[Authority, W. G. Lanham]

Thick-| Thick-|
ness Depth ness Depth
(feod) (feet) (teot) (foet)
Yoess: Yellow clay.ecauoooooomnuoes 27 27 || Wileox group—Continued.
Pliocene gravel: sand and gravel__ 58 85 Rock 1 195
Jackson formation: 17 212
Blueclay. oocoeoee ol 50 135 213
Very soft mucky sandy clay..... 27 162 72 285
lcox group: 58 343
Ye low sand._ ... 13 175 19 362
i.-. 15 190 1 363
Rnr' 1 191 31 394
OB e e 3 194 19 513




‘WATER-BEARING FORMATIONS

101

Physical properties of sands from the upper part of the Wilcoz group of Memphis, Tenn,
[Samples from well 50 of the Memphis Artesian Water Department. Laboratory determinations by

V. C. Fishel]
Apparent i i
Sbacific Mechanical composition (per cent)
Laboratory No.e Haven. 0.5-0.25 ,
dried mm Silt | Clay
sample
73.6 15.9 0.5 0.1 0.1 ']
3.8 42.1 44.6 8.4 .4 [
10.6 60.1 27.5 .8 .1 [']
7.1 59.0 20.7 2.2 .8 ']
12,1 51.4 3L9 3.5 .5 [
18.5 59.7 20.0 L0 .1 [}
18.9 74.5 5.2 .5 .3 [}
23.0 8.4 64.0 3.5 .2 []
20.1 59.8 18.6 L2 .2 1 ]
4.4 9.1 812 4.8 .2 [
Moisture
: Coeffi-
“| Porosity ‘l’gn“i“l’)’;‘ cient of | Depth
(per cent) permea- | (feet)
volume bilit

(per cent) 24
1,84 38.1 3,936 162175
2.23 38,3 529 205
2.36 40.5 1,664 300
2,48 38.9 851 338
2.61 42.0 1,263 405
2.33 41. 2 1,640 425
1.46 43.7 2,279 490
178 32.3 563 450
1.37 40. 4 1,647 465
1.59 41.0 538 485
2.21 25. 4 1,836 560

s Arranged in order of increasing depth.

» For mechanical analysis see next table,

Mechanical analyses of sands from well 50 of the Memphis Artesian Water Depart-

ment, as determined by the second method
[See p. 39. Lahoratory determinations by V. C. Fishel]

Mechanical composition (per cent) N
Laboratory No.s 05-0.25 Residue | (o6
2-1 mm mm 0.25-0.125) on pan

2.4 3 13.8 0 0 162-175
.8 4.0 69.7 . 3.8 L0 290
.9 4.0 75.0 3 2.0 .5 205
.5 7.0 8L.6 10.1 .7 .1 308
.5 8.7 82.0 8.0 .6 . 305
W1 13.0 77.5 9.0 1.0 .2 s
.1 11.0 78.0 10.0 1.0 .1 315
.1 12.1 78.8 8.0 .2 .1 328
.2 3.9 75.0 8.9 15 .9 326
.2 5.2 82.3 12,0 .2 .1 338
.2 3.8 80.0 15.0 .8 .3 335
4 3.7 80,9 13.4 1.2 .8 349
0 3.2 77.0 18.8 .8 .1 409
.1 9.1 78.5 10.8 1.4 .6 406
.1 8.0 80.2 10.0 1.2 .5 41¢
.1 8.0 77.5 12.0 2.0 1.0 415
0 7.0 86.5 6.0 .5 .2 420
0 9.5 87.0 3.9 .1 0 425
0 9.5 88.0 2.1 .2 .1 430
0 6.0 89.5 4.0 .2 .1 435
0 6.0 92.5 1.5 .1 0 440
0 10.0 82.8 7.0 .2 .1 445
0 17.0 30.0 48.9 3.1 .2 450
0 18.0 35.0 4.0 2.9 .2 455
0 18.0 40. 39.5 2.5 .2 460
0 8.0 83.5 8.0 .8 .2 465
0 7.0 8L5 10.6 1.0 .2 479
.1 7.5 81.8 9.1 L5 .2 475
0 2.8 59.5 30.5 6.0 1.0 480
0 3.9 60.0 30.0 5.5 1.1 485
0 4.0 58.0 32.0 5.0 1.0 480
.2 5.0 60.0 29.0 5.0 1.0 495
2 4.4 69.0 22.8 2.8 .8 5§00

a Arranged in order of increasing depth.
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Physical properties of sands obiained from wells in the Wilcox group
{See p. 103. Laboratory determinations by V. C. Fishel]

Apparent Mechanical composition (per cent)
speci_ftic
Laboratory No. gravity
of oven-
0.5-0.25 { 0.25-0.1 | Residue
sg;i&c%e 2-1mm | 1-0.5 mm| ™ o~ om on pan Silt Clay
1.69 19 19.9 512 241 2.2 0.7 0
1.65 5.0 56.6 33.2 4.6 0 .5 0
1.67 L4 16.9 54.7 25.6 2.1 .4 0
1.68 .7 53.4 39.9 5.3 0 .7 0
1.63 37.4 37.1 23.2 2.4 (] 0 0
1.65 L1 3L7 48.0 17.6 14 .3 0
1.68 .8 33.3 50.2 14.7 .8 .2 0
1.57 .3 .9 12.6 69.5 15.9 .8 0
1.66 2.8 6.3 16.9 66. 4 6.6 L0 (1}
1.63 17 8.9 40.8 41.0 3.1 2.7 L1
1.69 17.4 30.6 29.0 20.8 .6 L1 L1
169 43.4 40.7 7.0 7.7 L3 .1 1.1
1.59 6.0 21.3 44.2 25.7 .4 .6 L2
148 6.9 88.3 2.1 .1 .2 11 .1
L4 7.5 84.6 2.6 .2 .1 2,8 .4
L71 27.1 43.0 18.7 10.2 .7 .4 0
.......... .0 4.5 67.5 26.0 2.0 (] 0
.......... 14 6.5 64.1 26.0 2.0 0 0
2.0 23.1 63.0 1.0 1.0 0 0
L8 30.1 60.1 7.4 .6 0 0
Moisture | Porosity
10per | yniform- - 1equiva- | minus | Soefd-
Laboratory No. "%’gﬁ’ﬁe ity co- (Por%selg) lent by | moisture cgg e‘;f_
meters) efficients |{Per volume | equivas pbi]it
¢ (per cent)| Jent v
0.17 2.19 4.5
.34 L7 47.2
.17 2.19 48,1
.30 1.84 45. 4
.38 2.48 39.0 0.7 66. 4 2,435
.21 2.23 44,7 .5 4.2 1. 036
.08 2.02 46.4 1.6 44.8
.14 1. 56 43.6 L7 41.9 1,518
.11 1.93 43.2 6.6 36.6 348
.14 4.25 419 2.3 30.6 675
.24 4,38 417 2.3 39.4 1,100
.13 173 44.9 2.9 42.0 682
.54 1.44 43.0 1.4 41.6 2, 000
.52 1.50 49.0 2.9 46.1
.25 3.28 35.0 1.2 33.8
.23 1.31
.24 1.32 -
.23 1.91
.26 1.88

Mechanical analyses of sands obiained from wells in the Wilcox group, as determined
by second method

[See p. 39. Laboratory determinations by V. C. Fishel)

Mechanieal composition (per cent)
Laboratory No. 0.5-0.25 [0.25-0.125| 0,125~ | Resid
.5~0. .25-0. 3 esidue
2-lmm |1-0.5mm | "oy mm | 0.062mm| on pan
870. ememememee e e L0 1.0 62.0 24.0 1.0 0.6
871... - 20.0 48.0 26.0 4.8 .3 .2
- T 25.0 58.0 12.5 3.0 i .8
7 T 3.0 20.5 58.5 16.5 .5 .5
910, 4.0 90.0 6.0 0.4 .1 0
911, 7.0 88. ( 3.5 1.0 .3 .1
924, 37.5 42.5 16.0 3.0 .5 .2
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44%1{2.63‘1-0111 well of Baptist Hospital, Madison and Dudley Streets, Memphis, drilled October, 1928; depth

819. From well 20 of Memphis Artesian Water Department, Memphis; depth 301-320 feet.
821, Same as 819; depth 350-390 feet. .
. Same as 819; depth 390 feet.
. From well 32 of Memphis Artesian Water Department, Memphis; depth 421-495 feet.
. From well 33 of Memphis Artesian Water Department, Memphis; depth 300-402 feet.
. Same as 824; depth 419-500 feet.
. Same as 824; depth 760-825 feet.
. Same as 824; depth 1035-1090 feet,
870. From well of T. E. Sanford, 3 miles west of Medina, Gibson County; depth 113 feet.
871, 2.4 miles north of Sharon, Weakley County, on east side of highway 5; depth 250 feet.
872. From well 37¢, city of Martin, Weakley County; depth 320 feet.
873. 2.8 miles north of Sharon, Weakley County, on east side of highway 5; depth 230 feet.
910. From well 35, city of Dyersburg, Dyer County; depth 784 feet.
911, Same as 910; depth 650 feet.
924, Western State Hospital, 2.3 miles from Bolivar, Hardeman County; depth 110 feet.
L. & N. I From well of Louisville & Nashville Railroad at Leewood yard, Memphis, drilled in 1917;
sample from 113 to 132 feet below mean sea level.
. & N. II, Same as I; 132 to 148 fect below mean sea level.
. & N. ITL. Same as I; 148 to 168 feet below mean sea level.
. &.N. IV, Same as I; 168 to 184 feet below mean sea level.

REBRRR

[glala
&

The maximum, average, and minimum results are as follows:

Maximum | Average | Minimum

Coeflficient of permeability ... .. 3,936 1,295 348
Uniformity eoefficient . - .l 4.38 2.11 1.31
Porosity ~---per cent_. 73.9 43.7 25.4
Porosity minus moisture equivalent............_.._._ .do_.__ 72.3 41.3 24.9

The figures for the coefficient of permeability are much larger than
the corresponding figures for samples from the outcrop area. This
difference can be explained in either of two ways. The samples from
the wells are carefully washed to remove sludge, and in this washing
the silt and clay that belong to the sample are removed. The average
silt and clay content of samples from the outcrop area, however, is
only 3.8 per cent, and the removal of that much material would not
make so great a difference as the figures show. A more probable
explanation is that a large number of the samples from wells represent
only the coarsest and most permeable material encountered in drilling.
Also some of the finer sands containing clay included in the samples
from the outcrop area would be classed as clay in drilling, and so they
are not present in the well samples to drag down the general average.
This explanation can be tested by studying the physical properties of
sands from well 51 of the Memphis Artesian Water Department.
This well passes completely through the upper and middle Wilcox,
as shown by the following log:

Log of well 51 of Memphis Artesian Water Depariment
[Authority, W. G. Lanham]

Thiek-|
Depth
(‘f‘::';) (teot)

Loess: Yellowelay... .......__._. 28 28
Pliocene gravel: Sand and gravel. .. 60 88
Jackson formation: Clay............ 182 270
Wilcox group:
51 321
69 390
80 470
65 535
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Physical properiies of sands from the Wilcox group at Memphis, Tenn.

[Samples from well 51, Artesian Water Department. Laboratory determinations by V. C. Fishel]

Apparent Mechanical composition (per cent)
specific
Laboratory No.s gravity of
oven-
: 0.5-0.25 | 0.25-0.1 | Residue

sgg‘:)dle 2-1mm {1-0.5mm mm mm on pan silt Clay
1.49 0 1.0 57.4 40.1 0.2 1.1 0
1. 51 0 L1 62.9 35.7 .1 .1 0
1.62 6.6 28.1 37.7 27. 4 .9 .2 0
1.52 0 L3 61.3 37.4 .2 .8 0
1.62 3.2 19.1 43.9 32.2 1.3 .3 0
1.68 15.6 45.9 4.1 13.3 .7 1.6 0
1.62 3.5 20.5 38.0 35.1 27 .1 0
1. 54 1.3 29 10.7 83.6 L2 .5 0
1.52 L1 1.9 13.5 82.0 .8 .1 0
1,65 0 .5 26.0 7.6 18 .1 0
1.47 .2 .2 4.1 93.1 2.0 .4 0
1,47 .3 .7 4.8 90.3 3.2 7 0

Moisture| Porosity
10 per | trhitorm- .. | equiva- | minus | Goef-
. cent size Porosity s cient of | Depth
Laboratory No. (milli- itszi %%eﬁl per cent %&3‘; xgglllsit;{:? permea- | (feet)
meter) (per cent)| lent bility

0.12 2.58 41.5 1.23 40.3 1,181 445
.12 2.38 41.4 . 40.5 1,019 465
.135 3.30 35.6 121 34.4 951 500
.125 2.56 40.1 1.79 38.3 996 475
.125 2.04 36.2 1.20 35.0 672 520
. 150 3.53 35.3 2.02 33.2 1,154 530
.12 3.17 39.0 2.14 36.9 855 540
.11 1.73 42.0 1.54 40.5 640 550
11 177 42.9 1.65 41.2 585 560
.11 1.91 37.8 1. 65 36.1 835 690
.11 1.65 43.9 1.76 42,1 688 710
.11 1.64 43.7 1.63 42.1 503 720

s Arranged in order of increasing depth.

