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GROUND WATER IN SOUTH-CENTRAL TENNESSEE

By Crarres V. THEIS

ABSTRACT

This paper describes the characteristics of the ground water in an area lying in
the south half of Tennessee, extending from the west front of the Cumberland
Plateau westward to the lower course of the Tennessee River and embracing 12
counties. The geology of the region is sketched as a background for the ground-
water data. ‘

This area includes a small portion of the Cumberland Plateau, the south half
of the Highland Rim plateau in Tennessee, and the south half of the Nashville
Basin. The Cumberland Plateau in this area is a well-preserved uplifted pene-
plain at an altitude of about 2,000 feet; the Highland Rim plateau is another up-
lifted peneplain at an altitude of about 1,000 feet, very well preserved and scarcely
broken by dissection except on its inner e and near the Tennessee River;
the Nashville Basin, & third somewhat uplifted peneplain at an altitude of about
700 feet, is more rolling in this area than the other two.

The exposed strata range in age from Lower Ordovician to Quaternary. The
Paleozoic strata are predominantly limestone and are the surface rocks over most
of the area. Cretaceous gravel and sand overlap from the west and south and
cover a small portion of the southwestern part| of the area. Terrace and flood-
plain deposits of later age occur along the streams. The Paleozoie strata are well
exposed and express & long period of greatly interrupted sedimentation. A thick
mantle of residual cherty clay covers most of the Highland Rim plateau in this
area.

In the extreme western and eastern portions of the area ground water occurs
in primary openings in gravel and sandstone. Elsewhere in the area it is largely
confined to secondary solution openings in limestone. As a consequence ifs occur-
rence is somewhat erratic, but fortunately household and stock supplies are usu-
ally obtained without difficulty from springs or from wells generally less than
100 feet deep. No large supplies of potable water are obtained from wells, and
exploration to this end has been generally disappointing. Municipal supplies
are obtained from impounded surface streams or, more commonly, from springs.
‘Water supplies for domestic and stock use in the Highland Rim are usually ob-
tained from dug wells, usually less than 100 feet deep, in the residual clay mantle,

The ground-water resources of the region are best shown by the almost omni-
present springs, Springs flowing several hundred gallons a minute are found in
every county along the escarpment of the Highland Rim plateau and along the
Tennessee River. Springs capable of yielding adequate supplies for small commu-
nities are almost innumerable.

The water obtained from the limestone areas is a moderately hard, calcium-
bicarbonate water. Some wells, especially in the Nashville Basin, have struck
impotable sodium-chloride or calcium-sulphate water. The water from the
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2 GROUND WATER IN SOUTH-CENTRAL TENNESSEE

Pennsylvanian rocks of the Cumberland Plateau is soft but likely to carry iron
in solution. The water from the Cretaceous gravel in Wayne County is also very

goft.
In connection with the textual descriptions the pertinent data on over 500
individual wells and springs in this area are tabulated.

INTRODUCTION

The present paper describes the ground-water resources of an area
covering 12 counties in south-central Tennessee. It is expected that
the description of typical ground-water supplies throughout the area,
together with the generalization drawn from these data, concerning
the occurrence of ground water, will aid in the future rural and indus-
trial development of the region. Inasmuch as the area is predomi-
nantly agricultural and has abundant shallow supplies of water for
this purpose, information concerning supplies from wells for other
than domestic and stock purposes is scarce. However, the large
springs scattered along the Highland Rim escarpment bear potent
promise of adequate ground-water supplies for industries which may
develop in the future.

This paper is the third in a series dealing with the ground-water
supplies of Tennessee. Piper! has discussed the ground water of
north-central Tennessee, and Wells 2 that of western Tennessee. A
report on the ground water of northern Alabama by Johnston?
and one on the ground water of Mississippi by Stephenson * have
also been published. Plates 3 and 4 show the relation of the area
discussed herein to the areas in Tennessee covered by these pre-
vious ground-water papers and to the geomorphic and drainage
boundaries in Tennessee.

The investigation on which the present report is based, as well as
those preceding the other two reports on the ground water of Ten-
nessee, was made by the United States Geological Survey in cooper-
ation with the Tennessee Division of Geology. The writer is indebted
to O. E. Meinzer, geologist in charge of the division of ground water,
under whom the investigation was made, for helpful criticism and
advice, and to W. F. Pond, State geologist of Tennessee, for coopera-
tion and help in the field. Margaret D. Foster, of the United States
" Geological Survey, and D. F. Farrar, of the Tennessee Geological
Survey, made the analyses of water. D. G. Thompson, of the United
States Geological Survey, introduced the writer to the field and
greatly aided him in the initial field work and later. To officials of

1 Piper, A. M., Ground water in north-central Tennessee: U. S. Geol. Survey Water-Supply Paper
M?’V%fgjli, F. G., Ground-water resources of western Tennessee: U. S. Geol. Survey Water-Supply Paper
65331%2n3éton, W. D., Jr., Ground water in the Paleozoic rocks of northern Alabama: Alabama Geol. Survey
Special Rept. 16, 1933.

4 Stephenson, L. W., The ground-water resources of Mississippi: U. 8. Geol. Survey Water-Supply
Paper 576, 1918.
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CLIMATE 3

water companies in the area, to local geologists, and to the inhabi-
tants in general, the writer is indebted for courteous and intelligent
cooperation.

The published work of many other geologists has been used in
preparing this report. Although the papers used are cited in the text,
it is not out of place to note here that the section on stratigraphy
is based largely on the work of Bassler,® Butts,® Miser,” Wade,® and
Dunbar.?

The region under discussion has an area of 6,108 square miles and
“includes the counties of Bedford, Franklin, Giles, Hickman, Lawrence,
Lewis, Lincoln, Marshall, Maury, Moore, Perry, and Wayne. It
lies almost entirely within the basin of the Tennessee River and
extends from that river, on the west, to the Cumberland Plateau, on
the east. It is bounded on the south by the Alabama State line
and extends north about to the middle latitude of the State. It is
served by numerous highways and by the Louisville & Nashville
Railroad and the Nashville, Chattanooga & St. Louis Railway. It
is predominantly agricultural in interest, although Maury County
and to a less extent Lewis County produce phosphate rock, and °
Wayne, Lewis, and Hickman Counties have produced brown iron
ore up to the last few years and still have large reserves.

CLIMATE
GENERAL FEATURES

South-central Tennessee lies between two of the main storm tracks
crossing the eastern United States but not directly upon any.!?
Hence there are many comparatively gentle changes in the weather
but relatively few severe ones. Its position with reference to the
storm tracks conduces to a generally favorable distribution of rainfall
throughout the year and a minimum of destructive storms. Iso-
pluvial charts show that the greatest storms in this general area are
less in intensity than in any other area in the same latitude in the
eastern United States.!

§ Bassler, R. 8., The stratigraphy of the Central Basin of Tennessee: Tennessee Div. Geology Bull. 38,
1932,

¢ Butts, Charles, Geology of Alabama; the Paleozoic rocks: Alabama Geol, Survey Special Rept. 14,
1926.
7 Miser, H, D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26,
1921.

8 Wade, Bruce, The geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no. 4, Ten«
nessee Geol. Survey, 1914.

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

10 Summary of the climatological data for the United States, Section 77, Middle and west Tennessee,
U. S. Weather Bureau.

11 Storm rainfall of eastern United States: Miami Conservancy District Tech. Repts., pt. 5, Dayton,
Ohio, 1917.
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TEMPERATURE

The mean annual temperature of central Tennessee, as well as for
stations within the area of this report, is 58.7° Fahrenheit. For
individual stations it ranges from 59.7° at Coldwater, Lincoln County,
to 58.4° at Franklin, Williamson County, just north of the Maury
County line, and 57.2° at Sewanee, Franklin County. These
figures indicate a general decrease toward the north and also with
increasing altitude above sea level. Maximum temperatures of 110°
were reached in the summer of 1930, but as a rule the temperature
does not exceed 95° more than about 15 days a year. Minimum
temperatures as low as 25° below zero have occurred, but on the
average temperatures below zero occur only once a year. July is
the hottest month and January the coldest. The average date of the
last killing frost in spring is April 6, and of the first in autumn
October 24.

Mean monthly temperatures for central Tennessee, as computed
from records up to and including 1930, are shown in the following
table:

Mean monihly temperatures (°F.) for ceniral Tennessee

January..oo...... 30.2 | May_.cooo_o_-__ 66. 7 | September........ 71. 4

February. .. ...... 40.7 | June oo 74.7 | October. . __._.. 59.8

March___________ 49.9 | July___._________ 77.4 | November________ 48.6

April____________ 58.6 | Augusb__.________ 76.6 | December_..____. 40. 6
PRECIPITATION

The mean annual precipitation for all of Tennessee is about 50
inches and that for central Tennessee is about 51 inches. The
figure for the stations in and adjacent to the south-central Tennessee
area is about 52.5 inches., The highest mean, as computed from
records up to and including 1930, is found at Sewanee, Franklin
County, with 54.76 inches, and the lowest at Franklin, Williamson
County, with 48.54 inches. The rainfall diminishes slightly north-
ward and increases slightly with altitude.

The rainfall is well distributed throughout the year, reaching a
minimum in October with 3.01 inches, and a maximum in March
with 5.65 inches. A quantity sufficient for crop needs generally
falls during the growing season, and a copious supply is also available
during the winter, when recharge of ground water is most favored.
The following table gives the mean monthly precipitation in central
Tennessee.

Mean monthly precipitation (inches) for central Tennessee

January._______.. 5,00 | May .- ________ 4.26 | September_______. 3. 18
February..__..... 4.21 | June.. oo oo____ 4.31 | October_._______._ 3.01
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GROUND-WATER SUPPLY IN 1930 COMPARED WITH THAT OF
OTHER DROUGHT YEARS

The flow of springs and the depths to the water levels in wells, as
well as other ground-water features, vary with the current and
preceding climatic phenomena. The current precipitation affects
the flow of springs that are connected by relatively large under-
ground passages with open intakes, such as sink holes. The pre-.
cipitation during many preceding months has also an effect on the
flow of other springs, as well as on the height of water in wells,
because part of the rainfall moves very slowly downward through
the soil to the ground-water level, below which it is stored in the
ground-water body until it is discharged. The ground-water level,
or water table, usually fluctuates seasonally to some extent, rising
during the winter, when more water is contributed to it by precipi-
tation than is discharged by springs and otherwise, and falling during
the summer, when the reverse is true. As the water table falls, the
flow of springs diminishes. Under conditions of drought it falls
much more than normally and consequently the springs discharge
much less than their normal flows for the season. Temperature
has also both immediate and delayed effects, for it controls in part
the rate of transpiration of plants and the rate of evaporation, so
that in hot, dry weather much of the ground water is removed by
" these agencies. Furthermore, when soils have been drying for a
long time, much of any rainfall that comes is absorbed by the soil
near the surface and never descends to the zone of saturation.

The summer of 1930, in which the field work for this report was
done, was characterized by a severe drought throughout the area
studied, as well as generally in the central and eastern United States.
Although streams in the Tennessee Valley in general did not decline
a8 much in this year as they had in 1925, or in 1931, the flows
were reduced in general to much less than normal. The ground-
water flow probably did not decrease in as great a ratio as the flow
of the surface streams, yet undoubtedly the flows given in this report
for many springs are less than normal, and the water levels in wells
ave probably also lower than their average position.

The exact effect of the climatic conditions upon the ground-water
phenomena observed during the summer and fall of 1930 cannot
be evaluated from the data collected during one field season. To
do so would require an intensive study, during at least several years,
of the relations between climatic factors, ground-water levels, and
the flow of springs. However, the accompanying tables are given
to indicate qualitatively rather than to define exactly the relation
of the data acquired during 1930 to data that might have been

1 King, W. R., Surface waters of Tennessee: Tennessee Div. Geology Bull. 40, p. 50, 1931,
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collected in a normal year or in a year when ground-water conditions
were even more adversely affected by drought.

The following table gives data concerning the precipitation in
middle Tennessee, in an area lying between the Cumberland Plateau
and the lower course of the Tennessee River for several ‘‘water
years’’ when drought prevailed in this area. A ‘“‘water year” extends
from October of one calendar year through September of the next
and is more significant than a calendar year in discussing water
conditions, because it includes the period of recharge, which largely
furnishes the ground-water flow during the dry season of the year.
The years ending in September 1925, 1930, and 1931, have been
chosen for comparison because these are the years of greatest drought
for which adequate data are available.

Characteristics of the precipitation in recent drought years in middle Tennessee

Precipitation (inches) Depattmigz]gx;)normal Accumulated departure

from normal (inches)

Month
1924-25 | 1929-30 | 1930-31 { 1924-25 | 1920-30 | 1930-31 | 1924-25 | 1929-30 | 1930-31
0.08 4.23 2811 ~2.84} 4116 —0.20| -—2.84! 4115 —0.20
1.44 5.73 3.20f —2.08| -+1.99 - 27 —4.92{ +43.14 -, 47
6. 94 3.23 280 42387 —1.b61] —-L76) —2.55| -].63 —-2.23
3.39 4,20 190 | ~178 -~.80 | —3.10} —4.33 +.83 -5.33
5,07 4.86 4.47 .94 .65 +.37 | —3.39| -1.48 —4,96
2.66 5.04 430 | —2.84 -, 61 ~1.27 —6.23 +.87 —6.23 ~
4.12 1.47 3.00 ~.56} =321 ~1.66| -—6.79] ~2.34 -7.89
2.24 5.72 232 ~2.00f +41.46| —-1.98| -8.79 -, 88 -9.87
3.28 1.07 1.80 | —~1.14} -—3.24} —-246( ~9.93| —4.12| -—12.33
3.32 2. 26 411 =126 -2.32 - 42| =119} —6.4| -1275
1.26 2,57 3.46 | —2.88|. —l61 —.67 | —14.07 | —8.05| —13.42
2.4 3.31 1.57 -.78 +.13 —-1.62 | —14.85| —7.92| -15.04

This table shows that although the drought of 1930, beginning
and being most intense in the growing season, affected crops more
adversely than either of the other droughts, yet the other periods
had a much greater total deficiency in rainfall. The accumulated
departure from the normal was nearly twice as great in 1925 and
1931 as in 1930. It is therefore concluded that although the ground-
water discharge was probably lower than normal in 1930, it by no
means represents the minimum that has occurred.

The temperature data are shown in the following table in the
same way. The figures for accumulated departures show that the
total excess temperature in 1930 was only about half as great as
that in 1925, although in the period April to August, when evapora-
tion and transpiration are most active, both years were about equally
hot. The water year 1930-31 was cooler than normal. These data,
although less significant than the precipitation data, confirm the
main inference drawn from the latter—namely, that the ground-
water deficiency in 1930 was probably not so great as in other years
of drought.
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Characteristics of temperature in recent drought years in middle Tennessee

° Departure from normal Accumulated departure
Temperature (° F.) D Ty from normal (° F.)
Month
1924-25 | 1929-30 | 1030-31 | 1924-25 | 1920-30 | 1930-31 | 1924-25 | 1929-30 | 1930-31

61.9 58.2 57.4 +2.0 -1.6 -2.4 +2.0 -~15 —-2.4
50.9 47.6 48.6 +1.5 ~1.6 .0 +3.5 -3.1 ~2.4
30.4 41.6 37.4 -7 +10 -3.2 +2.8 -2.1 —5.6
40.1 38.4 39.3 +1.0 —.8 -1 +3.8 -2.9 —5.5
47.5 48.9 4.0 +7.3 +8.2 +2.81 +I1L.1 +5.3 -~2.7
52.2 47,1 43.7 +2.5 -2.8 ~6.1| +13.6 2.5 —8.8
63.5 61.2 56.9 +5.1 +2.6 -1.8| +18.7 5.1 —10.6
63.9 67.8 63.7 +3.2 +1.1 ~3.0! 155 6.2 —13.6
78.3 74.0 76.5 +3.9 —.7 12.0 :‘:19. 4 +6.5 —11.6
g 82.0 80.2 +1.6 +4.6 2.7 21.0 | +10.1 —8.9
80.1 77.4 75.3 +.9 4.8 -1.3| 2.9 | -10.9 -~10.2
57.0 73.9 76.6 +9.0 +2.5 +6.1| -30.9| -+13.4 —b.1

Another line of attack on the problem of the relation between
ground-water conditions in 1930 and those of normal years is fur-
nished by stream-flow records. During most months of the summer
low-water season the streams fall at least once to a stage sustained
almost entirely by ground-water discharge. Especially is this true
in periods of unusual drought. Accordingly a comparison of the
low-water flows of streams for these months gives a general relation
between the ground-water discharges. In the following table the
low-water flows of streams in south-central Tennessee during the
period from May through October in the 3 drought years previously
chosen are compared. The data are given in terms of percentage
of the average low-water flow for the same months in the period
1921-30.

Minimum flows of several streams in or near south-central Tennessee in summer of
recent drought years, in percentage of average minimum flow for months indicated
in period 1921-30

Duck River at Nor- | Duck River at | Elk River at Elk- | Buffalo River at
mandy (drainage Centerville (drain-| mont, Ala. (drain- Flatwoods (drain-
area 214 square age area 2,070 age area 1,700 age area 439 square

Mouth miles) square miles) square miles) miles)

1925 | 1930 | 1931 | 1925 | 1930 | 1931 | 1925 | 1930 | 1931 | 1925 | 1930 | 1931

58.81 73.5} 44.7| 518 59.3 | 388 | 37.7| 57.3| 33.9| 623 | 8L5| 441
50.3 | 73.2 | 45.8 | 50.1 | 46.4 | 34.6| 34.8 | 53.5| 32.2| 50.3| 69.2 | 6L7
53.8 | 83.8| 59.9| 58.2 | 68.1| 55.2| 47.4 | 58.2 | 30.4| 742 | 829 8.9
68.91 78.3| 60.1| 22,2| 71.8| 552 | 26.1| 5L.3) 459 | 50.4| 86.6 | 92.3
727 97.0 | 64.8| 34.4| 81.5| 47.8| 29.6 | 8L0| 20.6 | 47.7 | 9L7 | 68.2
75.5 | 97.2 |moo.. 64.0 | 85.5 |-eaeee- 52,11 76.7 ... 7.0 | 77.0 foeeeoo

The data in this table confirm the conclusions previously drawn.
Although the low-water flows during the dry season of 1930 were below-
normal, even in the streams having the smaller drainage basins, yet.
for all the streams tabulated, in nearly every month, the low flow in.
1930 was greater than the low flows of either 1925 or 1931.
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A direct approach to the problem is to compare measurements of
the discharge of springs during various drought and normal years.
Fortunately, although no such measurements are available in the
area covered by this report, the record of the daily discharge of
Huntsville Spring, in Alabama,* about 15 miles south of Lincoln
County, from November 1928 to March 1932, is available.”* The
record of this spring during the field season in which the data of this
report were collected, the succeeding year, also a drought year, and
the preceding more normal year is given graphically in plate 5.
The minimum discharge during the dry season of 1929 was 12 second-
feet, occurring in August and September; in 1930 it was 5.4 second-
feet, occurring in November; and in 1931 it was only 3.2 second-feet
and occurred in November. The greater ground-water deficiency
in 1931 is .again demonstrated. The relationship between the
fluctuations in discharge and the precipitation should be noted; it is
evident that the amount of low-water flow in the dry summer season
is largely dependent on the amount of precipitation during the
preceding winter period, that during the winter the discharge in
general immediately increases after a heavy rain, and that in summer
even heavy rains have little effect upon the discharge.

These data seem to the writer to give a basis for forming a tentative
opinion that ground-water discharge was smaller in 1930 than normal,
perhaps about 80 percent of normal, but it was perhaps 25 percent
greater than the minimum ground-water flow that may be expected.

GEOMORPHOLOGY
SUBDIVISIONS

The area discussed in this report lies almost wholly within the High-
land Rim or Interior Low Plateau geomorphic province as defined by
Fenneman, ! being divided about equally between the Highland Rim
section and the Nashville Basin section of this province. However,
it also embraces a small part of the Cumberland section of the Appa-
lachian Plateau province, which lies to the east and enters the area
in the southeastern part of Franklin County. These geomorphic
divisions are shown on plate 4.

The Cumberland Plateau is a submaturely dissected peneplain,
whose surface is about 2,000 feet above sea level in this area. It is
bounded on its northwestern margin by a bold scarp that separates it
from the Highland Rim, about 1,000 feet below. Thls scarp runs
southwestward approximately along a line joining thé southwest and
northeast corners of Franklin County. This plateau section coincides
with the area of outcrop of Pennsylvanian rocks, shown on plate 1.

1 U. 8. Geol. Survey Water-Supply Papers 683, 698, 713, 728, ’ '

14 Fenneman, N. M., Physiographic divisions of the United States: Assoc. Am. Geographers Annals,
vol. 6, pl. 1, 1917.
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The Highland Rim section is a plateau of little local relief, except
near major drainage courses, forming a ‘“rim” completely encircling
the lower land of the Nashville Basin, Technically it is a peneplain
in a stage of dissection ranging from youthful to mature. Its altitude
ranges from about 1,100 feet at its eastern edge to about 700 feet in
southern Lawrence County. It abuts against the Nashville Basin in
a very distinct though ragged scarp about 300 feet high. Its area
approximately coincides with the area in which Mississippian rocks
crop out (pl. 1) and includes Perry, Hickman, Wayne, and Lawrence
Counties, the western part of Giles County, the southern part of Lin-
coln County, and the northern part of Franklin County.

The Nashville Basin comprises the lower land enclosed within the
Highland Rim escarpment. It has a gently rolling surface at a gen-
eral altitude of about 700 feet. Its surface represents a third pene-
plain, which, however, is not as perfect as the other two in this area.
In the area covered by the present report this section includes Bedford
and Marshall Counties and most of Maury, Giles, and Lincoln
Counties.

NASHVILLE BASIN

BOUNDARIES

The predominant characteristic that makes the Nashville Basin a
natural unit is its topographic position: It is a very apparent basin
with a surface about 600 to 700 feet above sea level surrounded by the
higher land of the Highland Rim at an altitude of about 1,000 feet.
This difference in altitude causes Ordovician rocks to be exposed in
the basin, whereas Mississippian rocks cap the Highland Rim. This
difference in the stratigraphy, in turn, causes great differences in the
human activities in the two sections.

Although the boundary between the two sections is, on the whole,
very sharp, it is also, like most topographic features dependent mostly
on erosion, very ragged. The edge of the Highland Rim is greatly
frayed, so that jutting ridges project outward into the basin and are
continued by rows of outlying knobs. Especially is this true in the
southern part of the area studied. The divide between the Duck
and Elk Rivers is capped in many places by Mississippian rocks and
presents extensive areas of typical flat, Highland Rim surface.

Although the relationship of these mesalike ridges and hills to the
Highland Rim must be recognized, they are herein considered a part
of the Nashville Basin, and the southern boundary of the basin is
drawn south of the Elk River in Lincoln and Giles Counties. This
procedure follows the general practice of the various geological sur-
veys of Tennessee and the original definition of the Nashville Basin
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by Fenneman and others ! but is at variance with the revised map of
the physical divisions of the United States.!®

The determination of a generalized line separating two geomorphic
regions which are separated in nature by an erosional feature, such
as separates the Highland Rim plateau and the Nashville Basin, is
often difficult and admissive of many viewpoints. Any such general-
ized line must include on either side areas that partake of the charac-
teristics of the area which is typically developed on the other side.
The criteria used in separating the two areas may be of geomorpho-
logic, geomorphogenic, or geographic nature. In localities where the
geomorphologic boundaries are not clearly defined the outcrops of
stratigraphic contacts are frequently used as boundaries.

Judged by any of these criteria it seems better to the present writer
to include much of Lincoln and Giles Counties in the Nashville Basin.
The Highland Rim in this vicinity has a remarkably flat, even sur-
face, whereas the Nashville Basin is much more rolling and includes
monadnocks in the divide between the Tennessee and Cumberland
Rivers. As a consequence the hilly country carrying the monadnock
remnants of the Highland Rim on the divide between the Elk and
Duck Rivers seems to the traveler in the country much more a part
of the Nashville Basin than of the Highland Rim, and the distinct
break in the physical character of the region occurs at the scarp south
of the Elk River. North of this scarp is a rolling country at a much
lower average altitude; south of it is a practically flat plain. Fur-
thermore the lowland level in the Elk River Valley is probably slightly
lower than that in the Duck River Valley. The altitude at the court-
house in Fayetteville is 721 feet, whereas Shelbyville is at an altitude
of 771 feet and Lewisburg at 735 feet. Howell and Petersburg, in
Lincoln County which are respectively 6 and 12 miles from Elk River,
have altitudes of less than 750 feet. This region therefore seems to
the writer to be a part of the Nashville Basin on the basis of topo-
graphic character.

Considered genetically, it is also a part of the Nashville Basin, in
that it is an approximately baseleveled region which was reduced in
the same geologic period as that in which the part of the Nashville
Basin tributary to the Duck and Cumberland Rivers was reduced.
The reduction to baselevel was not so complete here as farther north,
apparently because the Highland Rim peneplain was uplifted along
the Elk River-Duck River divide and consequently a greater over-
burden of rocks had to be removed by the Elk River. During this

“period of erosion the Highland Rim south of the Elk River was scarcely
touched by dissection.
15 Fenneman, N. M., Physiographic divisions of the United States: Assoc. Am. Geographers Annals,

vol. 6, pl. 1, 1917.
16 Fenneman, N. M., Physical divisions of the United States, scale 1:7,000,000, U. S. Geol. Survey, 1930.
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Finally, judged by geographic criteria, the area in question should
certainly be placed in the Nashville Basin. The geographic character
of the country is given by the broad rolling valleys founded upon
Ordovician rocks. These were the first settled portions of the
region, here are found the most prosperous farms and the densest
settlement, and here also is located, near Pulaski, the only mineral
development of the region, the mining of Ordovician phosphate rock.
It seems, therefore, that the lower part of the Elk River drainage
basin should be considered a part of the Nashville Basin on the basis
of any criterion selected for drawing the geomorphic boundaries in
this region.

As noted above, this interpretation is that previously made by
apparently all local workers in Tennessee. Safford ¥ and Nelson ®
both followed this interpretation in publishing maps showing the
geomorphic divisions of the State.

STRATIGRAPHY

The rocks of the Nashville Basin are predominantly Ordovician,
consisting of formations ranging from the upper part of the Stones
River group, exposed in Bedford and Marshall Counties, to the
Fernvale formation, of the Richmond group. Above this is a varying
thickness of variable Silurian formations, exposed only as collars
around remnants of the Highland Rim or in the main scarp of the
rim itself. The Chattanooga shale (Upper Devonian or Mississip-
pian) succeeds the Silurian in almost every locality in this area, but
in a few places in Wayne and Perry Counties Middle and Lower
Devonian rocks are present. The Chattanooga is in turn covered
by Mississippian rocks of Kinderhook and Osage age. Finally, scat-
tered remnants of the Warsaw formation and St. Louis limestone
(both of the Meramec group, Mississippian) are found in the rim

outliers.
GENERAL PHYSICAL FEATURES

The general floor level of the Nashville Basin ranges from about 550
feot to 650 feet above sea level, but the lower altitudes are found near
the Cumberland River, outside the area here considered. The major
streams have cut their beds to levels of about 500 feet (Duck River
where it leaves the basin) and 550 feet (Elk River at the State line).
The largest of the remnants of the Highland Rim rise to levels equal
to those of adjacent parts of the rim proper, reaching altitudes of
over 1,200 feet, as, for instance, near the junction of Bedford, Lincoln,
and Moore Counties. The total relief within the basin in this area
is therefore about 700 feet.

17 Bafford, J. M., and Killebrew, J. B., The elements of the geology of Tennessee, p. 8, Nashville, Tenn.,
1900.

18 Nelson, W. A., Administrative report of the State geologist, 1920: Tennessee Geol. Survey Bull. 25,
p. 50, 1921.

131880—36——2
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Most of this relief, however, occurs at the plateau remnants, so
that in districts containing no remnants the relief is much less, and
within the inner basin the relief is about 250 to 300 feet. The local
relief in the typical basin areas may be as much as 150 feet, as found
in the city of Columbia, in Maury County, on the banks of the Duck
River, or as little as 50 feet, as shown over many square miles of terri-
tory in the central part of the basin, notably north of Shelbyville, in
Bedford County.

The degree of dissection within the basin is that characteristic of
old-age topography, upon which the streams have had time to extend
and adjust themselves until they drain all portions of the area in the
most efficient manner. The topography is rolling in all portions of
the basin, although the local relief is greater in the outer areas than in
the central portion. In no section are distinct drainage lines farther
apart than about a quarter of a mile.

The profiles of the Highland Rim remnants in the basin reflect their
stratigraphy. They are generally bounded by a rough and rather
steep slope, developed on the cherty shale and limestone of the
Ridgetop shale and Fort Payne chert. Their tops, however, are gen-
erally much more rolling and the topography more gentle, owing to
the erosion, largely by solution and largely in a previous erosion cycle,
of the underlying more calcareous Warsaw formation and St. Louis
limestone. This is true also of the ascent to the rim proper on the
boundaries of the basin.

‘ STREAMS

The drainage of this part of the Nashville Basin all goes by way of
the Duck and Elk Rivers, tributaries of the Tennessee. These main
streams follow entrenched meandering courses throughout the basin,
The meanders are most pronounced on the Duck River, which at the
eastern line of Maury County follows a tortuous course of about 17
miles between points only 3 miles apart. Again where it leaves the
same county its course along its loops amounts to 10} miles between
points 1 mile apart. These meanders are all of large amplitude and
are meanders of the valley itself; there is very little meandering of
the stream upon its flood plain.

The total entrenchment beneath the basin floor is about 150 feet
at its maximum, where the Duck River passes the western boundary
of the basin. The slope from the basin level to this river is broken
by at least one terrace level, and careful topographic studies might
perhaps show more. This terrace level slopes downstream in the
Columbia quadrangle, with a gradient about half that of the present
stream. The terrace is about 600 feet above sea level in the vicinity
of Columbia and 550 feet at Centerville,'® whereas in the same interval
the present stream falls from nearly 550 feet above sea level to about
450 feet.

1 Hayes, O. W., and Ulrich, E. O., U. S. Geol. Survey Geol. Atlas, Columbia folio (no. 95), p. 1, 1903.



GEOMORPHOLOGY 13
ADJUSTMENT OF DRAINAGE TO STRUCTURE

A noteworthy correlation between the geologic structure and the
courses of the streams is found in the Nashville Basin, as well as in
the Highland Rim, to be discussed later. The tributaries of the
rivers commonly run in synclinal troughs. Complete data that would
show that this condition is characteristic of the entire southern part
of the basin are not available. However, it is notably true in the
Columbia quadrangle, the only one mapped in the area, of which it
is said:

In a great majority of cases in ascending one of the larger tributaries of Duck
River the strata are found to rise from the mouth of the stream toward its head,
a particular bed thus retaining a practical parallelism with the bottom of the
valley. Further, the same relation is often observed upon the side tributaries
of the main creeks, which thus appear to be located in many cases in gentle
synclines.20

The same condition is shown in the Franklin quadrangle,? which
touches the area here considered in northern Maury County, and
also in the Woodbury quadrangle,” northeast of Bedford County.
Within the entire area considered the same condition prevails,
although it is impossible to state, on the basis of the data available
and the observations made, that the same degree of correlation
between strugture and drainage is everywhere present.

GEOMORPHIC DIVISIONS OF NASHVILLE BASIN

Two types of country, quite distinct geomorphically and geograph-
ically, are included in the Nashville Basin. These two distinct areas
may be designated the “inner basin” and the ““outer basin.”

The distinction between these two types rests on both lithologic
and topographic grounds. Topographically the inner basin repre-
sents the country whose peneplanation was most highly perfected;
the relief is small. On the other hand the outer basin, as its name
implies, lies on the outskirts of the peneplaned area; its topography
is more rolling than that of the inner basin, and its relief is greater. -
It is in this area that the large Highland Rim remnants lie.

The distinction of highest geographic and economic importance is
the difference in lithology of the two sections. The inner basin is
underlain by the Lower Ordovician Stones River group and the Middle
Ordovician Lowville limestone; the outer basin is founded upon the
Ordovician formations lying above these. These higher Ordovician
rocks have a considerable phosphatic content, all except the Cannon
limestone yielding in places commercial phosphate. They are also
somewhat clastic, so that their weathering generally yields a soil of

21 Bassler, R. L., Geologic map of the Franklin quadrangle, Tennessee, scale 1: 62,500, Tennessee Geol.
Survey.

2 Ulrich, E. 0., and Bassler, R. 8., Geologic map of the Woodbury quadrangle, Tennesses, scale 1: 62,500,
Tennessee Geol. Survey.
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workable thickness. That part of the country founded upon the
Bigby and Hermitage formations is probably the richest agricultural
land in Tennessee aside from the Mississippi River bottom lands.
On the other hand, the rocks underlying the inner basin are dense
limestones, in large part thin and platy. It is these rocks that form
the “glades” of central Tennessee. The formation of widest outcrop
in the inner basin is the Lebanon limestone, which received from
Safford the name 1 Glade limestone’’ # because of the great area of
cedar glades formed upon it. The glades are areas of bare rock or
very thin soils mixed with small platy slabs of the underlying rocks.
They have a low agricultural value, and the land is best adapted to
its original growth of cedars.

It is impossible at present to draw a sharp boundary between these
two areas because detailed geologic maps of the region have not been
made. Although, as is frequently the case in drawing geomorphic
boundaries, there is a zone of transition in which the outer basin
changes to the inner basin, the most convenient and usable boundary
would probably be the base of the Hermitage formation. Therefore,
in the absence of complete data the boundary may be taken as very
roughly a curving line running from the vicinity of Bellbuckle some-
what south of Shelbyville and Lewisburg, about 5 miles east of
Columbia and southeast of Springhill. North of the line lies the
inner basin; south of it, the outer basin.

COMPARISON WITH LEXINGTON PLAIN

An association of the Nashville Basin and the Lexington Plain, in
Kentucky, is almost inevitable from a geologist’s viewpoint. The
comparable features in the two areas are so obvious that it may be
advantageous to point out the features wherein these two areas
differ, as well as those in which they are similar.

The two areas are very much alike in their broad geologic relation-
ships. Structurally each represents a dome upon the Cincinnati
geanticline. Each exposes a large area of Ordovician rocks within a
boundary of higher strata. The topography of the two areas is in
a large measure similar.

The differences between these two areas are probably as great as
the resemblances but not as obvious. In the first place, the two
- areas are not of the same age. The Nashville Basin is younger than
the Lexington Plain, inasmuch as the Lexington Plain is continuous
with the Highland Rim level, beneath which the Nashville Basin is
cut.® The Nashville Basin is at an altitude of about 600 feet above
sea level, whereas the Lexington Plain has an altitude of about 1,000

2 A dagger (1) preceding a geologic name indicates that the name has been abandoned or rejected for use
in classification in publications of the U. S. Geological Survey. Quotation marks, formerly used to indicate

abandoned or rejected names, are now used only in the ordinary sense.
2 Campbell, M. R., U. 8. Geol. Survey Atlas, Richmond folio (no. 46), p. 1, 1898.
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feet, the same as the Highland Rim in the eastern part of south-
central Tennessee.

In the second place, the Nashville Basin is lower than the Lexington
Plain stratigraphically as well as topographically. The Lexington
Plain represents a central outcrop of Middle Qrdovician strata sur-
rounded by a broad ring of Upper Ordovician, the Lower Ordovician
being present only in the Kentucky River gorge. On the other hand,
the Nashville Basin is made up of a central portion underlain by
Lower Ordovician rocks surrounded by a peripheral portion of Middle
Ordovician, the Upper Ordovician being largely absent in Tennessee.
The effect of this condition is very important geographically, for it is
the Middle Ordovician rocks that give rise to the most fertile soils.
Hence in Kentucky a very fertile area is surrounded by one of less
agricultural value, whereas in Tennessee the very fertile area surrounds
the less fertile.

A further difference is found in the valleys of the main streams in
the two areas. In the Lexington Plain the entrenchment is much
greater than that in the Nashville Basin, being of the order of 500
feet, as contrasted with 200 feet in the Nashville Basin.

HIGHLAND RIM REMNANTS

The remnants of the Highland Rim lying within the Nashville
Basin as defined above are present throughout its extent in south-
central Tennessee. Every county has representatives of this type of
topography. They occur throughout the drainage basin of the Elk
River, which flows along the south edge of the basin, and are most
numerous and best preserved on the divide between the Elk and
Duck Rivers. They are also present within the Duck River Basin
in the vicinity of Columbia and on the divide between this river and
the Cumberland.

These higher islands within the generally flat basin represent all
topographic ages. The largest have rather flat surfaces and attain
altitudes of 1,200 feet, as, for instance, the one near the corner of
Bedford, Lincoln, and Moore Counties. Others represent all stages
of reduction to the Nashville Basin level.