Mechanical analyses of sands from well 61 of the Memphis Artesian Water Depart-
ment, as determined by the second method

{See p. 39. Laboratory determinations by V. C. Fishel]

Mechanical Composition (per cent)

Depths
Laboratory No. 0.5-0.25 0.25-0.125] 0.125- | Residue | (feet
Zimm |1-0.5mm| Ty, mm | 0.062 mm| on pan (feet)

0 0.5 93.0 6.2 0.2 01 5
0 .5 91,0 8.5 1 0 450
0 5 93 6.2 1 .1 455
0 3 89.3 10,0 2 1 460
0 5 90 9 2 1 165
0 5 90.5 8 5l 0 470
0 '3 88,0 1.7 T2 1 475
0 5 90.7 83 3 1 480
0 4 87.0 12,5 3 1 485
0 5 80,0 10.3 1 0 495
1.2 340 61.0 8.0 2 .1 500
10 27.0 56.5 13.3 10 3 505
Lo 2.3 59.0 12,5 8 2 510
6.0 53.2 382 2.2 1 0 530
7 4.7 46,0 48.0 2.0 .1 535
¥ 225 £2.0 13.3 7 7 540
10 15 75.0 18.0 10 1 550
10 8.0 85.0 5.0 1.0 gl 555
4 2.0 76.0 19.0 Lo 5 560
'8 3.0 80,0 15.0 5 1 565
2.0 6.5 64,0 26.0 Lo 1 570
0 3 78.0 21,0 5 1 685
0 1 8L 5 17.0 1.0 2 690
0 5 740 24.0 10 5 695
.3 8 60.0 2.0 15 5 705
2 5 74,0 24.3 12 1 710
1 ] 5 69.0 2.0 2.6 4| g5
5 1.0 495 15.0 L0 5 720
Ry 1o 10 32,9 601 ‘9 795
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Samples of sand were taken one every 5 feet, and these were sieved.
A sample for complete analysis was selected from each successive
group of samples that were similar in mechanical composition. This
series of selected samples gives an idea of the physical properties of
what the driller terms sand throughout the section of the upper and
middle Wilcox at Memphis. The maximum, average, and minimum
physical properties of sands from well 51 are as follows:

Maximum | Average | Minimum

Coeflicient of permeability. . eo oo oo e ee 1,181 840 503
Uniformity coefficient. . a - aeos 3.53 2.87 1.64
POrosity . e .-_per cent_. 43.9 40.0 35.3
Porosity minus moisture equivalent. . ... oo . do._._ 42.1 38.4 33.3

This indicates that the average physical properties of samples from
well 51 and of samples from the outcrop area represent approximately
the upper and middle Wilcox sands as a whole.

The maxima and minima given above for the well samples are very
different from the maxima and minima of the sands from the out-
crop area, but the averages are fairly comparable. The average
physical properties of sands from well 51, however, are much less than
the average for samples taken from wells throughout the area. In
conclusion it can safely be said that the physical properties of the
sands from the Wilcox group taken as a whole correspond to those of
the samples of sand taken from outcrops. In any section sands
coarser, more uniform, more permeable, and more porous than the
average will probably be found, as well as sands that are less so, but
sand having physical properties corresponding to the average can be
confidently expected in any section.

WATER~YIELDING PROPERTIES

Taken as a whole the upper and middle Wilcox is an excellent source
of water. Although it contains clay lenses they are not of great extent
and form but a small part of the group, and it is always possible to
pass through them by deeper drilling or to avoid them by changing
the location of a well. The very fine clay sands, “pipe clay,” are
also not water bearing, and these form a larger part of the group than
the clays. Although no figures can be given for the percentage of the
Wilcox that will not yield water, it may safely be placed under 50
per cent. The fine sands are good water bearers. Although it may
be difficult to finish a well in them, this is a well driller’s problem and
does not lessen their water-bearing properties. The coarse sands of
this formation are found in layers as much as 50 feet thick and form
the finest kind of water-bearing beds, in which wells can be finished

_without any difficulty. The laboratory tests of the coarse sand show
119722—33——=8 ‘
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it to have high porosity, specific yield, and permeability. These
results are borne out by well tests.

QUALITY OF WATER

The upper and middle Wilcox yield waters that are uniformly low in
" ‘mineral content. Most of the 90 samples analyzed from this group
contained less than 100 parts per million of dissolved mineral matter,
and many contained less than 50 parts. In many of these waters two
-or more of the principal acidic and basic constituents are present in
amounts so nearly equivalent that the waters can not be characterized
by naming a single compound, as calcium bicarbonate or sodium sul-
phate. The greater mineral content of several of the few samples that
contained more than 100 parts per million of dissolved solids may be
attributed to contamination, indicated by unusually high chloride and
nitrate content. In others the increase is in calcium bicarbonate, an
increase which seems to bear no relation to locality or depth. The
iron content of the waters is variable. Some of the samples analyzed
contain as much as 6 or 7 parts per million of iron, others as little as
0.05 part. This variation is dependent on the contact of the waters
with lenses of clay that contain iron sulphide. Aside from the high
iron content of some of the waters, which can be removed by aeration,
most of them are excellent for all industrial and domestic uses, if
‘proper precautions are taken to guard against pollution.

JACKSON FORMATION

Distribution and thickness.—The upper Eocene is represented in
-‘western Tennessee by the Jackson formation, which is separated from
the underlying Grenada and the overlying Pliocene gravel by uncon-
formities. The Jackson crops out in the Chickasaw Bluffs along the
Mississippi River and probably extends eastward under’the loess
-covering, but except for an outcrop at Raléigh it is not found at the
surface in any place east of the bluffs. The formation is well exposed
.at Maybury Leap, Richardson’s Landing, and Fort Pillow and in
Obion County. Owing to the paucity of outcrops and the fact that
the eastern contact or base of the Jackson is not exposed, there is a
-great uncertainty as to the thickness of the formation. At Yazoo
City, about 75 miles south of the Tennessee-Mississippi line, the for-
mation is 600 feet thick.®? Stephenson® gives the thickness in north-

8 Carroll County, Nos. 10, 28, 30, 45, 62; Chester County, No. 2; Crocker County, Nos. 58, 8, 12, 25, 28,
30, 39; Dyer County, Nos. 14, 26, 35a, 35b, 35¢, 53; Fayette County, Nos. 4¢, 10a, 11, 12, 13, 14, 15; Gibson
County, Nos. 9, 15, 20, 30, 42, 58, 62, 64, 78, 81; Hardeman County, Nos. 2, 4a, 5¢, 9b, 10b, 23, 24a; Haywood
-County, Nos. 8, 11, 18, 25, 27, 36a, 36b, 40; Henry County, Nos. 22, 33, 38, 75; Lake County, Nos. 11a, 11b;
Lauderdale County, Nos. 12, 21, 38b; Madison County, Nos. lc, 15a, 19b, 21g, 34b, 36a; Obion County,
Nos. 1, 17, 17b, 24, 38, 57; Shelby County, Nos, 5, 6a, 8a, 21, 38b; Tipton County, Nos. 6, 9a, 9b, 23b, 44;
“Weakley County, Nos. 4, 7, 23, 36, 37, 41, 41a, 58, 70.

8 Cooke, C. W., Correlation of the deposits of Jackson and Vicksburg age in Mississippi and Alabama:
‘Washington Acad. Sci. Jour., vol. 7, p. 188, 1918.

8 Stephenson, L. W., and Crider, A. F., Geology and ground waters in northeastern Arkansas: U. 8,

-«Geol, Survey Water-Supply Paper 399, p. 75, 1016.
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eastern Arkansas as 200 feet. If the blue clay which is found under-
lying all of Memphis and which is reported by all drillers throughout
Shelby, Tipton, Lauderdale, and Dyer Counties and parts of Obion
County is correlated with the Jackson, the formation at Memphis
would be 150 to 200 feet thick. (

Lithologic character.—The Jackson formation as found in outerop
consists of sand, clay, and lignite. The sand is very fine grained and
uniform in grain size and is either of a gray color or speckled from
grains of lignite. The sand shows marked lamination. The clay
occurs in beds that are continuous throughout the length of outerop,
and if they are lenticular they thin out very gradually. The Jackson
is peculiar among the formations of western Tennessee in that it con-
tains layers of lignite which attain a maximum thickness of several
feet. These lignite beds contain marcasite and pyrite concretions.

The lower part of the Jackson formation as revealed by well drill-
ings is largely blue clay. Drillers’ reports vary, but they are con-
sistent in describing its blue color. In some logs the clay is said to be
sandy, and in others it is described as hard. The logs of about 200
wells of the Memphis Artesian Water Department drilled throughout
Memphis furnish the best information. These logs show that the for-
mation is predominantly hard blue clay containing some layers or
lenses of fine sand. There can be little doubt that the clay forms an
essentially continuous bed over most of the counties bordering the
Mississippi River, and it is to this confining bed that the artesian head
of the water at Memphis and Dyersburg is due. No attempt has been
made in this report to differentiate the Jackson from the underlying
Grenada.

Although the sands of Jackson age are slightly water bearing, they
are not used as sources of water. The lignite beds render the water
adjacent to them unpalatable. Also the water is liable to have a high
iron and sulphur content, which is derived from the marcasite and
pyrite in the lignite. As the sands are very fine it is difficult to finish
wells in them. These factors have prevented this formation being
drawn upon by wells.

Quality of water.—It is impossible to recognize definitely the Jackson
formation from well logs or drillings, and its outcrop along the bluffs
does not afford enough information to determine its extent and thick-
ness definitely. In areas where it probably occurs, however, wells
that end a short distance below the Pliocene gravel obtain water that
‘varies considerably in the amount of dissolved mineral matter, ranging
from 170 to more than 400 parts per million. (See analyses—Dyer
‘County, Nos. 1, 37; Lauderdale County, Nos. 6, 9, 38a; Obion
County, Nos. 19a, 33, 53; Weakley County, No. 24.)

The waters from the Jackson formation are usually calcium bicar-
‘bonate in character, although some of them are typically dolomitie,
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and they range in hardness from 120 to 360 parts per million, which is
sufficient to necessitate treatment for most industrial uses and to be
objectionable for many household purposes. The iron content is
usually high enough to justify its removal by aeration. Diagrams of
analyses of two representative samples are shown in Figure 10.

PLIOCENE SERIES
GRAVEL

Outeropping in the Chickasaw Bluffs and on the uplands adjacent
to the Tennessee River occur deposits of gravel and sand. These de-
posits, with the mantle of coarse ferruginous sand that covers the
uplands of western Tennessee, were formerly considered to be one
formation and were called “Lafayette.” ®# Berry % has shown
that the “Lafayette’ of Hilgard and McGee is of various ages, ranging
from Cretaceous to Recent, and that at the type locality it is Eocene.
After a careful study of the Pliocene of northern Mississippi Shaw %
came to the conclusion that this so-called formation was in reality
nothing but the weathered portion of the underlying formations plus
such larger material as was left behind in the process of erosion; for
this material he suggested the name “residuum.” The writer believes
that the mantle of coarse ferruginous sand that covers the uplands of
western Tennessee is also residuum formed from the underlying for-
mations by the usual process of erosion and soil formation. The true
gravels are terrace deposits which rest unconformably on the Jackson
and Wilcox in the western part of the area and on the Cretaceous -
deposits in the eastern part. Along the Mississippi they are of
Pliocene age. Wade % believes that only the highest of the terraces
along the Tennessee River is of Pliocene age, the others being Pleis-
tocene. In this report they will be discussed together.

Distribution and thickness.—The Pliocene gravel and sand are well
exposed in the bluffs along the Mississippi River and are found below
the loess on the uplands wherever gullies or roads have cut through
the loess throughout Shelby County (pl. 10), the western edge of
Fayette County, Tipton, and Lauderdale Counties, and Dyer and
Obion Counties west of a line connecting Dyersburg and Union City.
The gravel and sand have a maximum thickness of 50 feet, but 20 feet
is the usual thickness in the west, and they thin out toward the east.
Along the Tennessee the gravel is most extensively developed on the

8 McGee, W J, The Lafayette formation: U. 8. Geol. Survey Twelfth Ann. Rept., pt. 1, pp. 461-4€6,
1891. Glenn, L. C., Underground waters of Tennessee and Xentucky west of Tennessee River: U. 8.
Geol. Survey Water-Supply Paper 164, pp. 40-43, 1906.

& Berry, E. W., The age of the type exposure of the Lafayette formation: Jour. Geology, vol. 19, pp. 249~
256, 1911.

8 Shaw, E. W., The Pliocene history of northern and central Mississippi: U. S. Geol. Survey Prof.
Paper 108, pp. 125-164, 1918.

8 Wade, Bruce, The gravels of west Tennessee Valle : Resources of Tennessee, vol. 7, No. 2, p. 70,
Tennessee Geol. Survey, 1917.
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uplands of Hardin, McNairy, Decatur, Benton, and Henry Counties,
though some occurs in Hardeman, Chester, Henderson, and Carroll
Counties. The maximum thickness of any of the terraces along the
Tennessee River is 50 feet.

Lithologic character—The deposits range from gravel with very
little interstitial sand through gravel filled with sand to sand con-
taining a small number of pebbles. In some localities the gravel
occurs as irregular-shaped bodies in sand. The pebbles may show
some regular distribution, but usually the distribution is chaotic;
likewise the pebbles may be fairly regular in size or may vary con-
siderably. The pebbles average less than 2 inches in diameter but
reach more than 5% inches, and a few cobbles that measured as much
as 8 inches have been found. The pebbles are rounded or subrounded
and may be flattened or tabular. They consist of quartz, chert, sand-
stone, quartzite, and a few recorded fossils from the Paleozoic. The
pebbles are coated with iron oxide. The deposits are loose and un-
consolidated except where they form thin layers of pebbles cemented
by iron oxide, which makes very hard material. '

The gravel is as a whole a good source of water. Where it underlies
the loess it is the formation from which most small domestic supplies
are obtained, The gravel that is found locally in the area around
Memphis will yield from 200 to 400 gallons a minute. In the hilly
regions gravel overlying sand lies above the water table, but gravel
overlying impervious formation is a valuable source of water for small
supplies.

Quality of water.—The waters from the gravel can be divided into
two distinct groups on the basis of the amount and character of the
dissolved solids. (See analyses—McNairy County, Nos. 1, 10, 16;
Obion County, No. 35; Shelby County, Nos. 21a, 28; Tipton County,
Nos. 25, 33, 39, 45.) The chemical character of these two groups is
determined by the geologic location of the gravel. Where the gravel
forms the surface formations the water derived from it is low in dis-
solved solids, unless contaminated by surface drainage, is fairly soft,
and is usually low in iron content. These waters are excellent. An
example is given in diagram E, Figure 10.

In the counties bordering the Mississippi River the Pliocene gravel
is covered with a mantle of loess. Meteoric water percolating down
through the loess dissolves considerable quantities of various mineral
constituents, particularly calcium carbonate. Most of the waters -
from the gravel where these conditions exist are calcium carbonate
waters of moderate mineral content. The waters are hard, the total
hardness ranging from 115 to more than 400 parts per million. The
iron content is also high enough to cause trouble if the water is used
for some purposes. A representative analysis is shown in diagram F,

Figure 10,
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FIGURE 10,—Analyses of water from the Wilcox group (A, B), Jackson formee
tion (C, D), and Pliccene gravel (E, )
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QUATERNARY SYSTEM
PLEISTOCENE SERIES
LOESS

The loess of western Tennessee is of Pleistocene age. It forms a
belt about 20 miles wide that borders the Mississippi River. The
loess has its greatest thickness at the river, where it is excellently
exposed in the bluffs at Memphis, Richardson’s Landing, and Ran-
dolph. The thickness exposed in the bluffs is from 50 to 100 feet, but-
it thins to a feather edge toward the east. The vertical jointing and
lack of bedding are very distinctive features of the loess in its outcrop
and impart to it the characteristic of standing with vertical face.
This feature is diagnostic. The loess can be divided into two parts on
the basis of color. The lower part is gray and the upper part is buff,
but both parts vary in hue from place to place. Fossils are more
abundant in the lower part.

The loess is very uniform in composition, consisting of fine material.
Ten mechanical analyses by Roberts % show that over 90 per cent of
the material is under 200 mesh, and microscopic examination shows
much of the material to be very fine. The particles are angular and
are predominantly quartz, though feldspar and clay are abundant.
Some calcium carbonate is present.

The basal loess contains some gravel and in places is found to
grade down into Pliocene gravel. The loess also contains irregular
concretions.

There has been considerable controversy concerning the method of
deposition of the loess, but it is now generally conceded that the
material was brought down by the rivers from the melting glaciers
and deposited on their flood plains. During periods of low water
wind picked up the dry fine silt and dropped it on the adjacent uplands
to form deposits that were thickest near the streams and thinnest
away from them.

Water probably seeps through the loess very slowly, but the mate-
rial has a very high specific retention and will not yield water.

LOAM

A thin deposit of loam forms the surface over much of western
Tennessee. The deposit is a yellowish or brownish loam in most of
the area of its occurrence, though in some places it becomes a soft sand
with very little argillaceous material. This phase is found mainly to
the east of the loess as a thin veneer derived from the underlying
formations and resting upon and partly concealing them. It is rarely
over 10 to 12 feet thick and is in many places not more than half that
thickness. It thins out to the east and disappears before the eastern

# Roberts, J. K., Tertiary and Quaternary sediments of west Tennessee and their economic geology (in
preparation).
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edge of the embayment deposits has been reached. The loam is
probably in large part the equivalent of the loess, though in some
places a few feet of loam overlies the loess. Its age is Pleistocene and
recent. The loam has no importance as a source of water.

RECENT SERIES
ALLUVIUM

The flood plains or bottoms of the present streams are composed of
alluvium, the most recent deposit in the area. The region has been
recently elevated, and the alluvium of the present bottoms represents
in part the reworked alluvium of the older flood plains, which now
exist as narrow terraces or second bottoms along the margins of the
stream valleys. The alluvium consists of material derived from the
adjacent land by erosion and is the same in composition, being made
up of the reworked sand, gravel, and clay derived from the Cretaceous
and Tertiary deposits. It has the characteristics of river deposits,
showing rapid vertical and horizontal variation. The deposits may
be lenticular. The alluvium in the valley of the Mississippi attains a
depth of 100 to 150 feet. Its character is clearly shown in the well log
given on page 211. The alluvium in the other stream valleys is less
than 100 feet thick, the thickness being dependent on the size of the
stream and the depth to which it can cut. The variable character of
the alluvium makes it a poor source of water for large supplies, but
small supplies of water can be developed in it almost everywhere.

The waters from the alluvium are variable in chemical character.
(See analyses—Fayette County, No. 12; Haywood County, No. 35a;
Lake County, No. 5; Lauderdale County, No. 26; McNairy County,
No. 10.) During flood stages the streams are probably influent into
the alluvium, and during periods of low stage ground water flows from
the alluvium into the streams; the chemical character of the water
in the alluvium is therefore dependent upon both the character of the
stream water and that of the ground water. In addition, the charac-
ter of the water is locally changed by the presence of lenses of clay rich
in organic matter containing much sulphur and iron. From this
material the water dissolves hydrogen sulphide, carbon dioxide, and
considerable iron. These constituents make the water unpalatable
and give it an unpleasant smell. Water from the alluvium of the
Mississippt River flood plain predominates in caleium bicarbonate, is
moderately high in total dissolved solids and iron content, and is hard.
An analysis of such a water is given in the following table and for
comparison with it an average analysis of water from the Mississippi
River at Memphis, One sample of water from the alluvium in the
flood plains of the streams whose drainage basins lie within the areas
of outcrop of the Cretaceous and Eocene formations is low in total
dissolved solids and very soft. The iron content is high enough to
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make removal by aeration and sedimentation or filtration desirable.
The analysis of this water is also given in the table.

Analyses of waters from alluvium and from Mississippi River at Memphis

[Parts per million)

1 2 3 1 2 3
Bilica (S108) oo 24 24 Sulphate radicle (SO¢) ... 15 43 58
Iron (Fe) - oo . .61 .85 || Chioride radicle (C).coo-._ 8 8.6 11
Caleium (Ca) .. - 36 3.8 || Nitrate radicle (NOs)....... .7 L7 77
Magnesium (Mg)_ - 12 1.5 | Total dissolved solids. .. -... 291 202 72
Sodium (N@)._.cnooeoe 19 10 Total hardness as CaCOs
Potassium (K) .7 (calculated) .__._____..._..| pLi3 S I 16
Bicarbonate radicle (HCO3).{ 296 129 19

Nl Representative analysis of water from the alluvium of the Mississippi River flood plain. Lake County
2, Mean of analyses of Mississippi River water taken at intervals throughout the year at Memphis, Tenn.

gg.rke,s ;‘ lW , Composition of river and lake waters of the United States: U. 8. Geol. Survey Prof. Paper

epresentatlve analysis of water from alluvium of Hatchie River. Haywood County, No, 35.

GROUND-WATER RESOURCES BY COUNTIES
BENTON COUNTY
[Area 456 square miles. Population 11,237]
GEOGRAPHY

Benton County is a long, narrow county, of which the eastern
boundary is the Tennessee River and about two-thirds of the western
boundary is the Big Sandy River. A ridge runs northward through
the middle of the county, dividing the drainage to the east into the
Tennessee River from that to the west into the Big Sandy River.
Of the eastward-flowing streams Cypress and Birdsong Creeks are
the largest; of the streams flowing west, Ramble and Rushing Creeks.
The central ridge has been cut into many hills by the creeks and their
tributaries. The tributaries form V-shaped valleys, and the flood
plains or bottoms of the larger creeks are narrow, attaining a maximum
width of 2 miles.

The Mississippi River at low water at Johnsonville is 322 feet above
mean sea level. A bench mark opposite the railroad station at Cam-
den has an altitude of 392.60 feet, and the high point on the Louisville
& Nashville Railroad 2.2 miles south of Camden is 471.7 feet. Prob-
ably altitudes of 600 feet are attained in the southwestern part of the
county, and the average is between 400 and 500 feet.

GEOLOGY

The boundary between the Paleozoic rocks and the unconsolidated
Cretaceous formations runs north through the middle of Benton
County. The Paleozoic rocks form the surface in the eastern part of
the county, and though the upper part of the central ridge is covered
by the Cretaceous deposits the large creeks have cut through them
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into the underlying Paleozoic rocks. The Paleozoic formations that
crop out in Benton County are, from younger to older, the Fort
Payne chert, of Mississippian age; the Chattanooga shale, of Missis-
sippian or Devonian age; and the Camden and Harriman cherts and
Birdsong shale, of Devonian age. The Fort Payne formation is a
limestone that contains considerable chert and weathers to a chert
rubble, which is the surface expression of the formation. Its thickness
in Benton County is not known, but at Paint Rock, a few miles to
the east, it has a maximum thickness of 200 feet. Below the Fort
Payne chert occurs the Chattanooga shale. It crops out in only a
few areas and yields small amounts of sulphur water.

The Camden chert is widely distributed throughout the northern
and southeastern parts of the county. Its maximum thickness is
exposed at Camden, the type locality. In outcrop it consists of a
rubble of iron-stained angular fragments of chert. The Harriman
chert resembles the Camden chert and can be differentiated from it
only by means of the inclosed fossils. The combined thickness of the
Camden and Harriman cherts does not exceed 275 feet.

The Eutaw formation covers the top of the ridge that runs through
the middle of the county. It occurs as a band about a mile wide and
is not more than 90 feet thick in the southern part of the county and
20 feet thick at the northern boundary. In many outcrops it shows
at its base a layer of black carbonaceous thin-bedded clay from 10
to 15 feet thick. The remainder of the formation consists of fine
sand and interlaminated clay.

Overlying the Eutaw and cropping out just west of it is a band of
the Coon Creek tongue of the Ripley formation. The Coon Creek
is an argillaceous glauconitic sand containing some mica. It contains
indurated casts of fossils cemented by hydrous iron oxide, which give
a characteristic appearance to any outcrop. The thickness of the
Coon Creek ranges from about 120 feet in the south to 80 feet in the
north.

The outcrop area of the overlying McNairy sand member of the
Ripley is confined to the southwestern part of the county. Here high
hills have been cut out of the formation and deep gullies have been
formed. Though the McNairy contains some coarse sand in Benton
County it is predominantly fine grained.

GROUND WATER

There are no towns with public water supplies in Benton County,
and as there are no industries ground-water developments are confined
to farm needs. As stock is watered from the numerous perennial
streams, the farm wells supply only the small amount of water needed
for domestic use. The type of well employed depends on the nature
of the formation from which the water is to be obtained. In the
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chert areas dug wells are used, for the fractured chert can be dug
easily but can be drilled only with great difficulty. Of the 62 wells
listed in the following table, 51 are dug, and they have an average
depth of 29 feet. Where the Cretaceous formations are the source of
water both dug and bored wells are used, but the latter are the more
common. The 11 bored wells listed in the table have an average
depth of 61 feet.

Three deep wells have been drilled in Benton County, but the
information concerning them is so meager that very little can be said
about the formations they penetrate. It is reported that the water
from well 9¢ at Big Sandy comes from a depth between 250 and 300
feet; the water from the Eva well, No. 33, from depths of 130 to 140
feet and 263 feet; and the water from the well at Camden from a
depth of 275 to 300 feet. Very small amounts of water were encoun-
tered below these depths. This would indicate that practically no
water can be developed below 300 feet and this probably means below
the Devonian. The cherts of Mississippian and Devonian age yield
abundant water, and where they are 100 feet or more thick supplies of
several thousand gallons a day could be developed.

Both dug and bored wells are used in the Eutaw area, but as a rule
the water is poor. The Coon Creek yields but little water. In areas
where the Eutaw or Coon Creek crops out many cisterns are used.

In the region of the Ripley outcrop bored wells are most common.
As the region is high and the formation porous, the water table is as
much as 100 to 120 feet deep in the high hills, and wells must go below
this depth to obtain water. In general the Ripley sands in Benton
County are fine grained and cause much trouble in screened wells.
In the northern part of the county, where Pliocene gravel occurs, dug
wells finished in the gravel afford sufficient water.

In the northern part of Benton County dug wells are used exten-
sively. These wells obtain water from the Fort Payne or the Camden
chert and the Pliocene gravel. Eutaw sand covers some of the hills,
but it is not very thick, and good water can be found below it. The
Chattanooga shale is found in certain areas. This formation does not
exceed 15 feet in thickness and water is found below it. At the foot
of the ridge that forms the eastern boundary of the valley of the Big
Sandy River many large springs issue from the Camden chert.

LOCAL SUPPLIES

The city of Big Sandy has a public well. This is a 6-inch well which was drilled
to a depth of 965 feet and is cased to 165 feet. No log was available, but it was
reported that very little water comes from beds below 300 feet. The water level
is 4 feet below the surface. The well is equipped with an electric pump that
delivers water into a small tank, from which it can be drawn. All the houses in
Big Sandy are supplied from shallow dug wells obtaining water from the Camden
chert.
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Camden has a public well which is 8 inches in diameter and 1,565 feet deep. No
log of this well is available. The well is cased to a depth of 250 feet, where the
well is reported to have passed through a cave. Water is derived from a depth
of less than 300 feet and comes from the Camden chert. (See analysis 31a.)
The public well supplies only a small group of buildings around the courthouse.
Most of the houses have cisterns; the remainder have wells ending in the Camden
chert, which furnishes sufficient water.

At Eva dug wells obtain water from Devonian chert. To the west the Chat-
tanooga shale is encountered, and wells must pass through this to the underlying
chert.

Holladay is situated in the outcrop area of Eutaw sand. As the water from
the sand is highly charged with hydrogen sulphide and is unpalatable, cisterns
are used. Deeper wells penetrating the Devonian chert and casing off the higher
water would obtain potable water. .

At Zach bored wells obtain water from Ripley sand. As Zach is situated in'a
valley, at an altitude of 421.6 feet, the wells are shallow, not exceeding 25 feet,
but just to the north in the hilly section they are more than 100 feet deep.
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Analyses of waters from Benton County

{Parts per million. Numbers at heads of columns refer to corresponding well numbers in preceding table.
Analyses 7, 9¢, 9a, and 30 by Margaret D. Foster; the rest by D. F. Farrar]

7 9¢ 9a 14 30
Silica (8102) oo e oo 8.8 12 16 4.5 11
Iron (Fe) - oo e oo .12 .15 13 11 .14
Caleium (C8) oo oo 4.8 19 12 8 2.8
Magnesium (Mg) - oo e 2.4 3.7 4.6 1 1.5
Sodium (Na)._... 6.0 167 14 } 3 { 2.5
Potassium (K).._._ 2.9 5.0 3.0 11
Bicarbonate (HCO 13 194 14 17 12
Sulphate (SO . ___ 14 151 23 9 4.0
Chloride (Cl)...... 4.5 84 30 5 3.0
Nitrate (NOs) oo e 7.2 1.9 4.0 .4 1.1
Total dissolved solids. . _.._....._.__ 57 542 123 39 33
Total hardness as CaCOj; (calculated) - 22 63 49 24 13
Date of collection, 1929 . . June 19 | June 19 | June 19 | June 18 | June 20
|

3la 33 34a 52 59
Silica (S102) - - oo e 6.2 4.3 7.3 4.3 6.2
Tron (Fe) - .- e 1.5 .4 1.3 1.3 .8
Calcium (Ca)____.. - 75 60 17 9 14
Magnesium (Mg) - 5 8 2 2 2
Sodium (Na)... 9 7 11 } 4 { 10
Potassium (K) ____.. 1 1
Bicarbonate (HCOg)... 202 202 17 24 20
Sulphate (8O04) - - oo 40 18 35 11 23
Chloride (CD___.__ 3 8.5 17 6 18
Nitrate (NOs)..._._. .4 .2 .8 3 1.3
Total dissolved solids.___ 240 204 106 52 86
Total hardness as CaCOs - 208 182 51 31 43
Date of collection, 1929 ___ . . ________________ June 22 | June 19 | June 18 | June 17 | June 17

CARROLL COUNTY .