HIGHLAND RIM PLATEAU
BOUNDARIES

The Highland Rim plateau section stands about 1,000 feet above
sea level through most of this area, although it descends to about
700 feet along its southwestern and western borders. Its most
distinctive feature is its plateau character,

The Highland Rim is bounded toward the center of Tennessee by
the escarpment descending to the Nashville Basin, a few hundred
feet below. This scarp is practically collinear on a map with the
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contact of the Mississippian and lower formations. On the east the
rim is bounded by the scarp ascending to the Cumberland Plateau,
nearly 1,000 feet above the rim. This scarp approximately coincides
on the map with the contact of the upper Mississippian and lower
Mississippian strata—that is, with the top of the St. Louis limestone.
The boundaries of the Highland Rim on the south and west are not
so sharp as those in other directions, for in these directions it joins
the Coastal Plain province without a topographic break. The
boundary between the Highland Rim plateau and the Coastal Plain
is taken arbitrarily as the Tennessee River,” throughout Tennessee.
In south-central Tennessee, however, the Coastal Plain Cretaceous
sediments extend far north and east of the Tennessee River over the
depressed surface of the typical Highland Rim plateau and reach
thicknesses of 150 to 200 feet.®® In this area, therefore, the topog-
raphy is greatly different from that in other portions of the rim.

STRATIGRAPHY

The strata that are of importance in determining the geomorphic
character of the Highland Rim plateau are those belonging to the
St. Louis limestone, Warsaw formation, Fort Payne chert, and
Ridgetop shale. These form the cap of the plateau. All are more
or less calcareous and siliceous formations, but they differ enough
among themselves to cause considerable differences in the topographic
expression. The St. Louis limestone and Warsaw formation are
limestones with some chert, which weather to a very productive soil.
The Fort Payne chert and Ridgetop shale are much more cherty, and
the derived soil is generally unproductive. The Ridgetop shale in
particular, being more argillaceous than calcareous, commonly
weathers to steep slopes that make agriculture practically impossible.

In southwestern Wayne County the Tuscaloosa and Eutaw forma-
tions, of Upper Cretaceous age, overlap the Mississippian limestones.

GENERAL PHYSICAL FEATURES

The Highland Rim plateau in southern Tennessee is a peneplaned
surface arched over the southern edge of the Nashville dome. On
the eastern edge of the area, in the Decherd quadrangle, the general
level of the Highland Rim plateau is about 1,000 feet near its contact
with the Cumberland Plateau. West of this and somewhat farther
north, near the corner of Lincoln, Bedford, and Moore Counties, a
remnant has an altitude of more than 1,200 feet as shown by highway
profiles. The surface declines westward from an axis somewhere in
this vicinity, and where next seen in the Columbia and Waynesboro

% Fenneman, N. M., Physiographio divisions of the United States: Assoc. Am. Geographers A;mals,
vol. 6, p. 60, 1917.

% Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 2,
p. 25, 1921.
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quadrangles it has descended to about 1,000 feet. This altitude is
apparently continued westward to the vicinity of Hohenwald, in
Lewis County, and southwestward several miles past Collinwood, in
Wayne County, where it transgresses the Cretaceous deposits. West
of Hohenwald the land surface gradually descends on long linear
ridges between westward-flowing streams and is only about 600 feet
above sea level on the east side of the Tennessee River. The general
surface level descends also on both sides of an axis running south~
westward through Collinwood and approximately bisecting the angle
made by the Tennessee River in its change of course in northwestern
Alabama and falls to altitudes of 850 and 900 feet on the western and
southern edges of Wayne County and about 850 feet in southern -
Lawrence County. This surface is probably composite in origin, as
‘more thoroughly discussed on pages 20-24.

The Tennessee River flows along the western border of the area at
about 340 feet above sea level. The total relief of the whole area is
therefore about 650 feet. The Elk River leaves the eastern Highland
Rim at an altitude of 780 feet, about 200 feet lower than the plateau
in this area. In this eastern part of the area the plateau is in a very
youthful stage of dissection in the present cycle: the streams tributary
to the Elk and Duck Rivers are sunk in bold trenches in the plateau.
Away from these streams, however, the topography is practically
that of the old peneplain. The streams draining southward flow in
broad, shallow depressions, and the local relief is small. Sink-hole
topography characterizes much of this area. In the western part of
the area, on the other hand, the dissection is mature, and the local
relief within a mile is 300 feet or more.

STREAMS

The Tennessee River surrounds the Highland Rim plateau in
southern Tennessee and intercepts all its drainage. The Elk River
and Duck River are its major tributaries in this section. The Ten-
nessee River is here characterized by a rather straight course, although
a few pronounced meanders exist, but its tributaries are marked by
the same intricate meandering in the Highland Rim plateau as in
the Nashville Basin.

In the eastern part of the Highland Rim the youthful streams flow
in enfrenched meanders, marked by slip-off slopes and complementary
undercut banks. No prominent terraces exist, and the erosion
process seems to have been one of continuous down-cutting by streams
that are now approaching grade and developing flood plains between
steep hill slopes. .

In the western part of the plateau the stream valleys are marked
by terraces. Especially is this true on the Duck and Buffalo Rivers.
The most prominent of the terrace areas is that at Flatwoods, in
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Perry County, where a long flat spur at an altitude of about 675 feet,
covered with alluvial material, projects into a meander of the Buffalo
River. The surface of this terrace is 130 feet above the river. Far-
ther down the Buffalo River terrace remnants are found at Linden
and at Lobelville. Both these remnants are about 90 feet above the
river and are capped with alluvial materials. Whether they are parts
of the Flatwoods terrace or represent younger terrace stages is prob-
lematic. Abandoned meanders surround some of the terrace rem-
nants, notably at Lobelville, where the present divide in the old
meander stands about 80 feet above the river of today.

Similar features marking periods of relative quiescence in the
erosion process are found on the Duck River also. Hayes and
Ulrich # note that the old broad valley of the Duck River descends
from an altitude of 600 feet at Columbia to 550 feet at Centerville.
Another terrace level appears to be present here some 100 feet higher.
The meandering of the river during the period of valley widening at
the lower level is recorded in an abandoned meander at Littlelot, in
Hickman County, where the divide in the meander now stands at an
altitude of 547 feet, or about 50 feet above the river. A similar
abandoned meander is found farther downstream, at Coble, where
the divide in the meander is now at an altitude of 450 feet, or 50 feet
above the present river. The recency of the down-cutting below
this level is attested by the fact that at the divide in this meander
the land is very poorly drained; the drainage has not had time to
extend itself backward to the divide.

ADJUSTMENT OF DRAINAGE TO STRUCTURE

On the Highland Rim, as in the Nashville Basin, the streams flow
as a rule in synclinal troughs. This has been pointed out in regard
to the Waynesboro area by Miser.® The same condition is found also
in the adjacent counties, although the data in these areas are not
complete. The sharp right-angled bend of the Buffalo River where
it forsakes its almost due west course only 7 miles from the Tennessee
River to flow almost due north for nearly 50 miles before finally
entering the Tennessee is to be correlated in some way with the
structure. A rather sharp anticline with a height of about 150 feet
lies between the two rivers at the bend. Beech Creek of the Ten-
nessee River system is now striving to capture the Buffalo River
through a sag in this anticline.

GEOMORPHIC TYPES

The varying amount of dissection of the Highland Rim gives rise
to two geomorphic types in the portion of the rim lying in south-
¥ Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbisa folio (no. 95), p. 1, 1903.

2% Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26,
p. 41, 1921
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central Tennessee. These two types are separated by a broad transi-
tional zone.

The frayed outer edge of the Highland Rim is typified in Perry
County, where the erosion cycle is at high maturity. Although
practically no upland areas remain here, the crests of the ridges are
still very nearly level. Roads follow these ridges in some places and
indicate the topographic character of the region by their sinuous
courses. Practically no cut or fill is necessary on these roads, but any:
attempt to straighten them would result in very large fills where the -
steep-sided hollows must be crossed. Despite the narrowness of the
divide between the contending streams, it is nearly level. The
optimum conditions for rapid erosion exist: every part of the region
has been reached by the drainage lines, and this drainage has now
its greatest possible average gradient.

The result of the mature dissection is that this region has a valley
culture, in contrast to much of the remainder of the plateau. The
cultivated soils are those resulting from the decomposition of the
Devonian and Silurian rocks and, to a slight extent, of the Ordovician
rocks, greatly modified by the debris which has come down from the
cherty Ridgetop sbale and Fort Payne chert of the valley walls. The
intensive dissection has resulted in a great accumulation of rather
angular chert fragments ir wide stream beds, to such an extent that
in places the surface streams disappear in summer beneath the gravelly
alluvium.

This type of topograplyy is best exemplified in Perry County but is
also characteristic of Wayne County and parts of adjacent counties.
The interstream remnants of the plateau become larger with increasing
distance from the Tennessee River, and Lewis County and northern
Lawrence County are characterized by an upland culture.

In these upland areas on the western part of the plateau the soils
are those derived from the Warsaw and St. Louis limestones. Com-
munication is easier, and two lines of railroad cross the region. These
upland areas have been the last parts of the south-central Tennessee
area to be put under cultivation, and even now clearing is still going
on and many portions are only sparsely inhabited. As a result of
this late settlement large Swiss and German elements are found in
the population of this portion of the Highland Rim, in distinction
to the almost purely early American settlement of the Nashville
Bagin or the Tennessee Valley.

The eastern part of the rim, in Franklin and Lincoln Counties, is.
much like the less dissected part of the western rim just described.
The topography, except in the immediate vicinity of the Elk River,
is gently rolling. This part of the rim lies farther from the Tennessee
River and as a result is less dissected than any of the western part.
Sink holes of small and large dimensions are found throughout the
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area, especially in Franklin County. The soils are on the whole
more fertile than those on the western rim, probably as a result of the
greater thickness of St. Louis limestone remaining iv this area.

CUMBERLAND PLATEAU

Only a small part of the Cumberland Plateau is represented in this
area. This part lies entirely in Franklin County, southeast of a line
joining the northeast and southwest corners of the county.

The distinguishing characteristic of the Cumberland Plateau is
implied in its name. The plateau is at an altitude of about 2,000 feet
at Sewanee, near the eastern edge of Franklin County, and declines
somewhat toward the south. It stands about 1,000 feet above the
neighboring part of the Highland Rim. Its position is indicated on
the geologic map by the outcrop of Pennsylvanian rocks.

In the neighborhood of Sewanee this plateau possesses a gently
rolling surface with no greater local relief than that of the Highland
Rim or the Nashville Basin. In the southern part of Franklin County,
however, it is greatly frayed, the dissection is mature, and the local
relief within a mile may be over 800 feet.

The stratigraphic section of the Cumberland Plateau in this area
consists of a cap of Pennsylvanian shales and conglomeratic sand-
stones overlying limestones of Chester (late Mississippian) age.
Where the Pennsylvanian cap is removed great sinks are formed in
the underlying soluble limestones. Owing to the sandy and com-
paratively poor soils of the Cumberland Plateau, this region is sparsely
inhabited. The coves heading the limestone valleys in the plateau
are fertile, but communication between individual coves and between
the coves and the outside is so difficult that they, too, are only -

sparsely settled.
GEOMORPEIC HISTORY

The present surface of south-central Tennessee is the result of a

" long-continued process divisible into several periods. The history of

the development of this surface must be read from the surface itself.

In some places and for some stages in this development the history

seems clearly written; in other places and for other stages the record
is only vaguely indicated.

The pioneer work on the genesis of the surface of this area, as well
as a much larger contiguous area, was that of Hayes and Campbell.?
This work pointed out the existence of two peneplains in the area
here considered-—one, called the “ Cretaceous peneplain”’, represented
by the hilltop surface of the Cumberland Mountains in this region,
and the other, called “Tertiary”’, represented by the surface of the
Highland Rim. Both peneplains were shown to be warped. A map

# Hayes, C. W., and Campbell, M. R., Geomorphology of the southern Appalachians: Nat. Geog. Mag.,
vol. 6, pp. 63-126, 1804.

-
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accompanying the text showed the Cretaceous peneplain to descend
from about 2,000 feet above sea level in the vicinity of Sewanee,
Franklin County, to about 1,800 feet in the southern part of Franklin
County and to about 1,000 feet in the vicinity of Hohenwald, Lewis
County, and the southeast corner of the Waynesboro quadrangle.®®
These peneplains were correlated with the Upper Cretaceous and
Tertiary sediments, respectively, of the Coastal Plain. Hayes 3
later dropped the nomenclature implying the age of formation of these
peneplains and described essentially his Cretaceous peneplain as the
“Cumberland peneplain” and his Tertiary peneplain as the ‘‘High-
land Rim peneplain.” A third peneplain, the- Coosa, was also
described, with which the Nashville Basin was correlated.

.The slopes as given by Hayes and Campbell for the peneplains in
the central part of the south-central Tennessee area were corrected
after a study of the Columbia quadrangle? The 1,000-foot level
in this quadrangle was recognized to be continuous with the eastern
Highland Rim, and hence part of the Highland Rim peneplain rather
than a part of the so-called ‘Cretaceous peneplain’, as the earlier
work implied.

Galloway,® without adducing evidence, dated the completion of the
Highland Rim peneplain at the end of Eocene time, and the Nashville
Basin peneplain as middle Pleistocene.

Shaw,* in a study of the geomorphology of an area southwest of the
area here considered, developed hypotheses profoundly modifying
the conclusions drawn from the other work applying to south-central
Tennessee. From observations extending from central Mississippi
into Wayne County, Tenn., he was led to believe that the Highland
Rim peneplain remains much higher than indicated by the work of
Hayes and Campbell and, sloping seaward at a very flat angle,
probably passes under the Pliocene and perhaps the Miocene deposits
of the Gulf coast,? so that it is probably not older than the beginning
of Pliocene time, although perhaps as old as early Miocene.® A
second point of importance is the fact that the upland levels in the
Mississippi-Tennessee region cannot be correlated with a single
erosion surface or peneplain, but that along “a line 25 miles northeast
of Tuka, Miss., or, in other words, a line traversing the southwestern
portion of Wayne County”, the Highland Rim peneplain intersects

30 Hayes, C. W., and Campbell, M. R., op. cit., pl. 6.

31 Hayes, C. W., Physiography of the Chattanooga district: U. 8. Geol. Survey 19th Ann. Rept., pt. 2,
Dl:’- ]1;:8;;;85()39: W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbia folio (no. 95), 1903.

3 Galloway, J. J., Geology and natural resources of Rutherford County, Tenn.: Tennessee Geol. Survey
Bull. 22, pp. 17-24, 1919.

3 Shaw, E. W., The Pliocene history of northern and central Mississippi: U. 8. Geol. Survey Prof. Paper
108, pp. 125-163, 1918.

% Idem, p. 153.
% Idem, p. 162,
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a more steeply sloping and older planed surface, which dips under
Cretaceous deposits.?”

This ‘““pre-Cretaceous peneplain is apparently represented by hill-
tops in and near the northeast corner of Mississippi.”” There is also
indication that a peneplain emerges from between the Cretaceous and
Tertiary systems in Mississippi and passes upward toward the north-
east but slopes less steeply than the pre-Cretaceous peneplain, with
the result that the two intersect. Plains younger and lower than the
Highland Rim or Miocene (?) peneplain are noted.

This work of Shaw furnishes the keynote to the erosioval history
of the extreme western and southwestern portion of the area con-
sidered in this report. The Highland Rim plateau, as defined, does
not coincide in its southwestern part with the Highland Rim pene-
plain. Tt is evident that the topography of Perry County and much
of Wayne County preserves in its upland levels essentially the
exhumed pre-Tuscaloosa (or pre-Upper Cretaceous) peneplain found
by Shaw. This interpretation of the Highland Rim in this area
has previously been made by Drake 2 and Wade.*

It is a priori evident that such peneplains as exist in the Appalachian
area must at least approach coincidence in the western part of south-
central Tennessee, and their planes must intersect in or near this area,
for in the inland, highland area the older peneplains must be above
the younger peneplains, while at their seaward edges the sediments
in the Mississippi embayment derived from the erosion of the older
plains must lie beneath the sediments from the younger plains. The
area here considered is therefore a critical area where the different
baselevel planes must be close together and any one may be above
or below any other.

The fact that the high ridges of Perry County and much of Wayne
County represent essentially the pre-Tuscaloosa surface is manifest
from the fact that gravel of Tuscaloosa age thinly caps them in places,
Thus, in and near Hohenwald there is a Tuscaloosa outlier 20 or 30
feet thick. . Westward from Hohenwald gravel forms thin cappings
on the high ridges east of the Tennessee River.®® If a general profile
is drawn along a line from Hohenwald westward across the Tennessee
River, it will be found that a gentle arch with slight upward convexity
connecting the base of the Cretaceous deposits (Eutaw) west of the
Tennessee River with the base of the Cretaceous (Tuscaloosa) at
Hohenwald will touch the intervening high points of the surface.
The Buffalo and Tennessee Rivers have apparently side-slipped in

3 Shaw, E. W, op. cit., p. 162.

3 Drake, N. F., Economic geology of the Waynesboro quadrangle: Resources of Tennessee, vol. 4, no. 3,
D. 99, Tennessee Geol. Survey, 1914,

3 Wade, Bruce, The gravels of West Tennessee Valley: Resources of Tennessee, vol. 7, no. 2, p. 57, Ten-
nessee Geol. Survey, 1917,

40 Wade, Bruce, The geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no. 4, p. 173,
Tennessee Geol. Survey, 1914.
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their erosion down the slope of this surface, which is also the direction
of dip of the strata.

The same situation holds for muech of Wayne County, as can be
seen from the numerous small outliers of Tuscaloosa scattered over
the Waynesboro quadrangle. Miser * states:

The Tuscaloosa gravel and Eutaw sand, of Upper Cretaceous age, cap the
ridges in the southwest part of the [Waynesboro] quadrangle and the Tusecaloosa
is present on most of the ridges in the other parts of the quadrangle. It is
therefore reasonably evident that the Tusealoosa and perhaps the Eutaw at one
time extended as continuous beds over the quadrangle.

Tt follows that many of the ridges here represent essentially this
exhumed pre-Tuscaloosa surface. This seems especially evident in
the northern part of the Waynesboro quadrangle. The highland
areas slope away rather abruptly from the 1,000-foot level in the
southeastern part of the quadrangle and continue ar even slope down
to an altitude of about 550 feet in the Tennessee River valley 15
miles south of the quadrangle. The origin of this slope is somewhat
obscure. The portion of it in the Waynesboro quadrangle may rep-
resent essentially the pre-Tusealoosa surface. It corresponds in a
rough way with the base of the Tuscaloosa a few miles farther west.
However, the entire slope southward in Alabama does not represent
the pre-Tuscaloosa surface, for, as cited above, the upland slope
descends gradually to the Tennessee River, whereas the base of the
Tuscaloosa is much higher in the hills south of the Tennessee River.
It does not represent either the so-called *Cretaceous peneplain’ or
the Highland Rim peneplain, for the upland levels south of the
Tennessee River rise abruptly to 900 and 1,000 feet above sea level
in Little Mountain, which was first considered a part of the Cumber-
land Plateau by Johnston ** and later included in the Highland Rim.®
The higher peneplains therefore extend over the Tennessee Valley.
The slope is apparently analogous to the slopes of the spurs east of
the Tenuessee and Buffalo Rivers in Perry County. It appears to
represent lateral planation of the Tennessee River during its down-
cutting while it was side-slipping to the south. The line of inter-
section between the old pre-Tuscaloosa surface and the younger slope
of the Tennessee River cannot be located at present, owing to the
lack of data concerning the topography ard coucerning any surficial
deposits that may be present in the valley.

The history of the surface of south-central Tennessee as so far
considered begins, then, in pre-Cretaceous time, probably with the
production of a peneplain as represented in Perry County and much

4 Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26,
p. 62, pl. 1, 1921.

19:0 J ohnston, W. p., Jr., Physieal divisions of northern Alabama: Alabama Geol. Survey Bull. 38, p. 10,

4 Johnston, W. D., Jr., A revision of physical divisions of northern Alabama: Washington Acad. Sci.
Jour., vol. 22, no. 8, p. 221, 1932.
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of Wayne County, and possibly in parts of adjacent counties. As
this surface approached baselevel, a thick residual mantle of cherty
clay probably accumulated upon it. The western and southwestern
part of the area here considered next sank beneath sea level in early
Upper Cretaceous (Tuscaloosa) time, and the sea encroached upon
it. It is probable that the depression of the west end of the area
was accompanied by an uplift of the eastern part and the Appalachian
region. As the sea encroached over the western part of the area it
may have planed off irregularities left on the surface, but the action
seems t0 have been of small amount, and the residual mantle seems
to be undisturbed except in its upper portion.

‘While the Tuscaloosa gravels and Eutaw sands were being deposited
and, according to Hayes and Campbell, during the remainder of Cre-
taceous time the land to the east was being worn down. Near the
end of the Cretaceous period, according to the same authorities, the
area had been planed down by erosion to a gently rolling surface such
as that seen on the Cumberland Plateau near Sewanee today, though
much nearer sea level. This surface extended westward beyond the
limits of the area considered in this report. Apparently no part of
this surface is represented in this area today except that in eastern
and southern Franklin County. The remainder has been eroded.

The area was then warped upward. On the east side of the area
the uplift amounted to about 1,000 feet; on the west side it was much
less, but the amount cannot be determined.

During and after this uplift the streams were again engaged in
cutting down the land. The erosion continued until almost the whole
area was cut down nearly to sea level, and the second or Highland
Rim peneplain (the so-called *‘Tertiary peneplain’’) was developed.
This process continued until the end of Vicksburg (Oligocene) time,
according to Hayes and Campbell,** until the beginning of Miocene
or more probably Pliocene time, according to Shaw;* or until the
end of the Eocene, according to Galloway.*

At the end of this period of erosion the divides between the streams
were very low, and the surface exhibited little relief. This plain of
slight relief extended over the entire area of this report with the ex-
ception of the part of Franklin County containing the Cumberland
Mountains. It was cut about 1,000 feet below the older, Cumberland
peneplain in the eastern part of the area and a much less distance
below it in the western part of the area.

Later the area was again uplifted, and the streams were rejuvenated.
A third peneplain was produced and is represented in Tennessee by

# Hayes, C. W., and Campbell, M. R., Geomorphology of the southern Appalachians: Nat. Geog.
Mag., vol. 8, p. 125, 1894.

4 Shaw, E. W., The Pliocene history of northern and central Mississippi: U. 8. Geol. Survey Prof. Paper
108, p. 162, 1918.

4 Galloway, J. J., Geology and natural resources of Rutherford County: Tennessee Geol. Survey Bull.
22, p. 17, 1919.
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the Nashville Basin. This erosion surface has been correlated
with one in Georgia by Hayes and Campbell and called the ‘“Coosa
peneplain.”

It is necessary to consider the nature of the rocks and the way
in which the strata were bowed at the time in order to explain the
origin of the Nashville Basin. For here we have a peneplain almost
entirely surrounded by higher land, which has been so little affected
by the erosion that brought the basin down to a plainlike surface
that broad portions of an older peneplain are still preserved. All
other conditions being the same during a process of erosion, the sea-
ward portions of the land must be worn away first, for here the
streams have been at work longer than they have in the inland
portion. As the central area rather than the seaward portion of
the surface was first reduced here, it is evident that other conditions
have modified the process of erosion.

The strata of central Tennessee have been bowed up over the
central basin throughout most of the decipherable geologic history
of the State. They seem to dip away in all directions from the
vicinity of Murfreesboro, Rutherford County, and throughout geo-
logic time since the origin of the rocks now exposed the highest struc-
tural point has apparently been somewhere in this vicinity. As a
result, when the streams produced the Cumberland peneplain and
again when the Highland Rim peneplain was established they cut
down in central Tennessee into rocks that lay several hundred feet
below the surface rocks in the circumferential area. It is evident,
then, that when the Highland Rim peneplain was uplifted and
streams began anew the process of dissection of the land, they had
different rocks to erode in the central area from those in the area
around it,

The cap rocks over the whole ares were the siliceous limestones
and shales - of the Mississippian epoch. Over the central area, how-
ever, these rocks were thin. Consequently in a comparatively short
time the streams in the central area cut through them and began
to wear away the underlying calcareous shales and limestones, which
evidently were much easier to erode. The fine debris furnished by"
the weathering of the shaly rocks could be more easily handled by
the streams than the large amount of chert resulting from the weath-
ering of the cherty Mississippian rocks. Erosion in the central area
proceeded much more rapidly than in the surrounding area, with the
result that the central area was reduced to a fairly level surface,
while the streams to which the erosion was due were not able to
widen their valleys very greatly in the thicker Mississippian rocks
downstream.

The Nashville Basin level or perhaps group of levels is probably
continued downstream in the terrace remnants preserved along the
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stream valleys. Detailed data that would make it possible to cor-
relate some of the terraces observed with topographic features in the
basin are not available. However, Hayes and Ulrich* have traced
a terrace representing a former broad valley of the Duck River at
Columbia into terrace remnants at Centerville. These remnants are
600 feet above sea level at Columbia and about 550 feet at Center-
ville. Some distance above Centerville, at Littlelot, an abandoned
meander of the Duck River has an altitude of 547 feet and lies about
50 feet above the river. A similar abandoned meander is found
about 20 miles below Centerville at an altitude of about 450 feet,
also about 50 feet above the river. These remnants probably indi-
cate the slope of the 600-foot terrace at Columbia. Above this
terrace in the vicinity of Centerville there appears to be at least one
other terrace, about 100 feet higher. Similar terrace remnants and
high-level abandoned meanders also exist on the Buffalo River.
Some of these are probably to be correlated with the Nashville
Basin level.

The time at which the basin level was perfected is not known.
Galloway * states, without giving evidence, that it was middle
Pleistocene. Miser # regards the terrace deposits on the Buffalo
River as Quaternary but gives no evidence for this conclusion.
Wade * accepts this interpretation for Perry- County but notes that
no fossils have been found in the terrace deposits and that there is
no direct evidence for the view.

Apparently there is no reason why this conclusion may not be
tentatively accepted. However, before the geologic age of these
features can be considered established, their relations to the broad
terraces on the Ohio and Mississippi Rivers, which were largely cut
in Pliocene time,” must be determined.

STRATIGRAPHIC SYNOPSIS AND COLUMNAR SECTION

The rocks of south-central Tennessee are all of sedimentary origin
and range in age from Lower Ordovician to Recent. Those younger
than Paleozoic are in general unconsolidated and consist of gravel,

"sand, and clay. Such deposits cap some of the ridge tops and high-
lands in the western part of the area and are also represented in the
alluvium of the streams throughout the area. The consolidated
rocks, which are all of Paleozoic age, consist almost entirely of lime-

4 Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbia folio (no. 95), p. 1, 1903.

4 Galloway, J. J., Geology and natural resources of Rutherford County: Tennessee Geol. Survey Bull,
22, p. 17, 1919.

# Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Burvey Bull. 26,
p. 25, 1921.

% Wade, Bruce, Geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no. 4, p. 174,
Tennessee Geol. Survey, 1914.

1 Bhaw, E. W., Pliocene history of northern and central Mississippi: U. 8. Geol. Survey Prof. Paper
108, pp. 126, 139, 1917,
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stone and shale. The strata are on the whole very fossiliferous, and
the fossils represent the ultimate and in places the only means of
differentiating the formations. Lithologic differences are generally
not conspicuous, and many of them are not consistent over a large
area. A thick mantle of residual chert makes the determination of
contacts in the western part<of the area difficult.

The strata are not consistent in their relations with one another,
partly because of nondeposition of some of the beds and partly be-
cause of interformational erosion, which has removed earlier beds in
many places. The Nashville dome has been an island throughout
most of its sedimentary history, with the result that many of the
formations change facies within rather short distances, that the
sequences are somewhat different on opposite sides of the dome,
and that many of the formations, from Ordovician to Mississippian,
were deposited only in elongated embayments. In the Nashville
Basin and Highland Rim sections 22 unconformities have been recog-
nized. In one place as many as 21 recognized formations are missing,
partly through nondeposition and partly through interformational
erosion.

The rocks exposed in the area are described in detail on pages 52-81,
and a columnar section is presented below. In this section an at-
tempt is made to express the variation of the sequence in different
localities in the area by indicating the magnitude of the many un-
conformities in it in terms of the formations locally absent. Where
an unconformity is noted without mention of its stratigraphic extent
(as between the Pennsylvanian and Mississippian series), the inter-
pretation is that the two contiguous formations are in unconformable
contact throughout the area in which they occur. Where the extent
of the unconforndity is noted the interpretation is that all formations
below the unconformity and above the named formation are absent
in places. Thus the notation ‘‘Unconformity extending to Wayne
formation” at the base of the Pegram limestone (Devonian) indi-
cates that the Pegram limestone rests on the Wayne formation
wherever the Pegram is known; and the notation ‘Unconformity
extending locally to Decatur limestone” at the base of the Harriman
chert indicates that the Harriman may be expected to rest on any of
the formations below it down to the Decatur limestone except where
the intervening formations may have been removed in intervening
periods of erosion or where they may not have been deposited.

131880—36——3
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GROUND WATER
SOURCE

All the potable ground water of south-central Tennessee probably
has its origin in rain and snow that fall upon the surface of the ground
and percolate down to the ground-water level. This source is evident
in an area such as this, where many of the water supplies are drawn
from springs: the discharge of most of the springs increases after a
long rainy season and decreases after a long drought. This response
of the discharge of a typical spring to the precipitation is shown by the
behavior of Huntsville Spring (p. 8 and pl. 5). :

The highly mineralized water found at many places in the area,
especially in the Nashville Basin, may have had in part another origin,
although some of it without doubt, perhaps a considerable part of it,
is water that differs from the normal water only in having passed, per-
haps more slowly, through rocks capable of yielding to it greater quan-
tities of various soluble salts. Aninspection of the analyses from the
wells and springs numbered 12, 17a, 18, and 19, in Bedford County
(p. 88), 60, in Franklin County (p. 96), 139, 150, and 167, Hickman
County (p. 114), 239, in Lewis County (p. 128), 279, in Lincoln County
(p. 134), 374 and 383, in Maury County (p. 153), and 427, in Perry
County (p. 164), will show that this water ranges in character between
two types—calcium-sulphate water, represented by the water from
Primm Springs (167), Hickman County, and that from well 374,
Maury County, and sodium-chloride water, represented by the water
from well 18, near Haley, Bedford County.” The water from the
other wells is intermediate in character between these two types.
All this water except that from Primm Springs comes from shallow
wells, and the rocks that yielded the samples range in age from
Ordovician to Mississippian.

The origin of the Primm Springs water indicates the possxble orlgm
of the other calcium sulphate water of the area. This water is dis-
charged from two weak springs close together in joint cracks in the
Chattanooga shale. This formation contains considerable iron sul-
phide, which probably oxidizes and hydrolyzes to sulphuric acid and
iron hydroxide in the presence of water carrying oxygen in solution.
The sulphuric acid probably then reacts with the adjacent limestone
to form calcium sulphate. This explanation seems obvious for these
particular springs and similar ‘“‘sulphur” and chalybeate springs in the
Chattanooga shale. The source of the sulphate in the remainder of
the water highly charged with sulphate cannot be pointed out,
although the common occurrence of hydrogen sulphide in the water
of the region shows the presence of sulphur-bearing compounds.

The sodium chloride water and, in part, the calcium sulphate water
may have obtained their mineral constituents by passage through
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lenses containing gypsum or salt in the limestone, or they may be fossil
water. The facts that water of this type is distinetly different from
the normal ground water in the area and that there is no ciear gradation
between the normal water and the highly mineralized water seem to
indicate that there is little or no pbysiecal cornection between the two
types. Some of this water may have been trapped in the rocks in
past geologie time. It is probably not truly connate water, or water in
which the sediments were laid down, for the evidence in the area seems
to show that most of the original porosity of the limestone containing
this water has been lost. More probably the limestone was rendered
porous and eavernous during some Paleozoic epoch of erosion, and the
contained water was trapped in the pores by the deposition of the
overlying sediments after the land again sank below sea level. Evi-
dence of such Paleozoic interformational solution is found in sink holes
which have been filled by the Chattanooga shale ® and in the many
other unconformities in the area. Although all the wells producing
the samples of this water that have been analyzed are shallow, most
of them are slightly deeper than the average in their respective vieini-
ties. It may therefore be that this water is fossil water trapped in
openings which the underground erosion of the present cycle has not
yet been able to reach and flush effectively. It should be noted,
however, that this water in general is not merely diluted sea water or
water that could be produced by the simple evaporation of sea water.

TYPES OF OPENINGS IN WHICH WATER IS FOUND

The openings in which ground water is found in south-central
Tennessee may be classified as to origin into primary and secondary
types, or those formed at the time the containing rock itself was
formed and those which had a later origin. The primary openings
in this area are represented by those in the Cretaceous and later
formations. These openings are simply the interstices between the
individual grains of gravel or sand and have, of course, existed there
since the gravel and sand were laid down. Openings of primary origin
are practically nonexistent in the Paleozoic rocks of this area. The
bedding plaves that slowly seep water—as, for instance, on the face
of a quarry—are, to be sure, primary openings, but the relative amount
of water passing through such openings is negligible in comparison
with the amount passing through openings of other types in the
Paleozoic formations. .

The secondary openings, comprising practically all those in the
Paleozoic rocks, may in turn be classified as structural openings and
solution openings. The types of structural openings important as
containers of ground water in south-central Tennessee are the fractures
resulting from the stresses set up in the rock during its deformation.

8 Lusk, R. G., A pre-Chattanooga sink hole: Science, vol. 65, pp. 579-580, 1927.
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The greatest of such fractures are the faults in which one portion of the
rock is displaced vertically or horizontally with respect to neighboring
portions. In many regions the openings along fault planes have an
important bearing on the movement of ground water, but in south-
central Tennessee their influence seems to be practically negligible.
Of much greater effect are the joint cracks that divide an irdividual:
bed of rock into small or large blocks. As water producers, joint
cracks are especially effective in south-central Tennessee in the Cbat-
tanooga shale. Many of the so-called ‘““medicinal springs”’ scattered
throughout the area along the outcrop of this formation derive their
water from joint cracks init. Joint cracks are probably also of special
importance as water-bearers in the Harriman chert of Perry County.
This dense and otherwise impervious formation is so intensely jointed
that a tap of the hammer upon an outcrop may break the rock into
innumerable very small fragments. No wells or springs are known to
derive water from this chert within the area covered by this report—
chiefly, probably, because of its small area ot outcrop and the fact that
it lies upon generally uninhabited and agriculturally poor hill slopes,
but its intensely fractured condition must greatly facilitate the move-
ment of water through it to the underlying formations.

Solution openings, which are of greatest importance in connection
with ground water in the Paleozoic rocks of south-central Tennessee,
are those which have been formed by the ground water itself by solu-
tion of the walls of the passageways through which it moves. Solu-
tion openings may be of any size from hardly visible pores to caverns
many feet or many scores of feet in height or diameter. The most
outstanding example of a rock with solution openings of very small
size is the tripolite, locally called ‘“chalk”, at certain localities in
Wayne County near the contact of the Fort Payne chert and the
Warsaw (?) limestone. This material, which probably was originally
8 very fine grained ealeareous chert or siliceous limestone, has suffered
progressive leaching of the calcareous constituent until a fairly uni-
formly porous siliceous rock is left. In certain localities of the
Nashville Basin the Hermitage formation, which was originally at
these localities a calcareous sandstone, has also suffered progressive
and uniform leaching of the calcareous cement until a porous sandstone
is left, at least at the outcrop. Small openings such as these will not
deliver water rapidly to a well, and hence a well that taps them may
be weak, but because they occur uniformly throughout the rock any
well reaching their horizon is almost certain to find water.

A second kind of opening which occurs uniformly throughout the
rock is found in the basal part of the Fort Payne chert immediately
above the Chattanooga shale in certain localities. Openings of this
type can best be seen in the road cut on the Shelbyville-Fayetteville
highway where it crosses the remnant of the Highland Rim near the
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corner of Moore, Bedford, and Lincoln Counties. The basal Fort
Payne at this locality is rather uniformly permeated by pores a
quarter or half an inch in diameter. The openings are actually
intertwining tubes, so that a hand specimen of the rock looks rather
like a mass of loosely intertwined large worms, and a cast of the pores
themselves would have about the same appearance. This rock is the
main water-bearing stratum of this remnant, and nearly all the wells
upon it derive their water from it. Material of practically the same
kind was taken from a well at the Waynesboro Hotel,in Wayne County,
and came from a horizon close to the base of the Fort Payne chert.

Most of the water derived from the Paleozoic rocks of this area,
however, is drawn from the much larger and more irregularly spaced
solution openings. Many of these openings are joint cracks or bed-
ding planes enlarged by solution, but in some of them all traces of
the parent opening have been lost. The diameter of openings of
this tubular type ranges from a fraction of an inch to several feet.
The cross section of such an opening may be of almost any shape.

These tubular openings, especially those of large size, are likely to
make very intricate patterns in three dimensions in the rock. They
may exemplify almost any type of hydraulic conduit. They may
be interconnected among themselves and may even divide and form
distributaries. In some places the passageways may be of such shape
and have such relations to one another that freakish hydrologic phe-
nomena may result. The reported behavior of Bigby Spring (392),
in Maury County, yields such an example and is more fully discussed
on page 40.

The irregular spacing of these tubular openings gives rise to many
difficulties in obtaining ground-water supplies in the limestone of the
Nashville Basin. Where the tubular passageways are distantly
spaced it becomes more or less a matter of chance whether the drill
will encounter one. For instance, near Fall Creek, in Bedford County,
6 dry holes were drilled within a radius of about 200 feet, and only
a seventh well yielded water. Similar examples could be found in the
other counties of the Nashville Basin. However, in most areas the
tubular passageways are spaced closely enough for most wells to ob-
tain water at some shallow ‘depth.