[Area 619 square miles. Population 26,132]

GEOGRAFPHY

Carroll County is situated in the northeastern part of the area.
The Mississippi-Tennessee divide cuts across the county in a direction
east of north, dividing the drainage areas into two unequal parts.
About one-third of the county drains east to the Tennessee through the
Big Sandy River and its tributaries; the remaining two-thirds drains
to the west through the tributaries of the South Obion and Forked
Deer Rivers. In the southern part of the county the Mississippi-
Tennessee divide is formed by an area of very hilly, high country, the
northward extension of the hills of erosion. Another area of high
hills is in the southeast corner of the county. The highest precisely
determined altitude in the county is 514.39 feet, at a point 4.4 miles
west of Huntingdon on the road to McLemoresville, but the hilly
areas above mentioned probably rise above 600 feet. The lowest
known altitude is 393.5 feet, at a point 1.8 miles west of Huntingdon
on the road to McLemoresville, but the valley of the South Obion
River is lower than this at the western boundary of the county.

GEOLOGY

Underlying the whole of Carroll County but not eropping out are
the Eutaw formation and the Coon Creek tongue of the Ripley
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formation. The Eutaw formation rests on the Paleozoic rocks, which
- consist of chert, limestone, and shale. The surface of the Paleozoic
rocks dips gently to the west at about 20 feet to the mile. It is at a
depth of 300 feet at the east edge of the county and 1,000 feet at the
west edge. The Eutaw formation is about 80 feet thick and is
composed predominantly of clay but contains some layers of sand.
The Eutaw is not a very good water bearer, although some water can
be obtained from it.

Overlying the Eutaw formation occurs the Coon Creek tongue of the
Ripley formation. It is a glauconitic, argillaceous sand or fossil-
iferous marl, with a maximum thickness of 120 feet. The Coon Creek
does not yield water.

The oldest rocks outcropping in Carroll County are those of the
MecNairy sand member of the Ripley formation, which forms a band
11 miles wide and crosses the eastern part of the county in a direction
a little north of east. It has a maximum thickness of 425 feet and
dips toward the west at the rate of 20 to 30 feet to the mile. The
Ripley is predominantly a sandy formation with intercalated lenses of
clay. There is a persistent layer of coarse sand which crops out in the
hills along the eastern edge of the county. The formation as a whole is
a good source of water.

The Porters Creek clay, which overlies the Ripley formation, is a
plastic dove-gray clay with a characteristic hackly structure. It does
not yield water, and where it crops out wells must pass through it to
the underlying Ripley formation. It has a thickness of about 170 feet.
- Throughout the western half of Carroll County the Holly Springs

sand forms the surface. 'The Holly Springs formation consists of sand
of varying size and color with intercalated layers and lenses of clay.
The formation dips to the west at a rate of 20 to 30 feet to the mile.
At the western edge of the county the Holly Springs has a thickness of
400 feet. Water is readily obtained from this formation.

WATER RESOURCES

‘The numerous streams in Carroll County serve for watering stock.
Along the foot of the hills are many springs, and those that are con-
veniently located are used for domestic purposes. Except for the
anarrow band of Porters Creek clay, which has a maximum width of 4
miles but is usually not more than a mile wide, the formations at the
surface throughout Carroll County consist of unconsolidated sand.
‘This material can be bored easily, and the depth to water ranges from
15 feet in the valleys to 150 feet on the highest hills. Consequently
bored wells are most widely used for domestic purposes, though a few
dug wells are still in use. The average depth of the 64 wells listed in
Carroll County is 72.5 feet. Where large supplies of water are needed

119722—33——9
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or where clay lenses are found at shallow depths or in the outcrop
area of the Porters Creek clay deeper wells are used, and these are
drilled. In the table, 17 drilled wells are listed, averaging 211 feet in
depth. Such wells develop water supplies sufficient for any present
needs. The Porters Creek clay serves as a confining bed for the
waters in the Ripley sands. To the west of its outcrop area water
will rise to an altitude of 400 feet above sea level in wells that pass
through the Porters Creek to the Ripley formation,

LOCAL SUPPLIES

At Atwood (altitude 447.6 feet) the water table stands at a depth of about 90
feet. Bored wells 90 to 120 feet deep are used almost exclusively. (See analysis
45b.)

Bruceton (altitude 417.8 feet) has a public water supply owned by the Tennes-
see Property Co. (See analysis 17a.) A drilled well 298 feet deep obtains water
from Eutaw sand. A log of the well is as follows:

Log of Tennessee Property Co.’s well, Bruceton, Tenn.

Thick- Depth
(feet) (feet)

Ripley formation (McNairy sand member):
Red sand

Fine white sand (quicksand)
Coon Creek tongue of Ripley formation: Black mud.-
Eutaw formation:

Roc

Black mud.

Black sand, water bearing.
Paleozoic: Rock.

B8R NBs

The water company does not supply water to the houses south of the State
highway. These houses are equipped with bored wells from 90 to 120 feet deep.
The Junction City Ice & Coal Co. obtains 40,000 gallons a day from Ripley sands,
and further developments should be able to obtain ample water from these sands.

Buena Vista is underlain by considerable clay, and wells must pass through this
to obtain water. The depth of the wells ranges from 90 to 150 feet, depending on
topographic position.

In Clarksburg bored wells can obtain water from the Ripley sands at depths of
35 to 60 feet. It is necessary to go to 100 feet to reach a sand suitable for finishing
a drilled well.

Hollow Rock (altitude 423 feet) is in a valley, and shallow bored wells about 30
feet deep obtain sufficient water for domestic purposes.

Huntingdon (altitude 414.7 feet) is in the outcrop area of the Porters Creek
clay, which has a thickness of 75 to 90 feet. The Porters Creek is covered by a
layer of residuum about 40 feet thick so that wells must penetrate at least 130 feet
to reach the underlying Ripley. The city is supplied with water by the Kentucky-
Tennessee Light & Power Co. (See analyses 33a, 38b.) Water is obtained from
two 6-inch wells and one 10-inch well, ranging from 213 to 270 feet in depth. The
wells are all connected by a suction centrifugal pump situated in a pit and having
a capacity of 100 gallons a minute. The static level is at the bottom of the pit.
A small amount of lime is added to the water on its way to the rapid sand filters
to accelerate the precipitation of the iron. From the filters, where the iron is
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removed, the water passes to a reservoir with a capacity of 65,000 gallons. The
total daily consumption of water at Huntingdon is about 75,000 gallons. Analyses
of the raw and treated water are given in the table on page 130. The ice plant is
equipped with a 6-inch well 235 feet deep.

The log of a test hole drilled 1.8 miles west of Huntingdon on the old MecLemores-
ville road is as follows:

Log of Johnson Refining Co.’s well, Huntingdon, Tenn.

Thick- Thick-]
pess | DeDth pess DIepth
(feety | (feet) (feet) | (Teet)
Holly Springs sand: McNairy sand member of Ripley :
oil 13 13 formation—Continued.
10 23 Coarse sand and a little clay.... 41 856
7 30 Brown flaky clay... ... 2 558
Quick 10 40 Quicksand___._.... - 12 570
Porters Creek clay Hard gray clay. N 6 576
Tough gray clay...cocoeoome.o.. 105 145 Quicksand.......... - 8 584
MceNairy sand member of Ripley Flaky clay and sand........_.__| 14 598
formation: Thinly laminated flaky clay..._ 6 604
Varicolored quicksand. 41 186 Quicksand... ... __.__ 8 612
Thinly laminated clay. 3 189 i Coon Creek tongue of Ripley forma-
Fine sapnd with thinly lami: tion:
natedelay. .o ooooo . 14 203 Hard blackelay._ .. _.o......_. 13 625
Brown micaceous sand. . _._..__ 3 206 Hard gray clay, thin bedded-... 31 656
Sand and thinly laminated hard . Hard blue €lay- .o ouuoeeeoanen 44 700
ClaY - - oo 54 260 Thin-bedded clay ... .....o.. 6 708
Sand containing pyrites. _._.__. 4 264 || Eutaw formation:
Sand and decayed vegetation__. 38 302 Quicksand.. . .omoeeenocaees 4 710
Hard flakyelay. ... ... 2 304 Hard gray clay.-. - 6 716
Brown ﬁaky clay and well-pre- . Thin-bedded clay... - 3 719
served pieces of wood..-...._. 66| - 370 qucksaud and mud..__.._..____ 8 2
10 380 || -Paleozoic:
15 305 S]ate, small shells, and qulck-
san 33 760
16 511 15 75
4 515

At Lavina there is a perched water table, and wells from 60 to 80 feet deep
obtain water from1t. These wells go dry during dry weather. To obtain a per-
manent water supply wells must penetrate to the true water table, which is from
90 to 160 feet in depth.

McKenzie has a public water supply owned by the Kentucky Tennessee Power
& Light Co. Water is obtained from three wells, one 8-inch well 335 feet deep,
one 8-inch well 340 feet deep, and one 10-inch well 330 feet deep. These wells
end in the Holly Springs sand and obtain water of excellent quality. (See analy-
sis 10b.) All three wells are pumped by compressed air. The water flows into a
200,000-gallon reservoir and is pumped from the reservoir into an overhead
tank of 50,000 gallons capacity. The average consumption is 700,000 gallons
a day. The Nashville, Chattanooga & St. Louis Railway, Louisville & Nashville
Railroad, and McKenzie Iee Co. have similar wells.

Log of well of Nashville, Chattanooga & St. Louis Railway, McKenzie, Tenn.

Thick- Thick-
ness Dfepth ness Dfepth
(feet) | (feet) (teet) | (feet)
Holly Spnngs sand: Holly Springs sand—Continued.
10 10 Gray pipe Clay- - <eeoeeeeeeeeee ] 74 225
26 36 Dark pipe clay.. 38 263
11 47 Yellow sand 10 273
20 67 White sand - 38 311
34 101 Coarse white sand....ccoeeenooo 12 323
White sand and pipe clay
f1c3 (-1 N 50 151
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The log of the Louisville & Nashville Railroad well, which penetrates the
Ripley formation, is given below.

Log of well of Louisville & Nashville Railroad, McKenzie, Tenn.

[Authority, chief engineer]

‘Thick- Thick-‘
Depth Depth
e | et (e | (o)
Soil (loam and clay) ..o ccea .. 10 10 | Holly Springs sand—Continned.
Holly Springs sand: Fine whitesand....ccocouaoun. 18 340
Red sand. .- o] 26 36 Pipeclay. ccemceecanana- 8 348
11 47 Fine white sand, pipe clay...... 4 352
20 67 Fine whitesand__ ..o _..o.._ 18 368
34 101 | Porters Creek clay:
50 151 Gmi pipe ¢lay. e ... - . 122 490
74 225 Dark pipeclay- ool 47 537
38 263 | Ripley formation:
10 273 Fine whitesand. ............_| 6 543
d 38 311 Soapstone, good water hearing. . 20 563
Coarse white san 9 320 Coarse whitesand.._.._......__| 84 647
Pipe clay. q 324

At McLemoresville (altitude 422 feet) bored wells are used; they range from
40 to 50 feet in depth.

At Trezevant (altitude 464 feet) the city-owned public water supply (analysis
28) obtains water from two 6-inch wells 120 feet deep, which end in Holly Springs
sand. Both wells are pumped by lift pumps that deliver the water to an elevated
tank of 50,000 gallons capacity.

At Yuma the water table is only 8 to 15 feet below the surface, and dug and
bored welld 13 to 25 feet deep obtain sufficient water for domestic needs from
the Ripley sands.
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CARROLL COUNTY
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130 GROUND-WATER RESOURCES OF WESTERN TENNESSEE

Analyses of waters from Carroll County

[Parts per million. Numbers at heads of columns refer to corresponding well numbers in %gecedmg table,
Analyses 17a, 33a (raw), 45, 69, and 71, by D. F. Farrar; the rest by Margaret D.

33a
10b 17a 28 30 403
Treated | Raw
Siliea (SiO2). .- 11 9 16 12 11 6 13
Iron (Fe)._. .07 1.4 .21 14 .13 L1 .18
Calcium (Ca)... 2.0 72 15 14 24 13 4.9
Magnesium (Mg) 1.4 7 5.9 14 3.2 4 2.8
Sodlum (Na) ------ 1.3 6 14 33 4.9 } 2 { 4.6
Potassi (K)o - .9 1.8 6.4 1.4 1.2
Bicatbonate (HCOs).. 13 194 28 22 60 8 16
Sulphate (SO4).----- 2.5 47 40 27 32 41 12
Chloride (C)).... - .9 9 15 62 1.6 3 4.4
Nitrate (NOg)_.cooo__. - 39 2 10 44 .05 .2 3.3
Total dissolved solids...._..._._. 27 276 142 237 107 72 57
Total hardness as CaCO; (ealcu-
ates - 11 209 62 92 73 49 24
Date of collection, 1929...________| June 29 (July 3 |July 1 |July 1 | Oct.12 |July 8 | June 29
45b 58a 63a 69a 71b 74b
Bilica (8102).ce oo 5 11 14 7 4.4 14
Iron (Fe) .7 .42 .34 1.4 . 07
Caleium (C8a) - —cccomomeccceeees 7 3.1 2.6 12 12, 2.7
Magnesium (Mg).. 2 1.8 1.1 3 2 3.1
Sodium (Na) 17 10 2.9 } P { 17 8.6
1 .8 1.1 2 1.6
20 11 12 48 17 8.0
5 4.7 2.5 .6 22 3.3
28 1.3 2.7 4 28 13
3). - 1.2 2.5 3.9 .3 1.3 14
Total dissolved solids. ..o ooo__.___.__. 73 36 41 56 93 72
Total hardness as CaC 03 (calculated) -.---. 26 15 11 42 38 19
Date of collecti July 2| June 27 July 3 |July 4| July 4| June 24
]

CHESTER COUNTY
{Area 313 square miles. Population 10,603)
GEOGRAPHY

Chester County, which lies in the eastern part of the area, is of
unusually irregular outline. Its area is only 313 square miles. The
larger part of the county is drained by the South Fork of the Forked
Deer River and its tributaries, Sugar, Turkey, Clark, and Jacks
Creeks, which flow to the north and west. The remainder is drained
by Middletown, Threemile, and White Oak Creeks, which flow
slightly east of south. These two systems are separated by the
Tennessee-Mississippi divide, an area of bigh land running in a north-
easterly direction across the east-central part of the county. The val-
ley of the South Fork is broad and fertile. The western portion of the
county is hilly, wooded, and sparsely settled.