Inasmuch as solution openings are formed by moving water, it may
be expected that they will be more numerous in portions of rocks in
which the ground-water circulation is vigorous—that is, above drain-
age level. The most common exceptions to this generalization occur
where the ground-water level has risen either because of depression of
the area or because of the emplacement upon it of additional sedi-
ments, as in glaciated regions.® In south-central Tennessee neither

8 Meinzer, O. E., The occurrencs of ground water in the United States, with a discussion of principles:
U. 8. Geol. Survey Water-Supply Paper-489, p. 132, 1923,
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of these has occurred in recent geologic time, and the solution channels
seem to be generally confined to shallow depths—that is, to a zone
which does not extend more than, say, 100 feet below the general
drainage level, although there are some exceptions.

The outstanding examples of failure to obtain potable water at
depth are given by the attempts to obtain municipal supplies for the
cities of Pulaski and Lewisburg. Well 93, at Pulaski, reached a
reported depth of 1,700 feet and is said to have obtained no water
except a seep near the surface. Well 338, near Lewisburg, reached a
depth of 1,860 (?) feet with similar negative results. Among the
other wells that are reported to have been dry below shallow depths
are wells 11 (1,200 feet), 49 (850 feet), 55 (950 feet), and 57 (1,907 feet).
However, a few exceptional wells in the region have apparently found
solution openings filled with water at depth. These openings were
probably produced by ground-water circulation in past geologic ages.
Much of the water obtained at depth is salty and unpotable and there-
fore indicates that these deeper openings are at least not freely con-
nected with the more or less vigorous ground-water circulation at
shallow depths. Among such salty deeper wells are wells 13, 47, 62,
102, 283, 335, and 336. A few deep wells have obtained potable
water, among them well 192, near Lawrenceburg, which is reported to
have yielded potable sulphur water from a depth of 2,105 feet; well
146, near Centerville, which is reported to have yielded water of the
same type from a depth of 1,300 feet; and wells 137, near Lyle, and
360, near Mount Pleasant, which yielded apparently potable water
from depths of about 700 feet. In part the deeper waters may come
from sandstone beds rather than solution openings in limestone, the
water-bearing bed in the Centerville well (146) being, for instance,
apparently at about the horizon of the St. Peter sandstone. Well
481, near Waynesboro, logged. ““water sands’’ at depths of 1,390 and
1,738 feet.

Many dug wells in the cherty clay mantle derived by weathering
from the Mississippian rocks of the western Highland Rim obtain
water from sand stringers in the clay, which are apparently fossil
tubular openings. These apparently represent large solution pas-
sages that once existed in the limestone and were partly filled with
sand or gravel by the streams that flowed through them. Later, with
continued weathering, the limestone dissolved away, leaving its clayey
residue encasing the gravel and sand that once filled the channe].

CIRCULATION OF GROUND WATER

Water derived from rainfall descends beneath the surface under the
action of gravity through any available openings in the soil and
underlying rock. It may percolate slowly downward through the
interstices between the grains of sand and gravel, as in the Tusca-
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loosa formation, or through joint eracks in limestone, as in many areas
in south-central Tennessee. In limestone areas it may also descend
more rapidly through openings that have been enlarged by solution.
The larger of such passageways may reach the surface as sinks, which
are small orlarge surface depressions with more or less centripetal drain-
age to a swallow hole, in which the water descends beneath the surface.
Sinks are a common feature of the landscape in the eastern High-
land Rim in Franklin County and adjacent areas. They are also
numerous in the cove areas along the frayed margin of the Cumber-
land Plateau in the same general area. In the western part of the
Highland Rim the most outstanding example of a sink is found near
Pleasantville, Hickman County, where Sinking Creek disappears
into such a swallow hole, the water coming to the surface again in
several springs along Cane Creek a few miles above Pleasantville.®

In a more or less uniformly porous rock, such as the Tuscaloosa
formation, water descends vertically until it reaches the level below
which the pores of the rock are-completely saturated with water.
This level is called the water table and is essentially the level at which
water stands in wells. Usually the water table is not horizontal but
has a gentle slope at all points, its shape as a rule conforming to that
of the land surface above it, because the water below the water table
is in motion laterally in the direction of slope of the water table,
which must therefore slope from the hills, where the water is replen-
ished, to the valleys, where it is discharged in springs. The rapidity
of its movement depends upon the amount of slope of the water
table, called the ‘“hydraulic gradient”, and the innate capacity of
the containing rock to transmit water, called its “hydraulic permeabil-
ity.” The permeability of a rock depends upon the size and continu-
ity of the openings in it. Units for measuring it have been proposed
and accepted. The water table usually slopes down to and intersects
the perennial streams at their water level, so that the ground water
below the water table usually discharges into these streams through
springs along its banks, This condition is clearly exemplified in the
series of large springs in the Tuscaloosa formation lining the banks
of Cypress Creek in its lower course.

In places where the downward movement of the water is tempo-
rarily arrested by an impervious bed the water will accumulate above
such a bed, forming what is termed a perched water table. Such
perched water tables probably occur over small areas in the Tusca-
loosa formation and would explain those wells which get water con-
siderably above the base of the formation, such as well 483, in Wayne
County. Similarly well 241, in Hohenwald, derives its water from a
"#'Wade, Bruce, The geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no. 4, p. 166,
Tennessee Geol. Survey, 1914.

5 Meinzer, O. E., Outline of ground-water hydrology: U. S. Geol. Survey Water-Supply Paper 494,
D. 44, 1923,
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water body of very local extent in an outlier of the Tuscaloosa for-
mation, probably perched upon the rather impervious clay residue
of the Mississippian limestone.

The most extensive perched water table in south-central Tennessee
is the regional one perched above the Chattanooga shale. This
formation probably deflects most of the water that percolates to it;
its upper surface is the outstanding horizon of springs throughout the
area, and many wells draw their supplies from the beds just above it.
In certain areas, such as the remnant of the Highland Rim at the
northwest corner at Moore County, wells that do not obtain water
above the Chattanooga shale generally remain dry or at least must
be drilled much deeper before water is found.

In the limestone regions of south-central Tennessee and elsewhere,
the water table is not as plainly marked as it is in uniformly porous
material such as that of the Tuscaloosa formation. Neighboring
wells do not in general strike water at about the same level, but com-
monly their depths vary somewhat widely, depending upon the
levels at which openings filled with water are found. In many and
perhaps most areas,’® however, the water will rise in shallow wells to
about the same level. In such areas a surface conneeting these levels
may be considered a water table, the inference being that the maze
of -solution channels, open joints, and open bedding planes are all
filled with water to this level. When the hydrologic conditions in
limestone are compared with those in uniformly porous material,
the limestone may be considered a greatly magnified portion of the
uniformly porous deposit, the limestone blocks' between bedding
planes and joints being compared to the grains of sand or pebbles or
boulders in the porous deposit, and the joint planes and solution
openings being analogous to the open interstices of the porous deposit.
However, owing to the fact that the water-bearing openings in a
limestone region may be of greatly different sizes, the hydrologie
conditions may be so variable in the region as to render the concept
of a water table valueless or even to invalidate its application entirely.
Martel ¥ has denied its existence in limestone regions and proposes
instead to substitute for it the conception of a system of undergronnd
channels, vertical and horizontal, which carry the water much like
the system of pipes in an artificial water-supply system. He cites
many examples from the calcareous regions of Europe showing that
the concept of the water table does not apply.

The general question as to the extension of the term “water table”
to limestone conditions seems academic. The concepts of hydrology
merge into one another, and the answer to the question where to

8 Meinzer, O. E., The occurrence of ground water in the United States: U. 8. Geol. Survey Water-Supply

Paper 489, p. 133, 1923.
. & Martel, E. A., Nouveau traité deseatix souterraines, p. 222, Paiis, 1921.
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bound one and begin another is largely subjective. As stated above,
in areas where the water in normal wells stands at interrelated levels
the concept may be applied, with the realization that it is an extension
from the areas where it is more obvious. In areas where this condi-
tion deoeos not exist the coneept is clearly out of place. The more
practical aspect of the problem is to examine the ways in which the-
circulation of ground water in limestone differs from that in porons-
materials. '

An obvious difference is indicated by the rapid increase in flow of
some springs after heavy rains. It is evident that when this occurs,
especially when the water is muddy or carries debris, there is a direct
connection between the spring and the ground surface at some other
point, allowing storm water to be immediately discharged. Spring
236, near Iron City, is reported to follow the fluctuations of Holly
Creek, 2 miles distant, and to become muddy when the creek does.
Similarly spring 131, near Coble, indicates by its high summer
temperature that it is discharging water which has spent only a rela-
tively short time undérground. For this spring the inlet of the sut-
face water is known. Examples of this sort could be multiplied in
this as well as other limestone regions. In such regions there may or
may not be a local water table, but where there is one it is evident
that there is also a direct surface connection superimposed upon a
maze of smaller interstices, filled to approximately the same levels,
which feed water to the main opening more slowly during dry periods.

Furthermore, although the maze of joint planes and smaller solu-
tion openings may be filled with water to a certain level, thus forming
a water table in the sense in which the term could be used in soluble
rocks, there may still be a larger tubular passage beneath such a
water table, draining the smaller passageways and yet only partly
filled with water. Where water drops continually from the walls
or roofs of caverns, or where stalactites and other tufaceous deposits
indicate that it has done so in the past, it is evident that saturation
has been reached somewhere in the interstices above. The infer-
stices may be of such a nature that saturation in the overlying rock
has proceeded uniformly enough to establish a water table above the
cavern, or the openings may differ so much in size that the water
level is variable and the concept becomes useless.

If several systems of passageways are present, interconnected
with various degrees of freeness by openings of different sizes, the
conditions give rise to various heads in the several systems. Such
conditions may be considered somewhat analogous to a system of
perched water tables. In an area characterized by such conditions
neighboring wells are likely to vary not only in depth to water but
also in static water level and seasonal variation.



40 GROUND WATER IN SOUTH-CENTRAL TENNESSEE

Finally, owing to the irregular character of the solution openings
freakish hydrologic phenomena may occur. Solution openings may
be expanded in some parts and constricted in others. In many places
they have the shape of siphons. One of the better-known freakish
phenomena associated with limestone regions is exemplified by ebbing
and flowing springs,® which, regardless of meteorologic conditions,
vary widely in their flow, usually at more or less regular intervals.
-Such phenomena are probably usually associated with siphons in the
conduits.

~Bigby Spring (392), according to report, has a regimen that ranks
it as one of the most freakish springs. This spring, which had a
flow of a few gallons a minute when visited, furnishes water to several
hydraulic rams to supply the needs of inhabitants in the community
of Blgbyvﬂle According to reports, after each of several heavy
rains in a recent wet year the spring ceased flowing and another
normally dry opening about 100 yards up the creek and at nearly
the same altitude began to flow. This continued so long after each
of the heavy rains that the rams were moved to the new spring several
times. Unfortunately, however, the new spring would soon cease
to flow and Bigby Spring would begm again, necessntatmg the return
of the rams. The solution openings that feed this spring are not
large enough to enter for investigation, but such behavior can be
explained on the basis of a hydraulic system involving siphons whereby
one channel is put in operation when the water table is high and the
other when it is low.

Figure 1 shows one hypothetical system by which this effect could
be produced. The system shown is supposed to be in connection
at the right of the diagram with the regional system of passages in
which the hydraulic head varies between the levels marked 1 and 2.
Ordinarily the head is supposed to be at the height 1, and water
flows through the passages drawn with full lines—that is, through.a, .
then through the pseudosiphon b, which is connected with the sur-
face and the atmosphere by the fracture or solution opening ¢, and
then through the constricted passage d, emerging at the spring, S,.
Under this condition, the hydraulic gradient will be represented by

the broken line marked 1, the gradient being steeper along the con-
stricted passage d than elsewhere because of its small size. If the
water level at the right of the diagram rises over the small passage
f, a part of a second system of passages shown by dotted lines, water
will flow through it but will drain through the connecting passage ¢
into the first system of passages and will emerge at S;,. However,
if the water rises in the regional system to the level marked 2, the
hydraulic gradient will follow the line marked 2, and the hydro-

8 Bridge, Josiah, Ebb and flow springs in the Ozarks: Missouri Univ. School of Mines and Metallurgy
Bull,, vol. 7, no. 1, pp. 17-26, 1923, Meinzer, O. E., unpublished manuscript.
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static pressure will be sufficient to fill the true siphon formed by g
and 4 and their connection. When this occurs the water will begin
flowing up g and down A, and will emerge at S;. Inasmuch as the
passage connected to S, is of about the same size as @, the hydraulic
gradient will now be a straight line, marked by line 3; the hydro-
static pressure on b will be reduced below the level of its top, water
will cease flowing through d, and, consequently, spring S, will dis-
charge the entire flow. It Will continue to do so until the regional
water level falls below f, the hydraulic gradient at that time being
approximately along the line 4, upon which air will enter through f,
and the siphoning action through g and A will be stopped. The

Fi1aurE 1.—Hypothetical system of underground channels to account for the behavior of Bigby Spring.
See text for explanation. .

second system being no longer operative, the hydraulic gradient
will again take the form 1, and the system will operate as originally.

Many variations of this hydraulic system, giving identical effects,
are possible, and the system diagrammed should be regarded not
necessarily as a representation of the conditions believed to exist at
Bigby Spring but as a possible type of system to explain what is
apparently a very unusual and, at first sight, rather mysterious
behavior of ground water.

DEVELOPMENT OF UNDERGROUND DRAINAGE IN LIMESTONE

The ground-water circulation in limestone progressively modifies
itself, making the passage of water through the rock more easy and
rapid.
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Limestones, when firsi deposited as sediment, are, like all other
sediments, somewhat porous. Some, such as coquina, may remain
very porous even after solidification. However, nearly all the lime-
stones of south-central Tennessee, through the diagenetic processes
of compaction by the weight of overlying sediments, solution, and
recementation by calcite, have become practically impervious to
water in the process of solidification. The impervious nature of
some of these rocks at the present time is shown by certain wells,
notably wells 111 and 375, which did.not obtain any water and are
used as cisterns.

The processes that made some of the rocks permeable to water,
reversing the action of the processes previously effective, probably
originated at'the time the area was first uplifted from the sea. The
stresses set up at this time found partial relief in the formation of
joint planes. Through these openings, and through original minute
openings which must have been present in some rocks, such as the
parent rock of the ‘“chalk’ of Wayne County, fresh water began to
circulate. With the initiation of a circulation through the rock,
very slow and difficult at first, the openings began to enlarge by
solution.

Calcium carbonate (CaCO;), the essential constituent of limestone,
although nearly insoluble in pure water, is in a geologic sense very
soluble in water carrying dissolved carbon dioxide, with which it
combines to form calcium bicarbonate, Ca(HCOQO;),. The chief
source of carbon dioxide is probably found in decaying vegetation in
the soil zone, where it enters the ground water either directly as
carbon dioxide or as organic compounds which later oxidize to carbon
dioxide. One evidence of the higher concentration of carbon dioxide
at depth in the zone of aeration than at the surface is its presence in
dangerous quantities in moderately ‘deep dug wells. Some of the well
diggers in the western Highland Rim have added small blowers to
their equipment as a safeguard against the carbon dioxide encountered.

The factors affecting the amount of solution that will take place
in a given bed of limestone may be divided into two groups, one
having to do with the rock itself and the other dealing with the solvent
water. In the first group are the solubility of the rock and its
physical condition. Limestone beds vary in purity, the constituents
other than calcium carbomate including in different beds various
amounts of magnesium carbonate, calcium phosphate, silica, and
clayey or sandy detritus. These impurities change the solubility of
the rock because they are themselves of different solubilities and also
because they change the conditions of equilibrium in the solution in
which they dissolve. The physical condition of the rock affects its
solubility by impeding or facilitating the movement of the solvent
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water through it. If there are primary openings in the rock, the
ease of movement through it will be controlled by the size and con-
tinuity of the openings. If the rock is brittle it is generally much
more fractured than a more plastic rock, and consequently the move-
ment of water is facilitated.

In the second place, the condition of the ground water affects the
amount of solution that takes place. All physical' and chemical.
characteristics affect the solvent power of the water to some extent,
but the amount of dissolved carbon dioxide available is the pre-
ponderant factor. Carbon dioxide is absorbed both from the atmos-
phere and, in larger quantities, from the soil zone. Possibly, at least
in some localities, it may be absorbed throughout the zone of aeration
above the water table, inasmuch as it is fairly abundant at moderate
depths in the wells of the western Highland Rim. Apparently, how-
ever, there is no important source of carbon dioxide below the water
table. It appears, therefore, that the solvent power of water falling
upon the surface and destined to join the ground-water body increases
as it passes through the soil zone and possibly as it passes through
the remainder of the zome'of aeration. However, after the water
reaches the water table its ability to dissolve more of the limestone
of its surroundings progressively diminishes as it becomes more and
more nearly saturated with calcium bicarbonate, and the available
free carbon dioxide conversely diminishes.

If the water below the water table flows without turbulence, as it
undoubtedly does in at least the initial stages of solution, the newest
accretions of water from above must be near the water table; each
particle of water added is at the water table at the instant it joins but
progressively descends farther beneath the water table as it flows
down gradient beneath newer and newer accretions.®® As the newest;
accretions are near the water table and are also the most potent in
their ability to dissolve the limestone of their environment, it follows
that the greatest amount of solution below the water table, if the
beds are innately uniformly soluble, must take place near this level.
Other conditions being the same, therefore, the large solution passages
should be formed near the water table.

THE SOLUTION CYCLE

In the initial stage of ground-water circulation in limestone the
water must move through the openings already available—that is,
either the primary openings provided during sedimentation or the
fractures produced during uplift. This stage may be compared to
the sheet flow of surface drainage. In it the circulation of water

8 Compare Slichter, C. 8., The motions of underground waters: U. 8. Geol. Survey Water-Supply
Paper 67, figs, 13, 14, pp. 36, 37, 1902.

131880—36——4
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oceurs in the least efficient manner. However, even in this first stage
more water will flow through certain portions of the rock that are
either more porous or more openly fractured.

Solution, beginning at once, immediately tends to increase the size
of the openings through which the water moves. The openings that
were originally somewhat larger tend to become much larger in pro-
portion than the smaller ones, because of the more rapid circulation
of water through them. As they increase in size the passage of water
through them becomes more easy, so that they tend by diversion to
reduce the flow of water through the smaller openings. In this manner
a sort of piracy takes place undergound. There is a distinct tendency
for the larger passages to develop in the more soluble or more frac-
tured rocks and, other factors being equal, above or near the water
table.

By the process of piracy thus set up, the underground drainage is
integrated into large trunk streams with branches, which in turn have
smaller tributaries, as in a surface drainage system. Larger vertical
channels as well as horizontal channels develop and give rise to sink
holes at the surface. As the movement of water is made more easy
and more rapid the underground streams obtain velocities high
enough to enable them to move debris and thus enlarge their channels
in part by mechanical erosion. Martel ® and others have invoked
hydraulic pressure to explain the disruption of constricting partitions
in caverns,

In the late stages the passageways have become so large, or the
surface erosion has worn the roofs of the caverns so thin that they may
collapse, and sink holes are formed. Well 429, the “natural well”’ in
Perry County (see p. 162), is forming today in this way. With pro-
gressive foundering of the roof, the drainage returns to the surface,
so that the final stage of the solution cycle finds all the streams flowing
at the surface over a peneplain.

Before or after this final stage is reached the region may be uplifted,
and a new cycle of underground erosion will be started. The uplifts
that terminated the periods of erosion represented by the Cumberland
and Highland Rim peneplains were undoubtedly accompanied by
such rejuvenation of underground erosion, and smaller, later uplifts
are recorded in the present river terraces and dry caverns above the
present drainage level (pl. 6, A).

The Highland Rim, at least in the western part of Tennessee,
probably reached the final stage of the solution cycle.®* This is
indicated by the thick mantle of residual material left upon it, appar-.
ently reaching about 200 feet in well 257 in Lewis County, and by the

% Martel, E. A., Nouveau traité des eaux souterraines, p. 542, Paris, 1922.

8L Piper, A. M., Ground water in north-central Tennessee: U. 8. Geol. Survey Water-Supply Paper 640,
p. 81, 1932,
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included stringers of gravel and sand in this residuum, which probably
represent fillings of solution channels, whose walls and roof were later
completely decomposed by solution.

INTERRELATION WITH SURFACE DRAINAGE

While solution and other forms of erosion are going on below the
surface, normal erosion by running water is taking place on the sur-
face. The relative rate of surface and underground erosion depends
on many factors, which may favor one or the other process. Among
the factors that tend to promote surface erosion as against under-
ground erosion are steep surface slopes, readily erodible surface rocks
such as clays and shales, poor cover of vegetation, and, in newly
uplifted areas, the inberitance of a drainage system from a previous
cycle of erosion. Underground erosion is favored by high solubility
of the rocks; a permeable surface cap such as sand and gravel and
their consolidated equivalents, which tend to absorb the rainfall before
it can flow off in streams; extensive and intensive jointing and other
fracturing; and probably heavy vegetable cover, yielding more organic
substances that can be oxidized to carbonic acid gas. The lack of any
of the factors listed for either type of erosion tends to increase the
relative efficacy of the other type.

Throughout the erosion cycle there is usually a continual struggle
between the two forms of erosion. In the western part of the High-
land Rim, which has reached the stage of maturity, the struggle is
still taking place in detail, although as shown by the fact tbat all
areas of any size are served by surface streams and the underground
drainage is tributary to them through springs at stream level, surface
erosion is the master type at present. For instance, a creek in Perry
County has breached an underground channel at spring 467, where
the ground water, which has normal ground-water temperature,
appears in the opening shown in plate 7, A, and disappears again
about 75 feet farther downstream in the opening shown in plate
7, B. The same action has occurred on Beaver Dam Creek near
Coble and at many places elsewhere. On the other hand, near
Pleasantville a subsurface system has captured upper Sinking Creek.
The topography at this locality is shown in figure 2.

In other parts of south-central Tennessee the underground drainage
has so far been able to master the surface drainage. The most out-
standing example of this is found in the cove area at the edge of the
Cumberland Plateau in Franklin County. The coves are large valley
sinks or series of sinks, which are completely surrounded by bigher
land and therefore have interior drainage. Some of the coves are
several miles long and several bundred feet deep. Factors which
tend to give the underground drainage the mastery here are the great
mass of Mississippian limestones underlying the plateau, its permeable
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cap of sandstone of Pottsville age, which is also resistant to surface
erosion, and its topographic youth.
QUALITY OF WATER
GENERAL FEATURES

The analyses of water given in the tables in connection with the
county reports list the important substances in solution in the water.
The quantities of these substances in solution are given in terms of
parts per million by weight. These figures can be changed to grains

Alluvium

e . ; jMiLe
Contour interval 50ft.
FI1GURE 2.—Topography near Pleasantville, Hickman County, showing the capture of Sinking Creek by

underground drainage. After Wade, Bruce, The geology of Perry County and vieinity: Resources of
Tennessee, vol. 4, no. 4, p. 166, Tennessae;@eol. Survey, 1914.

per gallon, the other system of expressing water analyses commonly
used, by multiplying by the factor 0.05842.

The effects and nature of the common dissolved constituents in
natural waters are as follows. Silica may be precipitated as scale in

boilers but has otherwise no significance. Iron when occurring in .

quantities greater than 0.1 part per million may separate out from
the water as a reddish sediment discoloring containers or clothing
laundered in it. It may be removed by aeration. It is especially -
prominent in the samples of water from the Pemnsylvanian and
Cretaceous formations of south-central Tennessee. Calcium is
generally the most abundant basic constituent of the water in this
area. It causes most of the hardness in the water. Magnesium also
contributes to the hardness of the water. In a few of the samples of
impotable water from the area magnesium exceeds calcium and
suggests contamination by sea water in past geologic time. Calcium.

\



and magnesium are also seale formers in boilers. Sodium and
potassium are generally low in the waters of the area. Where they
amount to over 100 parts per million they are likely to cause foaming in
boilers. Carbonate is absent in practically all the water in the area,
but bicarbonate is the most prominent acid radicle. Waters high in
calcium bicarbonate will form scale in vessels in which the water is
heated, because the substance is' decomposed by the heat, carbon
dioxide is liberated, and insoluble .calcium carbonate is formed.
Sulphate generally occurs in only small amounts: in the water of
south-central Tennessee, but where it is present with large quantities
of sodium or magnesium the water may have a bitter taste. Chloride
is likewise not abundant in the potable waters of the area. In some
of the impotable waters it is the chief acid constituent, and its presence
with accompanying sodium suggests also contamination by ancient
sea water. Nitrate is usually of small amount and has no chemical
significance, but as it is often formed by the oxidation of organic
compounds, its presence in excess may point to possible pollution of
the well or spring from which the water came. The item ‘“total
dissolved solids”’ expresses the residue left on evaporation of the water.
In the water: of -this -area it is 'ustially approximately the sum of the
constituents mentioned above minus about half of the bicarbonate,
the deduction representing approximately the weight of the carbon
dioxide driven off in the evaporation.

The hardness is the most important quality of most of the water of
this area. The amount of soap necessary to use in laundering or
washing in the water is approximately proportional to the hardness.
In the analyses the hardness is computed by multiplying the calcium
by 2.5 and the magnesium by 4.1. The hardness of the water from
many wells and springs in the Nashville Basin for which no analyses
are available was determined in the field by agitation with a standard
soap solutien. The figures so obtained are probably within 10
percent of the hardness that would be calculated from an analysis.

The water of the Cumberland Plateau, in Franklin County, and
of the T'uscaloosa formation, in Wayne County, is low in all dissolved
.substances. .Most of the potable water of the rest of the area is
calcium-bicarbonate water—that is, calcium is the most abundant
basic radicle and bicarbonate is the most abundant acid radicle.
However, one exceptional type of water occurs in the Nashville Basin.
It is a sodium-bicarbonate water represented by the analyses of wells
17a (Bedford County), 98 (Giles County), and 329 (Marshall County).
Water of this type is greatly prized in the Nashville Basin because of
its softness. Most of this water differs from the normal calcium-
bicarbonate water of the area only in that sodium takes the place of
the calcium and magnesium. Apparently it has resulted from natural
zeolitic.softening, a process.in.which, certain clay minerals (zeolites and
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their mineralogic relatives)y in the rocks abstract thé caleium and ~
magnesium from water percolating past them, yielding to the water
in turn the sodium which they originally contained.

The impotable waters of the area range in chemical character
between two types—calcium-sulphate water and sodium-chloride
water. The probable origin of these waters is discussed on page 32.

RELATION BETWEEN QUALITY OF WATER AND STRATIGRAPHY AND
GEOMORPHOLOGY

In a limestone region the ground water is usually a calcium-bicar-
bonate water. Deviations from this standard type in the limestone
areas of south-central Tennessee are represented by the addition to
or substitution in them of the alkaline bases and the chloride and
sulphate constituents.

The following table shows the characteristics of the water samples
that have been analyzed from each formation or group of formations.
It gives the average quality of the water from each formation, as
indicated by the analyses available, in terms of hardness, total quan-
tity of solids in solution, sum of sodium and potassium, and sum of
chloride and sulpbate. The table gives also figures for wells that
have been excluded from the average because of their exceptional
character. Some of the samples included in the averages have been
referred to the given formations with some doubt, but correction of
any errors due to faulty correlation would probably not change the
general character of the table, as it is believed that such errors amount
at most only to a shift from the proper formation to one that is
stratigraphically adjacent.
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The hardness and total mineral content of the waters in the pre-
dominantly sandy Tuscaloosa formation and Pennsylvanian rocks
are low, owing to the low calcium content of these rocks. The hard-
ness and mineral content of the waters from the strata below the Fort
Payne chert increase downward in general to a maximum in the
Lebanon limestone, the Ridley showing somewhat lower figures for
all the characteristics listed. The total abnormal constituents in-
crease in the same order. Although this is probably, at least in part,
a stratigraphic correlation, it represents also’a progression from the
greatly dissected Highland Rim to the rolling Nashville Basin, where
there is little local relief. The difference in character may therefore
be correlated in part with the character of the ground-water circula-
tion, which in the sections with great relief is presumably relatively
vigorous, hence giving comparatively little time for the solution of the
containing rock, and in the Nashville Basin is relatively sluggish.

In line with the latter explanation, which is perhaps only partial,
of this change in character of the water, the water from springs is
invariably lower in mineral content than that from wells in the same
formation. Similarly the total alkalies and chlorides and sulphates
are higher in wells than in springs, generally conspicuously so. The
same holds true for the hardness except in the waters from the Low-
ville limestone, in which the hardness is slightly less in wells than in
springs. This exception, however, only supports the same generali-
zation, for the samples from the Lowville limestone include a sodium-
bicarbonate water, which without doubt has undergone natural
zeolitic softening, whereby the calcium and magnesium have been
exchanged for sodium, thus pointing again to a sluggish circulation.
The generalization that the mineral content of the water from springs
is lower than that from wells in this limestone country may be ex-
plained as a corollary to the fact that the springs represent the outlets
of naturally developed and in general extensively developed circula-
tion systems in limestone. As a consequence much of the water moves
rapidly through these well-developed passageways and so dissolves
little limestone. On the other hand, wells may derive water from
sinall fractures and solution passages in limestone, in which the move-
ment of the water is sluggish and in which as a result much of the .
rock material is dissolved in the water.

If this conclusion is true it may be expected that large springs will
discharge softer and less mineralized water than small springs, inas-
much as the greater the flow of a spring the more certain it is that the
spring is connected with a well-developed drainage system. The
data available for testing this possibility in this area are unsatisfac-
tory because of their paucity, for as the type of water discharged by a
spring is obviously dependent upon lithologic and other factors as well
as ‘size, thé correlation between size and quality could be demon-
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strated only by statistical methods. However, the data available
have been made to bear what evidence they can on the question and
are presented in the following table.

In this table the springs from the various formations are listed in
the order of their size, and the total solids contained in the water are
also given. If there is an inverse relation between: the size of & sprihg-
and the quantity of mineral matter dissolved in its water, there should
be a tendency for the total solids to increase as the size of the springs
decreases. It will be observed that this tendency is shown for 8 of
the 10 formations listed, the Fort Payne chert showing little or no
relation between the two quantities and the Hermitage formation
showing a contrary relation.

Variation in mineral conient of springs from several formations in south-central

Tennessee
Total dis- . Total dis-
Discharge : Discharge -
Spring no. (gallons a s‘(’},‘:gssggds Spring no. (gallons a %v?g;oé
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WARSAW FORMATION IN FRANKLIN COUNTY '
FERNVALE FORMATION
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79 150 214 || 119 200 70
76 25 296 {l 3028 oo e eceaae 3 110
298 14| 93
CANNON LIMESTONE
156 125 106
70 75 138
o
156
BIGBY LIMESTONE
RIDGETOP SHALE
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E Small 249
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P T N, 15 75 HERMITAGE FORMATION
513 3 104
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(T 198 || 126 cccacceaae S | 12 190
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THE STRATA AND THEIR WATER-BEARING PROPERTIES

An introduction to the stratigraphy of south-central Tennessee and
a columnar section with a synoptic description of the rocks of the
area and their water-bearing properties are given on pages 28-31.
Detailed descriptions of the stratigraphie, lithologic, and water-bearing
properties of the rocks are given in the following pages.

QUATERNARY SYSTEM
FLOOD-PLAIN ALLUVIUM

The youngest and topmost geologic material is the alluvium of the
flood plains of the streams. This material consists of unconsolidated
debris from the drainage basins of the streams along which it lies. TIts
constituent particles range in character from silty clay along the
larger streams to coarse gravel on some of the rapidly eroding creeks
of the Tennessee Valley. The larger particles found in it are generally
chert, derived from the weathering of the nearby siliceous limestones
of the Mississippian series, although in the eastern part of the area
the Pennsylvanian sandstones have furnished some quartz sand.

Wells sunk into this alluvium are generally dug and obtain water at
about stream level. There is generally a considerable underflow in the
thick deposits of chert gravel found in the streams tributary to the
Tennessee and Buffalo Rivers in the western part of the area, the
streams in this part being generally dry in summer near their mouths,
although springs are flowing freely in the headwater portions of the
streams. “‘Springs” are fourd in this gravel where a hole has been
dug into the alluvium by natural erosion or by artificial methods.
Bubbling or upwelling springs rise from the alluvium in the headwater
portions of some of the streams, apparently in some places as a result
of the water from a spring that emerges from the bedrock hills nearby,
beneath the alluvium, being forced to the surface by a subsurface
dam. In other places toward the mouths of the streams weak springs
emerge from above cemented layers in the alluvium.

QUATERNARY (P) SYSTEM
TERRACE DEPOSITS

An alluvial mantle generally caps the terrace remnants throughout
the area. This older alluvium varies in composition from silt to gravel
and is in general poorly assorted. The individual pieces of gravel may
be thoroughly water-worn, but in most places they are still subangular.

 These terrace materials are found at various heights above the
rivers throughout the area. They have been observed 65 feet above
the Tennessee River at Clifton, 100 feet above the Buffalo River at
Flatwoods, and 50 feet above the Buffalo at Linden and Lobelville.
In the vicinity of Centerville they lie from 50 to over 200 feet
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-above the Duck River. Similar deposits are also present on the Elk
River at Baugh, in Giles County. The thickness of the deposits may
reach 30 feet.

The terrace materials on the Buffalo, Duck, and Tennessee Rivers
have been referred to the Quaternary system by Miser 2 and Wade.®®
Apparently similar deposits in Rutherford County have been regarded
as Pliocene by Galloway.®* No evidence is given by any of these
authors for these conclusions. It seems probable from a consideration
of the Pliocene terraces covered with gravel (Citronelle) along the
Mississippi River % that at least some of the terrace deposits on the
streams of south-central Tennessee will be found to be Pliocene.
Wade ® has referred to the Pliocene series gravel found above an alti-
tude of 620 feet on the Tennessee River—some 50 feet lower than the’
gravel on the Buffalo River at Flatwoods. However, final dating of
these deposits must await their tracing into terrace deposits of the
Ohio River.

These alluvial deposits are used in many places as sources of water.
In general they yield satisfactory domestic supplies. The town of
Littlelot, in Hickman County, uses this material as the general source
of supply for its wells, and many homes in Flatwoods and Clifton also
draw upon this material for their water supplies. The material is in
general poorly assorted, is thin, and, as it lies upon the hilltops near
the river, is well drained. As a consequence it cannot be expected to
yield large supplies of water.

CRETACEOUS SYSTEM
UPPER CRETACEOUS SERIES

Representatives of only the lower formations of the Upper Creta-
ceous series of the Coastal Plain are found in south-central Tennessee.
These formations enter from the southwest corner of Wayne County,
where they have a thickness of about 150 feet, and, overlapping the
Paleozoic consolidated rocks, thin out to a featheredge in a north-
eastern direction. Small outliers are found as far northeast as Hohen-
wald, where they have a thickness of about 30 feet.

EUTAW FORMATION

The highest formation of the Upper Cretaceous series in this area
is the Eutaw formation, which caps the ridges in the southwest

0 Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26
p. 25, 1921.

% Wade, Bruce, Geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no. 4, p. 173,
Tennessee Geol. Survey, 1914,

# Galloway, J. J., Geology and natural resources of Rutherford County: Tennessee Geol. Survey Bull. 22,
D. 21, 1919,

.8 Shaw, E. W., Pliocene history of northern and ecentral Mississippi: U. 8. Geol. Survey Prof. Paper 108,
Pp. 132-139, 1918, .

.% Wade, Bruce, The gravels of West Tennessee Valley: Resources of Tennessee, vol. 7, no. 2, p. 70, Ten-
nessee Geol. Survey, 1917. .
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corner of the Waynesboro quadrangle. It comsists mostly of red
sand, weathering gray at the surface, but it contains in places many
horizontal layers of gray clay less than an inch thick.¥ It probably
rests conformably on the underlying Tuscaloosa formation. It ranges
from a featheredge to 50 feet in thickness in this area.

Few data concerning the water-bearing propertiés of this formation
are available. In its small ares of outcrop in south-central Tennessee
it caps ridges that are only sparsely inhabited, and most wells go
through it into the underlying Tuscaloosa formation. In Alabama,
where the Eutaw is below drainage level, it is one of the important
artesian aquifers. In Tennessee it apparently has the requisite physical
characters of a good aquifer, but owing to its high topographic position
it is well drained and hence will probably supply only small quantities
of water.

TUSCALOOSA FORMATION

The Tuscaloosa formation, immediately underlying the Eutaw
formation in this area, consists of cherty gravel with a very small
amount of sand and clay. The constituent pieces reach a maximum
diameter of about 4 inches. : It is:exposed principally-in: the southwest:
corner of Wayne County and in the high divide between the streams
flowing south and those flowing west to the Tennessee River. It
extends as a continuous outcrop as far porth as Waynesboro and
occurs as isolated outlying patches capping high points near the 1,000-
foot level eastward into Lawrence County and northeastward to
Hohenwald, in Lewis County. Isolated patches are found north of
this area in Tennessee and also in Kentucky, capping the divide
between the Tennessee and Cumberland Rivers.® In the southwestern
part of Wayne County the Tuscaloosa formation reaches a thickness
of 150 feet, but it rapidly diminishes in thickness northeastward. Its
maximum- thickness in northern Wayne County is given by Miser * as
about 50 feet. .

The unconformable contact of the Tuscaloosa with the underlying
Mississippian limestones is very indistinct. ‘Water-worn gravel
occurs.in.some. places.in.cuts: as much as:40 feet:below.large angular.
pieces of St. Louis chert. * * * A zone a number of feet thick
along the contact * * * consists of a heterogeneous mixture of
angular chert, water-worn gravel, and red and yellow clay.” 7 A
thick layer of cherty clay, residual from the underlying limestone,
generally lies below the gravel.

67 Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26, p.
25;51‘?\72113:(16, Bruce, The occurrence of the Tuscaloosa formation as far north as Kentucky: Johns Hopkins
Univ. Circ., new ser., no. 3, pp. 104-105, 1917.

» 0;51'\'Iligze;, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26,

© Wade, Bruce, Geology of Perry County and vicinity: Resources of Tennesses, vol. 4, no. 4, p. 173,
Tennessee Geol. Survey, 1914.
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The Tuscaloosa gravel has the porosity, permeability, and chemical
character of an exceptionally good aquifer. However, this very
excellence of structure makes it difficult to obtain well water from the
gravel in many places. Inasmuch as it caps the ridges, the water
that sinks into it is comparatively qmckly discharged into the neigh-
‘boring streams. It furnishes copious supplies of spring water - to
the valleys cut below it, but wells on it generally pass almost or
entirely through it before enough water for even domestic supplies
is obtained. However, in places the gravel is cemented with ferrugi-
nous materials, especially in the lower portions, and it seems probable
that some exceptional wells draw their water from water bodies
perched above such impervious cemented layers. The water obtained
from the Tuscaloosa is soft and low in mineral content, as a result
of the insoluble character of the formation.

CARBONIFEROUS SYSTEM
PENNSYLVANIAN SERIES

The Pennsylvanian series is represented in south-central Tennessee
by the Whitwell shale, Sewanee conglomerate, and Gizzard formation,
These belong to the Lee group, of lower Pottsville age. They enter
the area only in the southeastern part of Franklin County.

WHITWELL SHALE

The Whitwell shale, the topmost formation of the Pennsylvanian
series exposed in the area, has little significance in connection with
this report. It is found in only one small area 2 miles east of Sewanee,
where it is about 80 feet thick. It consists of clayey and sandy shales
and some coal.”

No data concerning the water-bearing properties- of this formation
are available; probably no wells in Franklin County draw water from
it. Some sandy lenses in the formation might yield water, but the
existence of such lenses is problematic.

SEWANEE CONGLOMERATE

The Sewanee conglomerate received its name from the type locality
at Sewanee, in Franklin County. It caps the Cumberland Plateau
throughout the extent, of that plateau in Franklin County, except on
the projecting ridges, where it has been removed by erosion. The
formation consists of a soft, massive cross-bedded dirty-yellow sand-
stone, in which are scattered numerous pebbles of milky-white vein
quartz, from one-sixteenth to 1% inches in diameter. The formation
is as much as 70 feet thick in Franklin County.™

7 Nelson, W. A., The southerg Tennessee coal fleld: Tennessee Geol. Survey Bull. 33-A, pp. 48, 103, 1925.
7 Idem, pp. 45, 103.
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The Sewanee conglomerate furnishes water supplies of domestic
magnitude around Sewanee. The University of the South, which
furnishes water to the city of Sewanee as well as for its own use, obtains
its water in part from 7 springs in this formation, which in the fall of
1930 yielded a total of only 30 gallons a minute, the largest spring
flowing only about 5 gallons a minute. This small yield seems to be
typical for the entire area underlain by the conglomerate in Franklin
County and is probably to be ascribed to the high topographic position
of the formation rather than to any innate properties of the forma-

tion itself.
GIZZARD FORMATION

The Gizzard formation is the basal formation of the Penngylvanian
series in this region. It consists of a series of shales and sandstones.
The following section 7 exemplifies its character in this area:

Stratigraphic seciion at old Shake Rag mines, about 2 miles east of Sewanee

Ft.  in.

Sewanee conglomerate: Sandstone_____._._..____________ 70
Gizzard formation:

Covered - - i 35

Warren Point sandstone member___ ... __________ 30

Coal e 6

Shale, very sandy in middle. ... ___________ 35

Coal, mined _ - . e 1 8

Shale.

The topmost member of the formation is generally a shale which
separates the Sewanee conglomerate from the Warren Pointsandstone
member. This separating shale ranges in thickness from a few feet
to 20 feet. The Warren Point sandstone member forms cliffs around
the edge of the plateau.

The base of the Gizzard formation is marked by the unconformity
between the Mississippian and Penngylvanian series. An intraforma-
tional angular unconformity has been noted at the base of the Warren
Point sandstone.”

The Warren Point sandstone member is apparently the important
aquifer in this formation. The water supply for St. Andrew’s and
St. Mary’s Schools and much of that for the University of the South
and Sewanee seems to be drawn from this sandstone. The well at
St. Mary’s furnishes about 5,000 gallons a day constantly and is
reported to have been bailed when first drilled at the rate of 20 gallons
a minute without reducing the water level. The two wells at the
University of the South furnish a total of about 20,000 gallons a day.
The wells at St. Andrew’s are much weaker.

78 Nelson, W. A., op. cit., p. 102,
7 Idem, p. 103.
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The water derived from this formation contains considerable iron
in solution and therefore gives considerable difficulty when used for
laundering.

MISSISSIPPIAN SERIES

The rocks of the Mississippian series everywhere cap the Highland
Rim and extend up the scarp of the Cumberland Plateau almost to its
top. These rocks as a mass consist largely of limestone, in part very
cherty, with subordinate amounts of shale and sandstone. .

For the purposes of this report they may be divided very conven-
iently into two parts—an upper part made up of the formations of
Chester age, and a lower part consisting of those of Meramec, Osage,
and Kinderhook age. The upper rocks are of only subordinate
importance in south-central Tennessee, for they crop out only in the
small area of the escarpment of the Cumberland Plateau. Those of
the lower groups form the principal strata of the Highland Rim,

FORMATIONS OF THE CUMBERLAND ESCARPMENT
GENERAL SECTION

Because formations of Chester age crop out in this area only in the
escarpment of the Cumberland Plateau and in some of the coves
within this plateau, they are restricted to rather narrow areas in east-
ern and southeastern Franklin County. Habitations upon them are
found only in the small areas of the coves. Hence they have com-
paratively little importance in a regional study of ground water in
south-central Tennessee.

The following section,” compiled from highway and railroad
sections, typifies the lithology of these formations as found in this area:

Seciion from Sewanee to Cowan

Pennsylvanian series:
Gizzard formation:

Sandstone. Feel
Black shale with plant fossils___________________ 10
Thin-bedded gray-brown sandstone._____________ 10
Covered - - _ . - 15
Thin-bedded grayish-yellow sandstone___________ 5

Mississippian series:
Pennington shale:

Covered - _ _ . 10
Gray crystalline limestone with Archimedes and
Pentremites - - oo oo e 10
Covered . - - o e 5
Red shale. - oo e 5
Covereda - oo e mem 10
Redshale_ ... . ____ .. 10

Dove-colored birdseye limestone. . . _____________ 1

% Nelson, W. A,, op. cit., pp. 26, 27.
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Section from Sewanee to Cowan—Continued

Mississippian series—Continued.
Pennington shale—Continued.

Yellow limestone. . o oo oo oo oo e

[Bé.ngor limestone (restricted):]

Gray crystalline limestone full of crinoid fragments;

Yellowish-gray shaly limestone__ - __._____
Unconformity.

Gray shale . _ o e
Yellowish shaly limestone_ .. oo ._._
Covered - — e eeee

Hard porous gray-brown limestone with oily smell_
Yellow shaly limestone_ - oo

Gray limestone. - - oo oo oo
Yellow shaly limestone. . - . __________
Shaly limestone_ .- oo oo .
Gray birdseye limestone and gray semilithographic

limestone. - - oo

Gray sandy limestone weathering slabby_._-____.__.
Covered. - - o e
Sandy limestone. . _ . oo ____
Covered - - - v —o
Bentonitic greenish elay __ .. _________
Yellow and dove-colored limestone. .- __________
Yellow semilithographic limestone containing fossil

mud eracks. e
Coarse crystalline gray limestone_____.__________
Yellow semilithographic limestone.__._.__________
Gray limestone. - - oo e

Hardinsburg sandstone [Hartselle sandstone restricted]:

Caleareous sandstone. . - -« oo

Golconda formation:

Gray limestone with small yellow pellets.....___.
Red and green mottled shale_ _ . ____._____

Feet

25

15

30
15

15

10

10

Ot v &
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Section from Sewanee to Cowan—Continued

Mississippian series—Continued. .
Gasper formation: Feet

Gray oolitic limestone... - - .o 5
Massive limestone. .. ..o 10
Covered - - - oo e 5
Massive gray limestone . o oo __ 5
Covered.- - oo 45
Massive limestone with chert nodules_.__________ 10
Covered o o e 5
Dove-colored limestone . _ . oo e 5

[Ste. Genevieve limestone:]
Gray oolitic limestone containing Platycrinus hunis-

villae e e 10
Generally limestone, with locally a foot or two of
limy shaleo o o cca oo oo 95
St. Louis limestone:
Gray cherty limestone, containing Lithostrotion__ . 10

PENNINGTON SHALE

The Pennington shale is composed of sandstone, shale, and lime-
stone. In many places in Tennessee the upper member is a 20-foot
to 40-foot fossiliferous limestone. The sandstones are generally soft,
fine-grained, and yellowish red and are in many places ripple-marked.
The most outstanding characteristic of the Pennington formation
consists of the red and green colors of its shales. These shales are
generally fissile.”™ )

The upper surface of the Pennington formation is very irregular,
for it marks the unconformity between the Mississippian and Penn-
sylvanian series. The thickness of the formation is accordingly
variable, ranging from 100 to 300 feet in eastern Tennessee.”” The
unconformity at its top is equivalent to at least 2,000 feet of sedi-
ments making up tbe Parkwood formation of the Cahaba Valley of
Alabama.”™

BANGOR LIMESTONE (RESTRICTED)

The Bangor limestone (restricted) is defined as lying between the
Hartselle sandstone (restricted) below and the Pennington shale
above. It includes only a part of the strata formerly called “Bangor
limestone,” which comprised all the strata from the Warsaw limestone
to tbe Hartselle sandstone. The lower part of the Bangor limestone
(vestricted) is correlated with the Glen Dean limestone of Kentucky;
the upper part represents higher formational units of the Illinois and
western Kentucky section.”

7 Nelson, W. A., op. cit., p. 36.
7 Idem, p. 36.

8 Butts, Charles, Geology of Alabama: Alabama Geol. Survey Special Rept. 14, pp. 204-206, 1926.
" Idem, p. 199,

131880—36——5
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The Bangor limestone as thus restricted consists largely of blue,
coarsely crystalline or oolitic and highly fossiliferous medium to thick
bedded limestone. The upper quarter, however, partakes more of
the nature of the overlying Pennington shale; it is thin-bedded, gray,
clayey, and nonfossiliferous.®

Several fossils are common and of diagnostic value. Archimedes is
common in the Bangor and is only rarely found in lower formations.
This bryozoan is recognized by the screw-shaped axis, which is
usually the only part of the colony preserved. Prismopora serrulata
is found in the lower part of the formation. This bryozoan is a
diagnostic fossil of the Glen Dean limestone of western Kentucky
and southern Illinois and is distinguished by the cross section of the
colonies, which is in the shape of a small three-rayed star.®

This formation reaches a thickness of 375 feet in Franklin County.*

The water-bearing properties of the Bangor are those of other lime-
stones: water is found in it generally in solution cavities. A small
spring from this formation, high on the hillside, furnishes water for
the town of Sherwood.

HARTSELLE SANDSTONE (RESTRICTED)

The Hartselle is a calcareous sandstone from 8 to 10 feet thick

where observed in this area. It has been recognized near Cowan and
Sherwood.

GOLCONDA (?) SHALE

A thin representative of the Golconda formation of southern Illinois
has been identified by Butts # in Franklin County. It is about 40
feet thick in this section and consists of marly shale with subordinate
limestone. .

GASPER FORMATION

The strata in Franklin County identified as Gasper formation by
Butts are composed largely of thick-bedded light-gray, generally
oolitic limestone although some beds with a compact lithographic
texture are also present. The formation is from 100 to 160 feet thick
in other parts of Tennessee. It is lithologically indistinguishable
from the underlying Ste. Genevieve limestone. Its guide fossils in-
clude Campophyllum gasperense, 8 compound coral differing from
Lithostrotion in that the septa of the corallites do not meet; Talaro-
erinus, a crinoid that is almost entirely restricted to this formation;
and several species of Peniremites with concave ambulacral areas.

STE. GENEVIEVE LIMESTONE

The Ste. Genevieve limestone has the same lithologic characteristics
as overlying strata that are correlated with the Gasper formation.

% Butts, Charles, op. cit., pp. 195199, Nelson, W. A., op. cit., pp. 30, 36.

8 Butts, Charles, op. cit., p. 197.

8 Nelson, W. A, op. cit., p. 35.

8 Butts, Charles, Geology of Alabama: Alabama Geol. Survey Special Rept. 14, p. 191, 1926.
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Its thickness in Tennessee is from 80 to 130 feet. Its chief guide
fossil is Platycrinus hunisvillae (penicillus). This species is character-
ized by spiny stem plates and a base with three sharp keels. It is
fairly common throughout the Ste. Genevieve in this region.

FORMATIONS OF THE HIGHLAND RIM

The formations of the Highland Rim are correlated with the
Meramee, Osage, and Kinderhook groups of the Mississippian series.
They consist in most part of cherty limestone, with subordinate cherty
shale. On the east side of the rim the capping rocks belong almost
entirely to the St. Louis and Warsaw formations; on the west side
the lower formations are more prominent.

8T. LOUIS LIMESTONE

The St. Louis limestone is the uppermost formation capping the
Highland Rim. It is best shown in the portion of the rim east of
the Nashville Basiv but extends over the western part of the Highland
Rim almost to the Tennessee River, where, however, it is so thoroughly
weathered that exposures of it are rarely seen. This formation con-
sists generally of a fine-grained to compact gray, generally thick-
bedded limestone carrying ciinoid plates and some fenestellid Bryozoa.
It is characterized by the compound corals Lithosirotion canadense
and L. proliferum. These species are easily recognized. In both of
them the corallites have septa which meet in the center in a raised
protuberance, a characteristic which distinguishes Lithostrotion from
the Campophyllum of the Gasper. In L. canadense, the more com-
mon species, the corallites are closely crowded, and their cross sections
are polygonal; in L. proliferum the corallites may or may not touch,
and their cross sections are circular. These diagnostic fossils, how-
ever, are not abundant enough to make it possible to distinguish
between the St. Louis and the underlying Warsaw in a rapid survey
of the territory.

The St. Louis limestone is 80 to 140 feet thick under the Cumber-
land Plateau in Tennessee.?* At Sherwood, Tenn., and at Hunts-
ville, Ala. (about 20 miles south of Lincoln County, Tenn.), it is
160 to 175 feet thick.®® In the western part of the Highland Rim
plateau its exposed thickness has not been determined because the
 contact with the underlying Warsaw is rarely if ever seen, being
obscured by the mantle of chert debris that covers it. In Wayne
County the exposed thickness of the St. Louis and Warsaw forma-
tions together is given as 150 feet.® The St. Louis is generally absent
in Alsbama south of Wayne and Lawrence Counties,”” where the

8 Nelson, W. A., op. cit., p. 32.

8 Butts, Charles, op. cit., p. 177.
8 Wade, Bruce, Geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no. 4, p. 172,

Tennessee (eol. Survey, 1914.
% Butts, Charles, op. cit., p. 175.
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overlying formations are exposed. It is probably absent also in
places in the southern parts of these counties.

The term ““St. Louis limestone” has in earlier reports been used
in Tennessee to include both the St. Louis limestone proper and the
Warsaw formation.

The St. Louis limestone in unweathered outcrop is rarely seen in
most of the area of this report. As a result of the long-continued
weathering to which it has been exposed and of the solubility of the
rock, it is generally covered by a thick mantle of residual clay and
chert. The mantle derived from it and underlying formations has
locally a thickness of 100 feet and probably in a few places reaches
200 feet. The depth of weathering increases westward. Where the
St. Louis is thick it has well-developed underground drainage. Sink-
hole topography seems to be much more common on it than on the
other formations of the Highland Rim. Many examples are shown
on the map of the Decherd quadrangle. The chert derived from the
St. Louis is typically porous and in large pieces and is likely to con-
tain the molds of many stem plates of crinoids. These characteristics
of the chert serve to differentiate it from the chert derived from the
Fort Payne and Ridgetop formations but not from that of the Warsaw
formation, immediately underlying the St. Louis.

The water-bearing characteristics of the St. Louis limestone are,
so far as observed, the same as those of the Warsaw formation and
are set forth in connection with that formation.

WARSAW FORMATION

The Warsaw formation in this area is generally a grayish thick-
bedded, in places cross-bedded limestone very much resembling the
St. Louis. In the northern part of the State, along the western part
of the Cumberland Mountains, it is a very sandy limestone about
100 feet thick.®® Southward it loses its sandy characteristic, and in
Alabama it appears to be a high calcium-carbonate rock with little
insoluble impurity.® Here it suggests an original coquina composed
largely of fossil fragments. Large and abundant fenestellid Bryozoa
characterize many horizons in this formation in south-central
Tennessee and elsewhere.

The Warsaw formation has never been mapped in south-central
Tennessee. In all published reports on this area it has been included
in the St. Louis limestone. Hayes and Ulrich ® note the presence of
several beds of heavy blocky chert carrying Warsaw fossils at the
base of their St. Louis in the Columbia quadrangle. Miser,” in a

#8 Nelson, W. A., op. cit., p. 31.

® Butts, Charles, op. cit., p. 171,

% Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. SBurvey Geol. Atlas, Columbia folioc (no. 95), p. 8, 1903,

ot Miser, H. D., in Drake, N. F., Economie geology of the Waynesboro quadrangle: Resources of Ten-
nesses, vol. 4, no. 3, p. 100, Tennessee Geol. Survey, 1914.



CARBONIFEROUS SYSTEM 63

tentative correlation of the formations of the Waynesboro quadrangle,
notes that the St. Louis of that quadrangle may include some Spergen
limestone at the base. The Spergen has not been definitely recog-
nized in southern Tennessee or Alabama. The lower part of the
beds formerly called ““St. Louis” in Wayne County probably belongs
to the Warsaw formation, for 18 miles south of Wayne County, in
Colbert County, Ala., the Warsaw is 200 feet thick and the St. Louis
is absent.

The St. Louis and Warsaw formations are both very soluble, and
as a consequence both have well-developed underground drainage
systems. In the eastern Highland Rim and in the deep valleys of
the Cumberland Plateau many spmng&mg@\ﬁgl_ngﬂieig formations.
They range in yield from about 2 gallons a minute or less to over
1,500 gallons a minute in those from which Winchester gets its water.
On the west side of the Highland Rim springs from these formations
are less prominent, because the formations are less well developed
and commonly high in the hills. However, springs 260 and 152,
uscd for the public supplies of Hohenwald and Wrigley respectively,
derive their water from these formations. Adequate supplies of
water for domestic and minor industrial uses are obtained from these
formations by wells in parts of Franklin County.

In the western part of the Highland Rim no wells, so far as known,
derive water from the unweathered St. Louis and Warsaw forma-
tions. These formations are here covered with a mantle of residual
amaterial, and in many places they have been entirely decomposed:
into clay and chert. Dug wells sunk into this residue usually find
enough water for domestic uses. The average depth of such wells is
about 75 feet, but some of the wells are considerably more than 100
feet deep, and one drilled well in western Lewis County is nearly 200
feet deep. ,

This thoroughly weathered residual material in many places
preserves the traces of the solution channels that once existed in its
parent limestone. Sand and gravel lenses and ribbons permeate it
in various localities and in all probability represent deposits made in
solution cavities in the limestone long ago., With the progressive
dceay of the limestone they were left in their present state, embedded
in the chert and clay residue. These gravel and sand deposits prob-
ably act as galleries that collect the water from the less permeable
clay in which they lie. Definite data proving that many wells obtain
water from these deposits could not be obtained, but it is probable
that to these sand pockets is to be ascribed in part the fact that the
water level in wells in this residual cover is so variable.

9 Butts, Charles, op. cit., pp. 169, 171.
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FORT PAYNE CHERT

.. 'The Fort Payne chert varies in its lithology in this area from a
siliceous limestone to a calcareous chert or a cherty shale. Bassler ®
describes the Fort Payne of the central basin as massive argillaceous
" limestone, weathering into a solid, brittle blocky chert and siliceous
shale. In the western part of this area it is exposed as a calcareous
chert, locally interbedded with shale. The chert is usually dull and
of strong texture, but in many places layers of glassy solid chert can
be seen. Near the top of this formation and extending into the over-
lying Warsaw (?) limestone in Wayne County are beds of tripolite,
a soft, porous siliceous rock, derived by the leaching of the calcareous
constituents from the original siliceous limestone. These beds attain
a thickness exceeding 25 feet.®* The thickness of the Fort Payne in
Wayne County is from 100 to 200 feet.*

On the west side of the Highland Rim the Fort Payne rests on the
Ridgetop shale. On the east side that formation is missing and the
Fort Payne rests on the Chattanooga shale.

The Fort Payne chert furnishes water to many springs. Among
the largest of these are those near Flintville and Kelso, in Lincoln
County, from which Fayetteville derives its municipal water supply.
On the west side of the Highland Rim the most outstanding springs
from this horizon are those at Waynesboro and Lawrenceburg.

RIDGETOP SHALE

The strata lying below the Fort Payne chert and above the Chatta-
nooga shale in Tennessee belong to two formations, the New Provi-
dence formation, of Burlington and Fern Glen age, and the Ridgetop
shale, of Kinderhook age. In the area of this report the New Provi-
dence formation has never been identified, all the strata between the
Chattanooga and the Fort Payne having been ascribed to the Ridgetop
shale or its earlier-named partial equivalent the {Tullahoma forma-
tion. Without much doubt some of these strata will be placed in the
New Providence formation when detailed stratigraphic work is
done, but owing to the general lithologic similarity of the two forma-
tions and to the lack of opportunity for stratigraphic studies in the
field season in which the data were collected for the present report,
all these strata are here referred to the Ridgetop shale, as they were
by Miser.®®* Those beds which are more calcareous than the typical
Ridgetop shale and contain the large crinoid plates commonly asso-
ciated with the New Providence formation are indicated by the
explanatory term “crinoidal phase.”

% Bassler, R. S., The stratigraphy of the central basin of Tennessee: Tennessee Div. Geology Bull. 38,
p. 155, 1932.

9 Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26, p.
129, 1921.

9 Idem, p. 24.

9 Idem, pp. 23, 24.
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The stratigraphically higher of the two formations is the New
Providence. This formation, whose type area is in Indiana, was
first described in Tennessee by Bassler,” who identified it at Whites
Creek Springs, about 12 miles north of Nashville. This description
was later amended, and the section at this locality, where it is 35
feet thick, is now given as ‘‘coarsely crystalline white to gray crinoidal
limestone layers 12 to 18 inches thick, formed by lenses of organic
remains, separated by thin green to blue shale bands and overlain by
gray-green to blue shales.” Bassler * also points out that this forma-
tion is present only in embayments upon the Nashville dome.

In other parts of the Highland Rim escarpment the proportion of
shale increases, and the description given by Bassler ® for the forma-
tion in central Tennessee is ‘‘bluish clay shale with occasional cri-
noidal limestone layers.” Its thickness ranges from 200 feet to the
vanishing point, and it is confined to about the same geographic limits
as the Ridgetop formation—that is, to the west and north sides of
the Nashville dome.

Hayes and Ulrich * noted that occasional layers in the {Tullahoma
formation of the Columbia quadrangle carried Burlington fossils.
Hence it is probable that thin representatives of the New Providence
occur in this region. In the southeastern part of the Waynesboro
quadrangle ‘“beds of apparently * * * [Ridgetop] age are present
* * *; they are green siliceous shale and thin and thick beds of
gray coarse-grained crinoidal limestone, in which there is generally
some chert. Fossils are numerous in the limestone.”” ! These beds
are also well exposed in many places in the south half of Lawrence
County and in southwestern Giles County. Some of the individual
layers are composed of dense chert full of the molds of large crinoid
plates and stems.

In Alabama, south of Wayne and Lawrence Counties, Butts ?
found lenses of green clay and shale and limestone containing Bur-
lington fossils immediately above the Chattanooga shale. He con-
cluded that some of the Ridgetop shale of the Waynesboro quadrangle
is therefore of an age later than Kinderhook,

The name ““Ridgetop shale” was proposed by Bassler ® in describing
a section near Ridgetop, Tenn., about 18 miles north of Nashville.
Later the same author * amended his description somewhat and

# Bassler, R. 8., The Waverlyan period of Tennessee: U. 8. Nat. Mus. Proe., vol. 41, p. 218, 1911

% Bassler, R. 8., The stratigraphy of the central basin of Tennessee: Tennessee Div. Geology Bull. 38,
p.':g’a;ﬁ?c. ‘W., and Ulrich, E. O., U. 8. Geol. Survey Geol. Atlas, Columbia folio (no. 95), p. 3, 1903.

1 Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26, p. 24,
19fl]'Butts, Charles, Geology of Alabama: Alabama Geol. Survey 8pecial Rept. 14, p. 184, 1928.

3 Bassler, R. 8., The Waverlyan period of Tennessee: U. 8. Nat. Mus. Proc., vol. 41, p. 218, 1911.

¢ Bassler, R. 8., The stratigraphy of the central basiu of Tennessee: Tennessee Div. Geology Bull. 38, p.
144, 1932,
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described as the typical Ridgetop about 50 feet of light-blue to green
shale with a little argillaceous limestone and chert. The predominant
fossils are ostracodes.

This formation has been assigned to a Kinderhook age largely on
the basis of one ostracode, Ctenobolbina loculata Ulrich, contained in it.?
Hayes and Ulrich é recognized at the base of their {Tullahoma forma-
tion a group of siliceous and calcareous shales carrying an ostracode
fauna, indicating that the shale is of very early Mississippian age.
Bassler 7 later assigned these shales in the type section of the {Tulla-
homa formation to the Ridgetop shale.

In the Wagnesboro quadrangle the Ridgetop shale is from a
featheredge to 90 feet thick, increasing in thickness southward and
southeastward. It is a gray and platy shale with few fossils, which
becomes more calcareous and siliceous as it thickens.® In the Perry
County region a maximum thickness of 120 feet of green, gray, and
black fissile shale carrying fossils is correlated, at least in part, with
the Ridgetop.? This shale is best developed on Coon and Cane Creeks
and pinches out west of the Buffalo River. On the east side of the
Highland Rim this formation is apparently everywhere absent.*®

A bed of greenish glauconitic shale or, less commonly, sandstone,
usually containing nodules of calcium phosphate, generally lies
immediately above the Chattanooga shale in central and western
Tennessee and is locally present in its proper stratigraphic position
even where the Chattanooga is absent. This shale, from a few inches
to 7 feet thick, has been named the “Maury shale.” In the present
usage of the United States Geological Survey it is called “Maury
glauconitic member” and is considered the basal member of the
Ridgetop shale. However, according to Bassler ! it occurs at the
base of so many formations that he considers it the introductory
phase of whatever formation overlies it, and Swartz !? presénts faunal
evidence indicating it to be much younger in western than in central
Tennessee, reporting, for instance, basal Fort Payne species in this
shale at Linden, Perry County.

The Ridgetop shale in some places where it has the more shaly
facies serves as-a deflecting member to bring the ground water in the
overlying formations to the surface. Where it is more calcareous
it is characterized by enlarged joint cracks, carrying water, and
tubular springs.

§ Bassler, R. 8., op. cit. (Tennessee Div. Geology Bull. 38), p. 146.

¢ Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbia folio (no. 95), p. 3, 1903.

7 Bassler, R. 8., op. cit., p. 144,

8 Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26, p. 24,
m?IX;Vade, Bruee, The geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no: 4, p. 171,
Tennessee Geol. Survey, 1914.

10 Bassler. R. 8., op. eit.. p. 145.

11 Ydem, p. 143.

1 Swartz, J. H., The age of the Chattanooga shale of Tennessee: Am. Jour. Sci., 5th ser., vol. 7, p. 29,
1924,
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CARBONIFEROUS OR DEVONIAN SYSTEM
CHATTANOOGA SHALE

The Chattanocoga shale is a fissile black bituminous shale that
usually includes the Hardin sandstone as its basal member. The
black shale is 22 feet in maximum thickness and the sandstone
member 15 feet. In general both members thicken westward in this
area. On the east side of the Highland Rim the Hardin sandstone
was not seen, and in a few places, as near the Moore-Franklin County
line, the typical Chattanooga shale is absent. In the valley of east
Tennessee, éast of this area, however, the Chattanooga thickens
again. :

The Hardin sandstone member ranges from a fine-grained to a
coarse sandstone. In some places it is brown; in others black. It
is generally somewhat phosphatic, and in eastern Lewis and Hickman
Counties it is a commercial source of blue phosphate. Here the
Hardin is gray to blue-black, generally fine-grained, in places gran-
ular.

The black shale is locally full of Lingula and conodonts. The
Hardin sandstone also in many places contains these fossils and the
bones of large fishes.

The Chattanooga shale is separated from both overlying and
underlying beds by pronounced unconformities.

The age of the Chattanooga is a moot question. Evidence from
fossils is inconclusive. In this area it was first ascribed to the late
Devonian. Later areal stratigraphic work showed that the black
shale of this region is probably, at least in part, of lower Mississippian
age.

The Chattanooga shale is chiefly interesting in ground-water
studies because of its imperviousness. It restrains the downward-
moving ground water and deflects it laterally. As a consequence
many of the large springs of the region issue from rocks close above
this formation. The best example of a water table perched above
the Chattanoogs shale is shown in the plateau remnant in the vicinity
of Hawthorne, Bedford County, where the Fort Payne immediately
overlies the Chattanooga. The basal few feet of the Fort Payne is
chert which has been honeycombed by ramifying and anastomosing
solution channels, as well shown in the road cut on the Shelbyville-
Fayetteville highway near Hawthorne. Practically all drilled wells
in the plateau remnant above derive their water from this zone just
above the Chattanooga.

Small springs issue from bedding planes and joint cracks in the
Chattanooga at practically every exposure. These springs generally
yield chalybeate or “sulphur” waters. Much pyrite (iron sulphide)
is present in this shale. This compound, by interaction with the
percolating water and the gases dissolved in it, yields, under various
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conditions, the ‘“‘black sulphur” (iron sulphide) waters, “white sul-
phur”’ (bydrogen sulphide) waters, and “red sulphur”’ (iron hydroxide
or chalybeate) waters. Small watering places and summer resorts
are scattered along the outcrop of the Chattanooga.

DEVONIAN SYSTEM

Rocks of undoubted Devonian age have been recognized in south-
central Tennessee only in Perry and Wayne Counties. The sea in
which they were laid down evidently did not extend very far east of
the present location of the Tennessee River. Furthermore, the
shore line of the sea frequently shifted back and forth across the
Perry-Wayne County area, with the result that erosional unconform-
ities separate all of the eight formations ascribed to the Devonian in
this area. As a result the stratigraphy is very complex, many
different groupings of the strata have been made, and various ages
have been ascribed tq theso strata by different students of the area.
The subjoined discussion follows that of Dunbar,® who has made the
latest and most thorough study of these formations.

PEGRAM LIMESTONE

The uppermost formation of unquestioned Devonian age in western
Tennessee is the Pegram limestone. Although probably it once
covered much of this area, it has been largely removed by pre-
Chattanooga erosion, so that it is seen at only a few places in the
valley of the Tennessee It is exposed in only one locality in south-
central Tennessee—in Wayne County near the mouth of Fortyeight
Creck. It is a gray, coarsely crystalline crinoidal and pebbly lime-
stone, about 6 feet thick at this exposure. It is of Onondaga age.

CAMDEN CHERT

The Camden chert, also of Onondaga age, is probably not repre-.
sented in this area. It occurs just west of Perry County but has not
been identified in that county. Wade % ascribed 60 feet of chert in
western Perry County to the Camden chert, but Dunbar® later
correlated this same chert with the older Harriman chert. The two
formations are lithologically similar, and a discussion of the chert of
Perry County is given in the section on the Harriman chert, below.

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

14 Idem, p. 90. Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennesses Geol. Survey
Bull. 26, p. 23, 1921,

1 Wade, Bruce, Geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no. 4, p. 168,
Tennessee Geol. Survey, 1914,

1 Dunbar, C. O., op. cit., fig. 1, pp. 9, 76-91.
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HARRIMAN CHERT

The Harriman chert, of Oriskany age, is a white novaculite weath-
ering buff and brown. It isin general greatly fractured and crumbles,
where exposed, into small fragments. It is exposed in the north-
western part of Perry County, along Lick and Toms Creeks, and also
on Marsh Creek over a small area about 4 miles aboveits mouth. The
maximum thickness of the chert in Perry County noted by Wade ' is
about 60 feet. This chert, although called ‘“Camden’ by Wade, is
mapped by Dunbar as Harriman.

The influence of the Flarriman chert upon the ground-water features
of Perry County appears to be slight. It is gencrally found on steep
hillsides, and the water used by inhabitants in the vicinity of its out-
crop generally comes from springs in the underlying limestone. Its
fractured condition probably renders it quite permeable to ground
water.

QUALL LIMESTONE

The Quall limestone is typically a rather fine-graired, highly sili-
ceous limestone about 10 feet thick. Its type locality is in Hardin
County, and it is of Oriskany age. It is present at only a few places
in the Tennessee Valley, and its only recognized representative in the
area covered by this report is at the Town Spring, at Linden. Here,
underlying the Hardin sandstone, there is a 30-inch layer of muddy
and cherty gray limestone which has been doubtfully referred to this
formation by Dunbar.!®

DECATURVILLE CHERT

The Decaturville chert, the uppermost formation of the Linden
group, of Helderberg age, occurs in western Tennessee but appears
to be absent throughout the area considered in this report. On the
west side of the Tennessee Valley it is a gray to yellowish chert about
.5 or 6 feet thick.

BIRDSONG SHALE

The Birdsong shale consists of limestone and calcareous shale,
with limestone predominating in thisarea. The formation was named
from Birdsong Creek, in Benton County, where the upper, shaly por-
tion of the formation is exposed. Through most of Perry County
only the basal, more calcareous portion is present. In this regionthe
Birdsong is generally represented by 11 to 22 feet of massive or thick-
bedded crystalline fossiliferous limestone, although in a few places
some of the fossilifcrous shaly higher members of the Birdsong are
present. The Birdsong includes the outcrops near Linden which
gave the name “Linden group” to the strata of Helderberg age in
western Tennessee.

11 Wade, Bruce, op. cit., p. 168.
1 Dunbar, C. 0., op. cit., p. 69.
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The Birdsong shale is exposed in this area only in Perry County
north of the latitude of Linden, and even in this small region of out-
crop it is absent at many places. About 5 feet is exposed at the
Town Spring at Linden, 13 feet 1 mile north of the Buffalo River,
20 feet at Hinsons Mill, about 8 miles east of Beardstown, and com-
parable thicknesses along the Tennessee River. The water-bearing
properties of the limestone member of the Birdsong shale in this area
are similar to those of the other limestones. Large and small solution
channels are developed in it, and these supply many tubular springs
that issue from it. The best example of such springs is probably
that at Hinsons Mill, on Cane Creek about 3 miles east of Beardstown.
The flow of this spring is about 1,000 gallons a minute.

OLIVE HILL FORMATION

The Olive Hill formation lies stratigraphically below the Birdsong
shale but is confined to the southern part of the valley of the Tennes-
see River in Tennessee, whereas the Birdsong is confined to the
northern part, so that the two formations have never been found
together., Only one member of the Olive Hill formation, the Ross
limestone, is exposed in the area covered by this report, and that only
in a small area around Clifton, in Wayne County. In an exposure
2% miles north of Glenkirk 9 feet of massive, coarsely crystalline
gray siliceous limestone is exposed. Near Hughes Hollow, 2 miles
south of Clifton, the thickness of the member is apparently 55 feet.?®

SILURIAN SYSTEM

The Silurian rocks in south-central Tennessee consist of limestone
and shale. They are more constant in their occurrence than the
overlying Devonian and much more widely developed. However,
they, too, were laid down in small embayments and suffered extensive
erosion during Silurian and later time. Four formations are recog-
nized. Unconformities separate these from the overlying and under-
lying rocks and from one another, with the single exception that the
Brownsport formation is conformable upon the Wayne formation.

This report follows the present usage of the United States Geologi-
cal Survey in that the underlying Richmond strata are placed in the
Ordovician system, rather than in the Silurian. The Tennessee
. Geological Survey considers the Richmond to be of Silurian age.

DECATUR LIMESTONE

The uppermost formation of the Silurian in this area is the Decatur
limestone, of late Cayuga age. This is a massive light-gray coarse-
to fine-grained limestone, generally lacking fossils. It is separated
from the overlying Devonian formations by a pronounced erosional

¥ Miser, H. D., op. cit., p. 23.
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unconformity, which is, however, generally not distinguishable in
single outcrops. The unconformity at its base is much more dis-
tinetly shown. The bulbous crinoid root Camarocrinus is somewhat
common in this limestone but is also common in the overlying Birdsong
shale.

This formation is exposed in places in the western part of Wayne
County, where it attains a maximum thickness of 60 feet, and also
along the Tennessee Valley in Perry County, where it attains about
the same thickness.