GEOLOGY

The Eutaw formation, of Cretaceous age, dbes not crop out in
Chester County but underlies the whole county. The oldest exposed
formation is the Selma clay, which occurs at the surface along the
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eastern boundary of the county in a strip 4 miles wide at the south and
3 miles wide at the north. It rangesin thickness from 230 to 250 feet.
West of the Selma the Ripley formation crops out. The basal part of
the Ripley formation is a black clay marl which is mostly fossiliferous.
This is known as the Coon Creek tongue of the Ripley formation.
The Coon Creek can not be differentiated from the Selma in well logs
and is often included in the Selma. The Ripley formation is about
500 feet thick and crosses the county in a broad north-south band
15 miles wide. It consists of sands of different size and intercalated
lenses of clay. The Ripley in turn is overlain by the Clayton forma-
tion, which is here a glauconitic sand of uncertain thickness but does
not exceed 25 feet. The Porters Creek clay, which crops out just
west of the Clayton, is nowhere wider than 3 miles and is about
275 feet thick. The Holly Springs sand crops out in the extreme
western part of the county. All these formations dip 20 to 30 feet to
the mile toward the west. Pliocene sand and gravel are found in
some places, and the usual mantle of residuum covers all the upland

surface.
WATER RESOURCES

The county is well watered by streams and springs, which furnish in
most localities a sufficient supply of water for stock. Wells supply
domestic needs. The Selma clay does not yield water. Where it
comes to the surface water is obtained from the overlying residuum or
else from wells that pass through the Selma into the Eutaw. Wells
in the residuum will not furnish large quantities of water and are
subject to drying up during dry weather. The Ripley formation is an
excellent source of water, and many springs are found in the area of its
outerop, but on hilltops the water table is likely to stand as much as
100 feet below the surface. In the areas of Porters Creek outcrop
conditions are similar to those where the Selma is the surface forma-
tion, but good supplies of water can be obtained by drilling through the
Porters Creek ¢lay into the underlying Ripley. The Holly Springs
sand is an excellent water bearer.

LOCAL SU?PLIES

At Deanburg bored wells obtain water from the Holly Springs sand at depths
of 50 to 80 feet.

. At Enville, on the western contact of the Selma clay, dug wells 25 feet deep are
used for domestic supplies. Some wells about 250 feet deep go through the
Selma into the Ripley formation.

Henderson (altitude 421 feet) is located in the Ripley formation, which has a
thickness of 250 feet at this place. Here the Ripley consists of interbedded sand
and clay with some thin seams of lignite that contain marcasite. The lignite
gives an unpleasant taste to water, and the oxidizing marcasite gives the water a
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high iron content. The logs of wells at Henderson show marked variations, as
indicated by the twq given below.

Logs of wells of West Tennessee Power & Light Co., Henderson, Tenn.

[Authority, driller]
Thick- Thick-
Depth Depth
ness ness
(feet) | (feet) (loet) | (feet)
23 23 || Yellow elay. oo ooooecicmccemeaae 20 20
16 39 || Yellowsand . - ... _..__._____ 83 103
3 42
8 50
2 52
6 58
33 91
15 106
5 111
22 133
Sand mixed with mud_ 15 148

These wells are within 160 feet of each other. Wells of different depths from
60 to 250 feet have been used, but none gave entire satisfaction. The present
water supply of Henderson is furnished by the West Tennessee Power & Light
Co. (See analysis 4b.) This system consists of seven wells. Five 3-inch well-
60 feet deep and one 8-inch well 90 feet deep are pumped by an electrically driven
Worthington triplex pump loeated in a pit 12 feet deep which delivers the wate~
to a 70,000-gallon elevated tank. The capacity of this battery of wells is 84
gallons a minute. The water level in these wells is 20 feet below the surface.
The latest addition to the plant is a recently completed well 8 inches in diamete~
and 103 feet deep, which has a gravel wall screen 17 inches in diameter. The
well is equipped with a turbine centrifugal pump capable of delivering 225 gallons
a minute.

About 20 years ago a deep well was drilled at Henderson to a depth of about
600 feet but was abandoned because no good sand was encountered. It is prob-
able that fair sands were encountered, but the driller was inexperienced and failed
to realize this fact. No log of this well could be obtained, but the driller statec
that the well did not reach the Paleozoic rocks.

At Jacks Creek (altitude 430 feet) the depth of the wells ranges from 25 to 12F
feet, depending on their topographic position. Deep wells are bored.

Mifflin is in the area where the Ripley formation comes to the surface. Water
is obtained from dug wells 30 to 40 feet deep.

At Montezuma, which is just east of the eastern edge of the Porters
Creek outcrop area, water is obtained from dug or bored wells 25 to 85 feet deep.

In the Porters Creek belt water is obtained by drilling through the ‘“‘soapstone”
to the underlying sand. The wells are as much as 280 feet deep. Some mter—
mittent shallow wells are used but are unsatisfactory.
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Analyses of waters from Chester County

Parts per million. Numbers at heads of columns refer to corresponding well numbers in preceding table.
Analyses 1 and 4b by D. F. Farrar; 2 and 3 by Margaret D. Foster]

by 2 3}4b

Sihea (8108). oo oo e, 2.0 17 22 6
Iron (Fe) . o .1 .21 47 1.2
Calcium (Ca)._._. . . - - 15 2.6 4.8 8
Magnesium (Mg). . _ - - - 2 1.1 LG 2
Sodium (N&) oo e ee g 1.9 2.8 5
Potassium (K) ___.__.. PO PR .8 .3
Carbonate (CO9) ... - 0 0 0 0
Bicarbonate (HCOg). ... ..o . ... I 47 6.0 22 17
Sulphate (80 ... . 4 2.5 4.9 12
Chloride (Ch .- ..o e - 15 2.6 1.2 8
Nitrate (NOg) oo oo e e .3 5.3 .0 1
Totai dissolved solids__..._._._.._... 76 47 52 54
Total hardness as CaCOg (calculated) .. ..._._.... ——— 46 11 20 28
Date of collection, 2v28 . .- o e ———- July 31 | June 30 | June 30 | Aug. 13

CROCKETT COUNTY
[Area 267 square miles. Population 17,359]
GEOGRAPHY

Crockett County lies just west of the center of western Tennessee.
The county is small and has a very irregular boundary. The Gulf,
Mobile & Northern Railroad (Dyersburg branch) crosses the middle
of the county in a northwesterly direction, and the Louisville &
Nashville Railroad parallels the southeastern boundary. Thougk
Crockett County is served by two railroads it is but slightly developed.
The two largest towns—Alamo, the county seat, and Bells—have ¢
population of less than 1,000 each. Bells is at the junction of the two
railroads and is the largest town. Agriculture is the only activity,
and cotton exceeds all other crops in both acreage planted and value
of produet; corn is second, and some early vegetables and small fruits.
especially strawberries, are grown. Dairying is carried on to a cer-
tain extent.

The whole of Crockett County lies within the Mississippi drainage
area. The two msjor streams, which are also in part the boundaries
of the county, are the Middle Fork and South Fork of the Forked Deer
River; these streams flow to the northwest. The flood plain or bot-
tom of the Middle Fork is fairly wide, and its southwest side is ir
Crockett County. Where the South Fork forms the southwest bound-
ary of Crockett County it flows against the northeast side of its valley
so0 that the land rises abruptly from the river.

A ridge of high, hilly country running west through the middle of
the eastern part of the county divides the drainage to the north and
southwest. In the western part of the county Pond Creek flows to
the northwest, and on each side of it there are low divides which have
been cut into low hills. The ground surface of the county is gently
rolling. The highest known saltitude is 442 feet, at a point 1.4 miles
west of Gadsden. The lowest point is probably in the northwest
corner of the county.
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GEOLOGY

Except in a small strip of land along the western boundary the
Grenada formation of the Wilcox group crops out throughout Crockett
County. This is underlain by the Holly Springs sand and probably
the Ackerman formation of the same group, below which is the Porters
Creek clay. The Grenada and Holly Springs are both sand forma-
tions but contain thin layers or lenses of clay. The sand varies from
very fine to coarse. The clay lenses may be as much as 100 feet
thick; such lenses, however, are not more than 100 or 200 feet wide.
In the northwestern part of the county beds of lignite or lignitic clay
are found in the upper part of the Grenada formation. The thickness
of the Wilcox at the eastern boundary of the county is about 700 feet,
but it increases to 1,100 feet at the western edge. Throughout this
thickness there are many sand layers in which wells can obtain
sufficient water for any purpose.

The Porters Creek clay is about 275 feet thick in 1 Crockett County.
This formation is underlain by the McNairy sand member, which
yields water. The water in the McNairy sand member will rise to
about 360 feet above mean sea level.

The western part of Crockett County is covered with a mantle of
loess, a buff fine-grained structureless deposit which stands in almost
vertical banks. The loess has a maximum thickness of 10 feet in
Crockett County. It does not yield water.

WATER RESOURCES

As there are but few permanent streams in Crockett County stock
is usually watered from shallow ponds dug in low ground. Springs are
not common and have but weak flow. The water table stands at a
maximum depth of 125 feet below the surface in the high area in the
vicinity of Gadsden. Throughout most of the county, however, the
depth to water is much less, the average depth recorded in wells being
38 feet. The Grenada formation can be readily bored, and therefore
bored wells are used as a general rule. They have an average depth
of 44 feet. Even the drilled wells are not very deep, averaging 105

feet.
. LOCAL SUPPLIES

Alamo (altitude 367 feet) has a public water supply owned by W. C. Mount.
Water is obtained from a 4-inch well 98 feet deep (analysis 28b) by a force pump
that delivers the water to an elevated tank. A good water-bearing sand is
found everywhere in Alamo at a depth of about 97 feet.

Bells is furnished with water by the Bells Light & Water Co., which has three
4-inch wells 165 feet deep. Two of these wells are pumped Wlth turbine cen-
trifugal pumps sunk in a sump 25 feet deep; the other well is pumped by a triplex
pump. The water is delivered to an elevated tank of 10,000 gallons capacity.
The average daily consumption is 15,000 gallons. The depth to water is 15 feet.
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The sand encountered at a depth of 100 feet is coarse, but it is reported to yield
a water of high iron content. The sand at 165 feet is coarse, and the water from
it is good. (See analysis 39.)

At Chestnut Bluff both bored and drilled wells are used. The bored wells are
from 50 to 70 feet deep; the drilled wells from 90 to 110 feet. There are many
springs at the foot of the hills but they are seldom used.

At Gadsden (altitude 428 feet) the depth to water is 100 feet. A very coarse
sand is found at this depth. Bored and drilled wells range from 110 to 160 feet
in depth. East of Gadsden the country is higher, the depth to water is greater,
and the wells range from 160 to 210 feet in depth.

At Friendship city water is furnished by the Friendship Light & Power Co., a.
log of whose well is as follows:

Log of well of Friendship Light & Power Co.

Thick- Depth
({eet) (feet)

Red Clay oo o emm————mmmm e 25 | 25
Red sand. . - e 15 | 40,
Yellow sana and pipe elay. oo o e P, 31} 71

Fine sand and some clay (Wabter) .o e e 10 81

At 81 feet a thick layer of tough clay is encountered. Several years ago a well
was drilled to a depth of 950 feet, and it is reported that this well passed through
nothing but clay. The driller was probably mistaken, because there are good
water-bearing sands in the Wilcox group. Undoubtedly good sand could be
found within 600 feet. The Friendship Light & Power Co. has five 8-inch wells
81 feet deep. They are all pumped by force pumps which deliver the water into
an elevated tank of 3,800 gallons, The average daily consumption of the town is
10,000 gallons. The water contains sufficient iron to cause trouble if used for
some purposes. (See analysis 5a.)

At Maury City both bored and drilled wells are used;. the bored wells are froms
30 to 60 feet in depth and the drilled wells from 50 to 90 feet.
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Analyses of waters from Crockett County

Parts per million. Numbers at heads of columns refer to corresponding well numbers in preceding table.
nalysis 39 by Margaret D. Foster; the rest by D. F. Farrar]

5b 8 12 25 28b 30a 39
Sﬂxca (€53 107 7 4 8 6 ] 6 38
n (Fe)__._.. - 2.4 1 1.3 1.3 .4 .2 . 05
Calcxum (Ca)_... - 26 17 12 24 15 8 6.8
Magneslelga )(Mg) 2 6g 2 2 2 2 1%. 5
Potassium (K)_----o.. 65 { 1 } 4 2 15 2 { 16
Bicarbonate (HCOa) 56 58 44 48 54 28 42
ulphate (SO,)._. 47 7 1 27 3 3 6.0
oride (C]) - 84 100 (] 3 22 4 8.0
Nitrate (NOgs} - 1.2 2.3 .3 .3 .2 .2 4.4
Total dissolved solids.._......... 252 218 60 104 87 44 104
Total hardness as CaCOj; (cal-
culated) ..o ocen oo 73 63 33 (-] 46 28 27
Date of collection, 1929 _._...... .. Sept. 3 | Sept. 3| Sept. 3| Aug. 30 | Aug. 30 | Sept. 3 | Aug. 13

DECATUR COUNTY
[Area 288 square miles. Population 10,106]
GEOGRAPHOY

Decatur County is on the eastern edge of the area under considera-
tion. It is a long, narrow county running north and south and
bounded on the east by the Tennessee River. The high land in the
western part of the county has an altitude of 550 to 600 feet. It is
almost flat in places remote from the small streams that drain it, but
along the streams the surface has been cut by erosion into hills.
Though the eastern part of the county is lower it is thoroughly dis-
sected into narrow V-shaped valleys that are as much as 150 to
200 feet deep. This region is very rugged and sparsely populated.

The county is drained by many short, rapid streams, the largest of
which-—Big and Little Lick, Club, Turkey, Rushing, Lost, Whites,
and Turmbo Creeks, Sulphur Fork, and the Beech River—flow in a
generally easterly direction to the Tennessee River. These streams
are perennial. The valley of the Beech River ranges from 1 to 2 miles
in width and forms the only valley of any size in the area.

Such a region contains very little land suitable for farming. Graz-
ing is the most common means of livelihood. Most of the timber has
been cut, but some lumbering is still carried on. .

Parsons, the largest town in the county, has a population of 915.
Decaturville, the county seat, has a population of 419, and Perryville

a population of 128.
, GEOLOGY

Paleozoic rocks are exposed throughout the eastern half of the
county and are found in the valley of the Beech River within a mile of
the western boundary. The oldest rocks exposed are of Silurian age.
These are limestones and limy shales; the limestones are the more
abundant. These rocks are described in detail on pages 60-63. In
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the areas in which the Paleozoic rocks are covered by the Eutaw
formation the depth o them is not great, ranging from a few feet to a
maximum of 200 feet at the southwestern boundary. The Silurian
rocks have a maximum thickness of 245 feet but in most places are
thinner than this.

Overlying the Silurian rocks are rocks of Devonian age. Like the
Silurian, the formations of the Linden group, of Lower Devonian age,
consist of limestones and limy shales, with the exception of the top
formation, the Decaturville chert. The Decaturville is a thin-bedded
gray chert from 5 to 6 feet thick. It has been fractured and rendered
porous by solution and though thin is a good water bearer. It crops
out on the hillsides of the valley of Big Lick Creek in north-central
Decatur County. It is absent at Perryville but is found around
Decaturville and farther south near Thurmans.

The Harriman chert is the only formation of Oriskanian age that is
present in Decatur County. This formation is a hard, brittle chert
resembling novaculite, which has been thoroughly fractured and forms
talus slopes of angular rubble. It has a thickness of 30 to 75 feet.
It is extensively exposed from Parsons to the northern boundary of
the county, forming the cherty hilltops of this area. The Harriman
is an excellent source of water.

The Pegram limestone, of the Middle Devonian, does not occur in
Decatur County, and the Camden chert is only scatteringly exposed in
the northern part of the county. The Camden chert resembles the
Harriman chert. It is a brittle chert resembling novaculite, thor-
oughly fractured and forming a rubble of angular fragments. This
formation ranges in thickness from 150 to 240 feet. Itis a good water
bearer.

The Chattanooga shale is a dark carbonaceous shale with a thickness
of 13 feet. In Decatur County it is found on the hillsides in the
southeast. It will not yield water.

The Fort Payne chert and St. Louis limestone are found in the
northern part of the county and on the hilltops in the southeast.
The weathered chert and the St. Louis limestone form good water
bearers. They range in thickness from a feather edge to a maximum.
of 200 feet.

The Eutaw formation is predominantly composed of medium to
fine grained sand with which are intercalated some lenses of clay. In
places the clay is disposed as thin interlaminated beds, and much of it
contains considerable carbonaceous material. It has a maximum
thickness in the south of 200 feet but thins to about 90 feet in the
north. The Eutaw is a good source of water.

The Coon Creek tongue of the Ripley formation, which crops out in
the northwest corner of the county, is an argillaceous glauconitic sand
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containing some mica and casts of fossils. It has a thickness of
140 feet. The Coon Creek does not yield water.

In the southwest quarter of the county Pliocene gravel forms ter-
races on many of the uplands and hilltops. These gravel deposits are
good sources of water.

WATER RESOURCES

Decatur County is well watered. The county is full of perennial
streams which furnish water for stock. Springs are also common,
occurring at the foot or sides of the hills at the contact of the Eutaw
formation and the underlying Paleozoic rocks. In the northern part
of the county, where the hills are composed of chert, springs issue from
the chert formations. Although some springs are found in the Pale-
ozoic rocks they are not very large. In an oil test of the Chester
County Oil Co. (well No. 44) water was encountered in Paleozoic
rocks to a depth of 200 feet but below this the well yielded no water
until a flow of water containing considerable hydrogen sulphidewas
penetrated at 943 feet. Sulphur springs occur in the valley of Sul-
phur Fork, in southeastern Decatur County. The sulphur water is
derived from the Paleozoic rocks. An oil well (No. 42) drilled in the
Silurian and Ordovician rocks of this area had an artesian flow of
sulphur water.

In the areas where limestone and shale crop out springs are used if
available. Otherwise drilled wells furnish small supplies of water.
Wells in limestone and shale obtain water from fissures in these rocks.
As these fissures are more numerous near the surface, wells should not
be drilled deeper than 200 feet. If water is not obtained within this
depth a new hole should be started. Bored wells 5 inches in diameter
are the usual type of well in the limestone and shale. The average
depth of the wells in these formations listed in the table is 74 feet. In
the northeastern part of the county dug wells obtain good supplies of
water from chert, from wells that average 40 feet in depth. In the
western part of the county bored or dug wells obtain water from Eutaw
sand at an average depth of 45 feet. If water is not found in the
Eutaw it is not advisable to drill more than 10 or 20 feet into the
underlying rocks unless they are cherts. It is better to start a new
hole, but as a rule water is easily found in the Eutaw.

Water can not be obtained from the Selma clay. In the northeast
corner of Decatur County, where the Selma crops out, it is necessary
to drill through the Selma to the underlying Eutaw formation.
The greatest depth necessary would be 200 feet.

LOCAL SUPPLIES

Bath Springs is in a region where Silurian limestones are exposed. Water is
obtaiped from wells drilled in the limestone or from springs. In some places it
has been necessary to drill two or three holes to get water, and the supply was
meager.
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Silurian limestones and shales crop out in the region around Brownsport Landing.
Drilled wells from 50 to 125 feet in depth yield scant supplies of water.

At Colwick bored wells find ample water in the Eutaw formation. The depth
to water is 30 to 50 feet.

At Decaturville the Eutaw formation crops out but does not exceed 15 feet in
thickness. It is underlain by 15 feet of Harriman chert, 4 feet of Decaturville
chert, and 10 feet of Birdsong shale, which is underlain by the Decatur limestone, the
intervening Olive Hill formation and Rockhouse shale being absent. Most of the
wells are of the dug type and derive their water from either the Harriman or the
Decaturville chert. There are a few drilled wells, which penetrate the Decatur
limestone and cbtain water from this formation. The chert formations yield suf-
ficient water for domestic use. It is difficult to obtain wells in the Decatur lime-
stone. Southwest of Decaturville bored wells in the Eutaw formation furnish
domestic water supplies.

The hilltops in the region around Jeanette consist of Harriman and Decaturville
cherts. Dug wells obtain ample water from these formations. In the valleys
the Silurian rocks crop out, and water is obtained either from springs or from
drilled wells.

The surface formation at Parsons is the Eutaw, which has a thickness of 40 feet.
It contains many layers of clay, which may impart an unpleasant taste to the
water, but the base of the Eutaw contains gravel and is a good water bearer. The
Eutaw is underlain by the Harriman and Decaturville cherts. No well at Parsons
has penetrated these formations, so their thickness is not known, but from their
thickness 1 mile to the east it should be at least 30 feet. These cherts should be
good sources of water. There is no town supply at Parsons. Domestic needs
are furnished from dug wells from 25 to 40 feet deep. The Nashville, Chatta-
nooga & St. Louis Railway has a well at Parsons 12 feet in diameter and 30 feet
deep, with the static level 6 feet below the collar. On pumping at the rate of 70
gallons a minute for 5 hours the drawdown is 9 feet. This demonstrates the low
permeability of the Eutaw formation at this point and indicates that no large
supply of water could be developed from it.

At Perryville wells drilled in the Decatur limestone (Silurian) furnish the small
quantities of water required for domestic use.

Scotts Hill is on the western boundary of the county. Bored wells in this
region obtain water from the Eutaw formation. In the immediate vicinity of
Scotts Hill the Eutaw contains a great deal of carbonaceous clay, and it is difficult
to obtain good water.

At Sugartree and in the area to the south and east dug wells obtain water from
the Camden or Harriman chert. The water is of excellent quality. Springs are
also used for domestic supply when conveniently located.

At Swallow Bluffs drilled wells obtain small supplies of water from Silurian
limestones. To the northeast of Swallow Bluffs bored wells obtain water from
the Eutaw formation or Pliocene gravel.



o] 48D © SUO[[45 (89°CC BWMOLT o
]

“[[TH 9[d1 g 09 pBOI Uo sTu0s
oq [ op-===-|---op~=-| op | 2¥ |- 0p~T T op=-fo | 2 | op~--| 09g |-~ (0 Jant w0)BWLIB) G | -Y8J JO JSOMUII0U SO ' | g
‘ITH 919! 09 PBOI U0
7o G 1 SR op=—| pg | 08 |- op- op-—-l 9 | 28 |--op---| o8y [TTIT L3 “SOABH 'L ‘M | SUOSIEJ JO JSOATIIOU SAITL € | (g
o  |TTTTTTTopTT R A 1 S R op~=| 9 | 9z |"pedog | ozp [T doyug |~ SI0H H O T TH 91q1d | 61
peol aa1183Ng
o@ [Tt op~-" 8z 9de§ | gg gog [T L pueg | gg | gg {~="T0p"Tforg 77T pusidp |~ £oye( "£ "V | UO SUOSIVJ JO QMOUSOIW 1T | g[
BY1P) *PBOI UMO], [9SSng
‘oq gg [Tt UBIIOAI(T| POIMIOBIT | 98 | 95 | ™" 3nqg |08y |7 TTTTTT Ay |"=-"[I0Iny) L 'S | U0 SU0SI®q JO 15¥9 SOW g | 4y
‘0@ (T — op=--~-"-=op==- 97 | 0¢ |--pemIQ | 039 op- CIRE CH L |TTTITTTTTTTTTTeaos sied | o
oq T 0p~""" I 30 | oot -m=n| OBy TTTORTT| 9 | ser | pedod | osg doyrr |-=77 JOWIOH RIS | “TTTTTUMOY, [essng | g
*(any
oq [T 2 S 0D"""| ggT| ggT | -B92Q) WBHD{IE | ™7 T 0P~ 9 | e8T |-"PerHA | 00% |7 ODISIIIH UL “F "N .wawm_woﬂtw oo |
0@ | it 6¢ 1deg | oz |------]--------- uspng [ouwosewrT |98 | ¥z |~-8n(L |08 [T LO[BA |*"" -sedneq T *H | WO @jjeuser Jo yilou ayur 1 | er
oq [T op----- gdog | 21| o0z [TTmTToptteTT o9 | oz | op™""| 0gg [~~"""dOINH [~~""TIPXI0O0 "M S oyjouear | g1
*DBOJ W03 8UIXS/T DIO UO [[IF
- oq [Tt (3 0P OF | ep |TTTTTTTTTT (S S B op-=f9 | e |op~--| 00g op “promIv "H 'N | °Iqid JO 188973108 Sorwr 4T | 11
[ *PB0I U0J3UIXOT
W o | jeIeng |- op Tl oF | Fg [T (4 ‘R 0P~ 9 | PP |TTTPRdOg | OLF |TTTTT pusidg === SUBAH ‘O 'V | PIO U0 £3Un00 jo H%Mowwmu Dm.o [
5. oq [T 8z "4dog [ (o) |---==-|"="== = meng |--77 pueg |~ -supdg | og¥ | J0 3001 |----wsmmog 'O VI | UIH 18peD Jo o onI g0 | o
M o 2 Rt H (. R op~7| 98 | gg |---v-op-~"| 0% doyIH ION[BAL I, 'L | TO 9339UBL JO &:ﬁwmﬂ mﬁn 8
W ‘o gz | ze op=7°” opTTTI 98 | gg |TTTTT op~="| 088 |77 OPISIITH | Weqi00 "H "y "SI xoouogomuoﬁsowmﬂwwﬂ%w:_ L
< ‘oq g fromofreTe op-T T[T op--log | oz | op=--{ 0g€ ("I JO 4004 |~-=">"Jerzelg @ “H | X000 S30H Jo mmos serrm g°g | 9
[ &) 139D “peox suosIBg U0
5] ‘o 28 |- UBIIOA(] | PoINIOBIY [ 98 | 9¢ anq | 088 op QI00T 'O *M | 9913I831g JO YINOS so[iar ¢ | ¢
A ‘od 6| gg | PUIL pues | 9 | g¢g |“porog | 00g [~ dOYIIFEL |~~="""830W301E IHIO ‘-.-.....--”mwwh.mmmmmh%mwm ¥
‘oq S SO I op-=-} r [------ L ot S B B op---| 0g% op -0y Y | 20a)I83Ng Jo YInos sow g°T | ¢
o@ [ e - a1 1 Ity e ouAvg JI0g |7 SopT 98 | 0 | op~~"| 098 op “TEBAIOW € H |77 eanmedng | g
opsewmoq |-----" 1e3ong | 6z 4deg | g |- uBuoAS( | PoINJOBIF | 98 | T [*="TBnQ | 00F |T[IGJO 3004 [*7°7TTT ST “H *V [*~77400I0 SS0H U0 M6[A ¥80 | T
-2 29 = =
Amun%h mm HH [eLI9)BUI JO m. .m W ’
— I et w..mm 55 | nozoq 91801099 | Yooy 5 % M.. on g nsmmow
P @ arqde. I0UM T[98
joosn | WHLIOPOTOI | Jooreq um mo mm 3 |wedsr g ﬂ%& 0 1989077
M.w"m” 9] SULIVIQ-108 g m hv.
s | S8 Poq FULIBG-I0TB M, gl g