The Decatur limestone presents the usual water-bearing features
of limestones in this area. Many tubular springs issue from it.

BROWNSPORT FORMATION

The Brownsport formation is a stratigraphic unit consisting of
shale, shaly limestone, and crystalline limestone. It and the under-
lying Wayne formation, on which it rests conformably, are of Niag-
aran age. It is separated from the overlying Decatur by an uncon-
formity, as noted above. The formation attains a thickness of about
100 feet in Perry County and is somewhat thicker in Wayne County.
Most of the exposures are in the western parts of these counties.
It thins to the east and finally disappears, owing to truncation by
post-Silurian erosion, the higher beds thus disappearing first. It is
divided into three members, which are, in descending order, the
Lobelville shaly limestone, the Bob crystalline limestone, and the
Beech River shaly limestone.

The Lobelville shaly limestone member is composed of gray shaly .
limestone and yellow, blue, red, or purple shale. It has been divided
into two zones—an upper coral zone, 45 feet thick, in which many
species of coral are abundant, and a lower bryozoan zone, 31 feet
thick, full of Bryozoa as well as corals.?®® Lithologically the Lobelville
merges into the underlying Bob member, so that the contact is
seldom clear.

The Bob crystalline limestone member is, characterized by a mas-
sive, coarsely crystalline light-gray limestone, locally with some thin-
bedded cherty limestone, reaching a thickness of 35 feet in places.?
As defined by Pate and Bassler 2 the member is about two-thirds
shale and is divided into three faunal zones on the basis of the brach-
iopods contained in it. It merges lithologically with the underlying
Beech River member.

The Beech River shaly limestone member, the lowest member of
the Brownsport formation, consists of shaly fossiliferous limestone
and green and purplish shale. It attains a thickness of about 100 feet
mmd Bassler, R. 8., The late Niagaran strata of west Tennessee: U. 8. Nat. Mus. Proc.,
vol. 34, no. 1621, pp. 422-423, 427, 1908.

% Miser, H. D., op. cit., p. 21.
2 Pate, W. ¥, and Bassler, R. 8., op. cit., p. 428,
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in Wayne County. The sponge Astreospongia meniscus is common in
it. It has been divided into three faunal zones by Pate and Bassler,®
on the basis of the crinoids it contains.

The shales and limestones making up the Brownsport formation
give rise to many tubular springs. The solution of the limestone
layers allows the collapse of the intervening shaly strata. Springs of
this nature are found in many places in the western counties of
this area.

WAYNE FORMATION

The Wayne formation underlies the Brownsport conformably and
is separated from the underlying formations by an unconformity. It
is a series of shaly limestones and crystalline limestones. It has been
divided into five members, described in descending order below. .

The Dixon limestone member, the uppermost member of the
Wayne formation, is an earthy limestone with shale layers. Itisfrom
10 to 45 feet thick in Wayne County. Around Clifton and to some
extent on the Buffalo River its color is red, but elsewhere it is blue to
gray. The bryozoan Fistulipora hemispherica is abundant. At the
top is a layer of indurated clay, 4 to 15 feet thick, which spalls off on
an exposed surface, giving a distinctive rounded outcrop.

The Lego limestone member is a resistant argillaceous and crystal-
line pink to blue-gray limestone, in layers from a few inches to 2 feet
thick. It reaches a thickness of about 35 feet. Fossils are few, but
small crinoid plates are locally present. The upper part of the
. member is more shaly and merges with the overlying Dixon.

The Waldron clay member is a thin indurated pink to gray fossilif-
erous clay, from 2% to 5 feet thick, that lies below the Lego limestone.
It generally contains a thin limestone layer near its center. Despite
its thinness, it occurs over a wide area.

The Laurel limestone member is lithologically very similar to the
Lego limestone, and generally only the position of the Waldron clay
will determine to which of these two members a limestone outcrop
belongs. Its thickness ranges from 15 to about 30 feet. The lower
part of the member is shaly, and it grades thus into the underlying
Osgood member.

The Osgood earthy limestone member is a thin-bedded earthy lime-
stone from 10 to 17 feet thick. Near Clifton and Iron City it is red,
but elsewhere it is bluish gray. It is somewhat fossiliferous.

Like all other limestone formations of this area, the Wayne forma-
tion is permeated with underground channels, and consequently its
springs are numerous, The variation of the lithology within the
formation does not seem to have any noticeable effect on its water-

2 Pate, W. F,, and Bassler, R. 8., op. cit., pp. 418-419, 428.
3¢ Wade, Bruce, The geology of Perry County and vicinity: Resources of Tennessee, vol. 4, no. 4, p. 165,
Tennessee Geol. Survey, 1914.
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bearing properties. The large spring resulting from the rise of Sinking
Creek near Pleasantville, Hickman County, is in the shaly limestone
of the Dixon, and Bunch Spring, on Cedar Creek, which is of compar-
able though somewhat smaller size, is in the massive Laurel limestone.

BRASSFIELD LIMESTONE

The Brassfield limestone is a fine to coarse crystalline light-gray
limestone in many places glauconitic. Its maximum thickness is
about 25 or 35 feet. It is bounded both above and below by uncon-
formities and in places has been entirely removed. In some places
a conglomerate and in others a sandy limestone forms its base. Near
Iron City the Brassfield contains about 17 percent of metallic iron.
This formation is typically developed throughout the western part
of the Highland Rim in this area. The sandy base and glauconitic
limestone appear on the western edge of the eastern part of the rim,
in southern Giles County. East of this it may be represented in some
of the siliceous Silurian limestones, but, if so, it is different in its
lithology.

The Brassfield limestone is characterized by solution passages sim-
ilar to those of other limestones in this section.

ORDOVICIAN SYSTEM
FERNVALE FORMATION

The Fernvale formation, of Richmond age, consists of coarse-
grained limestone and chocolate-brown and green shale. The pro-
portion of limestone to shale varies locally, but in general about the
lower half of the formation consists of limestone and the upper half
of shale. In Wayne County the limestone is generally light gray,
cross-bedded, and somewhat phosphatic. In the Columbia quad-
rangle the limestone locally assumes a flesh to red color and contains
green specks. In some places the lower layers are conglomeratic. In
eastern Giles County the formation is red and coarsely crystalline.
Its thickness ranges usually in this area from 20 to 40 feet. It is
bounded above and below by unconformities.

ARNHEIM LIMESTONE

The Arnheim limestone, also of Richmond age, has been recognized
in only one place in this area—at Clifton, in Wayne County.® Here
it is a bed of cherty gray fossiliferous limestone about 3 feet thick.
Elsewhere in central Tennessee it includes some light-colored shale
and attains a thickness of 60 feet.” Unconformities exist above and
below it.

2 Miser, H. D., op. cit., p. 19.

% Jdem, p. 18.
% Bassler, R. 8., op. cit. (Bull. 38), pp. 121-124.
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The reference of the Richmond formations of this area to the Ordo-
vician system follows the usage of the United States Geological
‘Survey. By the Tennessee Geological Survey and some other investi-
gators this group is referred to the Silurian system and regarded, with
the Brassfield formation, as of Medina age.

LEIPERS LIMESTONE

The highest Ordovician formation that is nearly continuous over the
whole of south-central Tennessee is the Leipers limestone, the only
representative of the Maysville group in the area. The type locality
is along Leipers Creek, in northwestern Maury County.

The Leipers limestone is absent along the Tennessee River, where
the Hermitage formation underlies the Arnheim limestone or the
Fernvale formation. In southeastern Wayne County it consists of
dark-blue fossiliferous phosphatic limestone and some shale and
is over 75 feet thick. It is exposed around Centerville, in Hickman
County, where it yields commercial phosphate rock. In this locality
it is generally a granular oolitic and granular crystalline laminated
phosphatic limestone and is 60 to 90 feet thick. Eastward to the
vicinity of Columbia the character of the formation changes and new
beds appear at the top. The whole formation becomes more shaly:
the limestones become argillaceous, and shale beds are intercalated.
At the top appear the distinctive large brachiopod forms, chief of
which is the large, fat Platystrophia ponderosa. These beds are
usually rubbly and knotty. The total formation is about 100 feet
thick in this locality, and it maintains this thickness across to the
east side of the Nashville Basin. Some of the lower beds were not
deposited in certain places, and the erosion recorded in the uncon-
formity at the top has planed off the higher beds. A pronounced
unconformity exists at the base, the Eden group being missing
throughout the area.

CATHEYS LIMESTONE

The Catheys limestone, of Trenton age, is lithologically very much
like the Leipers. It is a highly fossiliferous knotty earthy limestone
and shale. Its original thickness in the Columbia quadrangle was
from about 50 to about 100 feet, but erosion has locally thinned the
formation and even removed it entirely in places. Large masses. of
Stromatocerium pustulosum are locally abundant, and the evolute
snail Cyclonema varicosum is characteristic of the formation. Beds
of impure fine-grained limestone in the upper beds of the formation
carry large ostracodes of the genera Leperditia and Isochilina.

CANNON LIMESTONE

The Cannon limestone, of Trenton age, consists predominantly of
limestone but contains some shale. The limestone layers vary greatly
in character, being at various levels argillaceous, crystalline, or
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semilithographic and thin-bedded or massive. The most distinctive
lithologic feature of the formation, wherein it differs from the immedi-
ately underlying and overlying formations, is the large number of
“dove’’ or semilithographic limestones. These ‘““dove’” members are
compact, subcrystalline pale-green or blue to light-gray limestones
which usually weather to white, smoothly rounded surfaces. The
fracture is shallowly conchoidal, and fragments broken off are gener-
ally thin and keen-edged. The more argillaceous and crystalline
layers resemble those of the Catheys formation, and the contact
cannot be located without much more detailed work than could be
done in the present investigation.

The entire formation is profusely fossiliferous, and the fauna is
exceedingly varied. Near its base pelecypods of the genus Cyrtodonta,
including the large species C. grandis, are abundant. Many of the
“dove” layers are full of the ostracodes Leperditia and Isochilina
and of the calcite-filled tubes of the alga Scolithus columbina. Large
gastropods, particularly of convolute species, the colonial coral
Tetradium, sponges, bryozoans, and brachiopods abound throughout.?

" This formation has a maximum thickness of 300 feet in the eastern
part of the Highland Rim. It decreases in thickness westward and
is absent in the Columbia quadrangle. Formerly the lower portion
was apparently considered an eastern, lithologically and faunally
different facies of the typical Bigby of the Columbia quadrangle.?
Later, however, Bassler ® adduced evidence to show that it is a dis-
tinct formation with its greatest development on the east side of the
Cincinnati arch but overlapping on the Bigby formation, deposited
mainly on the southwest side of the Nashville dome. According to
the usage of Bassler,® followed in this report, the f{Dove and {Ward
limestones of the section at Nashville are ascribed to the Cannon
formation rather than to the Bigby formation, as formerly. The
Cannon formation as defined for Rutherford County by Galloway,
following some of the earlier work of Ulrich,*®® included the Catheys
and Blgby and hence is not the same'as the Cannon limestone as the
name is now used. -

BIGBY LIMESTONE

The Bigby limestone near its type locality on Bigby Creek, in the
Columbia quadrangle, is a nearly uniform series of gray phosphatic,
semi-oolitic or granular, crystalline, laminated and locally cross-
bedded limestone. At its base and at its top there may be a few
m&, The stratigraphy of the central basin of Tennessee: Tennessée Geol. Survey Bull. 38,
p"zoé’aly?:,.c. W., and Ulrich, E. O., U. 8. Geol. Survey Geol. Atlas, Columbisa folio (no. 95) p. 2, 1903.

30 Bassler, R. 8., op. cit., pp. 85-105.

3t Idem, D. 86.

2 Galloway, J. J., Geology and natural resources of Rutherford County: Tennessee Geol Survey Bull.

22, pp. 52-63, 1919.
8 Ulrich, E. O., Revision of the Paleozoic systems: Geol. Soc. America Bull., vol. 22, p. 417, 1911,

131880—36———=6
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feet of shaly layers, those at the top being generally arenaceous.
It is here 30 to 100 feet in thickness. It is absent in many places
on the east side of the Nashville Basin. The main mass of the forma-
tion is as a rule nearly devoid of fossils other than the minute gastro-
pod Cyclora and related genera. The upper shaly beds, however,
are in many places rich in Bryozoa, and shalier lenses throughout
the formation locally contain Hebertella, Dalmonella, Rhynchotrema,
and other brachiopods as well as gastropods. It is 45 to 90 feet thick
in a well at Iron City, in southwestern Lawrence County.® It is
absent in many places in the eastern part of the Highland Rim.

The Bigby limestone is equivalent to the tCapitol limestone and
tMount Pleasant phosphate and was formerly considered equivalent
in part to the {Dove and tWard limestones of Safford.®® Bassler,?
however, has correlated the {Dove and {Ward with the Cannon
limestone. The Bigby rests unconformably on the underlying
Hermitage formation.

The Bigby limestone is the most important source of phosphate
in Tennessee. The limestone itself, although somewhat phosphatic,
is not of commercial grade, and the phosphate deposits are the result
of surficial enrichment of the beds. These deposits furnish an out-
standing example of the work of ground water in this section. The
unweathered rock was chemically a mixture of calcium carbonate and
calcium phosphate and other materials, Caleium phosphate is
much less soluble than calcium earbonate in ordinary ground water,
which is charged with carbonic acid gas. During the long periods
of weathering contemporanecus with the formation of the central
basin the ground water slowly dissolved the surficial part of the rock,
carrying away the calcium carbonate and leaving behind, in large
part, the calcium phosphate. The result is that the soil and partly
decomposed rock remaining are much higher in calcium phosphate
than the original rock.

The mode of occurrence of workings in the phosphate demonstrates
the action of ground water in seeking passages already partly opened
for it by previously existing, generally minute fractures. The phos-
phate is found in parallel trenches or “cutters”, between ridges or
“horses’” of unaltered phosphatic limestone. These cutters are
enlarged joint eracks, which the percolating ground water has slowly
enlarged from their originally minute dimensions to trenches many
feet wide. Plate 6, B, shows some of these horses and cutters
developed in old phosphate workings about 2 miles east of Mount
Pleasant.

% Miser, H. D., op. cit., p. 17.
4 Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbia folio (no. 95), correlation

table, 1903.
# Bassler, R. 8., The stratigraphy of the central basin of Tennessee: Tennessee Div. Geology Bull. 38,

fig. 4, 1932.
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HERMITAGE FORMATION

The Hermitage formation is a slightly phosphatic shaly and sandy
limestone or calcareous sandy shale. When weathered it frequently
has the appearance of a sandstone. In the Columbia quadrangle
and near Andrew Jackson’s old homestead, “The Hermitage”’, from
which it takes its name, the basal 12 to 20 feet is generally com-
posed of thin, even-bedded argillaceous and siliceous blue limestone
layers separated by shale. Above this, for the remainder of its thick-
ness of 40 to 70 feet, it is composed of thicker-bedded siliceous subgran-
ular limestone with a little shale. Elsewhere in the area the limestone
becomes less prominent, and in Giles, Marshall, and Lincoln Counties
most outcrops are predominantly sandy shale. Where exposed in
the banks of the Tennessee River at Clifton and nearby it consists
of 70 to 80 feet of alternating layers of blue argillaceous limestone
and shale. A well at Iron City, in southwestern Lawrence County,
showed its thickness to be 126 feet. Throughout the central basin
the formation can generally be recognized by its lithology alone, as
its sandy and shaly character is distinet from that of contiguous
formations.

In most exposures this formation is distinguished by the multitude
of shells of the small brachiopod Dalmanella fertilis (closely related
to and formerly considered D. festudinaria), contained in it. These
shells are generally silicified and may be found thickly speckling the
soil derived from the Hermitage or thickly covering slabs of lime-
stone from it. The abundance of these shells led Safford #® to call
this formation the “Orthis bed”, these fossils being at that time
referred to the genus Orthis. Locally, however, the Dalmanella-
bearing beds are absent. Other prominent genera represented in
its fauna are the corals Tetradium and Columnaria, the gastropod
Bucania, the pelecypods Ctenodonta and Modiolodon, the brachiopods
Platystrophia, Rafinesquina, and Dinorthis, and the bryozoan Amplex-
opora.® The Hermitage rests unconformably upon the Lowville

limestone.
LOWVILLE LIMESTONE

The Lowville limestone, of lower Black River age, is a light-blue
compact semilithographic limestone. In the Columbia quadrangle
it is almost entirely thick-bedded and weathers out in white boulder-
like masses in a red soil. In other portions of the central basin it
shows the same character in part, but the upper beds are in many
places medium-bedded and in some places—for instance, in Lincoln
County—rvery thin-bedded and shaly, resembling the Lebanon lime-
stone (described below) both lithologically and paleontologically.
"# Miser, B D, op. cit, p.35.

# Safford, J. M., Geology of Tennessee, p. 269, Nashville, 1869
¥ Bassler, R. 8., op. cit., pp. 73-80.
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The thick beds so typically represented on Carters Creek, in the-
Columbia quadrangle, were designated the *Carters limestone” by
Hayes and Ulrich *° and assigned an average thickness of 50 to 60
feet. The same name has generally been applied throughout the:
Nashville Basin to all strata between the Lebanon limestone below
and the Hermitage formation above. Bassler,** however, has pre--
sented evidence that the Lowville limestone, or, as it has been
generally called, the Carters limestone, is composed of two members..
The lower, the Carters limestone member, is the typical Carters-
limestone of the Columbia quadrangle and is present only on the:
‘west side of the central basin. The upper member, with a maxi-
mum thickness of 100 feet, is, according to Bassler, equivalent to-
the Tyrone limestone of Miller in Kentucky and is developed through-~
out the Nashville Basin, except in the Columbia quadrangle. s

This Lowville limestone is not very fossiliferous. Stromatocerium
rugosum, Columnaria halli, and Tetradium are fairly common. Rib~
bonlike Bryozoa (Escharopora and Rhinidictya) mark some of the
thinner layers. Very many species of evolute gastropods are locally
present. Small ostracodes (Primitelle and Eurychilina) are abun-
dant in many places. In the thin shaly beds present here and there-
at the top of the Carters limestone, Plectambonites and other typically
Lebanon forms occur.

The Lowville limestone rests unconformably on the Lebanon lime-
stone.

At or near the top of the Lowville in the eastern part of the basin
there are one or two beds of bentonite, or altered volcanic ash.*? The
bentonite of this section is usually a green unctuous clay, in which
numerous flakes of black mica and locally feldspar grains occur.
Bands of granular calcium carbonate are common in the upper part
of the deposit. The unusual mineral leverrierite, resulting from the
alteration of the original rhyolitic material, gives the bentonite its
characteristic soapy feel and its property of swelling in water. The
bentonite of this area extends at least to Birmingham, Ala., on the
south and to Frankfort, Ky., and probably beyond, on the north.
Good exposures of the bentonite are found near Singleton, in south-
eastern Bedford County (the discovery locality); about 1 mile south
of Bellbuckle, in the northeastern part of Bedford County; and near
Belfast, in Marshall County. When the bentonite is encountered in
drilling, it commonly caves off in long pencil-like forms. The green
caving formation is readily recognized by the drillers and has been
named by them the 1*Pencil Cave.” In drilling operations this is the
most valuable horizon marker in the Ordovician system.

4 Hayes, C. W, and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbia folio (no. 95), p. 1, 1903,
41 Bassler, R. 8., op. cit., pp. 61-70.

43 Nelson, W. A., Volcanic ash bed in the Ordovician of Tennessee, Kentucky, and Alabama: Geol Soe.
America Bull., vol. 33, pp. 605-615, 1922.
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LEBANON LIMESTONE

The Lebanen limestone is a very thin-bedded formation composed
-of bluish compact argillaceous limestone, as & rule extremely fossilif-
-erous. It weathers to bare surfaces, the ““cedar glades” of the central
basin, and although other formations give rise to some of these glades,
the Lebanon limestone so commonly underlies them that Safford gave
it the name ‘“‘Glade limestone.” In the Columbia quadrangle it is
-over 125 feet thick, the base being nowhere exposed. It averages over
100 feet in thickness.

The Lebanon limestone is in general abundantly fossiliferous,
.although in some beds and in some localities fossils are rare. The
most common fossils are the brachiopods Plectambonites, Zygospira,
Scenidium, and Orthis tricenaria, many gastropods, including large
forms of Trochonema, the rather large ostracode Leperditia fabulites,
.and the bryozoan with alined rhombic apertures, Escharopora.

The Lebanon limestone crops out in a circular band entirely sur-
rounding the Nashville dome. It underlies the towns .of Shelbyville
-and Lewisburg and the eastern part of Maury County. The Lebanon
rests conformably on the Ridley limestone.

RIDLEY LIMESTONE

The Ridley limestone has little surface exposure in this area, being
-confined to northwestern Bedford County and northern Marshall
County. It is a massive, dense drab limestone, and its massiveness
contrasts with the thin-bedded structure of the Lebanon limestone
above. It is only sparingly fossilifcrous. Its characteristic fossils as
-given by Galloway # for Rutherford County, where it is best devel-
oped, are Stromatocerium rugosum, Camarella volborthi, Hebertella bella-
rugosa, Gonioceras anceps, Orbignyella sublamellosa, Liospira convexa,
Raﬁnesqmna minnesotensis, and Protorhyncha ridleyana. Its thick-
ness in the same locality is given as 100 to 120 feet.

ROCKES NOT EXPOSED

Conformably underlying the Ridley limestone is the Pierce lime-
-stone, which in turn overlies the Murfreesboro limestone. These are
the lower formations in the Stones River group. The Pierce is a thin-
bedded, somewhat shaly limestone about 25 feet thick; the Mutfrees-
boro is a massive limestone more than 70 feet thick. Under these in
‘the central basin are other limestones and dolomites of Lower Ordovi-
cian age, of which only one formation is outstanding in the well logs
that furnish all available data concerning these formations in the
basin. This is a sandy limestone, in places perhaps a real sandstone,
lying about 1,500 feet below the Chattanooga shale at Nashville and
-apparently about 600 feet below the top of the Murfreesboro lime-

# Galloway, J. J., Geology and natural resources of Rutherford County: Tennessee Geol. Survey Bull.
.22, p. 42, 1919.
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stone at Murfreesboro. This formation has been doubtfully corre-
lated with the St. Peter sandstone.*# A similar formation lies at an
approximately equal depth below the Murfreesboro limestone in the
Gower well, in Marshall County. It is important because it yields
water and oil in various parts of the basin.

WATER-BEARING PROPERTIES OF THE ORDOVICIAN ROCKS

All the Ordovician formations as exhibited in this area have much
the same water-bearing properties. All are calcareous, and as a
result underground drainage is well developed throughout. In the
purer limestones the openings are likely to have somewhat regular
cross sections; in the more shaly members, where the channels are
probably due to caving of the shaly beds accompanying the solution
of the more calcareous beds, their cross sections are more varied.
The channcls emerge in the form of tubular springs throughout the
stratigraphic section and in all parts of the area. As a rule, the
springs emerging from the Ordovician rocks are smaller than those
from the Mississippian beds, but this difference is probably a result of
the low relief of the country in which the Ordovician rocks crop out
rather than of lithologic differences. This conclusion is borne out by
the exception to the rule found in a few large springs in the Ordovician
in regions where the relief is greater than usual. For instance, one
spring north of Campbellsville, in Giles County, which had a flow of
about 1,700 gallons a minute when visited, issues from the Catheys
limestone but lies at the base of a steep hill capped by the Mississip-
pian. Similarly a spring just north of Smithport, in southern Maury
County, flowing 400 gallons a minute from the Hermitage formation,
is at the base of the dividing ridge between the Duck and Elk Rivers.

In general wells for domestic use are drilled successfully in all parts
of the Ordovician outcrop area. They range in depth from 20 to
about 200 feet. In a few places no water has been obtained, the rock
for considerable depths having been found tight and dry. East of
Match a well 300 feet deep was drilled through the Lebanon and Rid-
ley limestone and probably through the Pierce into the Murfreesboro
limestone without finding water. The hole was so tight that it was
used for a cistern. Two other dry holes within 300 feet were also
drilled. Another well at Baugh, in southeastern Giles County,
over 350 feet deep, was also dry and was used for a cistern. This
well started in Catheys (?) limestone and probably went into the
Lowville limestone or possibly farther. Such localities probably
represent areas in which the jointing of the rock is not well devel-
oped, and the failure to get water probably cannot be correlated
even indirectly with the stratigraphy.

# Piper, A. M., Ground water in north-central Tennessee: U. 8. Geol. Survey Water-Supply Paper 640,
p. 61, 1932,
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Many wells penetrating the Stones River group find water that is
highly mineralized and impotable. Other wells are highly charged
with hydrogen sulphide. Some shallow wells are reported to strike
pockets of natural gas and petroleum. These wells all derive water
from below the general drainage level of the region. It is believed
that these abnormal waters are largely fossil waters, included in
cavities in the rocks in some past geologic period, and hence have
no relation to the stratigraphy. The high sodium chloride content
of most of the mineralized waters strongly suggests this origin.

COUNTY DESCRIPTIONS
SCOPE

In the following pages the ground-water supplies and the general
geologic characteristics of the individual counties in the area are
discussed. For each county a table of wells and springs studied in-
dividually and a table of chemical analyses is included. These tables
present the data on which the general description of water supplies
in the county is largely based. .

The altitude given in these tables is of course the altitude of the
ground surface at a well and of the orifice at a spring. Most of these
altitudes were determined by aneroid barometer. A curve showing
the variation in air pressure was plotted for each day from readings
at known altitudes, and from data on the rate of variation given by
readings on the same point passed twice or oftener during the same
day. The barometric readings at the wells and springs were cor-
rected according to the curve thus obtained. For many of the shal-
low wells the depth to the water-bearing beds was unrecorded and
unknown. As drilling is generally stopped when an adequate supply
of water is reached, which does not need to be large for most house-
hold wells, the aquifer has been assumed in most shallow wells to be
at or near the bottom of the hole. The depths of most wells less than
200 feet deep were measured by steel tape if less than 100 feet, or
by heavy cord if between 100 and 200 feet. If the well was not ac-
tually measured and the depth given is a reported depth, no date
is given under ‘“Date of measurement.” This last statement also
applies to the data on water level in the wells; if a date is given, the
depth to water level was measured; if no date is given, the depth was
reported. The total hardness of the water from most of the wells
and springs as given in the well and spring tables was determined in
the field by shaking a measured volume of the water with enough of
a standard soap solution to cause a thick semipermanent layer of
suds to form, hardness being indicated by the amount of the soap
solution needed. The results so obtained should in the main be
comparable to the total hardness determined in the laboratory, and
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~ a comparison with the figures for total hardness shown in the tables
of chemical analyses will show that they are generally reliable within
10 percent.

If the date of measurement is given beside the figure for approxi-
mate yield in the spring table, the yield was measured; if not, it was
reported. The measurements of yield are rough and were made by
the float method. The best available stretch of channel was selected,
and the time taken for floating material to travel a given distance,
both in the main current and near the sides of the channel, was deter-
mined. The average cross section of the channel was determined,
and the rate of flow was then calculated. The rate so obtained was
then generally reduced by 20 percent, to take account of the fact
that the surface velocity is usually somewhat greater than the average
velocity of the stream.

The figures given for population are those of the census of 1930.

BEDFORD COUNTY
[Ares 514 square miles, population 21,077}

Bedford County is a roughly square area on the east side of the
Nashville Basin. It is bounded on the north by Rutherford County,
on the east by Coffee County, on the south by Moore and Lin-
coln Counties, and on the west by Marshall County. Shelbyville is
the chief city and county seat and has a population of 5,010.

The Duck River flows approximately through the middle of the
county in a westerly direction. The northern boundary of the county
is roughly the dividé between the Duck River and the Stones River,
a tributary of the Cumberland, and the southern boundary in general
separates the waters of the Duck and Elk Rivers.

Transportation in the county is furnished by one railroad and
several highways. The Nashville, Chattanooga & St. Louis Railway
crosses the eastern part of the county from north to south, and a
branch line connects Shelbyville with the main line. Two fair-sized
towns, Bellbuckle and Wartrace, lie on the main line. Hard-surfaced
State and Federal highways connect Shelbyville with Murfreesboro,
Tullahoma, Lynchburg, Fayetteville, and Lewisburg, giving trunk
roads to the north, southeast, south, and west. The county is en-

tirely rural in character.
GEOLOGY

Bedford County lies almost entirely in the Nashville Basin. A few
promontories and remnants of the Highland Rim fringe its southern,
eastern, and northeastern boundaries, but these are minor topographic
features. The Highland Rim remnant at the corner of Moore and
Bedford Counties represents the highest point of the rim in the entire
south-central Tennessee area, so far as observed. It attains an alti-



BEDFORD COUNTY 83

tude of over 1,200 feet, to judge from highway levels run over it.
The Duck River is at an altitude of about 600 feet in the eastern part
of the county, and therefore the total relief in the county is about
600 feet. Most of this relief is concentrated near the dividing ridges.
The northeastern three-quarters of the county varies in its.topog-
raphy from plainlike to gently rolling. The entire county is well
drained by tributaries of creeks flowing into the centrally located
Duck River. The underground drainage is expressed at the surface
by numerous small sink holes.

Bedford County exhibits a long stratigraphic column ranging from
the Warsaw formation of the Mississippian series down to the Ridley
limestone of the Ordovician system. The Warsaw formation is
represented by weathered chert beds on the eastern border of the
county and near Hawthorne, on the southern border. Only a thin
remnant of the formation now remains. The Fort Payne chert, the
next formation below the Warsaw, is well developed. Its thickness
in the southern part of the county is about 100 feet. The Fort Payne
is underlain by about 1 foot of green clay shale that apparently rep-
resents the Maury glauconitic member of the Ridgetop shale, the
only part of the Ridgetop present in this area, which in turn overlies
about 5 feet of the black Chattanooga shale (Devonian or Missis-
sippian), containing in places a bed of black sandstone about 2 inches
thick, which may represent the Hardin sandstone member. The
Silurian system is unrepresented in this county, so far as observed,
if the Fernvale formation is considered as not belonging to that
system. Underneath the Chattanooga shale lies a thickness of 20
to perhaps 45 feet of strata of Richmond age, the greater part, at
least, of the beds seen representing the Fernvale formation. On the
Shelbyville-Fayetteville highway near the county line 22 feet of fos-
siliferous chocolate-brown, green, and blue shale and shaly limestone
is exposed in a road cut. This is probably Fernvale. Below this
exposure there is a covered interval of 25 feet, below which appears
nodular blue argillaceous limestone with the giant fauna of the upper
member of the Leipers limestone. The Catheys limestone, with simi-
lar lithologic characteristics, lies below this and overlies the Cannon
limestone with its dove-colored compact limestone beds. These two
formations are of the order of 200 feet thick in the county. The
Bigby limestone was not recognized in the county. The.general
sequence below this is best represented by the following section,
largely quoted from Bassler.*

4 Bassler, R. 8., The stratigraphy of the central basin of Tennessee: Tennessee Div. Geology Bull. 38,
Pp. 34-35, 1932.
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Section 4% miles southeast of Shelbywville

Cannon limestone: Feet
Massive impure dove-colored limestone, interbedded
with dark blue granular limestone to top of hill.
Tetradium laxum zone near base and Cyrtodonlta grandis
10 feet higher.
Earthy, knotty limestone ecrowded with Tetradium fibra-
tum in lower part and trilobite fragments in upper
Pt e —————— 10
Hermitage formation:
Argillaceous, rather thin-bedded limestone yielding
Lichenaria on weathering. _______.___ e ———— 10
Yellow shale and sandy unfossiliferous strata...-._._.... 20
Lowville limestone (upper part):
Worm-burrowed dove-colored limestone, sun-cracked
and cherty . e cccm———- Y%
Dove-colored limestone in layers 1 to 4 inches thick with
interbedded thin shaly dove-colored strata. Bryozoa
and other fossils in upper part and pelecypods in

lower part- oo e ———— 8
Bentonite—unctuous green clay with sandy clay bed in
middle. oo oo e e e 2

Thin-bedded dove-colored limestone interbedded with
thin layers of gray clayey limestone full of fucoidlike
markings. Rhinidictya zone in upper part; reef of
Tetradium cellulosum below; small ostracodes below

this; Leperditia fabulites at base . cao oo cecaa oo 20
Lower bentonite bed—green to yellow clay with coarse
feldspathic sand graing . caeocoecaooooomaoaoooooo 0.7

Massive pure dove-colored limestone with a few mag-
nesian layers in 1-foot and 2-foot beds; fossils few;
weathers to chert.

The Lowville limestone is underlain by the Lebanon limestone (of
the Stones River group), & thin-bedded limestone that is about 100
feet thick in this county but has a measured thickness of 80 to 120
feet in Rutherford County, just to the north.** This formation is the
most common surface rock of the county, covering most of the north-
western part. A few outcrops of the underlying massive Ridley
limestone occur.
ki Structurally, Bedford County lies on the southeast side of the
Nashville dome. Minor folds occur in the county, and in the south-
‘west corner some faults were observed.

GROUND WATER

The water-carrying properties of the rocks of Bedford County seem
to be little influenced by their stratigraphic position. The rocks
-exposed here are a series of limestones and shales, and the members

# Galloway, J. J., Geology and natural resources of Rutherford County: Tennessee Geol. Survey Bull.
22, p. 31,1919,



BEDFORD COUNTY 85

differ apparently only in the proportion of shale in them and the
-character of the bedding of the limestone—that is, whether it is thick-
bedded or thin-bedded. Water passes through them through open-
ings which it has largely made itself, by solution of the limestone
along original planes of weakness formed by bedding planes or joint
-cracks. The character of the rocks in Bedford County may influence
the development of the underground channels to some extent, but
there is not enough variation in lithology to establish any other mode
of occurrence of ground water. The intensity of jointing and the
present and former positions of the rocks with respect to the water
table seem to be the factors largely controlling the number and size of
underground channels. In that part of the county lying away from
the Highland Rim remnants all the larger springs appear to issue
from the more massive limestone beds, indicating that larger channels
-are developed in these beds than in the thinner-bedded rocks. This
-seems to be the only effect of the lithology upon the ground-water
-occurrence in the plainlike portions of the county.

In the high remnants of the Highland Rim in the southern and
-eastern parts of the county there is one prominent lithologic control
-of the ground water. The Chattanooga shale forms an impassable
‘membrane which deflects the percolating ground water laterally and
gives rise to a perched water table. This is especially well shown in
the vicinity of Hawthorne, on the southern border of the county,
where a very porous zone in the basal Fort Payne chert may be seen
just above the outcrop of the Chattanooga on the Shelbyville-Fayette-
ville highway. This porous zone forms the aquifer for wells on these
outliers. All the wells go down to about the level of this zone, and
‘drillers report that many of the wells are drilled into the black shale.
1t is further reported that if water is not found at this depth the well
is likely to be dry or, at least, must be drilled much deeper to find
water in the underlying Ordovician rocks. Well 401, just across the
line in Moore County, is representative of these wells deriving water
from the basal Fort Payne chert.

Although the number and size of the openings must be affected by

_the jointing developed by structural movements, this effect is more or
less uniform throughout the county. No local ground-water phe-
nomena have been correlated with local structural conditions.

In the plains of the northwestern part of the county apparently
only the uppermost rocks are porous enough to yield water to wells.
Drilled wells are generally successful at depths averaging about 100
feet. The deepest successful well drilled for water, of which a record
was obtained, is only 185 feet deep (well 2), and many deeper holes were
reported dry. For instance, a well reported to be 280 feet deep, north-
east of Rover, in the extreme northeastern part of the county, is dry.
At Unionville water was obtained in a well 114 feet deep (well 5),
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after six other holes about 200 feet deep had been drilled within &
radius of 200 feet of the site of the successful well. At Bellbuckle-an-
oil test, reported to be 1,500 feet deep, is said not to have struck water
at any depth in sufficient quantity with which to drill. It would
seem, therefore, that the rocks lying much below the general drainage:
level are likely to furnish very little water.

Many of the deeper wells and some of the shallower ones in this
area yield water containing hydrogen sulphide, and a few yield strong'
chloride and sulphate waters. These impotable waters are probably
derived from cavernous or porous zones which apparently are not
connected with the present drainage system. Such eavernous zones
were probably developed in some Paleozoic erosion period and later
filled with sea water or concentrated brines during a succeeding sub-~
mergence of the area.

Data concerning large supplies of water for other than domestic uses
are very scarce. 'The only well in the county that furnishes a fairly
large amount of water, so far as known, is well 202, at the ice plant of
the Tennessee Electric Power Co. in Shelbyville. This well is pumped
at the rate of 90 gallons & minute, with, as reported, no weakening of
the well. The water level is reported to vary seasonally from 50 to.
63 feet below the surface. ~ Unfortunately the aquifer is not known,.
because an old well reported to be 1,500 feet deep, about 400 feet
from the well in use, is apparently connected with it through a large
solution channel 110 feet below the surface. The water level in one
well is reported to be always the same as that in the other. There-
fore, the aquifer furnishing the water may be at any depth ranging:
from 110 to 1,500 feet. The analysis (see p. 92) shows nothing par-
ticularly unusual; the water might be derived from shallow water-
bearing beds, and the report that there is a large seasonal variation-
in the water level indicates that the aquifer is connected with the
surface not far distant and suggests that the water is derived from a.
comparatively shallow depth.