figuno)) 4nwaa(q ul 8Jem fo Spu0dsy



144 GROUND-WATER RESOURCES OF WESTERN TENNESSEE

*911490[9 :
oq ‘dwmnd 9T op=Tl 03 | 92 op=--l 9g | g5 |*-"Top"Cf 02g |TTTTTTOP moyg "H f T —ejarg
?aﬂ: 31072 .cEEESoQ
RO op~TTT T 90 |0¢g{0g -I8H]) UB[IOAS(T | POANJOBIT 1 9¢ | 08 {~~-"-3nq | 08¢ |"T7T T doyyg |"usounq ‘'O "SI ‘9sNOY3IN0 JO YIN0S J99J 00 | BIE
@ [T U g ydeg | §g |~y L S M op=tle oy T op="T] O1F |77 AOIBA {7 AW "D "M {TTOMIIAIMIEdR (] JO Iso s E | 08
100 S M A 1190 |90 op op=l9 |0z [TTeptlosy [T oy |7 103usOT " *( | -PUE] SIOUSLY JOISEOSOrWC'T | 67
Q@ T L N R opTTT{¥e g T TBLINNIG ("~7"7"70P~"7 ¢ | 8L |TTTTT 0P OTF 77T TropTTTTTTTTT Sp[OUA®Y ‘J °f |7 O[IAINILO8(] JO 18O SO UG | BT
* (I *o[MIAL1Iag ‘uory
‘o1 ~=-0p op~--| ¢g¥ | 2T | -woe) weunpg {euojsowyT | ¢ |zz |TpeIaqa | o6e V0T op---"" O[[IAL1I0g JO UMO,, | -B]S PBOI[IEI JO YIIOU 190] 00T | 0LT
o@ [T Op ™" opc{ 2t |0z JmmoTe QuedoN[J |----1esvip j9g '0z |-Bnq |o0% [T op~--"" ~TTT8uUno X SBWOY,L [TTTTTTTTTTTTTTTIT o[IALi10g | qLZ
(ang *a[[IAALIog uoy]
o |t *-op~TTTT 223008 | 82 | 9T | -808(T) WeMM[IS |ou0ISOWNT | ¢ | ¥p |TT"Peiog | 00F T OpIS[ITH |77 Apeey "V ‘[ | -®3S peOI[IeI JO nﬁoﬁwﬂw 007 | ®L2
jqunojy  ogsoddo .m.u%m
‘o T op=TTT 2 190 |9 |se L i op-=-fog | ge | op==-| 08¢ [~"TTT T SoARID ‘WA | -T8J JO INOS 69 AemuSq u) | 93
13619 *pBod 9[TALLIIS I .
‘opysemox |""-"T-gedong |1 00 |12 |08 |t UBTUOAR(T | PoAMI0OBIT | 98 | 0 [~~""TOP~"T| 09F [T dojmy [~ -puesumoy, *N ‘O | U0 suosivg jo 3s€d mm:mﬁ_w 83 4
*9L1300]0 ‘00 MO | -18J ‘UOIIBlS PBOINIBI WIOI}
‘remsnpuy | ‘domd gy | opl st oy [T seny |- pusg | 9g | 0F |7 snq | 8% | op-TTTt SO1IT0 WeYINOg | 30U 4005 00T ﬁwﬁmawﬂws %z
“opseTIoqy | eeng [ opT| 1 | 9 9 [gv |TPeIMQ | %0¢ [T L4 Jun e PPQ L " | “838 PEOLIBI JO 1580 O GE°0 | DI
SINOTTIE B amoom_u
‘peoapey (1o3un(d ureeyg |- op~=7| 8T | 08 1| 08 op="T| 8% op~"t -B)38UO ‘SIAYSEN |*77TTTTTTTTT I SIOSISd | o%e
"L -Ied ‘UO[98)S PBOI[IBI UIOI]
o ‘dumnd 7 op ajge T 9g |8 |7 0p~"7| L8F TTTTTTTOPTTTTT TTTTTHOISTOH T I E:Qﬂw&ogvusmaw@mom%cm aw
~I18J ‘U011B)S PBOI[IBI WOI]
o "totdmmnd T [ 2 7190 | LT | 02-¢ Tlee e T Bnq | 987 "7 pusdq """ HOIMI00 " "M | UIN0S 199) 0g PUT 1580 J09] 00T | B¥T
*PBOI WO SUIXI] UO
B S R Amg |28 | 29 op* op~|g |29 |TTTTOpTTT[ 08k [T AoqreA [T WEH "M "H | SI[AINIEoR(T JO 9504 Soqur g | €8
*peol 99a3Iesng
oHsemoq joxong | 08 3deg {ge | 15 | awnyg |----pusg |9 |15 |--petog | 0gg [ doyurg {77 SLLIOJ g | U0 suoseq jo ypou sepwm 1 | 28
= 49 o © [
1551 22 AR g
3= LIOYBU JO |~
o988 -oImseem WM mn. |OZHOY J1B0[09D | Yoroe1enpy Bs M mom m. aammmon ,
joesn |MHIOPOUPI | Joeeq & m.% mb 2 |j0edsg, g u.ﬁn%% 1PUM0 uorjed0] ON
Lo o I~ &
ge g 7 =
[PAO[ I09B M mm. Pog SurIee|-1018 ;A gl &

penunuo)—Auno) Lnwoaq ul sj1em fo spiorsy



145

DECATUR COUNTY

0q

o
‘o
oq

0q
o

*404] g56 98 dojem Ingdmg *180] 00z Jo Yidop © 0 ptinoy 10384,  *190} 06 98 Shoe0RIBID J0 dseet »

*£8D 8 SUO[[83 00FF1 SUIMOLT »

*J93em Iydins ‘SU0IJS Jo mOp [[BUIS »

.......... oxIq op ¢ Sunadg SPISIIH |~~~ Aopaelg WPWE
op 9 |77 =.nma..~_~_._h_v “tttoptttigg | 06 [TTTSng Ao[[BA |77 00 9LY, stouy
......... op=---"f 1z°3deg | ¥¥ | 8T -800(J) uUeLM(Ig [oTosewIY F¢ |09 |TPOIMQ |TTT7T[TTTTOPISIIH |77 I9ISBIURTY TH M
--=e=-==sgp--==-| g -ydeg | L¥ | 09 |~ op op=—-i gg | 09 0P~ 00% (3 SO SIOUSIN Y ‘0
op- ge ey | op op=~-lgg |29 |8nQ | 09% [T op~~—T° TTUTTTONM N M
-===em===gp--==-|-===-op---| 1€ | 68 P op~-|g [6e |~op~f ogk [ doyimr |- Hoseg ANICIN
....... so30ng | gz sdog | 68 | 3 |-~ -~ meyny |------pueg |9 | b [---pesog | 0ag |---dogospry B A
()| 005 |- 01 131 % |--DOMQL [~~~ -----puedn | £qunop  19sety
........ j03ong | £z Jdeg | 09 | L9 |TTTTTTTTmeingg [TTTTTRUSS |9 |29 |TTTDeIOE | 009 (~-dOjUH [TTTTTTUOIRON CE €
....... -mmmmee=ol 1z adeg | ) |77 menmpg op~=" |- -~ sundg | 002 SPISIIH i op
.......... - 0 et e R =l N 11 i pUSMOT [-=~~"""SWAI "M "L
soommemmmmesses fpzadeg (o) TR 9U000I[J [~~~~[oARID |--=v[+"""" --gupdg |*="tf--o0t SPISIIH, [~~~ “woyPus L ‘N
--dwind pusy |*==="0p~" 9 |08 |77 (1] R I op=TTl g §98 |TTTTTOPTTTLO6F | op=TTTT “TTPIUS 9983 “SI
B ot 3 i I A B op~lg |20 | 0p™"7| O¥¥ |-~ dONNH |**~"uoSWOq, T "M
N op—=-{1 w0 [ -e00() wepm[s {euojsomyI | ¢ | g1 |TPONHA | 05% |- epISIH |- [PSSEH °S "L,
......... op~-=--|-===-op---{ 9§ | 0§ [~~""""-—eweooIJ |"-"-[eA®ip |9 |sgg | ""peJod | 0gg [--"-"TTOpTTTTUl--TTUARUSH M Y
EC 1z *3dog | gg [ --ve-Tc-mepmpS [omojsemnyY |9 | pg | TROINAA | 0 T doyuy |-+ 1990 9 °f
......... op=-=[-opi 1 | g8 | op=~ T[*=mmopttti g ey [TTTORTTT) 08¢ T ODISINE |7 TRAM0ME LUV
......... op-===r[===-rop=--| g1 91 |TTTTTTTTTTIOPTTTTTTTTTODTTT g 9T |TTTTTORTTTI 008 ITTIIN 30 3004 {TTTTTIUEHAML LM
........ -op--==-| gz *3dog | og | 8¢ |"""""T-meing [~---pues |9 [sg  [*TPeIOd | 06% |~ TPueldq |TTTTmms D WAW
......... op---o[-—-epmtl gu | 19 | -890D) ﬁmﬁ_m ouOiSeUIIT (9 | LOT |™7OP™ 009 | OPISIN ~""-uosugof 1BM
—----jexeng "optlgg log It uemosdq {oum £8us {9 [se [pemra | oeg op op=--

*£8D B SUO[[83 (9] SWIMOLY ¢

‘69 Avm
-q31q O ‘GOyID je JeAry

99SSOUUA,, JO )SBO SO[IWX [°'C
‘o)
-JIID 07 PO U0 69 ABAYSIY

J0 YouB1q JO 158D SOflmx g']
‘ssunds qieg

18 92770 9s0d JO [)I0U 396] 00Z
*18quUN(I PO 0} PBOI U0

69 ABMUSIY JO [1I0U SO/ §

-mTTmmmesTemsseees - usmInyJ,
‘PRI [IIH $73098 WO

UBMING,Y, JO [)J0U SO[mI 2’1
'DBOIIIY §33008 TUO

usmLINGy, Jo [I0U SO[IWX .'F
‘sgupdg

qjBg JO 1SOM)I0OT SO[IT ¢°¢

...................... Bqunq
69 AemUsiq uo sdunds

uyed JO Yuoum sdopim gy
69 Asmysiy uo

s3ulads qj04 JO Y3I0U SO £
*69 AsA31q wo sSuudg

gjeg JO UMou  sefux ¢y
*PBOI U0 SWPUBT

90TA JO ISOMYYIOU SO[TUI ']
*JuIpue Y sIegsLy
0} UduwIq JO YJNOSs SO[IX

¢ ‘p®ol Suipuey 991A UQ

.................. 110dSUM0Ig
‘69 ABAUSIY WO O[1A
-Imjedsq {0 yjnes sojru Q9
"69 AeAUS[q WO J[[IA
-In3829( JO UINOS SOQWE T'F
“PBOI A[[IAINIBIR(T UO [IH
§3300§ JO 158OUJIONU SAIW j°g
*pBOJ AT[TAINGBOS(T WO [[IH
$17008 JO 1SBIJI0U SOIUX 9
“PBCI [[TH §11008 JO UoR}
<09s199UI 38 69 ABMUSIY TQO
*9[IAIMYBIA(T ‘@snog
-3aN09 JO JSBOYINIOS O[IUX "0
*8[[1AIN)BO8 T

100798 Y3[Y Jo JInos 308] 009

12

(14

i
Ly

9%
i

44
ev

144

33
98



%

"69 ABM
-ysiy wo Smipue Spng
o op gL | 08 op op=TTj9e |48 | 2 <t 175 2N [TH |"~" "suomddif "D "Q | MO[[BMS JO 4S0MYI0U SoIUA E | 99
*peo1 IBqun(y PO U0
‘o op 08 Ay 7777 pues | 9¢ | k¢ |~ Buudg | 019 |7 doj[ig |~ eI M 1T | 69 A8MySIY JO yIou o[Im O°1 | 99
~ *pROISPN[F MO[[BMS UO
o op o1 op opTTTl9g |92 |7 anq | oL | OPISITH | w83dog "F " "STIN | 69 ABAYS[Y JO qINO0S O[IUX 1°0 | ¥9
‘69 Aemysiy uo s3updg
‘o op i) oeIIy IsoWwIY |9 |92 [TTTPedog | OIF [T me |== oyong L ‘D | e JO ynos seimx gz | €9
69 'ABMYSIY U0 JI0ATY
‘opsewmo(T |- 1e¥ONg se | 2 -mmy |t pues {oe |z | 8nq |- QPISTIIH |~~~ PIBMOY] 'S "M | 09SSOUTL, JO 310U S| £'T
W 44 g o &
w85 22 S E
e S o~ -
0088 -3InsBowm, Wm mu. TOZHOY 2[30100D | yga0n18ns) m.m 4 Tios & worysod
posn | IO POMONY | Jo M8 Bz ] g g3 w j00dis | g aww%%% Jouso uo1§800T ON
' bl I S & 8
e ) 4 = =~
ToAd] Joge M. mm. peq SurIeoq-1098 . el §

146 GROUND-WATER RESOURCES OF WESTERN TENNESSEE

penunuo)—~Arunoe) ingpaa( uy sjpm fo spiorsy



DYER COUNTY 147

Analyses of waters from Decatur County

[Parts per million. Numbers at heads of colums refer to oorresgonding well numbers in preceding table
Analyzed by Margaret D. Foster]

2 27¢ 31a 31d 49
Silica (S102) came e 13 12 15 18 13
Iron (F'e) oo mmemmc e eem e memac e L1 . .18 .32 L11
Calelum (Ca) e e ca el 3.1 158 69 24 96
Agnesium (Mg) .. oa e 1.3 16 5.6 22 4.4
Sodium (Na)... 2.9 21 8.3 111 2.5
Potassiumg - - - .8 3.4 .7 8.1 1.4
Oarbonate (COs). ... 0 0 0 0 0
Blcarbonabe (HCO;) - 5.0 344 222 48 296
SIL])D é ....................................... 49 57 4.7 2.3 3.2
[ 17 T LY (] IR 2.5 63 2.8 200 4.0
Nitrate (NOs; 7.5 94 14 86 7.9
Total dissolved SOUAS. - - oo eeeees 42 609 224 516 276
Total hardness as CaCQOs (calculated) - - oo oceooee. 13 461 195 150 268
Date of collection 1928, .« - oo oeee e ceeeeees Sept. 29 | Sept. 22 Oct. 1 Oct. 1 | Sept. 22

DYER COUNTY
[Area 500 square miles, Population 31,405]
GEOGRAPHY

Dyer County lies in the northwestern part of the area under con-
sideration. It is bounded on the west by the Mississippi River and
on the south by the Forked Deer River and its South Fork. Two
lines of the Illinois Central Railroad enter the county at the north
boundary, meet at Dyersburg, and one continues southward. The
Dyersburg branch of the Gulf, Mobile & Northern Railroad enters
the county from the southeast. Agriculture is the principal occupa-
tion, cotton and corn being the major crops, and dairying is important.
On the bottom land of the Mississippi lumbering is still carried on.
Some cotton mills are located at Dyersburg, the third largest city in
western Tennessee, with a population of 8,733.

Dyer County is drained by three large streams—the Obion River,
the Forked Deer River, and the South Fork of the Forked Deer.
These streams have low gradients and are building up their flood
plains, which are rather wide. The area between the rivers is gently
rolling with the exception of the region just south of the Obion in the
western part of its course, before it crosses the flood plain of the .
Mississippi. Here the land surface rises abruptly from the river,
forming bluffs. The upland surface has been somewhat dissected
and is hilly. The western part of the county belongs to the flood
plain of the Mississippi River, which is from 4 to 10 miles in width, is
low and in places swampy, and is subject to the overflow of the
Mississippi at very high water. Most of this area is wooded, and
here lumbering is still actively carried on.