A heavy flow of salty hydrogen sulphide water is reported to have-
been struck at a depth of 1,800 feet in well 13, an oil test about 2-
miles east of Bellbuckle. This reported depth is considerably greater-
than that of the supposed horizon of the St. Peter sandstone. No
other data on this horizon are available. It is possible that the report.
is in error as to the depth at which water was struck.

No large springs exist in this plainlike part of the county. The best-
known spring and the one furnishing the largest flow so. far as known is
Sims Spring (spring 38), in the west-central part of the county, the-
flow of which was about 12 gallons a minute when measured. Spring
34b furnishes a milk plant at Bellbuckle. Itisreported to satisfy the
plant requirement of 2,000 gallons a day, except in a dry summer,.
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such as that of 1930, when water had to be hauled to the plant from
Murfreesboro.

Springs issue from above the Chattanooga shale in many places on
the side of the hills. The largest in the vicinity are Cascade Springs,
in Coffee County, a few miles east of Normandy. These springs were
to be the source of a projected public supply for Wartrace. The water
issues just above the Chattanooga shale, for a distance of over 100
feet. This spring and another a quarter of a mile distant flow a
total of 1,700,000 gallons a day, or 1,180 gallons a minute, according
to measurements made by engineers in planning the water supply.
The flow is reported to be nearly constant throughout the year.

The quality of water obtained in the county varies widely. The
water from the chert beds overlying the Chattanooga shale is soft and
has a low mineral content, as shown by the analysis of well 401 given
on page 159. That from the Ordovician limestone beds is usually a
calcium-bicarbonate water and therefore hard, although the water
from well 17a is very soft, probably as a result of natural zeolitic
softening. Hydrogen sulphide is a common constituent of these
waters. A few, including wells 12 and 18, for which analyses are
given, are high in the sulphate and chloride radicles and entirely
unfit for ordinary uses.

The city of Shelbyville derives its water from the Duck River.
The system has a capacity of 1,000,000 gallons a day.



GROUND WATER IN SOUTH-CENTRAL TENNESSEE

88

*sdsApeus Jo ofqe) ty uoAld sISA[BUY o

14 61 [ Tmmmosmmmmen LT O STmmessommmmss-ooesogIDDIY CH Toowetmoossssesssmomes === 1580 SO[IWI ¥ Moﬁo I g8
09 )54 001 ‘T STmmemesmosscsmosseoas neajed uBMOD w»._SO Tomessmmmenomooes ====-"-1580YJN08 SO[IWI ¥ ‘YooID J8[d | &€
9 €9 081 - mmmemenan op~---- -7 ITej00utey ugof |- comee e oa1y 181 | 18
9 101 018 Tmemene s TmemmTmmesssossmomeesooss ““WOSLUBE 0Of |~=°-===~~-r"===="=--~="~1ggQy1I0U SO[{W £ ‘¥e0ID 3814 | 0F
9 8 998 L moeemiesetente “-0p~--=- 62
g 99 9.8 TmTTTmmsmmmsmsmmsmsesssosssesssessss SUBAR "d "D YInos [ 9 .a:E&anw [4
e 99 0.8 QUG * g 'Q [TooTeTTTmooTomesssoemsoosmestiessesss Pt 2
g 0g 098 smemveTaemssases moommees =mosetoeuBmWoRdg tD T M - 1sBOY[1I0U Sotur § .wh_nmsuem 92
9 gl 0LL PN V"M |7 I memmmem- ZTTyseA Sefjm ¢ ‘pIojpog | GCe
Q F09 018 Tmonmeme cc =-10d000 9seuig |~7-""""" ettt ~==op~-"|
Q 44 018 - L - Jo¥onY, " Y |~ cuamm s "paojpeg | €2
9 02 (11 T (4] Vel Ittt ugwIesy ‘O g |7 Semmsmoommsmmmsssees ~--)seMm SO[IUI p ‘PIojpeg | %%
9 €6 092 op i eosperd 'O ‘H |~ ~-=-1SeM[II0U SO[IW 34¢ ‘Ofjladqpusg | 12
@) 009°T [O¥9 T T op 3§ Esoﬂ am 2 v300uv}98YY ‘OI[IAUSBN |- SUoTTTTTTmessSsmsmmsssomommommemmT op=---= 174
[ 0gy [V N L S S op mmmemmocmemees TTemoomesssmmesgp-e-s q0%
01 0z1 0%9 Tmemmmm e mmm s mm e 00 10404 OLIJ99[F 8esseuus , - i “=--BMIAAqeyg | 0% o
9 911 a8 i SmoemSoomesesoeden-c swdoy ‘g [ [~ ==---[pnos SO[TuI Z ‘effIadqeyg | 6le
9 et 098 £ S[noy I8 ® 8300uBBUD “O[[IAYSBN |- "mmTmmon AO[BH | Sl
9 V14 98 op-—-- Tremmmes s op QLI
9 98T 298 soomes uBwmyOBIg ‘I "H - - ~T-Q0BIJIBA | Bl 0
ot [0 S 1 - N e S RAUYS 'V "L 1S0AY1I0U Ofjur T ‘ooeajrem | 91
9 291 [ N . 1111 ¢ O et e s mommeemmem ST@OUUIM “M L | 1589108 SAIW §4¢ ‘epyonqried | 91
9 99 a88 - - SQOIBYL "\, "M |77 TTTTTTITmmem " seaggdoT soffur w ‘epongied | ¥
@) QPG | 088 |TTTTmmoTommomomoomoroessrQptottofeosamsoecesecseoses qonoI) *H°f |- 9580 So[IwI Z ‘efyonqied | eI
Y 98 0.8 plouly jewawug |- Semmmmsemmossens YInos sopI %41 ‘epyouqied | 2le
@ [0 S ) - B S S S “S@OUBA D (L [T mmoe - jseMrjtou efiux [ ‘epxonqiied | TI
9 991 028 - s 3SBOI0AQ °d ‘L, |"wTTnTT o ==-""-qydou seqiur ¢ 6=En3nw o1
9 201 az8 STTmmmmEmem e eouedg ‘g ‘q - Tonmesmemsmmmmmsnooees [ 1
6 +002 [ S Skt 1+ Rt bttt ~uswyo8lg ,snga.ﬂ
9 16 [0 e e bt sommomsmm—o oo
] 18 0L - - “TuMoIg m ‘M
9 j248 082 - b wioqsQ ‘r g
e 091 0zl op - - oo umoig ‘N ‘D
Q [ Q8L “m-s (] e ittt uMoIg ‘M ‘T
9 81 0LL smmmmmn mommememmmens el 2 e ---=--goInyy) jspdeq A0y |--c--omooooo it bbb - mmommmmeeos ~0p~"" Z
9 081 062 s ueld . === -=&juno) piojpeg |~--oonowomotooTToTeToemoomes T3I0U SO § ‘e[fiauotun | T
(soyour) (109]) epny
] hw%on ﬂm%unvm .ﬁwu%mﬂ uopenyys orgdsisodoy, 06559 10 IOUM( quzod dew js0xe0u 09 100d5I YI[A TOJJBOOT w%“_wﬁ.m

[palf1p sa0130 118 {30 7€ *ON])

Rpunop piofpeg ui spem fo spioday



89

BEDFORD COUNTY

"H0SBOS
qua duidisa ng Suidund £q pedusngumn ‘19Ae[

‘uopgn{os deos pIepuB]s UM POy U} PeUruIIeIfd o

QUIBS )8 0Q 07 SABM[B Po}I0dea {9 Furpaoeld 0MT oo ocoaifenas — . PR, p——-
pue s[y} Ul 3038A  SCH TIBIN0O 0} POYIOdRI 168\ [63] [63) (&Y 202
*399] QI 98 [9uUBYD Wedo 9U) MO[] NOMIIS I998M | ) e suoN |----=----f| 89 Veeooe s ammemauacseaa S PR, RO P, a0z
ou Apuereddy -ouo 3uipeodrd WO 19¢f ¢ [OM
uusion u} Soliou 0f "Hiec
OM 300J-009°T M 9y 3 1 ¢ —emeccemcgorBm SUN00N |mommmmmmd ]l BB e[l N Bt
mozswom g3noxy) $10eum0d A[qeqoid ‘SiE suimmop | 0%8 Tojes 3ulj000) 80z
*SUH 9958) PIoB ‘Aj[Bg |- mmmmofmtet 3[009s fopsewro(T | ¥¢ ‘39Q | 26— |TTTTToooC QUOJSOUII] UouBQery f*===-"-==~ e 514 ¢ 61
*9ST O19S0WOP JOJ JYNN {S83 [BINYBU JO JOPO AY[BY [~ =======r[-"=--=-o=memoens SOUON 777"t gOT—| T (3) 9UO0ISOWI[ WOUBQY/T [~===="" ===~ op====-}  zg1 81
*9ST 9[3SOTIOP 10 [[0M snojaeid sjuewerddng | gL¢ -3upjo09 pue SwNUMQ Rihhbinhhh QUOJSOULI] Of[IAMOT] |~~~="==="="==0p~~~="| Q¥ all
“uopjeyidiosad 03 9A1STOASAX £19A 9 07 PolIodel UMO}
uj s[ea Jnygdns,, mwuig CgtH gonw suppyuop (o [Tt A Sugsep |77 FOLT— [ QUOISOW[ WOWBQOY |~~~ "= -omojsouI)| oL1 8.1
S[(1AM0rT Jo do) JBIU POJNB]S [[PA UMOUNUN
AnBubd pus junNoOWB Inq J08M NOMIYg ‘3803 {IO (7T RN et T O3 2 sommmes Toewmenscsmmnen == Q) 9T
"09s] A7j0 'GP suyeImoy | 6 |TTTTUT 2035 ‘opysamot T7ITIT(Q) eUOJSOUH] WOUBQET TTTTTTT o L FL9T a1
‘SPE SuBIumo) | g8t [TTvttttttttttottjoog | 13 U190 | gg oot (1) euojsour]] O[[JAMOr |~==="""" ouojsewyy | Fee 3T
*1098M  JOVT ONIE,, JO MO AABOR [~~~ =""7oc|TTTootommmsmmmsomsmefesSescem oo nomebe e o oe TTmoTTeeees cToeTmemeens [N @ 008 ‘T
R LN I M It i R ~~dnoJs ALY soU0)g [~7""" L 812
‘10 pus ‘se3 ‘303em YIdOD S 3V 1503 [I0 mmmmmeessoaneoe - op---=-|--=-~ op g et
. QUOJSOIIT O[IAMOT |*7T""""TRTOISeWNY | 108 al
“Q[[IA A0 UL POYIEIS [0 TIMP 09 UOIUA G e N
£yuenb JuepIns uj 9JBM ouU pojiodel {389} (10 Smeemmemanenaaiaes eefmmemmmeeee|
*SCH JO JUNOWS Ju3Ys SUfBIUO) | S08  |~TTTTTIRO09S fopsewto (--te--tot| Qg |moeoeToonoooeeeoes ) ) i B L o1
op~--| 0°0g— |*TTTIITT ~7-IeuojseuLy] AS[pIY |~-TTTTeuojsewayy | g0l 8
092 I TTTTTopTTTt TTTTOPTTI0O— (T cTTTme T (O RN ] ) 8
"§¥H sujeuop | 1z Op™=~="1""""0p"""| 9*pg— |~"TTTTTTIoC ..--MM.W i D, op=T""" | 16 L
- 06z ""TTTTHO0LS lopgseulod | 96 00 | 9Tg— (TToTTmmmmeonoeooe B AR daad R op---- FI8 9
1938
ou PepIL 190} 00z IN0UER JO SNIPBI 8 TIYIIA e8] _ § ~
002 Jo q3dep © 03 DO[[IIP SO[0Y 10730 § {SFH SUIBIU0) | Cgf soootooooorropsewoq | L2 100 | 89— f-tio- TTeeTeeeo(g) s0peoet g
*30[09 weead se 1998 M | 08 STUTTTmON [T Op~~" ¢/~ |77 (&) ouoyseuly AO[DIY 4
sz T I Op=~*"*|"""oD "7 | £2— =""" """ (3) QUOISeuI]] UOUWEQE'Y |~"TT"*""w0pT-mmTf Fo) g
923 ~*="¥90)s lopisewo(q |T""TTOp~TT| §65— |° - op op F381 14
(17 “opseuto(y | 96 90 | 98— [T ~""""9U0ISOW|[ AO[DIY [~ oumojsewy | “FOeT T
(©sn) [ S0
q (woHMIm o8NS
18d s)3ed) Jmem | yomeq wopisod ojgdespeng el Qmev
0080 OINSEST | 4 o13010u3rL wmdeq |, oyed
SYIBWOY e I9)8M JO OS] o9usa |, A0Q Y o ‘ON
ssoupasy
180
[LZC R CAFY §pOq SUI89(-10)8 A\ .




GROUND WATER IN SOUTH-CENTRAL TENNESSEE

90

*508A[WUS JO 9[(B) U] WAL S|SA[BUY o

339 eudBg 10g |~"-m-Temoes-osoospptetet prasife If “[TRYSIBIY *3qOY |~"""°-°""""-"U1SwenIou mom_.u ¢ ‘SpuswiioN | 0%
“QUOISAUIN] B[[JAMOT |"""=""TT= T Top opIsITH suiag ‘0 " ~~1s80YNoS SO[JWX ¢ ‘O[[1aLqieuy | 68
*() uoIsIWI| AJPIY |~"""""TT"TTTmTmTT 0P youerg ©)8189 [[PUIB(L "WIA\ [~7""""""""""""""""1S0A SO[JUI @ ‘O[[lAAqleyy | 8%
*9U04SIMU]{ UOUUBy)Y |~=======-===-=-=--pp-=-== =====""=“UBIP JO PBOH |~~~ """"""oTmmTomttuosEOIH LA Kool | L8
o -e--m=-==c=----guolsemyy | OIS momemmeemes--csigpotTo- Suong "J *Y |~"--"--"-----18eeqliou SOjIu § ‘e0BIlBM | 9
‘o “eyuojueq | oi8 pradies “T[BAOT JWISQ |~TT"TTTTTTTTITTTTIINO0S AW | ‘opyongied | 98 e
ed SoessmosmoecTeseo op~~"""1 Gug “TUop "T0)) XA uonsue) O e 2
.oﬁoﬁvﬁ: o[iransoy Fsaum ¢98 R </ | -7, W i TTTTTTTTTTTO) Ul eLyenqedg e[onqIey | ¥5e
(309)
1943 BOS 1'd
uoysod argdeadyyeng 001 JO PUE owwmm.”a uoleniis orgdsidodo,y, 995501 10 JOUMQ qupod dewm jsexsen 09 j0edses YI[m U080 Wo
838l 0N
-npoiddy
Rpuno) piofpag ur sburids fo sp.iorsy
[0 S A "TT0PTTTTTI PE °390 | §°6— [(TTTTTTUUTTUTeuo)sewmijuouuey (Tt Ceuojsemnyy | <F6I 2e
“TTropsemo( | 61 CAON | ¥ 98— o euded 104 |~--"31e7d E:Emﬁm F09 144
“OCT c08 Trmomemee BUON |7~ op~Tl 0 FI— e ..... 18
‘SPH suiBIuo) | 463 dpsemo | ¥¢ ‘130 | 01— |7 oo 0%
glg =-===--300)s !dpIs0UIO |""" op~~| 68— |~ = "-0u04souI} o=_>BoA 6z
“ULIP 0]
Jgun 1038 puB 9P 199) 96 Weeq eABY 03 papioday | <8y I e (1) "op=--- %
06y 9 Cp— |""7"7" - op 1z
0Le - SpI— |77 WOI1BIIO) 038} 8%
oqQ g9z |7t A op~-" 1+ ---At ansmeﬁ: Lolpryg |14
‘§¢H suejuoy) | 997 --====-3001s fopisewocy |- (3 KA op=—-- 74
[ - ousemo( |0 0gg— [TTT T op €5
oyg |t 39038 fopsemo(y |- op 7| §°gg— 9UOJSOW | WOTTLQSTT 44
T R opsemoq | £z 100 | §F9— | ~-euojsemi| Lo[pry [-----~"-ouoisamry | Fg6 13
(300))
(monm (0881) | g351ms
. fLED 101081842 (900]
._wm w_mwav -oauswem | 4914 uopisod opydeispyeng ch_oam‘m ﬂn%nvn —
SISOy R I9J8M JO 850} 10998 | o40qy w0 oN
SseupIBy
8oL
10A9] I8 M §peq 3uirseq-1018 M

ponupuo)—~Auno) piofpag ui sjppm fo spLodsy



91

BEDFORD COUNTY

moynios deos paspue)s YA P[OF UJ POUTTIeO( ¢

*£yanog) eegop uy oxv siuridg  “e[eys

Bs30o0ous)IBYD ©A0qQe ouoz snorod v oy onss| ‘sFuldg epwess) | QF 09090 |TTTTTUTTTTTTeTTTUToTT QUON [~="""~""=" “ouoz snoioJ | Ausyy | 0¥
“18)BA ©28JINS JO 550008 0) enp AJqeqord
einjeredmie) pUB SSOUPIBY MO "pPoq 03Im0jueq o>8m somssy | @21 |ToTUTUoeeTetUoees op~=| 6% PO | BT |TommTTTemomT ousyd Supppeqd | 1 68
“Ayunco
Jo j1ed ujsem uy Supds pejou jsowr pus eS¢l ‘Supdg sy i e I PO | g1 |ttt o810 ju10f podrepug | 1 88
-00u[d S[Y} ]8 OJBI 10]BMA
IoA o[qeiod "jySnoip Suump Lo[eH UJ o awwnvwmmﬁawh [11- S opTTTUI g PO | 9 Tt feuusyd Topniog | ¥ 8
“150M N
‘epyonqriog Jo A3[uiolA uj Ufel Jeye Appnux oumxooeq 03 pejlodey | ggg 0 [otoTotoT Y0098 fopjsewaoqt | 08 PO | 8 |TTTTTTTTT Youao Jujof poszeruy | I og
*10QUHOTX 631U0jUOq JO os8q HOI) sdoes 1)BA | @61 0 [TTTTTTTUTetee opsewmio | I8 00 (014 [TTommmomemmToomeoe ousid Surpped | 1 ge
*ABD B SUO[[8S 000°T S} PIOJA wOyM
‘rowrwuns AI1p uy 3deoxe £8D B SUOIES 0005 IN0QE PIOIL 03 pejrodey relgsnpuy --- ---- 0p 4 [ 73
................... A1ddns funmmo) | 13 90 | % 7TTTTTTTTTRORIO QU] pesIeruy | T ki3
(worfra Mﬁm%% ejnujmr 8 IBq
od shsd) -oINSEOTI | SUOYIED 103083840 cumy | 11
syIBmey £0O8) 58 1078A JO 08 Jo o38@ uo
. SEOUpILY ‘ON
e,
PRI ojemxoxddy sSumado

131880—36——7



92 GROUND WATER IN SOUTH-CENTRAL TENNESSEE

Analyses of ground waters from Bedford County

[D. F. Farrar, Tennessee Geological Survey, analyst. Parts per million. Numbers at heads of columns
correspond to numbers in tables of well and spring data]

8 9 12 17a 18
8ilica (8102) . oo oo 11 11 34 16 12
Iron (Fe)..- 1.3 1.6 2. .75 3.6
Calcium (Ca)_.-—-- 105 113 2,783 39 | 1L,72
Magnemum (Mg)-- 7.0 12 76 1.2 138
Sodium (Na)._...-- } 1.2 6.1 308 396 9,870
Potassium EK) — - 1.8 5.2 18 24
Carbonate (CO3) .- 0 26 0
Bicarbonate (HCO3). 346 357 461 240
Sulphate (S04) - - 8.6 38 6, 661 5.2 4,
Chloride (Cl)---- 1.8 13 319 15, 250
Nitrate (NOs)_-. .65 .64 2.1 1.3 .
Total dissolved solids | 304 384 10,813 1,103 30, 830
Total hardness as CaCOs (ealculated) - - | 201 331 7,256 15 4,868
Date of collection (1930) - _ ... Oct. 25 | Oct. 25| Oct.20 | Oct.20| Oet. 22

19 20a 25 3 | gk,
LT (0 1 1 14 16 8.9
Iron (Fe)..---- - 1.3 2.2 L7 1.1 .85
Caleium (Ca) v oo 156 113 92 67 33
%‘V[ggnesi&l\%l )(Mg) 1;8 ;g 7.6 6.0 2.3

odium (Na)_...

Potzssium (). 16 ol 2} so Lo
Carbonate (COs 0 1] 0
Bicarbonate (H 543 310 2568 231 101
Sulphate (SO4) - oo oo o 16 67 47 1.4 8.6
Chloride (CI) - cocoe oo 293 57 11 7.5 1.0
Nitrate (NO3) . oo ccmeememmeeoo .85 1.3 .75 .66 .34
Total dissolved solids_ ... ____._.___._. 978 476 318 224 106
Total hardness as CaCOj (calculated) - - - _ 467 331 261 192 92
Date of colleetion (1930) - - - ..o Oct. 24 | Oct.28 | Oct.27 | Oct.21| Oct.29

o Water from Duck River at Shelbyville; municipal supply, filtered but not chlorinated.

FRANKLIN COUNTY
[Area 575 square miles, population 21,796]

Franklin County is a roughly square area lying in the extreme south-
west corner of the area covered by this report. It is bounded by
Coffee County on the north, Grundy County on the northeast,
Marion County on the east, Jackson County, Ala., on the south, and
Lincoln and Moore Counties on the west. The county seat and chief
city is Winchester (population 2,210). Other important small cities
are Decherd, Cowan, Sewanee, and Sherwood.

The Elk River flows in general southwestward through the northern
and central parts of the county. It drains the entire county except
the part embraced in the Cumberland Mountains, which drains
southward to the main Tennessee River.

The Nashville, Chattanooga & St. Louis Railway serves the
county. Hard-surfaced highways at present (1930) connect Win-
chester with Tullahoma, to the northwest, and with Monteagle, to
the east. Others are in course of construction.

The chief industry is agriculture. Tree nurseries have been made
a specialty. Most of the county is underlain by the St. Louis lime-
stone, the residual soil from which is fertile. There is a large lime
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quarry at Sherwood, in the southeastern part of the county, in a deep
valley in the Cumberland Plateau. The University of the South
and two Episcopalian preparatory schools, St. Andrew’s (boys) and
St. Mary’s (girls), are at Sewanee.

GEOLOGY

About three-fourths of Franklin County lies on the Highland Rim;
the southeast quarter is a part of the Cumberland Plateau. The
portion on the Highland Rim has an average altitude of about 1,000
feet, above sea level. The Cumberland Plateau is at an altitude of
about 2,000 feet at Sewanee, but the western part of the plateau in
the county has been much reduced by erosion. The Elk River is
780 feet above sea level near the western edge of the county. The
total relief is therefore about 1,200 feet.

The Highland Rim portion of the county is & gently rolling plateau
except in the neighborhood of the Elk River, where the river and its
tributaries flow in rough gorges. The general surface level declines
in a southeasterly direction from about 1,100 feet in the northwest
corner of the county to about 1,000 feet along the railroad from Win-
chester to Huntland. Large and small shallow sink holes abound
in areas away from the major drainage channels. To judge from
maps now available, few of these sinks are more than 20 feet deep.

The Cumberland Plateau in the vicinity of Sewanee presents a
gently rolling surface with a local relief of scarcely more than 100
feet, except, of course, in the deep gorges cut into the face of the
escarpment. Its level character is striking considering the great
escarpment that separates it from the Highland Rim. Elsewhere
in the county the Cumberland Plateau is maturely or postmaturely
eroded, and although these areas have patches of rolling land on the
hilltops they are on the whole very rugged. Deep sinks break the
surface of the plateau.

The stratigraphic column shown in Franklin County ranges from
the basal Pennsylvanian down to the Upper Ordovician. The
various formations exposed in the escarpment of the Cumberland
Plateau have been described on pages 55-61. The St. Louis and
Warsaw limestones form the surface of the Highland Rim throughout
the county. They are massive, somewhat siliceous limestones. The
St. Louis weathers to a red clay soil which is conspicuous over most
of the county. The black Chattanooga shale crops out in a narrow
band on the valley walls of the lower Elk River and its tributaries.
A very siliceous, cherty limestone underlies the Chattanooga shale
in places and overlies the red crystalline limestone and shale of the
Fernvale formation. No examination was made of the underlying
Ordovician rocks in the Elk River Valley. Quaternary terrace
gravel is present in several places in this valley.
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Structurally, Franklin County lies on the southeast flank of the
Nashville dome. The regional dip is southwest; the Chattanooga
shale is at an altitude of about 950 feet in the northwest corner of
the county, but at the southeast corner it is about 400 feet lower.

Minor folds are present.
GROUND WATER

All sections of Franklin County have obtained adequate water
supplies, so far as known, except the vicinity of Sewanee. A few dug
wells on the Highland Rim are reported to have been very low during
the summer of 1930, but drilled wells have been generally successful
throughout the rim. Well 53, on a stock farm near Huntland, in the
southwest corner of the county, is reported to furnish water sufficient
for 300 head of stock. The well is only 96 feet deep and derives its
water from the Fort Payne chert or, perhaps, the Warsaw formation.
The public supply of Decherd is obtained from wells 48a and 48b,
draining water from a subterranean channel in the Fort Payne chert.
Both wells are 112 feet deep. The main well is equipped with a
pump having a rated capacity of 80 gallons a minute and is reported
to be pumped continuously 16 hours a day in summer. The second
well is used only in emergencies.

The most abundant sources of water are the springs that issue at
all stratigraphic horizons in topographically favorable locations.
Springs 71a and 71b, in Owl Hollow, about 5 miles west of Winchester,
are probably the largest springs in the county. Water from these
springs issues from the Fort Payne chert and a limestone of Silurian
age, just above and just below the Chattanooga shale, respectively,
and is used to drive a gristmill. The combined flow from these
springs was about 1,200 gallons a minute when measured in the fall
of 1930. It was reported that they were then at their lowest known
stage. The fact that the area is broadly synclinal in structure is
probably to be correlated with the size of the springs.

Winchester derives its public supply from spring 74a, which taps
a large solution channel in the Warsaw (?) formation about 2 miles
north of the town. This spring flows about 750 gallons a minute;
spring 74b, adjacent to it and fed apparently from the same channel,
delivers about 600 gallons. The supply of Cowan is derived from
spring 76, in the St. Louis limestone or the Warsaw formation. It
furnishes the town needs of about 40,000 gallons a day, or 30 gallons
a minute.

The water requirements of the schools on the Cumberland Plateau
are barely met by the supphes available. The University of the
South, at Sewanee, furnishing water also to a large part of the town,
uses about 60,000 gallons a day. The water is derived from seven
small springs and two wells of small capacity. The largest of the
springs flows less than 5 gallons a minute, and the better of the two
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wells yields only 15 gallons a minute. The wells tap the Gizzard
formation and the springs issue from the Sewanee conglomerate. At
St. Andrews, a few miles east of Sewanee, each of two wells yields only
about 2,500 gallons a day. At St. Mary’s, however, on the brink of
the escarpment southeast of Sewanee, a well 150 feet deep derives
sufficient water for the needs of the institution from the Gizzard
formation. The well is reported to have been bailed immediately
after drilling, at the rate of 20 gallons a minute, without lowering the
water level, and it is pumped at the rate of 5,000 gallons a day
throughout the summer. The local variation in water-bearing

capacity of the Gizzard formation may be due to variations in the
lithology of this very diverse formation.
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Analyses of ground waters from Franklin County

[D. F. Farrar, Tennessee Geological Survey, analyst. Parts per million. Numbers at heads of columns
correspond to numbers in table of well and spring data]

48b 59 60 - 63a 64b 71a
Silica (8102) e covmem oo ieiicaioaeees 11 13 16 12 11 13
Ton (¥e) P, .85 .85 2.1 .66 62
Caleium (Ca)..- oo 70 48 305 21 12 41
gdggnesu(lﬁl )(Mg) 4.7 6.3 % 4.3 1.1 4.6
odium (Na)._..
Poinon (Va5 } 26 |} ez Sal} asf} 1o} e
Carbonate (COs) .- -cuvmcca oo coeeceecme 0 0 0 0 * 0
Bicarbonate (HCO3) - oo ceceeeeeeeee 157 165 302 43 38 143
Suﬁllphate (804).--. 62 9.2 615 33 1.8 4.2
Chloride (Cl)_.. - 3.9 14 27 5.5 1.5 6
Nitrate (NOs)--- - 71 .67 .92 . .30
Total dissolved s 239 182 1,212 114 51 141
Total hardness as CaCOs (calculated) o194 146 888 70 34 121
Date of collection (1930). . ____.____...__ Nov. 22 | Nov. 24 | Nov. 24 | Nov. 28 | Nov. 28 | Nov. 25
71b T4a 76 T7a 79
12 12 13 8.9 14
55 .85 88 . 65 1.2
40 72 82 7.3 61
7.8 3.6 6.4 ég 4.7
.6 30 |} 58 2 ve
0 0 0 0 0
145 165 189 8.2 153
12 58 72 18 42
..... 9 4.5 8.7 9.3 2.8 -
..................... - .41 .55 .36 .33 .83
Total dissolved solids___.__._..___.______ - 156 245 296 62 214
Total hardness as CaCOs; (ealculated) ... -] 182 194 231 26 172
Date of collection (1980) <c- oo oo Nov. 25 | Nov. 29 | Nov. 29 | Nov. 28 | Nov. 26

GILES COUNTY

[Aresa 628 square miles, population 28,016}

Giles County lies on the southwest side of the Nashville Basin.
It is bounded on the north by Maury County, on the northeast by
Marshall County, on the east by Lincoln County, on the south by
Limestone County, Ala., and on the west by Lawrence County.
The county seat and largest city is Pulaski (population 3,367).
Lynnville, in the northern part of the county, is the only other city
of any size.

The entire county is tributary to the Elk River, which crosses the
southeast corner, and all except small areas in the southern part of
the county drains to Richland Creek, the chief tributary of the Elk
River, which flows southward roughly along the central meridian of
the cpunty.

The county is served by two lines of the Louisville & Nashville
Railroad, both running southward, one through the central part of
the county and the other along the eastern boundary. Hard-surfaced
highways radiate from the county seat north to Columbia, south to
Athens, Ala., west to Lawrenceburg, and east to Fayetteville. Others
under construction go northeast to Lewisburg and southwest-toward
Florence, Ala.
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The chief pursuit is agriculture. A large phosphate plant is
operated at Wales, north of Pulaski.

GEOLOGY

Giles County lies mostly in the Nashville Basin but overlaps both
the eastern and western sections of the Highland Rim and includes
many large remnants of the rim in that portion which technically is
classified as basin area. The higher portions of the rim in the north-
west corner of the county and the large remnant northeast of Pulaski
lie about 1,000 feet above sea level, but in the southern part the level
of the rim is about 100 feet lower. The Elk River is about 570 feet
above the sea. The total relief in the county is therefore somewhat
in excess of 400 feet. The terrane is gently rolling nearly every-
where except at the edges of the rim and its outliers, where the
slopes are steep.

Giles County is immediately underlain by strata ranging from the
Warsaw formation and perhaps, in local patches, the St. Louis lime-
stone, down to the top member of the Lowville limestone. The
Warsaw and St. Louis limestones are present only locally along the
western county line and in the extreme southeast corner. The Fort
Payne chert is the surface rock through practically the entire area
belonging to the Highland Rim or its remnants. A few feet of coarsely
crystalline limestone with large crinoid joints and stems, which may
represent the New Providence formation, is found locally along the
western border of the county just below the Fort Payme chert.
The Maury glauconitic member of the Ridgetop shale and the Chatta-
nooga shale are exposed in many places in the escarpments of the
Highland Rim and its remnants. In the southeastern quadrant of
the county as much as 50 feet of Silurian cherty limestone is present.
In the southwestern part of the county, in the vicinity of Minor Hill,
a thin conglomeratic limestone probably represents the Brassfield
limestone, and the same formation is probably represented by a
crystalline limestone with green specks in the southeast corner of
the county, at Elkmont Springs. About 20 feet of coarse pinkish
and yellowish limestone and yellow-green shale representing the
Fernvale formation underlie this limestone.

The following section, adapted from Bassler,” describes the strata
found on the lower slopes of the hills and in the lowlands of Giles
county. The portion of the section from the lower part of the
Cannon limestone to the top was measured at the spring north of
the square-in Pulaski and continued to the top of the hills along the
road running north. The lower part of the section was measured in
the vicinity of Aspen Hill.

4 Bassler, R. 8., The stratigraphy of the central basin: Tennessee Div. Geology Bull. 38, p. 32, 1932.
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Straitgraphic sectton in Giles County

Fernvale formation: Feet
Brownish-yellow shale with Plaiystrophia acutilirata_ ... ____. 8
Gray shale with Bryozoa and Rhyncholrema capa®_- - .- - --. 10
Bluish and pink limestone. .- - - o oo .. 20

Leipers limestone:
Nodular irregular blue fossiliferous limestone below with Stro-
phomena maysvillensis and other typical Leipers fossils__.__- 25
Catheys limestone:
Dirty-gray to dove-colored argillaceous limestone with Scoli-

BRUS - e e e e 7
Thick-bedded fine-grained blue cobbly limestone; Hebertella
abundant_ _ i 10
Massive subgranular blue-gray limestone; Teiradium colum-
nare abundant. oo 4
Massive fine-grained laminated limestone._ . _____ . ________ 5%
Cobbly blue imestone - .. .- . ... 2
Granular blue and shaly limestone full of ramose Bryozoa,
particularly Consiellaria emaciata and C. fischertz e o eoeeo-. 4
Cannon limestone:
Covered . . e 25
Blue shale full of fossils, particularly Eridotrypa briareus,
sponges, and gastropods. .- - o _____ 15
Covered - - e - 5
Granular blue limestone with Solenopora compacta- - - - ... __ 5
Massive granular semiphosphatic gray-blue speckled limestone. 15
Thin-bedded fossil clayey limestone and shale with numerous
Rhynchotrema tncrebescens and massive Bryozoa____.______ 8
Massive gray-brown speckled granular limestone, laminated -
and cross-bedded, resembling Bigby .. _____.________ 15
Dove-colored limestone filled with Scolithus markings. __.____ 1

Bigby limestone:
Massive laminated and cross-bedded, coarsely crystalline blue
and gray phosphatic limestone_ . _ . ___ . ___________.____ 60
Hermitage formation:
Shale and shaly limestone; upper beds slightly phosphatic,
Dalmonella fertilis abundant___________________________ 50
Massive coarsely crystalline gray limestone weathering into
rounded boulders, without chert; fossils abundant, including
Columnaria, Solenopora, and Echinosphaerites. A few
mottled dove-colored limestone beds, 12 to 20 inches thick,

in lower part . - - o o eeeeee 35
Lowyville limestone (top member):
Thin-bedded dove-colored and blue shaly limestone._.____..___ 10
Thin-bedded dove-colored fucoidal limestone weathering to
small fragments full of holes.- - - - - _________ 10

The Hermitage formation becomes much more sandy and is very
conspicuous around Brick Church and Diana.

The character of the unexposed strata is given in the following log
of the Krapp Spring well (well 88). The individual formations can-
not be recognized from the description available. Probably all the
strata below the Chattanooga shale belong to the Ordovician system.
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The determination of the ‘“Pencil Cave” or bentonite horizon in the
interval from 430 to 470 feet seems possible, although the interval
from the Chattanooga shale to it is somewhat greater than that given
by available surface sections. If the determination is correct this
interval represents the approximate top of the Lowville limestone.
The entire Stones River group must have been passed through, but
the hole was apparently not deep enough to reach the horizon of the
St. Peter sandstone (Lower Ordovician). '

Log of well at Krapp Spring, Swann Creek, Giles County

{Drilled by J. W. Young, December 1928, Cuttings examined Dec. 21, 1928, by W. F. Bailey, assistant
geologist, Tennessee Division of Geology]

Thickness | Depth.
(feet) (feet)
Chattanooga ‘‘black " shale. 48 55
Cuttings consist of large chunks ofsiliceous and calcareous skeleton masses of crinoid
stems and lace like Bryozoa. Material probably has fallen down from Fort Payne
formation above black Shale. .o «awe oo cae oo ceccmcem e cccemanmemae 5 60
g}ue b “m:;ﬁnmli taining fragments of brachiopod shell: gg lgg
ue-gray crystalline limeetone con: g ents of brachiopod shells_ ..o oo
Bame as above but lighter-colored. am oo ool 5 125
Same as above, with dark-blue dense limestone.. -...-. eeemm—————————— 20 145
Blue Shaly HMeStONe. o oo e oo e e e e cmeemm e e e m—m e e ———— 5 156
Dark blue-gray crystalline limestone with considerable pyrite. No fossils_w.-eo oo 15 165
Dark blue-gray shaly Hmestone. . oo oo oo e e mmmnem 30 195
Light blue-gray crystalline limestone. _....... - 5 200
Dark blue-gray crystalline limestone. 65 265
Very light gray crystalline limestone 30 295
Very dark (nearly black) dense limestone, 70 365
Very light gray dense limestone. Resembles tDove limestone_ .o ecmonaae 10 375
Nearly white dense limest . 35 410
Very light colored brownish-gray dense limestone. .- oo ooomoooaenn 10 420
. Light blue-gray dense Hmestone - - oo e oo oo mamemmccan 10 430
- Dark blue-gray finely crystalline limestone (“‘ Pencil Cave’) - 40 470
Dark blue-gray dense limestone. 10 480
Light brownish-gray dense limestone... .. - 10 490
Dark blue-gray crystalline limestone. 25 516
Dark blue-gray dense limestone........ 10 525
Mixture of light and dark blue-gray dense limestone.... 70 595
Very light gray dense limestone., Nearly white ——— 15 610
8ame as above but slightly darker. - - 10 820
Dark-gray dense Hmestone. . - cae o cee e e cceeccecemeecscmmeccasemaam—————————————— 10 630
Bame as above but lighter color. 56 685
Same as above but darker... 15 700
Dark blue-gray dense limestone. 10 710
Light blue-gray crystalline and somewhat shaly limestone. 5 715
Very light blue-gray dense limestone......._._. 10 725
Same as above, with brownish color_. 5 730
Dark blue-gray dense limestone . 30 760
Dark-blue dense limestone and balls of dark clayey material. _....c ooooomomueaooo 3 765
Dark blue-gray dense limestone. - 5 770
Very light gray crystalline limestone._.... ———- 5 775
Dark blue-gray dense limestone. Y 40 815
Very dark, nearly black dense limestone._._. 65 880
Dark blue-gray dense limestone. 50 930
Same as above, very dark. ... I 5 935
Dark blue-gray dense limestone......... 35 970
Same as above, a little lighter color-_____...._..._ 15 985
Dark blue-gray dense limestone.... 15 1,000

Giles County lies on and just west of the southward extension of the
crest of the Cincinnati anticline, on the southwest flank of the Nash-
ville dome.

GROUND WATER

Giles County exhibits the usual ground-water features of counties in

Tennessee crossed by the Highland Rim escarpment. Abundant
_springs, many of large size, furnish good supplies of water to many
of the rural dwellings; shallow drilled or dug wells generally yield
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adequate supplies for domestic and stock use, although in some locali-
ties a satisfactory well is hard to obtain; and but few large water
supplies are furnished by wells. The largest proved capacity of
any well in this county, so far as known, is 11 gallons a minute, yielded
by well 85, which furnishes most of the city supply of Lynnville.
This well probably taps a channeled zone in the Lowville limestone.
Drillers report that strong flows of water are struck at shallow depths
throughout this vicinity.

Wells are frequently unsuccessful in certain localities. On two
adjoining farms about 3 miles southwest of Lynnville about 12
wells were drilled to depths as great as 150 feet before well 83 was
drilled. This well struck a heavy flow of water at a depth of 100 feet,
in the Lowville or the Lebanon limestone, under sufficient head,
according to report, to raise the water within 20 feet of the surface.
At Baugh station, in the southeast corner of the county, a hole 350
feet deep was dry, and the rocks were so impervious that it was used
as a cistern. The well extended from the Catheys limestone down to
probably the base of the Lowville limestone. A well drilled about
1905 at the ice plant north of the square in Pulaski, seeking a water
supply for the town, is reported to have encountered no water in a
depth of 1,700 feet. This well starts in the lower part of the Cannon
limestone and, if the reports of its depth are true, reached horizons
probably considerably below that of the St. Peter sandstone. It
illustrates the apparent fact that the probability of striking potable
water at depth is very small.

The ground-water resources of the county are more truly repre-
sented by the number of strongly flowing springs than by the wells,
the capacities of which are practically never ascertained. The largest
spring in the county is spring 112, a few miles north of Campbells-
ville. The flow when measured was roughly 1,700 gallons a minute.
The spring issues from the uppermost of the Ordovician rocks at this
point, probably the Catheys limestone, but it is reported that there is a
fall in the underground stream a short distance under the hill, so
that probably the main channel is in the basal part of the Fort Payne
chert. The water is used to develop power for a gristmill. Other
springs on the western edge of the county derive water from the
calcareous beds that may represent the New Providence formation.
Spring 121, at the ice plant north of the square in Pulaski, a few
yards from the deep hole drilled there, flows about 125 gallons a
minute from the basal part of the Cannon limestone.

Practically all the waters of the county contain calcium carbonate,
which increases in a rough way with descent in the stratigraphic
column. Some waters from the lower beds contain hydrogen sulphide.

The municipal water supply of Pulaski is derived from Highland
Creek.
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Analyses of ground waters from Giles County

{Nos. 98 and 119 analyzed by Margaret D. Foster, U. S. Geological Survey; the rest by D. F. Farrar, Ten-
nessee Geological Survey. Parts per million. Numbers at heads of columns correspond to numbers in
table of well and spring data]

85 98 112 119 125

Bilica (S102) - - - oo 10 9.4 11 8.5
Iron (Fe)..._.. 85 .07 34
Caleium (Ca)._._ 8.8 18 22
s dagnesmmiuIJ\? 3.5 4.4 3.5 6.7

e Boll v} err |} 17
Carbonate (CO8) - v oo oo e 0 [} 0 0
Bicarbonate (HCO3).-. 160 153 67 82
Sulphate (SO4).. 37 2.6 4.4 12
Chloride (Cly.. 42 1.5 .9 2.5
Nitrate (NOs) ... 4.5 .04 1.2
Total dissolved so! 286 152 70 102
‘Total hardness as CaCO; (calculated). 36 131 59 82
Date of collection (1930).-ceeoccaceaeoan.. . ®) Oct. 4| Sept. 22 [ Oct. 10

126 129 132 134-a
Silica (8i02)ccceeeacoo 6.3 8.2 12 8.4
Iron (Fe)_ ... — .56 .37 .85 .81
Caleium (Ca) . oo e et enae 24 27 12
ls\do?lgneﬁ?§ )(Mg) 8.2 4.3 5.1 2.0
ium (Na)._.__.

oAt oy b L2 } .4 } 31 } 15
Carbonate (COs) - oo v 0 0 0 0
Bicarbonate (HCO38) -« v e ccmceccccmcanean 188 90 103 39
Sulphate (804) - caeo oo 11 1.4 5.8 1.7
Chloride (C}).... PR 2.0 .5 4.0 2.5
Nitrate (NOs) ceoacoomcacacaeee - .10 .12 .31 .04
Tota] dissolved solids...--oo—-aecee |l 190 85 117 43
“Total hardness as CaCO; (calculated)- .| 166 78 89 38
Date of collectionn (1930) - . o oo oam oo oe e ccecacmmmaaee Oct. 3| Bept. 30 | Oct. 11 | Oct. 2

& Calculated.
b Sample analyzed July 1931.

HICKEMAN COUNTY
[Area 570 square miles, population 13,613]

Hickman County lies on the northern bounda.ry of the western part
of the area described in this report. It is bounded on the north by
Dickson County, on the east by Williamson and Maury Counties, on
the south by Lewis County, and on the west by Perry and Humphreys
Counties. Its county seat is Centerville (population 943).

The Duck River flows westward through the middle of the county.
All except a very small area in the northeast corner of the county,
which is tributary to the Cumberland River, is drained to this stream.

A branch line of the Nashville, Chattanooga & St. Louis Railway
runs more or less northward through the middle of the county. The
highway system focuses at Centerville; good gravel roads connect
that town with Dickson, Columbia, Hohenwald, and Beardstown.
The Memphis-Nashville hichway, under construction (1930), runs
diagonally through the county. The chief industry of the county is
agriculture. Iron smelters, utilizing the residual brown ores of the
St. Louis limestone, operate at Wrigley and formerly operated at
Aetna. Charcoal burning and other wood-products industries are
also carried on at Wrigley.
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GEOLOGY

Hickman County lies almost entirely on the western part of the
Highland Rim Plateau, near its east edge. The general upland level
is about 950 feet above the sea in the southeastern half of the county
and decreases somewhat to the northwest. Parts of the upland have
been reduced in several erosion cycles, so that at present-long, flat-
crested ridges are found at different altitudes below the general rim
level. The Duck River is at an altitude of about 450 feet in this
county; the total relief is therefore about 500 feet. Erosion has
reached a mature stage over most of the county, so that the local
relief is great and there are few broad areas of level upland. Terraces,
covered with alluvial gravel, occur up to about 250 feet above the
general level of the river.

The stratigraphic column exhibited in Hickman County extends
from the St. Louis limestone down to the Hermitage formation.
The St. Louis limestone and Warsaw formation immediately underlie
all the high parts of the county and have an outcrop area larger than
any other formation in the county except perhaps the Fort Payne
and Ridgetop. The limestones of St. Louis and Warsaw age are
generally covered with a thick mantle of residual chert and clay, so
that the unweathered rock is rarely seen. ~The outcrops are more
numerous in the northern part of the county. Under these limestones
lie chert and siliceous Limestone ranging from about 20 to 250 feet in
thickness and belonging to the Fort Payne chert and Ridgetop shale.
The basal part of these strata is well exposed along the Piney River.
The black Chattanooga shale crops out in a band along the Duck
River and its major tributaries. The basal member of the Chatta-
nooga is bere a nodular phosphatic zone which was formerly mined
on Swap Creek and marketed as ‘“blue rock’ phospbate. The
Silurian system is represented in the valley of the Duck River from
Centerville westward and locally in embayments in the eastern part
of the county. The Brownsport formation (Silurian) is exposed in
the extreme western part of the county, but these formations drop
out eastward, owing to pre-Chattanooga erosion. From the vicinity
of Coble eastward the Silurian is made up of the Wayne formation
with a few local developments of the Brassfield limestone. The
Ordovician strata are exposed in the stream valleys east of Center-
ville. Throughout most of this area the surface rock is the Leipers
limestone, quarried as brown rock phosphate near Centerville. The
Catheys limestone, Bigby limestone, and Hermitage formation are
found on the Duck River and some of its tributaries in the extreme
eastern part of the county.

Hickman County lies on the northwest side of the Nashville uphft
The regional dip is northwest, the Chattanooga shale declining from
an altitude of about 650 feet above sea level in the southeast corner
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of the county to 430 feet near Pinewood, in the northwest corner.
Local irregularities and reversals of the dip occur throughout the

county.
GROUND WATER

Ground water in Hickman County, as in most of the other counties
in this area, occurs prinecipally in solution channels in the calcareous
bedrocks. A few wells dug in the residual cherty soils of the uplands
furnish water for household purposes, and in the vicinity of Littlelot
alluvial materials in an abandoned channel of the Duck River yield
household quantities of water to dug wells. However, these modes
of occurrence are exceptional.

No wells of large capacity in the county are known. Well 139, on
Pineview Farms, north of Graham, in the northeastern part of the
county, is reported to have obtained a flow of 10 gallons a minute in
the Fort Payne chert and an untested quantity in Leipers (?) lime-
stone just below the Chattanooga shale. It satisfied a continuous
demand of about 2,500 gallons a day, according to reports. Well
137, at Wrigley, is 700 feet deep and is used to supplement surface
water for condenser uses in the chemical plant. Its capacity is
unknown. It is reported that about 10 other holes, put down to
the same depth in this vicinity, obtained only very small flows.
Well 146, an oil test near the Duck River about 3% miles west of
Centerville, is reported to have obtained potable water containing
hydrogen sulphide at a depth of 1,300 feet, which overflowed the
top of the well. This depth is apparently lower than the horizon
of the sandstone that has been correlated with the St. Peter sand-
stone. The report is of interest because, if it is true, this is one of
the few wells in the entire area described in this report that obtain
potable water at considerable depth.

Springs issue from practically all horizons on the hillsides and in
the valleys. Spring 174, about 3% miles southeast of Aetna, on
Swan Creek, is one of the largest. This spring issues slightly above
the horizon of the Chattanooga shale in the Fort Payne (?) chert.
It was flowing about 450 gallons a minute when visited. The water
is impounded and used to drive a gristmill.

The municipally owned public supply of Centerville derives its
water from spring 165, about 1% miles southeast of the town, on the
Duck River. A subterranean stream in the Leipers limestone,
flowing about 140 gallons a minute, is impounded in its cavern a
few rods from the mouth. The industrial village of Wrigley obtains
water from a spring rising in alluvial gravel in a branch. The water
apparently issues from the St. Louis limestone under cover. It
flows about 50 gallons a minute.
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The underground channels divert surface waters in at least two
places in the county. Sinking Creek sinks about a mile east of
Pleasantville, and its waters find their way to Cane Creek, about
a mile to the south, where they issue as springs. One of the largest
of the outlets is spring 179, half a mile east of Pleasantville, in the
Dixon limestone member of the Wayne formation, which was flow—
ing about 300 gallons a minute when visited. The water had &
temperature of 67° F. (September). Part of the water of Beaver-
dam Creek sinks a short distance above the highway bridge near
Coble. This water reappears in spring 161, about a mile north of
Coble, in a short tributary to Beaverdam Creek. This spring was
estimated to be flowing 2,500 gallons a minute, and its temperature
was 69° F. when visited in August 1930. The ordinary temperature
of ground water in this area is about 59° F.
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Analyses of ground waters from Hickman County

TMargaret D. Foster, U. 8. Geological SBurvey, analyst. Parts per million. Numbers at heads of column
correspond to numbers in table of well and spring data]

139 150 152 156 160
Bilica (1Q2) - oo 20 11 19 17 13
Trom (F6) . e T L0 u| ¢t lor .05 .06
Calcium (Ca) 265 146 43 43 25
Magnesium (Mg) 113 67 4.5 7.2 4.5
Sodium and potassium (Na+K) (calculated) 21 L1 .9 1.8 1.3
Carbonate (COs) - - oooovoemeecaee 0 0 0 0 0
Bicarbonate (HCO3).- Al 182 201 148 163 91
Sulphate (804) ............. 963 456 3.6 3.7 6.5
Chloride (CI).. — 14 1.8 L3 1.6 1.3
Nitrate (NO3). . -.2ooooooooooooooeeoeeo oo .0 .34 1.2 1.4 .62
Total dissolved solids__. - - - 1,614 841 149 156 97
Total hardness as CaCOs (calcu]ated) ................ 1,126 640 126 137 81
Date of collection (1930) e o oee oo e Aug. 13 | Aug. 26 | Aug. 26 | Aug. 14 | Aug, 15

165 167 167 i77¢ 177d
Silica (8i0g) 11 18 12 11 10
Iron (Fe). .. ... .07 17 .17 .13 .26
Calcium (Ca) 13 502 453 42 31
Magnesium (Mg) N 2.1 82 -76 - 11 9.3
Sedium and potassium (Na+K) (calculated) 1.1 14 13 2.0 2.4
Carbonate (CO3)._.... - 0 0 0 0 0
Bicarbonate (HCOs) 46 210 171 89 77
Sulphate (SOs) ... 3.3 | 1,301 1,274 73 52
Chloride (C]).... L5 3.5 3.8 2.5
Nitrate (NOs)........ 33 .0 .1 9
Total dissolved solids 56 2,206 2,000 198 148
Total hardness as CaCO; (ealculated 41 1,501 1,444 150 116
Date of collection (1930) Aug. 26 | Aug. 27 | Aug. 27 | Aug. 28 | Aug. 28

s “‘Arsenic spring.”
b ¢ Calomel spring.”

LAWRENCE COUNTY
[Area 611 square miles, population 26,776]

Lawrence County is a very nearly rectangular area adjoining Ala-
bama in the southwestern part of the area considered in this report.
The neighboring counties are Lewis, to the north; Maury, to the
northeast; Giles, to the east; Lauderdale (Alabama), to the south;
and Wayne, to the west. Lawrenceburg, the county seat, with a
population of 3,102, is the Iargest city. Small ‘towns lie" along the
railroad throughout its course in the county.

The county is situated on the dividing area separating the waters
of the Buffalo River, to the north, the Elk River, to the southeast,
and Shoal Creek, to the southwest.

Transportation in the county is furnished by the Louisville & Nash-
ville Railroad, which runs about diagonally through the county from
the northeast to the southwest corner. Hard-surfaced highways con-
nect Lawrenceburg with Columbia, Pulaski, Florence (Ala.), and
Waynesboro. '

The county is rural in character, although an iron-smelting industry,
more active formerly than now (1930), using chiefly the brown St.
Louis residual ores, is operative in the southwest corner.

-
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GEOLOGY

Lawrence County very typically represents the western part of the
Highland Rim plateau. Its general surface slopes southward from an
altitude of about 1,000 feet along the northern boundary to about
850 feet along the Ala,bama line. Shoal Creek is at an altitude of
about 550 feet in the southeast corner, making the total relief about
450 feet. Except in the neighborhood of Shoal Creek and its tribu-
taries and of Anderson Creek, the local relief is not great. Most of
the area has a gently rolling topographic character.

The formations that crop out in Lawrence County range from the
St. Louis limestone down to the Leipers limestone, or perhaps slightly
lower at the heads of the creeks along the eastern border of the county.
The St. Louis and Warsaw limestones are covered by a residual
mantle, over 100 feet thick in places, and are therefore rarely seen.
Scattered outcrops are found in the vicinity of Summertown, where
the mantle seems to be thinner than elsewhere. Below the Warsaw
are the Fort Payne and Ridgetop strata, which crop out in la,rge
rather broad areas along the streams. The Fort Payne chert is
apparently represented by a less cherty limestone than that shown
to the west. Crystalline limestone carrying large crinoid joints,
interbedded with blue shale, is commonly present near the base of
the Mississippian strata in all parts of the county. These beds are
here considered part of the Ridgetop shale, as assigned by Miser,*
but they may perhaps represent the New Providence formation. These
strata are particularly well exposed in the vicinity of Iron Springs.
The Chattanooga shale, present in the valley sides, has a thickness of
about 5 feet. The Silurian system is represented by the Wayne for-
mation and the Brassfield limestone. The Osgood, Laurel, and Lego
members of the Wayne formation crop out in a small area in the
Shoal Creek Valley. The Brassfield limestone averages 4 feet in thick-
ness in the vicinity of Shoal Creek. The Fernvale formation (upper-
most Ordovician of this region), consisting of light-colored shale above
and coarse crystalline limestone below, is present in most localities
where its horizon is exposed. The Leipers limestone crops out in small
areas in the southern and eastern parts of the county.

GROUND WATER

All large ground-water supplies of Lawrence County are derived
from springs. Domestic supplies are obtained from springs and from
wells dug into the residual cover of the Mississippian formations.

All the springs are of the tubular variety, issuing from underground
channels in the various calcareous formations. Probably the largest
in the county is Hope Spring (spring 224), about 1 mile west of the
square in Lawrenceburg, from which the municipal supply of the city

# Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26, p.
24, 1921.
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is derived. This spring was flowing about. 1,100 gallons a minute
when visited in September 1930. Itissues from the Fort Payne chert,
which in this section is a siliceous limestene. A second large spring
is spring 225, at the head of Spring Creek. This spring, which was
flowing about 1,000 gallons a minute in September 1930, issues from
a crystalline crinoidal limestone lens in the Fort Payne chert or the
Ridgetop shale. Iron City derives a public supply from a compara-
tively small spring (spring 235) in crinoidal limestone near the base of
the Ridgetop shale. Other good-sized springs issue from practically
all exposed formations.

Many of these springs are subject to contamination, a condition
common to tubular limestone springs. Local residents report that
spring 236, at Wayland Springs, becomes muddy when Holly Creek,
2 miles to the west, becomes muddy.

Wells on the uplands are generally dug into the residual cherty
cover overlying the Mississippian formations. Apparently most of
them, though not all, obtain their water near the base of the residual
cover. The depths of these wells vary widely. Near Summertown
they are mostly shallow, wells 20 to 40 feet deep generally obtaining
abundant domestic supplies, although this locality is one of the highest
in the county and only a few miles from the Highland Rim escarp-
ment. In the central part of the county the wells are generally
deeper, reaching a maximum depth of 126 feet (well 203), so far as
observed. In the southern part of the county they are usually much
shallower. This variation would probably find an explanation in the
geomorphic history of the county. In the central part of the county
the Highland Rim peneplain probably approached coincidence with
a pre-Tuscaloosa peneplain, as indicated by the outliers of Tuscaloosa
gravel in the west-central part of the county. This central area was
therefore probably exposed to two baseleveling processes rather than
one, and a thicker residual mantle was developed as a consequence.

The wells of the plateau are erratic as to depth and the quantity
of water yielded. At least one factor in this erratic nature is the fact
that the residual chert and clay mantle encloses gravel stringers that
represent fillings of old solution channels in the limestone from which
the mantle was derived. Such gravel pockets are frequently struck
in digging wells on the plateau.

Some deep drilling has been done in the county in search of oil. The
deepest of these wells are nos. 192, 193, 194, and 195, west of Law-
renceburg. Water was found at various depths from about 1,500 to
2,100 feet. The water struck at a depth of about 2,100 feet near the
bottom of well 192 is reported to have been a potable sulphur water.

.
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Analyses of ground waiers from Lawrence County

[No. 221 analyzed by D. F. Farrar, Tennessee Geological Survey; the rest by Margaret D. Foster, U, 8
Geological Survey. Parts per mﬁlion Numbers at heads of columns correspond to numbers in table

of well and spring data)
Iron
221 224 234 25 | citvay
Bilica (SxOg) - .- 8.0 9.1 7.9 9.2 12
Iron (Fe).. .65 .06 .07 .03 .
‘Caleium (Ca) 14 18 22 18 104
gdglgmsiumm (Mg) 2.1 3.7 3.6 gg L 22:
odium (Na).. . 3 .
Potassium ({{ } 16 } ¢L5 } el5 1.8 26
Carbonate (COs) ... 0 0 0 .0 .
Bicarbonate (HCO3) 50 69 81 69 503
Sulphate (804)... 1.3 4.4 4.1 3.0 324
Chloride (C1) 1.5 1.0 1.0 1.8 | 1,764
Nitrate (NOg). .03 L0 1.2 .91 1.0
Total dissolved solids. 57 70 80 75 43, 857
Total hardness as CaCOs (calculated) - oevcececeee oo 4 60 70 57
Date of collection Sept. 23, | Sept. 15, | Sept. 17, | Apr.9, | Apr. 9,
1930 1930 1930 1921 1921

26“ Misseé-, H. D., Mineral resources of the Waynesboro quadrangle, Tenn.: Tennessee Geol. Survey Bull.
p. L
8 #ginch drllled well, 315 feet deep, of Seavy & Lull, Iron City. Water for analysis obtained from a depth
of 2((130 rleetl;’ Probably one of the wells numbered 210 in the well tables.

¢ Calcu

¢ Hydrogen su]phide (H28) 104 parts per million,

LEWIS COUNTY

[Area 286 square miles, population 5,258]

Lewis County is situated on the eastern edge of the western
section of the Highland Rim. Its neighboring counties are: Hick-
man, on the north; Maury, on the east; Lawrence and Wayne, on
the south; and Perry, on the west. Its county seat and chief town
is Hohenwald (population 980). A phosphate plant at Gordons-
burg has localized a town at that point.

The county is a divide area between the waters of the Buffalo
River to the south and west and more direct Duck River drainage to
the north and east.

A branch line of the Nashville, Chattanooga & St. Louis Railway
runs northward through Hohenwald and the west-central part of
the county. Hard-surfaced highways connect Hohenwald with
Linden and with Columbia. Excellent gravel roads run from Hohen-
wald to Centerville and to Waynesboro.

The chief industry is farming. Blue rock phosphate is mined
and treated at Gordonsburg.

GEOLOGY

Lewis County exhibits the plateau characteristics of the western
Highland Rim probably better than any other county in the area
described in this report. Continuous stretches of the county main-
tain an altitude close to 1,000 feet. The streams have cut down to
about 600 feet at the boundaries of the county, making the total
relief about 400 feet. The streams are closely spaced in the north-
east corner, and the resulting complex of ridges and valleys has a
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local relief approaching the total relief of the county. An area
stretching from the southeast corner of the county to Hohenwald
represents a fairly broad divide on which the local relief is small and
which is level enough for cultivation.

Except for a few thin deposits of Tuscaloosa gravel in the western
part of Lewis County, the strata capping the plateau are part of
the St. Louis limestone. This and the underlying Warsaw forma-
tion are represented in outcrop in general only by weathered chert
and clay. Below these beds, outeropping on the upper hill slopes, lies
the Fort Payne chert. The black or gray calcareous Ridgetop sbale is
exposed on the lower slopes of the hillsides in the southwestern part
of the county. The black fissile Chattanooga shale crops out on
the valley sides. At Gordonsburg, in the northeastern part of the
county, the basal member of the formation is highly phosphatic
and is mined on a commercial scale as blue rock phosphate.

The Silurian system is represented by earthy and shaly limestone
of the Wayne formation at or just above creek level in the corners of
the county. The Fernvale formation, the uppermost Ordovician
of this area, crops out in the southwest corner in the Buffalo River
Valley, and the Leipers formation crops out in the stream valleys
in the northeast corner.

GROUND WATER

Wells are of greater importance as a source of domestic water in
Lewis County than in most of the surrounding counties, because
the highlands of Lewis County are more thickly settled. The wells
on the plateau are erratic as to depth and quantity of water. One
dug well in Hohenwald (well 241) gets a copious domestic supply
at a depth of 33 feet. It is on one of the Tuscaloosa outliers and
probably draws its water from a perched water body at the base
of the gravel deposit. Other wells in Hohenwald are reported to
be from 25 to 45 feet deep and to fail in dry weather. At such
times the wells here, as In most other parts of the county, are used
as cisterns. The fact that this practice has been developed points
out clearly the relative imperviousness of the residual clay from the
Mississippian formations and indicates the scant supply of water
that it may be expected to yield. The depth of this residual cover
apparently reaches a maximum of about 200 feet. One drilled well
on the Linden road near the western county line (well 257) is 195
feet deep and, according to report, is cased the entire depth, indi-
cating that solid rock was never struck. This inference is confirmed
by the character of the dump pile, which showed no solid rock
fragments.

The erratic nature of the wells is illustrated by wells 246 to 250,
which are spaced about half a mile apart. The depth of these wells
is from 43 to 64 feet. The only one that furnished an adequate
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domestic supply was the shallowest one, at the highest altitude.
It seems very probable that these apparent anomalies are to be
explained largely by the fact that the clayey residue from the Mis-
sissippian limestones contains old underground channel fillings of
chert and quartz gravel and sand, which serve as the main carriers
of the ground water. These gravel deposits are found at various
depths in many of the wells on the plateau.

Springs of medium size issue from several formations exposed in
the valleys. The city supply of Hobenwald is obtained from Downey
Spring (no. 260), about 2 miles northwest of the city. This spring,
which flows about 300 gallons a minute, issues from a solution chan-
nel near the contact of the Warsaw formation and Fort Payne chert.
Springs 262 and 263, in the extreme southeast corner of Lewis County,
having a combined flow of about 650 gallons a minute, issue from the
St. Louis limestone and furnish the municipal water supply of Mount
Pleasant (Maury County).

An oil test hole (no. 255) was drilled at Riverside to a reported
depth of 1,300 feet. The well started in the basal Fort Payne chert
and probably went below the horizon of the St. Peter sandstone.
The only water found, according to report, was at depths of about
200 feet and 400 feet.
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Analyses of ground waters from Lewis County

[Margaret D. Foster, U. 8. Geological Survey, analyst. Parts per million. Numbers at heads of columus
correspond to numbers in table of well and spring data)

239 240 260 262 263 270
Silica &810.) 13 8.8 9.8 8.7 14
Iron (Fe) .13 .08 .16 .13 .07
Caleium (Ou() 67 13 15 21 20
Boatam (AN eI I n 2O 1 3
um a .

Fotassium (< }es9 |} ery H 1o |f L8
Carbonate (CO8)aooam cocomeeoccmaaccecaaes 0 0 0 0
Bicarb (HCO); 193 48 59 80 '
S%lf)hate S04 4.9 3.8 4.5 5.7
Chloride (C1) e o ocooo oo eeeee 3.1 .8 10 1.6 1.1
Nitrate T 5.3 .10 .05 .64 1.9 .
Total dissolved solids. . ...o.....___. 257 55 65 86 81
Total hardness as CaCO; (calculated) 38,340 213 42 53 3 66
Date of collection (1930) v cceeonmooamcue- . Sept.3 | Sept.1| July1l | July1l | BSept.s

¢ Calculated.
) LINCOLN COUNTY

[Area 687 square miles, population 25,422]

Lincoln County lies in the southeastern part of the area and adjoins
Alabama. It is bounded by Bedford County on the north, Moore
County on the northeast, Franklin County on the east, Madison and
Limestone Counties, Ala., on the south, Giles County on the west, and
Marshall County on the nortbwest. Fayetteville, the county seat,
with a population of 3,822, is the chief city. Several other towns are
located around the outskirts of the county.

The main drainage line of the county is the Elk River, which flows
in a general westerly direction more or less through the middle of the
county. The country north of the river is drained by fair-sized
tributaries of the Elk, but the southern tributaries are negligible.
Most of the southern part of the county is drained by the headwaters
of the Flint River, another tributary of the Tennessee.

The Nashville, Chattanooga & St. Louis Railway runs from the
north-central to the southeastern part of the county. Hard-sur-
faced highways connect Fayetteville with Shelbyville and Huntsville,
Ala., and similar highways are under construction (1930) to Pulaski,

Winchester, and Lynchburg.
GEOLOGY

Lincoln County lies across the Highland Rim escarpment, which is
just south of the Elk River. The part of the county to the north isin
the Nashville Basin, although many large and high remnants of the
rim are scattered through it. The remainder of the county is a part
of the Highland Rim plateau.

The Highland Rim is about 1,000 feet above sea level at its north
edge in this county and decreases southward to about 900 feet or less
_ along the Alabama line. This suggested northerly rise of the plateau
surface may be projected across the basin section of the county to
the remnants along the Bedford County line, which are about 1,200
feet above the sea. The rate of rise is about 10 feet to the mile. In
the typical Highland Rim area south of the escarpment the relief is
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very small, and the topography very gentle. The valleys are open,
and the streams flow southward down the slope of the plateau.

The general altitude of the central basin in this section is about 700
feet above the sea, some 300 feet below the edge of the Highland Rim.
The Elk River is at an altitude of slightly less than 600 feet, so the
total relief of the county is about 400 feet. The basin section has
much more local relief than the Highland Rim, owing to the presence
of Highland Rim remnants in it.

The uppermost formation exposed in Lincoln County is the St. Louis
limestone, except in the extreme southeast corner, where higher strata
ranging up to the Bangor limestone are present in a spur of the
Cumberland Plateau. The St. Louis limestone is gray and weathers
into a red soil. Underlying it is the very similar limestone of the
Warsaw formation, generally somewhat more sandy than the St.
Louis. These formations cap the Highland Rim in the southern part
of the county and are present in very small patches in the outliers in
the northern part of the county. The residual soil from them in this
region contains much less chert than that developed on the western
part of the Highland Rim, and the soil is much thinner. As a result
these formations are here seen in their original lithologic character
much more frequently than they are on the west side of the rim.

Underlying the Warsaw formation is the Fort Payne chert, generally
exhibited in & more calcareous phase than that seen in the western rim.
The Ridgetop shale is apparently thin or absent throughout the
county. The black Chattanooga shale is generally present in the
escarpments and hillsides and is from 1 to perhaps 10 feet thick. In
the western and perhaps the southern portions of the county the
Silurian system is represented by hard siliceous limestone, reaching a
thickness of apparently about 50 feet in the western part of the
county. The Fernvale formation (uppermost Ordovician), consisting
of coarsely crystalline limestone and light-colored shale, is present in
most of the county. The Leipers rubbly shaly limestone is generally
found below this. Some 200 feet of shale, argillaceous limestone,
crystalline limestone, and semilithographic limestone, outcropping
on the hillsides over the entire county, represent the Catheys and
Cannon limestones. The basal members of the Cannon formation are
a dark argillaceous limestone about 20 feet thick (called “Ward
limestone” .in early reports), underlain by a gray semilithographic
limestone about 5 feet thick (locally known as the “True Dove™).
Succeeding this downward is the Bigby limestone, a coarse to fine
granular, in places cross-bedded or laminated, somewhat sandy
limestone about 40 feet thick. Below this is the Hermitage formation,
varying in the county from a hard siliceous limestone, weathering
sandy, to a sandy shale. Itisabout 50 feet thick. In the northwestern
part of the county the top of the Lowville is exposed. NearBoons
Hill it has the misleading appearance of the Lebanon limestone.
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It is at this point a thin-bedded dove-colored limestone with Plect-
ambonites. This facies is more common north of the area described
in this report.*

Lincoln County lies in the southeast sector of the Nashville dome.
Near the Bedford County line the Chattanooga shale is about 1,100
feet above sea level, and in the southwest corner it dips to about 800
feet. There has been considerable local folding and minor faulting
in the neighborhood of Howell.

GROUND WATER

Ground water in Lincoln County occurs almost entirely in solution
channels in the various limestone strata and, on the Highland Rim,
in the weathered residue of the Mississippian formations. Wells on
the Highland Rim are usually dug wells about 30 feet deep. These
wells in Lincoln County are much shallower than the corresponding
wells on the western Highland Rim.

In the basin area water for domestic purposes is generally obtainable
at shallow depths, irrespective of stratigraphic position. The city of
Petersburg obtains water from a well 40 feet deep drilled into a solution
channel in the Lowville limestone. It is reported to have been
pumped at 22 gallons a minute for & period of 20 hours without any
effect on the water level.

Generally the water obtained carries calcium bicarbonate, varying
widely in amount. A few shallow wells, among them well 279, obtain
impotable water.

Large springs occur around the edge of the Highland Rim in the
county. The largest lie in the basal part of the Fort Payne chert,
just above the Chattanooga shale. The municipal supply of Fayette-
ville, amounting to 600,000 gallons a day, originates in 26 small springs
on Wells Hill, about 3 miles south of the town, and one spring (no.
309) near Kelso, about 6 miles southeast of Fayetteville. All these
are in the basal part of the Fort Payne chert. In addition spring 300,
at Wells Hill, in the Cannon formation, flowing about 125 gallons a
minute, may be used in emergency. The water from it is much
harder than that from the Fort Payne chert. The largest group of
springs is at Vinsons Mill, near Flintville, where about 900 gallons a
minute issues from several springs in the Fort Payne chert just above
the Chattanooga shale. The water is used to run a gristmill—a
common use for large springs in the Highland Rim part of the area.
considered in this report. ’

Cottrell Spring (no. 306) is somewhat unusual because of its topo-
graphic position. It lies in a shallow valley in the Highland Rim.
The flow is about 300 gallons a minute. The stratigraphic horizon
is the Fort Payne chert, probably about 25 feet above the Chattanooga
shale.

4 Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbiaf olio (no. 95),p. 1, 1903,
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138 GROUND WATER IN SOUTH-CENTRAL TENNESSEE

Analyses of ground waters from Lincoln County

[D. F. Farrar, Tennessee Geological Survey, analyst. Parts per million. Numbers at heads of columns
correspond to numbers in table of well and spring data]

. Fayette-
273 279 208 300 302a 314 ville s
Silica (B102) e mceceeccoccecaen 14 18 14 9.8 8.8 9.8 11
Iron (Fe) 1.2 2.7 .88 .84 L3 .74 .
Calefum (Ca). - oo 119 1,438 64 27 28 58 15
10 14 6.2 4.3 4.2 5.0 3.3
Bol %0 43} 25} a6} 21} oo
1] 0 0 0 0 0 0
350 361 162 100 91 193 52
47 3,492 L2 9.4 4.9 8.2
31 1,460 6.8 3.8 8.5 3.5 1.4
. 2.3 .45 .35 .72 .65 .42
‘Total dissolved solids.... ... 434 7,724 193 108 110 189 72
Total hardness as CaCO; (cal-
(01 £X 715 5 SRR 338 4, 016 156 85 87 165 51
Date of collection (1930). .. ..... Nov. 6 | Nov. 12 | Nov, 13 | Nov. 18 | Nov. 15 { Nov. 8 | Nov. 21

« Municipal water supply of Fayetteville; sample taken from private tap.

MARSHALL COUNTY
[Area 378 square miles, population 15,674}

Marshall County, which is elongated in a north-south direction, lies
in the northeastern part of the area described in this report. Its
neighboring counties are Williamson and Rutherford to the north,
Bedford to the east, Lincoln to the southeast, Giles to the southwest,
and Maury to the northwest. Lewisburg, the county seat and chief
city, has a population of 3,112. )

The Duck River flows westward across the northern part of the
county and drains all except the extreme southern part, which is
tributary to the Elk River.

The Louisville & Nashville Railroad runs southward through the
middle of the county. The Nashville Chattancoga & St. Louis Rail-
way runs southeastward in the southern part of the county, inter-
secting with the other railroad at Lewisburg. Hard-surfaced high-
ways connect Lewisburg with Nashville, Columbia, and Shelbyville.

Agriculture is the basic industry of the county.

GEOLOGY

Marshall County lies entirely within the Nashville Basin. The
northern part represents the flat, more or less glady character of the
inner basin; the topography in the southern part is diversified by
remnants of the Highland Rim on the Duck River-Elk River divide.
The Duck River is about 600 feet above sea level, and the remnants
probably reach a little more than 1,000 feet; the total relief is thus
about 400 feet, most of it concentrated in the southern part of the
county.

Sink-hole topography is shown in the vicinity of the Duck River.
Interrupted streams are present in the northern part of the county.