GEOLOGY

The river bottoms are composed of alluvium. The alluvium along
the Mississippi River is about 100 feet deep and is typical alluvium,
being very changeable and lenticular, lenses of fine and coarse sand,
clay, and gravel succeeding one another both horizontally and vertically.
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The upland of Dyer County is everywhere covered with a mantle
of loess. The loess is about 60 feet thick at the bluffs but thins to
25 feet in the eastern part of the county. Pliocene gravel underlies
the loess in the upland section in the northwestern part of the county
but is not found elsewhere. Under this gravel and in other places
under the loess occurs the Jackson formation, which is underlain by
the Grenada, Holly Springs, and Ackerman formations of the Wilcox
group. The Jackson and the upper part of the Grenada are very
similar and can not be differentiated in well logs. The Jackson con-
sists of fine sand, in places silty, and clay; lignite is characteristic of
the formation, and organic matter is common. The clay occurs in
beds that are continuous over large areas. The Jackson formation
is not a good source of water, for the beds of sand are too thin and
the sand is too fine grained. (See p. 106.) What has been said of
the Jackson is true of the upper part of the Grenada formation, but
in depth the Grenada sands may be coarser and the clay occurs in
lenses that are nowhere more than a few hundred feet long. The
Holly Springs formation consists of coarse and fine sand in which
occur lenses of clay. Both the lower part of the Grenada and the
Holly Springs contain layers of coarse sand which are excellent sources
of water. The combined thickness of the Jackson formation and
Wilcox group is about 1,800 feet.

The Wilcox group is underlam by the Porters Creek clay, which
is about 200 feet thick. It is a hard clay, impervious to water,
and forms an effective confining bed to the water in the Ripley
formation below. The Ripley formation contains layers of sand
that yield water. The static head of water from the Ripley is 300
feet above mean sea level. This is below the level of the lowlands,
and wells in the lowlands that end in the Ripley will flow.

WATER RESOURCES

Springs are not common in Dyer County, although they are
found at the foot of the bluffs in the northwestern part of the county
south of the Obion River. In this hilly region cisterns are used
extensively. The loess that forms the surface is easily dug, but, as
the water immediately below the loess is hard the inhabitants prefer
cistern water. Deep wells, however, would obtain good water. In
the remainder of the uplands both drilled and bored wells are in use;
the drilled wells listed have an average depth of 157 feet, and the bored
wells average 39 feet. The top of the Jackson and the top of the
Grenada contain but few layers of sand sufficiently coarse to be
checked by a strainer. In the river bottoms driven wells are used
almost exclusively. They average 38 feet in depth and derive their
water from the alluvium. Better water could be obtained at greater
depths.
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LOCAL SUPPLIES

Bogota is on the alluvial plain of the Obion River. Driven wells 15 to 30 feet
deep obtain fair water.

Dyersburg is on the North Fork of the Forked Deer River. The city-owned
public water supply (see analyses 35a, 35b) is on the lowland and derives water
from three wells. Well 1 is 820 feet deep and is pumped by air lift, yielding 250
gallons a minute. Well 2, drilled in 1922, is 10 inches in diameter at the bottom
and 650 feet deep. This well showed a flow of 128 gallons a minute at a depth
of 206 feet, and it flows at a depth of 650 feet. The well is pumped by air lift.
Well 3 is 10 inches in diameter and 633 feet deep. It is pumped by a turbine
centrifugal pump. The water from these wells enters two settling tanks of
26,000 gallons capacity each and flows from these tanks to a rapid sand filter,
making several drops in transit, thus being aerated. Analyses of the treated
and raw water are given in the table, Nos. 35b and 35d. After passing through
the filter the water is pumped by two centrifugal pumps which deliver 700 and
1,000 gallons a minute into a 214,000-gallon standpipe. Distribution is effected
by gravity. The average daily consumption is 1,000,000 gallons.

The original static head at Dyersburg was 282.9 feet above mean sea level.
This is higher than the ground level, and the well flowed. The first layer of sand
coarse enough to be checked by a strainer and thick enough to finish a well in is
found between depths of 585 and 666 feet, but the depth and thickness of the
sand differ from place to place. It is from this horizon that the city and the
Dyersburg Coal & Ice Co. obtain water. The Phoenix Compress Co. used to
obtain water from this sand but now taps a deeper sand at 950 feet. The log of
well 3 of the Dyersburg Water Department is as follows:

Log of well 3 of Dyersburg Water Department, Dyersburg
[Well in alley between Chicago, Memphis & Gilllf Railroad and Forked Deer River. Authority,S. R.

Blakeman]
Thick- Thick-
Hess Depth 1688 Depth
(feet) (feet) (feet) (feet)
25 25 1
30 55 3 569
11 66 1 570
3 67 i R, 13 583
12 81 Medium hard rock. 1 584
1 82 || ClaYouencoccaccncnn 5 589
Fme dark sand mixed with clay._... 93 175 Medlum hard rock. _.._. .6 | 589.6
Fine white sand mixed with clay. .. 26 201 || Pipe clay. wh!te and hard 9.4 | 599
Gray clay 240 || Medium-hard rock O | 600
Fine brown'sand - . 250 || Hard whiteclay. ..o ... 4 604
Gray clay 20 270 {| Coarse water S80Q.—.._.——_..... ..--| 29 633
Clag and sand mixtul 310 || Medium sand and clay mixed with
Light-colored clay ... 355 SANA .- e e ——— 17 850
Hard clay 368 || Finesand._ - cocoeooieaeioan 10 660
Soft rock . ... 360 || Hard dry clay o - oweomvmoceomoaoann 40 700
Pipe clay. 423 || Finesand and elay...._...._._.... 38 738
Hard white cla 496 || Water sand (doubtful as to quality
Brown sand._.. 502 Of SANA) « v oo ccce e 30 768
rock 503 || Shale 76 T84
Hard white clay. 565

The log of the Phoenix Compress Co.’s well is recorded as clay and sand for
715 feet; from 715 to 850 feet, good-looking sand, but only 125 gallons a minute
could be developed; 850 to 851 feet, sandrock; 851 to 950 feet, good water sand.

K
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The log of a drilled well on the Forest Ferguson farm, 2 miles southwest of
Dyersburg, is as follows:

Log of well on Forest Ferguson farm, Dyer County
[Authority, Carloss Well Supply Co. Water level 39 feet below collar of well]

ThICK-| pepth Thick-| pepth

(feot) (feet) (foet) (feet)
Clay e 36 36 || Clay.... 32 222
Sand - 14 50 {| Finesand; water.._ ... ... ... 11 233
Clay. - 24 74 || Blue €18y oo oo oaeeemeeo 59 292
Sand - 73 87 || Hardpan.. 2 294
Blg,gravel and sand - 14 101 || Blue clay_-- 10 304
White clay____.. - 19 120 || Hardpan.. 3 307
Soft sandy clay - 39 159 || Blueclay_ -coccooeoaoas 13 320
Black silty sand .. - 21 180 || Good coarse sand 200 520
Hard clay...___. - 10 190 {| Clay. 29 549

Water from a depth of 600 feet is less highly mineralized than that from a depth
of 950 feet, as can be seen by comparing analyses 35a and 35d. Both are calcium
bicarbonate waters, but the water from the deep well is hard, whereas the water
from the 600-foot well is soft.

At TFinley the depth to water is 20 feet. Driven or drilled wells are used and
average 33 feet in depth but range from 18 to 60 feet.

At Lenozx, just west of the bluffs on the Obion River bottom, driven wells are
mostly used, and they are from 30 to 60 feet deep. The log of a drilled well is as

follows: _
Log of well of J. W. Anderson at Lenox, Dyer County

[Authority, J. W. Anderson]

Thick-
Depth
ness
(feet) (feet)
Clay and sand....... - 20 20
Limestone (7). oo e m e 21 41
Yellow sand mixed with 1Y oo o oo oo e - 18 58
Black sandy clay with lignite 40 98
Finesand...c.o...._..__.__ 69 167
40 207

Newbern has a municipally owned public water supply. Water is obtained
from two wells—one 10-inch well 160 feet deep and one 8-inch well 260 feet deep.
Water from the deep well is somewhat softer than that from the shallow well, as
can be seen by comparing analyses 14a and 14b (p. 154). The 10-inch well is
pumped by a turbine centrifugal pump and the 8-inch well by a lift pump. The
water flows into a 138,000-gallon reservoir, from which it is pumped into a
75,000-gallon standpipe by a centrifugal pump. The average daily consumption
is 100,000 gallons. A log of the 8-inch well is as follows:

Log of well at Newbern

L4
Txlllgg{' Depth
(feet) (feet)
Clay. 45 45
Hard, tough bluish-gray clay 10 55
Hard clay 45 100
Fine silty sand_._. 60 160
Very fine sand.. .. 70 230
Coarse gray sand 30 260
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In the uplands west of Newbern drilled wells are used. The following log of
& well owned by N. W. Colealtt 8 miles west of Newbern shows the general con-
ditions.
Log of Colealtt well, 8 miles west of Newbern

Thick-
(}lgﬁts) (feet)

Yellow clay loess.. a—- — ——— 50
Blue clay 10ess. ..o oo ... %g 90
54

Sand and gravel (Pliocene) .. ... . oo
Quicksand with some gravel

Tigrett is in a valley. Bored wells are largely used and are from 25 to 40 feet
deep. A layer of lignite is encountered at about 20 feet. The drilled well of
W. L. Moore, which is 125 feet deep, has a slight flow.

At Trimble bored wells 30 to 50 feet deep are mostly used, although there are
a few drilled wells 80 to 90 feet deep. A test well drilled 3 miles east of Trimble,
on the farm of M. A. Gauldin, had the following log:

Log of well 8 miles east of Trimble, on farm of M. A. Gauldin

T}:gf’ Depth ng’ Depth
(feet) | (TeoV (feety | (Teet)
Wilcox group: . . Wilcé)x g{’oup—Continued, 2 rs4
umbo.
20 24 10 04
40 64 5 799
20 84 15 814
12 96 40 854
40 136 60 914
40 176 10 924
80 256 18 942
70 326 5 947
334 10 957
40 374 20 977
20 394 40| 1,017
120 514 41 1,021
20 534 40 | 1,061
20 554 Blue gumbo._.._ 40| 1,101
80 634 Sandy shale. . - 80 { 1,181
20 654 Rock, broken 15 1,196
10 664 Gumbo... 40| 1,236
20 684 Rock sand. 22| 1,258
40 724 Blue shale 321 1,286
40 764 ROCK o 41 1,290

It is questionable if the material called gravel is truly gravel. Sand cemented
by iron oxide drills like gravel, and the driller might readily so classify drillings
from such material.
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Analyses of waters from Dyer County

[Parts per million. Numbers at heads of columns refer to corresponding well numbers in f)receding table.
Analyses 35a, 35, and 36d by Margaret D. Foster; the rest by D. F. Farrar,

1 14a 14b 26 35a
Silica (8iO9) 4 5 5 14
Iron (Fe)....... o .8 .7 .6 5.9
Calcium (Ca) R 27 31 148 12
Mggnesium (Mg)._- 5 6 9 6.9
Sodium (Na) 3 7 3 { 6.2
Potassium (K) 1.4
Bicarbonate (HCOj3) 98 91 484 70
Sulphate (804 ..o 7 22 7 8.6
Chloride (C1) .o 5 13 5 1.6
Nitrate (N O3) - . .1 .3 .4 .05
Total dissolved solids...___._.._..__.__ 105 140 426 84
Total hardness as CaCO3 (calculated) - 57 89 102 406 58
Date of collection 1929 .. . ... ... Aug. 28 | Aug. 28 | Aug. 29 | Sept. @

350 35d 37 53

Silica (8102) v eeeeeee i1 26 6.7 8
Tron (Fe) . oo .49 9.5 .6 1.3
Calcium (Ca) .- oo 13 43 116 26
Ma§nesium (Mg) 7.3 19 18 5
Sodium (Na) 4.7 6.5 } 2 2
Potassium (K)...... 1.4 4,1
Bicarbonate (HCOs3) 76 238 400 102
Sulphate (SO 7.0 7.1 30 1
Chloride (C]) ... 1.6 1.6 3 3
Nitrate (NOs) oo .05 .0 .2 .2
Total dissolved solids 80 210 387 101
Total hardness as CaCOj3 (calculated) ... .. 62 185 361 85
Date of collection . oo oo .. Sept. 9, 1929 { Mar. 24,1930 | Aug. 29, 1929 | Sept. 3, 1929

s Treated water from wells at Dyersburg.
FAYETTE COUNTY
[Area 618 square miles. Population 28,891]
GEOGRAPHY

Fayette County is in the southwestern part of the area. It approxi-
mates a square in outline, being 28 miles long and 25 miles wide, and -
has an area of 618 square miles. Two large streams flow across the
county from east to west. The Wolf River enters the southeast
corner from the State of Mississippi, and after flowing north for 2 miles
it turns sharply and flows slightly north of west across the county.
It has a wide valley, of which the first bottom, some 2 miles in width,
is swampy and uncultivated. The Loosahatchie River flows com-
pletely across the northern part of the area from east to west. It hasa
fairly broad valley and, like the Wolf River, a swampy first bottom.
Muddy Creek, in the northeastern part of the county, flows in a
northwesterly direction into Haywood County. These streams have
been ditched in order to drain the bottoms and carry off flood waters.

In the eastern part of the county between these rivers is an area of
high country cut into numerous hills and gullies. This area is covered
with timber and with the exception of a few farms is uninhabited.
The surface between the rivers in the western part of the county is
also broken and hilly. The sandy formations of this area are readily
washed by the rains, forming deep gullies. For example, just south
of La Grange steep gullies have been cut to a depth of 150 feet. These
gullies afford the best exposure of Holly Springs sand in the region.
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GEOLOGY

The Holly Springs and Grenada formations of the Wilcox group
cover the entire county. These two formations are similar in their
main physical features, and as their water-bearing properties are
similar they will be discussed together. Along the eastern border of
Fayette County the depth to the underlying Porters Creek clay is
200 to 250 feet in the valleys 300 feet above sea level and as much as
650 feet on the high ridges that reach an altitude of 600 feet. The
Holly Springs and Grenada formations dip from 25 to 30 feet to the
mile toward the west, and at the western boundary of the county they
have attained a thickness of 750 feet. These formations are composed
of sand of varying coarseness with interbedded lenses of clay. The
clay lenses make up a small part of the total. Both the Holly Springs.
and the Grenada are excellent water-bearing formations, and there is
no difficulty in obtaining water throughout the county. In the hilly
areas the water table stands as much as 150 feet below the surface:
during dry weather, and in these areas wells must exceed this depth to
be permanent. In some places, however, there are perched water
tables that will yield water above the true water level. Such perched
water tables are formed by basin-shaped impervious layers of clay at
the base of the Pliocene gravel or by hardpan consisting of sand and
gravel cemented by iron oxide. (See p. 41.) They are irregularly
distributed, and their presence can not be predicted. As they are of
small area they will furnish only small supplies, which will run dry in
summer.

WATER RESOURCES

Bored wells are most commonly used in this county, especially om
high ground. In the valleys where the water table sta<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>