The Highland Rim remnants in the southern part of the county
are capped by the Fort Payne chert. The Ridgetop shale is thin or
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absent in this county. Below the Fort Payne lies the Chattancoga
shale, apparently succeeded immediately below by the Leipers kme-
stone or Catheys limestone, of Ordovician age. These formations,
exposed only in the remnants in the southern part of the county, are
relatively unimportant as aquifers in this county, as comparatively
few people live on these higher portions. Below the Catheys lime-
stone lies the Cannon. The following section, adapted from Bassler,®
illustrates the character of the remainder of the exposed rocks in the
southern part of the county:

Stratigraphic section along the old Belfast-Petersburg road 1 to 3% miles south of
' Petersburg

Catheys limestone: Shale and nodular limestone, with branch-
ing Bryozoa (Bridotrypa briareus, Constellaria emaciata,
and Homotrypedla 8P.) - - o c oo oo oo eeceeeee 6%
Cannon limestone:
Granular and crystalline limestone with Columnaria
alveolata, Tetradium columnare, and Siromatocerium

Fect

PuStulosSum - _ - e e mmaee 5%
Blue-gray limestone, with few fossils___________.____ 6
Unfossiliferous shale, with 3-foot laminated limestone at

DAEE e o m e cemcmemnm e mce————— 16

Very cherty fine-grained limestone weathering into a
red soil containing gilicified Columnaria and Stroma-

LOCETTUNM e e e e e m—————————— e 9
Dove-colored imestone._ . - oo 2
Clay bed with Tetradium fibratum. . ... . 1
Dove-colored limestone with numerous Leperditia- . __ 2
Dove-colored limestone separated by clay layers.

Scolithus columbina at base- .- _________.___ 15
Limestone with abundant gastropods, including Lopho-

spira, Bucanie, and Hormotoma salleri . __ ... __ 4%
Dove-colored limestone with Scolithus columbina_ . __-_ 2
Blue-gray fine-grained limestone with Leperditia and

Tetradium fbratum . .- o oo 4
Massive dove-colored limestone; upper half with Sco-

Lithus columbing . - oo e 8
Dark blue-gray limestone with Isochiline. . ________ 3

Blue to brown eclayey limestone in 8 to 12 inch layers
with thin partings, Tetradium fibratum, Stromatocerium
pustulosum, gastropods, and Cyrtodonie abundant._. 9

Hermitage formation: Shales and nodular shaly limestone.. 53
Lowville limestone: Thin-bedded dove-colored limestone and
shale with massive dove-colored limestone below.

In this section the Bigby limestone, whose stratigraphic position is
between the Hermitage and Cannon formations, is missing. The
Bigby limestone is present near Mooresville, in the west-central
part of the county, where it consists of coarse granular laminated
limestone. It may also be represented by about 15 feet of coarse

# Bassler, R. §., The stratigraphy of the central basin of Tennessee: Tennessee Div. Geology Bull. 38, pp.
33-34, 1932,

131880—36——10
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crystalline fossiliferous brown limestone that comes above the Hermit-
age shales and underlies the dove-colored limestone members of the
Cannon limestone near Petersburg.

The Hermitage formation ranges from a shaly nodular limestone
to a pink siliceous limestone, weathering to sandstone, as at the site
of the Lewisburg Reservoir.

The Lowville limestone is a dove-colored dense medium- to thick-
bedded limestone. It crops out south of Lewisburg. The somewhat
shaly and thin-bedded Lebanon limestone crops out over most of the
county from Lewisburg north. Its thickness is of the order of 100
feet. Below it, exposed in a few small areas of the county, is the
thick-bedded Ridley limestone.

The following log represents the subsurface stratigraphy in the
southern part of the county. The well started at about the top of
the Hermitage formation.

Log of G. W. Gower well, 3 miles southeast of Cornersville
§ Drilled for Morris Oil Oo, by Dodson Bros., Fayetteville. Completed July 20, 1928, LogbyJ. W. Young»

of Fayetteviile]
Thickness| Depth
(feet) (feet)

8oil; fresh water. 8 8
Light sandy limest 32 40
Light-brown limestone 5 45
Light ﬂesh-colured limestone.. 20 66
Gray limest 30 95
Muck; Pencil Cave (bentonite)__._. (¢9) 95
Gray hmestone. fresh water at 120 feet 30 125
Drab lir 5 130
Dark-drab to gray limestone_.__.._._..... 30 160
Light-gray limestone 5 165
Dark-gray lHmestone. . o o e e crccccacacmcemcmmmmemm———————— 30 196
Drab-gray limestone. ... . 65 260
Drab limestone with dark stains; struck salty ‘“sulphur® water at 270 feet; rose 80

feet in 5 hours. 10 270
Drab limestone 7 277
Light-drab limest; - 23 300
Dark-drab limestonae. - 25 325
Gray limestone 5 330
Gray and drab limest 20 350
Flaky gray cap-- 5 3556
Flesh-colored limestone, 25 380
Dark-gray and drab mixture 25 4056
Dark-gray muck 5 410
Dark-gray hmestone mxxed with white. 5 4156
Brown and white lim 45 460
Limestone, dark drab when wet 145 605
Dove-colored limestone.. .- 20 626
Dark dove-colored limest 5 630
Light-drab limestone_ 5 635
Dark limestone....... 156 650
Light flesh-colored limestone... 20 670
Light-gray limestone. 10 680
Limestone, light dove-colored when wet 45 726
Green and brown variegated limestone. 55 780
Green limestone. ... b 785
Hard flesh-colored cap 36 820
Same, with little blue mixture.. 5 825
Fine hard flesh-colored Iimestone . - . ..o ccemo oo cmrccmecemmcccaemecnmanan 5 830
Light hard crystallized limestone__.__. b 836
Same, bnt finer and harder with little blue specks. 25 860
Harder and darker limestone, same color. 10 870
Light-colored crystallized limestons, like Vermont marble. 10 880
Light-brown and white limestone. 5 8856
Highly crystalline limestone. 5 890
White and brown mixture with fine white water sand; water rose 200 feet in 12 hours

and continned to rise until 8 feet from top. 65 945
Light-bluish very hard limestone...._... 15 960
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GROUND WATER

Marshall County presents the same ground-water characteristics
" as the other counties of the Nashville Basin. Water for domestic
use is generally found at shallow depths throughout the county.
Wells drilled in the hope of obtaining large supplies are generally
disappointing, although a few have obtained fair-sized outputs.
Well 338, drilled at the site of the Lewisburg Reservoir, in an attempt
to obtain a ground-water supply for Lewisburg, was put down to a
reported depth of 1,860 feet and was dry throughout its depth, accord-
ing to report. Well 328a, south of Lewisburg, drilled to a depth of
600 feet, is reported to yield a maximum of 22 gallons a minute,
probably from the Murfreesboro limestone. A well drilled by the
railroad at Cornersville (well 337), 212 feet deep, probably drawing
from the Pierce limestone, is reported to have furnished 25 gallons a
minute but was later abandoned. The water yielded by the wells
generally contains calcium carbonate and often carries considerable
hydrogen sulphide. A few wells yield acid and highly mineralized
water.

Asin the other counties of the Nashville Basin, springs are generally
small. Spring 341, at Farmington, flows about 75 gallons & minute.
Other springs seen have flows of 5 gallons a minute or less.

Lewisburg obtains the water for its public supply from a reservoir
impounding a small surface stream about 4 miles southwest of the
city.
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Analyses of ground waters from Marshall County

[No. 329 analyzed by Margaret D. Foster, U. 8. Geological Survey; the rest by D. F, Farrar, Tennessee
QGeological Survey. Parts per million. Numbers at heads of columns correspond to numbers in tables
of well and spring data]

322 a2 | aw | a2 | LeWE
Bilica (SiOz).-. 9.8 12 11 10 6.8
Iron (Fe).. 1.4 2.1 .09 .85 .84
Calcxum (Ca).. 85 122 3.2 32 34
Magnesium (Mg) 10 16 15 4.0 3.0
Sodlum (Na) 5.0 17 233 3.3 3.4
1.0 4.0 5.6 . "
Oarbonate ( é 0 0 57 0 0
Bicarbonate (HCO;) 202 294 420 100 101
Su] hate (S04).. 5.3 108 67 12 11
hloride (Cl) 8.5 32 18 5.5 5.5
Nitrate (NQOs). .67 1.3 L3 .15 .
Total dissolved solids 5 270 470 609 121 115
Total hardness as CaCOj; (calculated) 254 370 1 96 97
Date of collection (1930) Oct. 30 [ Oct. 31 (G)] Nov. 5 | Nov. 6

:%/Il]:mfnpa] water supply at Lewisburg; sample taken from private tap; impounded surface water.
alculated
¢ Sample analyzed July 1931.

MAURY COUNTY
[Area 582 square miles, population 34,016}

Maury County lies in the north-central part of the area discussed
in this report. It is bounded on the north by Williamson County,
on the east by Marshall County, on the south by Giles and Lawrence
. Counties, and on the west by Lewis and Hickman Counties. The
largest city is the county seat, Columbia, with a population of 7,882.
Mount Pleasant (population 2,010), in the southwest corner, is the
center of a large phosphate industry.

The Duck River flows northwestward through the middle of the
county and drains the entire area.

The Louisville & Nashville Railroad connects the centrally located
city of Columbia with Nashville, to the northeast, with Pulaski, to
the south, and with Mount Pleasant and Lawrenceburg, to the
southwest. The Nashville, Chattanooga & St. Louis Railway con-
nects Columbia with Lewisburg, to the southeast. Paved highways
radiate from Columbia approximately along the lines of the Louisville
& Nashville Railroad, and graveled highways connect Columbia
with Lewisburg and Centerville.

The county is predominantly rural in character. The phosphate
industry centered about Mount Pleasant and near Williamsport is
the largest basic industry, aside from agriculture, in south-central
Tennessee.

GEOLOGY

Maury County is a part of the Nashville Basin, although spurs from
the Highland Rim plateau project into it from the northwest, west,
and southwest, and remnants of the rim are found in all but the most
eastern portion. The plateau in the southwest corner lies 1,000 feet
above sea level, and the Duck River leaves the county at about 560
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feet, making the total relief 500 feet. The Highland Rim spurs are
greatly dissected, and this portion of the county is topographically
very rough. Throughout that part of the lowland lying west of
Columbia the topography is rolling, but in the eastern part of the
county the local relief is very small, and much of the area has the
typical glade character.

Most of the high parts of the Highland Rim spurs, except along
the Giles County line, are capped by the St. Louis limestone and the
Warsaw formation. The maximum combined thickness of these
formations in this county is probably close to 100 feet. Underneath
these, making the steep slopes of the hills, are the Fort Payne chert
and Ridgetop shale, reaching a maximum combined thickness of
250 feet. The Maury glauconitic member is generally present at
the base of the Ridgetop shale. The Chattanooga shale crops out in
the hillsides and is 10 feet or less thick. The Silurian is present in
small areas in thie western part of the county. It consists of shaly
limestone and is thin in this area. The uppermost Ordovician, the
Fernvale formation, also crops out in the western part of the county.
Here it consists of light-colored shale and reddish crystalline limestone.
It, too, is thin. The nodular shaly Leipers limestone is present on
the lower hill slopes in the western part of the county and overlies the
similar Catheys limestone. The combined thickness of these two
formations ranges from a knife-edge to 200 feet.

Stratigraphically below the Catheys limestone comes the Cannon
limestone. This formation is present only in the eastern part of the
county, never having been deposited in the western part, in the
Columbia quadrangle.”® The Cannon limestone consists of dove-
colored semilithographic limestone and argillaceous limestone and
shale.

Stratigraphically, the Bigby limestone underlies the Cannon
limestone, but it is best developed in the western part of the county,
where the Cannon is absent, and pinches out in theé eastern part of
the county, where the Cannon is well developed. It has a maximum
thickness of about 100 feet and is predominantly a semi-oolitic or
granular crystalline laminated and locally cross-bedded limestone.
Its type area is on Bigby Creek, in this county, and, in its typical
facies at least, it does not extend far beyond the limits of the county
except to the south in Giles County. Below the Bigby limestone
is the Hermitage formation, a shaly limestone from 40 to 70 feet thick.

The Hermitage formation is underlain by the Lowville limestone,
consisting in most of the county of the lower or Carters limestone
member, typically a thick-bedded limestone, weathering into a red
soil through which unweathered limestone bosses project. Its
thickness is almost 50 feet. In the eastern part of the county the

& Bassler, R. 8., op. cit., p. 86.
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thinner-bedded upper limestone member wedges in between -the
Carters member and the overlying Hermitage formation according
to Bassler.

The thin-bedded dove-colored and gray Lebanon limestone comes
in below the Carters limestone and is widely exposed from Columbia
eastward. The following sections, adapted fram Bassler,* illustrate
the rapid eastward change in stratigraphy:

Stratigraphic section at Columbia
[Lowville and Lebanon exposed in banks of Duck River, Hermitage, and Bigby from Santa Fe pike south
west to West 7th and Armstrong Streets, remainder from that point to top of Mount Parnassus]

Leipers limestone: Feet
Thin-bedded nodular blue limestone with intercalated
blue and yellow shale crowded with Bryozos and other

f088118 e et et tccerc e ——— 15
Mostly covered, but limestone similar to underlying

bed with upper layer granular, gray, and cavernous. _ 28
Impure thin-bedded limestone with few fossils except in

top layer, which is full of broken shells and Bryozoa. - 12
Shaly impure limestone in thin layers, crowded with

Rafinesquina aliernata and Platystrophia ponderosa. 6

Catheys limestone:
Rough-bedded dark thin argillaceous limestone weather-
ing cavernous (small holes); fossils few and indeter-

minable - o - e ccccceea———— 14
Fossiliferous shaly limestone crowded with the massive
bryozoan Cyphoirypa tabulos@. .. - ccocoeeo oo . 4

Unevenly bedded granular and subgranular blue lime-
stone; upper part contains Escharopora falciformis

VB e e e —m e mm e — o ——— 16
Blue massive subcrystalline limestone with Cyclonema
VETLCOSUM oot eeme e e 4

Thick-bedded fine-grained gray or blue clayey lime-
stone with numerous gastropods and pelecypods—
Lophospira bowdeni, Orthorhynchula linneyi, Tetra-
dium columnare, and small Stromatocerium pustulosum. 4
Shaly nodular and suberystalline limestone, crowded with
Bryozoa, especially Escharopora flabellarius, Hetero-

trypa parvulipora, and Homotrypa ceniralis ... .___ 16
Granular and erinoidal limestone with abundant Soleno-
pora compacte from 1 to 2 inches in diameter._...... 5

Nodular blue clayey limestone with two layers (one
at base and other above the middle) with abundant

large Stromatocerium pustulosum. Many other fossils_ 18
Finely granular laminated unfossiliferous phosphatic

Hmestone w o oo e e cddc e caccmccee———— 6
Phosphatic limestone in thin beds; top layer covered

with Constellaria grandis and other Bryozoa. . -.___ 6
Blue granular limestone crowded with Constellaria teres

and C. emactll - e oo o e amaamaen 2

# Bassler, R. 8., op. cit., pp. 28-29, 31-32.
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Stratigraphic section at Columbig—Continued

Catheys limestone—Continued.
Blue to yellow shale with C. teres, C. emaciata, and other
Bryozoa. - oo ____
Shaly limestone with few fossils_ - - - cvmeccccmo oo
Bigby limestone:
Gray to blue granular limestone crowded with Rafines-

Granular limestone with a few Rajfinesquina and other
fossils; hemispheric Bryozoa and Eridofrypa briareus

Granular gray-blue limestone with Rafinesquina___-___
Subgranular unfossiliferous limestone_ ... ____________
Gray granular limestone with Rafinesquina and several
layers with Ctenodonta subrotunda, Bellerophon clausus
var., Lophospira, Rhynchotrema tincrebescens, large
Dalmanella, and Hebertella frankfortensis_ . .- _____
Unfossiliferous shale_. oo ..
Thin-bedded subgranular gray limestone, yielding a
little chert on weathering, with abundant Rafines-
quina, rare Dalmanella, and cyclorid gastropods.____
Hermitage formation:
Blue even-bedded subcrystalline limestone with abun-
dant Dalmanella fertilis. .- . ___________
Impure blue clayey limestone, fine-grained in upper half;
Dalmanella fertilis rare, Prasopora patera common. - _
Lowville limestone (Carters limestone member):
Massive magnesian lilmestone, easily recognized by white
color of its outerop. - _______
Mottled thick-bedded magnesian limestone, locally
with Maclurea bigsbyi, Stromatocerium rugosum,
Columnaria halli, Lophospira, bicincla, and Dystaclo-
SPONGLA MANOT - e e oo oee oo
Single bed of mottled fine-grained dove-colored, nearly
pure limestone with yellow magnesian spots; locally
fossiliferous_ ...
Massive fine-grained mottled, rather pure dove-colored
limestone with fossils weathering out siliceous, par-
ticularly Streptelasma profundum, Columnaria halli,
Stromatocerium rugosum, and Maclurea bigsbyi- - __.
Mottled yellow massive limestone, low in magnesia;
no fossils seen_ _ _ . ___________ L mmmccecceeo
Magssive finely granular yellow, nearly pure limestone
with Stromatocerium rugosum, Columnaria halli, Te-
tradium colummnare, T. carterensis, and Lichenaria car-
LETENSES e e e e S,
Fine-grained yellow limestone; no fossils______.______
Lebanon limestone: Thin-bedded dove-colored limestone,
in some places separated by shaly layers.

Feet

4
2

™ O

17

50

15

12

18
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Stratigraphic section on Bear Creek Pike, on west side of Loftus Hill, 8 miles east of

Columbia
Feet
Chattanooga shale_ . o . o eeeeeee 5
Leipers limestone:
Nodular earthy calcareous shale with Plaiystrophia

PONAEroS@_ - - _ o e 13
Shaly blue limestone crowded with Bryozoa_ ... _-__. 4%
Impure limestone with large Plaiystrophia ponderosa

and Strophomena planoconvexa. ... ______ 7
Shaly limestone, not well shown, full of Tetradium fibra~

tum, Platystrophia ponderosa, and Mollusca..---- .- 7
Gray-blue limestone; no recognizable fossils__________ 10

*+  Blue limestone with Bucania, Hebertalla sinuaia, and

Platystrophia pond:erosa __________________________ 8

Catheys limestone:
Shaly limestone with Bryozo8. -« oo 2
Laminated granular limestone. . _ - oo oo cameaao. 4
Argillaceous limestone and shale with Columnaria alve-

olata, Stromatocerium pustulosum and Tetradium fibra-

BUM e 4
Laminated granular limestone._ - o ..o oo ____ 4%
Gray subcerystalline limestone. . ___ . ______________ 3
Shale and clayey limestone, weathering cherty at top;

Stromatocertum pustulosum, Tetradium fibratum, and

Columnaria alveolata abundant in weathered debris__ 5%
Blue suberystalline limestone and shale, full of Bryozoa,

especially Constellaria emactata and C.teres. ... 4

Cannon limestone:
Laminated granocrystalline limestone weathering into
thin platy phosphate__ . _________________________ 10
White and gray oolitic limestone, with fossils, particu-
larly the gastropods Lophospira sumnerensis, Bucania,

OLYAESCUS = o e e e e 10
Granocrystalline phosphatic limestore...._....._ —— 9
Dove-colored limestone _ . - _ oo oo oo 8

Bigby limestone: Gray subcrystalline limestone......_____ 2

Maury County lies on the west side of the Nashville dome. The
general dip of the rocks is a little north of west, the amount about
250 feet in the 25 miles across the county. There are local folds
throughout the county, and some minor faulting has occurred. Be-
tween Columbia and Williamsport an area of about 1 square mile
represents a graben in which the Fort Payne chert is brought into
contact with the Hermitage formation, giving & maximum displace-
ment of about 400 feet. A fault with the northern area downthrown
about 50 feet runs eastward for several miles south of Santa Fe.
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GROUND WATER

Ground water as found in Maury County conforms to the same
generalizations found valid in the other basin counties. Shallow
wells furnishing adequate supplies for domestic use are successfully
drilled in most places in the county. In a few places, however, even
a domestic supply is hard to obtain. In the vicinity of Match seven
holes close together, the deepest 308 feet deep, failed to obtain any
water. Deep wells in search of large supplies are sometimes success-
ful and sometimes not. A well at the site of the old ice plant at
Columbia (well 368) is reported to have yielded about 75 gallons a
minute, probably from the Murfreesboro limestone. At the site of
the present ice plant in Columbia six holes from 300 to 500 feet deep
and one hole 1,105 feet deep (well 367) failed to strike any water,
except a seep estimated at 1 gallon an hour. The deepest well should
have passed through the horizon of the St. Peter sandstone, which
yields water elsewhere in the basin. At the Arrow phosphate plant,
near Mount Pleasant, well 360, about 700 feet deep, is reported to
have furnished a continuous supply of about 300 gallons a minute.
The water was obtained near the bottom of the well. This well has
been abandoned because it did not satisfy the needs of the plant.
Well 356 and a nearby well at the Armour Fertilizer Co.’s plant
near Williamsport, both 155 feet deep, draw from 30,000 to 40,000
gallong a day from the Carters limestone at a depth of about 150
feet.

On the spurs of the Highland Rim water for domestic purposes
is obtained from the weathered residue of the Mississippian limestones.

Springs are present throughout the county and vary in yield with
the relief of the adjacent county. The largest spring seen is no. 390,
near Southport. It issues from the Hermitage formation and was
flowing about 400 gallons a minute when visited in July 1930.

The public water supply at Columbia is obtained from the Duck
River. Carpenter and Kidd Springs, in Lewis County (nos. 262 and
263, p. 130) furnish the water supply of Mount Pleasant.



151

MAURY COUNTY

*80SA[BUE JO 8[qB) U] URALS SISA[BUY o

9 001 L cc.-. T eqo9[InD | ¥88
g STI 08L . N R (oL (o T N 9S3M SA[[UX g ‘}8I)) JOAIS | g8E»
g %1 T K1 O L op~=--- z88
g ¥ 069 TTTeTTTTTTIoTmTTTOOMN JO eseg TITTITITITITITIITIIIITITTIIOIS0M S T (e J0ATTS 1 188
0¢ gz 099 O e O O | 7 N o THOU SO € o010 T0ALY | 088
%49 o1 (1] N U e O v 4 S 1 0 S I 6.8
58 €8 08¢ L) o P .- 0. 1 I Y3300 Seftm § &8::0 8.8
9 0% L O g .. . e 0 4 4 7 qInos sefIur g ‘GotB N | LLE
9 99 L I S LT .25 1 ¢« S B T0IB N | 028
g 808 0L SR 1 S A . < - < (A A0S [ 9680 OQITK [ ‘YOIBIAL | 918
9 L 1 R LU g O ... 1> 1o I A < G 9540 SO[ITI ¢ ‘YOIBIAL | PAEw
¢ 9% 1) S SPISIIIY 8[3udD 4SEOULI0U SOIT § ‘YOIBTN | £ie
¢ L (1 R Iy A0 |-7=" - 3588qN0S SaIW ¥ ‘[NH 3undg | glge
98 63 [ D R G T (o A T 1580 SJIUI T ‘Y001 10418y | /8o
9 78 ) R G N uBtmaedg Y |~TTTTommmommommmoomeees 110U SOTITI ¢ ‘Yesl)) 183180 | 048
8 % L L LS L o 0)8ISH SUOWNILE, 'd 3 'f (777 7"""- 7Tt 1594 })20U SOTIUIL 34g .asﬂaoo 698
9 008 009 |t G0BLIO} JOAJY |~TTTTTTTTTTToTTomommmmoasoSseosemsemoes [ S L. 898
¥ SoTT | 999 SRR . U OO O a0 4 O e i S e 0 T S siqumpog | 1o
9 001 L7 I L ABip * WHOL |7 TTTTTemmme oo mee 1S04GIN08 SO § ‘vIqun(oy) | 998
¢ 18 [ B A 10 o LU LY T s N 1S8OY 0T SO[ITE ¢ ‘OaTysduusH | 998
9 oL (115 I e A U L e O 1504411108 ST %4¢ ‘srquInio) | $9g»
9 o8 03,  fTTTmmmmeemeoss 8pISIIY %55 ..................... LR I 1S8OYINOS SO[I § ‘JUBSBOIJ JUNOJN | £982
.......... 09 ge9 I R : St O e O O - e R s ST
8 o1t 0g9 . S | S H O 80] JUBSLAL JUNOI |77~~~ 7~~~7 7T Juesseld JUnOTA | 108
o1 F00L 002 T 1 700 SeUI MOMIY [~ 1SBOYITIOS SO[IWI 541 ‘3UBSEOIJ JUNOIA | 098
8 e 000 = |TTmmmmommmmommmeooo- AQ[[BA |7 TTmTTToTmmomsmmomomsemeost e 05 R 158073104 SO[[ 7 ‘aarysdwsH | 6¢¢
9 9% (117 G100 Qe R O i 150M SO[TUL 341 ‘dargsdwey | 898
.......... Z9 088 TemmmmmommemmmmemmmsesemgBDIY [T TToUTmoSesTooossssossSSSIUR WOQISH [TUTUTTTTTTTTTTTTTUTTTSOMYI0U SO 946 ‘orrgsdoasy | 2¢¢
9 I 00,  |oommmmmmmemmomememeenes £ (1 O 00 I8ZIIM8 INOWLLY |7~ "TTTTITImmmtees 18897)N0S SOfIuI ¢ “LrodstBITI A | 99€
Fzp ¥ T . I e SIUB JOIN |77 TTrTTTTToomTom 1580108 SO § “)rodstaepi | 998
i3 gg [ S [ WOSIOPUY Q) "H I([ |77TTTTTTTTToTmTTmmoemmommmmsseemeeemmene oo op~--" 98
.......... o8 079 -=m-nssmoro--SAQBUUINT 09BLIAT, J0X{[BA *¥ SoWEf """ - - JodSTBITA. | £98
9 29 %6 e3pIy |*°° TTOINOW "X Y 8O 1108 SOIIMT 7, ‘o vjues | g9
9 03 0.9 1N L O A o vjuBg | 198
9 2 17 S S RS s O I SOWIBE * M ) |"7TTTTITTI e ®90 1, | 098
.......... 0g 91L JIIITTTITTTTITTTTeaBIe) YRI)) |1 TIIITTTTITTPISUSHBA BISBBIN TSI |TTTTTTTTTTTTToTTmTmmmmmTmm S YRJOU SOIIUI § ‘00 B)TeS | 678
g 08 088 R sessesmrememete adpry |mTomTm e g CH TR 117 YO SO[IUI ¢ ‘o] BIUBS | RFEw
(soygour) (300)) opmy .
) a.mcwmoﬁ %mw& .m_mwuma%«u nopyenys orydeagodoy, 09559] 10 10UMQ Jurod demm 3sereeu 03 100ds81 i1 TUONBIOT - .muz

[periup s10430 {18 13np 0sg ‘.0¢ ‘998-g9e "sON]
Runo) Ranopy ur spom fo spiodsyy



GROUND WATER IN SOUTH-CENTRAL TENNESSEE

152

042 op’ 45 op op 07 8.8
[ S Y0038 lopyseto | $1 100 | 8T~ [~TTTTmTooTe 9UOJSOUI][ UOUBQST ===~ ~=="==== op=--=-* Fel 7L
‘61 A[N{ WO OSSN 10§ JGUN PUB MO[IBJBM, |~~~""="===|===== -ecees S -==-op~--| 85— op op---=- Fez e
op-==="" 61 &g | pI— (2 2 “--ouolsewyy | Fae 08
....................... opsewo | LT A[nf | §'9T— "7~ """"UO]IBULIO) 638 ULIOH Foz 698
*9)nurm B SUOY[83 g2,
PODIOIA ea%uy 0} potodoy] “uwMog JO 03p0 JSeMYII0U
uo jus(d e0] jO UOIIB0O[ JOWLIO] 18 [[oM Douopueqy |=-- F:1011 (1170 T Inniinieini It ettt dnoid oAy sewoty [~=----"--euoisewyT | F00g 808
*30JBM OU POlI}B)q0 doop 390) 00g 03
00 S[TeA 19130 X1y “yidep 300J-009 wIoy) ‘moy us
uof[8a T )8 pojvuI[)se ‘doos B seM punoj 1ej8mM A[UQ |*TTTTTTT[ T QUON oF— |- 298
Y008 {opjsemo(] Fog— |- QUOJSOUI]] O[AMOTT [-==--========pp====| Jg 99¢
............. ousetmoq | 81 AINf | 88— |~77"""""-"""--ouoyseuny AQarg |7 T " C0pTTY| FIg 992
2098 ‘opisertod Q8= |77 UOI}BWII0] 93BG [~~~~~"""=""="0p~~="~| Fq. 98
B O et R 2018 08— [=7°" “~(3) eu0jseUIy MOUBQQATY {==""""" QuOISOWyT | 0L 29g
*soj{rae} § 10 ojdurs pejrodey |----=-mmosfrmromemmmams orjsomoq 08— | U0 BULIO) 03B TWIOH [~~~~="""""=-"""~"(1} | F09 292
o “3uyj00p 59— [=ommTe QUOISOUI]] S[IAMOT |=~==""==""" ) i Fo1r 198
‘IoyeM En&—:w *Spoeu 10] ojsnbepeut
A1ddns esneosq peuopurqy ‘A[SNonui}uod oynuUILI
8 suo[[ed (0g JO o381 3¢ psonpord eaey 0} pajodey [-~TTTTTmoofTTToeT peuopueqs (oM 05— U R euojsewyy | Q0% 09¢
op o1 Amg N op=-- op Fue 6ge
~"=0p~"="") 01 A0S | §TF— |------"~---ouoiseun] sfoyisy |--~euojseun] Aivqg | Fop 838
sepe || 3038 fopjsewro | 8T A[nf | gg9— [TTTTToTTT (2) J10yd euked 104 |- (3) 310U2 [enpIsey | Fg2 198
suol1ed 000°0% 03 0000¢ USIwIMy yidep ewres jo pus .
£q 8s0[0 [[oM J9TIOUB PUBS[T,L, 'Paey Poj1odol J93BM, |=--"==or[=Tmmes 10710q ‘ofjsetmoq |- 01— |---=------ 9UO)SOUIT] O[FAMOT |~====="~ eUOISOWN] | 00T 988
(2 2 e 11000 SUABJ 3104 {~(1) HOUD [BNPISSY [~~~ ==="==~] 9eg
........................... op~—"="| 91 Amf | 65— op=-==-] 0p~-=""| 63 98
*moleq
Joo1peq ojuy u_% pUB [0ABI3 [BJATHTS JO 100] 07
moqs yanoay} anp Anerousd jrodsursii Ul SO - qseu[ £qS1g |~ ouojsomyry [-=--=-----| 08
¢l 11970 QUABJ 04 |==="-" "ot 1070 | F29 298
[AEC e =--ouojsewny] £q8rg [~==-=-"" ouolsourry | Foz 108
€@— |7 QUOISOUI]] SINOY g |T7="7"mmTmt ) | ¥z 098
“Utepttl 61— -~ -ouojsomy| szedro] |---euoyseyf Areug | Fog [143
FAGRS LT B Vgl H0GY GUABJ 304 |77 Houpd | F08 858
99])
@sen) | &
o (TopIm 00BJINS
quewt 103081870 (1091
Yy omswour | 4900 | wommRod dduistens omoouNT | W@ | ;q
SYIBIIOY A JojeM JO es) joesd | o A0QY 0 ‘oN
sseupIey
BI0L,
1040] 1038\ speq SujIeeq-1998 \\

ponunyuoD—~Afunoy Aoy ul s339m fo spioosy



153

MAURY COUNTY

*S0SATRU® JO 0[q¥} U UOA]S SISA[EUY o

*0UO0ISO]] O[TAMOT |=====""====mmmm"me op~--- [\ [I1Y JO osBgy [--=-====""=r=--=e---s s (05 0 ) A N qIno0s sl g ‘8xoe(my | 00¥%
*9UOJSOTI]| WOUBQQ’Y ===~ =~ =--==="=""" op-- 069  |mmommemmemeos LGN TOSIPIBH "V "M [*--====-memommemmomeses 1580 SO[IUI 2 “YIIBIAL | 66€
euojseuyf AQ8yg |------"mm-mmommTe op--- 089 - op “====mmmmem e soySny % wequeig mommommoSmmmsemaes {[IH fuudg | 86ge
oq [T op~-- 098 [T T Jo ool B ST §f B 30U Sefjux 342 ‘SlquInio) | 268
*OU0ISOUI[] O[[IAMOT |-~=- ="~ "-=""m 7T 0p==""" 08¢ poog Jo 83pe j8 ynig 00 e3e103g plop % 691 slqumIe) _IqNio) | 96€
L S op~~"-- 099 A81p "W ayof 1S0AYIN0S SO § ‘BIqINI0) | G6¢
*U01)8ULI0} OFBULIOH aeppeyg "M "M I [~-oToTtmoessTTen 150/ SO[IuI 34§ ‘BIquInio) | ¥6¢
‘o LG EOF I SO {0 e 18Be}I0U SOJImL g ‘BIquIN[0) | €6¢ 0
*9UOYSOUII] OJ[IAMOF] |===========-==="=cogp=--=- UBYTOJAL B BJOOJAL |~====-====-==-" 1S0.A[3I0U SO[fuI § ‘BY09[N)) | 6S o
euojsewlf Aq3jq op~- QOSPIBUO[Y "V A "SIJ [~"=Temoooeemet 1S0AJN0S SA[TUI § ‘80e([n) | T16¢ -
*UOJBULI0} OFBI[WIOY |-=~-=-=="====""="="Qp====~ op “TTuI0H B[e)g [-----mmmmmmmemmens 1504 sofltu 9 “8xoefin) | 06¢
-guojsewyj £q38Lg |~---""-----=---TTes-opTet-C --- op === --usuLepueg qog |-------" 15803108 SOJIUI ¢ “JuBseoJ JUNOA | 688
*uO01}8ULIO] 036 ULIO ouojsewily | 0g9 [1Iq jo eseg ~700) 997 juBses[d TUNOJAL Juessod JUNO | 88¢
‘o euojsenif Afeqg | 0gL  [-TToTTTIoot OPIS[IIH |="=""""""" """ AS[[BA 1098) JO OBE[[IA [-=-=-=-------e=ee-- 1884 SO[ITI ¢ ‘O eusg | 188
*9U0)SOTI]] SI0dI0ry [--=---=-=-=-=="=="" op--t 089 [I1Y Jo eseq “SLUBH Se{aeqy |--------- =~="""15€0 110U SO[I W ‘O, vjueyg | 98¢
*Ou0)SeUI]{ S{ROY ‘3§ | emojsowy’y | 626 [~ ~A0[[eA {[ewg qoeed 18950 89001 | ¢80
uoyysod oygdediyerls 001 JO pUrf vwwmww—a aoypsnyls apqderdodoy, QOSSO J0 UM jutod denx jseIsou 09 100dse1 YA T0})8007T | o
-oiddy N
fyunoy Rinopyy ug sbugids fo spiooayy
*uorjnfos deos pIepuUBIs YILM POy Wl POTIULIEla( ¢
op=-""" [l OUOISOWI]] WOUBQE'L |~=====""=="""0p~"="" 001 ¥8¢
....................... onsemoq | 91 '990 | ¥0I— S OO
*£1renb peuopusqs Uy ooy MM | 002 === “--30018 op~| 0 - ] it S
ge1 op”- oDl 6°81— op~--"
(115 S op=---- S1 'R0 | 8%— |TTTTITIT QU0ISOW{ UOUBqe']
g% ===—"""x901s fopisemo(g |~~="" (5 o B Sl op~---"
' opsemoq | 91 190 | 0°66— |TTTTIIT Ms oU0)souIl[ HOUBYY']
1A oD 0D™*"| g°Ig— |~TT"" " 4) SUOISOULI] S[AMOT
o1g |-t Joojs foysemo(y | ¢1 ‘100 | g8— |~TtTTTC euojsow]| s£oqie)
*90J0IJ PUB ‘AS[p1Y ‘uoueqe’T o10M Y3noIy}
possed suoljeulIof °I6jBM SuUIUIBIQO JNOUIIM
00 00g JO SnIpeX TIUIMA DOJILIP Sefoy L Jo jsedes o aLg
*A171es 5] pus gEH SUIBIU0D 1018 M [eupIpo | 1 300 | 29— |*=oTmomt semmmesm=() toprttttfreesessoess op==-="| FgL $L8




GROUND WATER IN SOUTH-CENTRAL TENNESSEE

154

*uopnjos dBoS PIEPTEIS YILA PIOY U] POUTHLIIO( ¢

. (15 DR Rttt op~---- 9T 100 QL |ttt feuusyd uolinjog | ¢ V4
- e -==m==mrq00gs fopseToqT | 3T 100 [FHe peresouo) | 1 668
uf oM Aq pojuowoiddng ‘usmoj serddns Jowmmans uwp 3deoxyy [----m--o-osfe-ommoeos Addns ofiqnyg |----=7===s|=-oomeees ---=----gueld Surppeq pedre[uy | g 868
........................... peuopueqy | 4y Amf | Fe  |T77T77T-TT77¥owm jupof pedmuy | 1 68
*sjujod [BIOAOS 38 TOIIBUIUIBIUOO JO SOUSPJAY Supidg opgp |--==---=-==[-==-""-====-"=-=- opjsewiog | 6 Amf | FgL [-remommmmmooce feuuero nopnjos | 1 968
o “Tooyomg | 31 Amf | D op™=--" 1 g68
e op op~* L ous(d Sujppeq pesieruy | 1 762
............................. TBUPIDO | 6 Amg |- T - T £68
‘0% *d uo POSSNASI(T  "SulBJ [BIOAGS
Jo qowd 1038 Suimop peddojs oasy 07 pejrodey -Sujadg AqSyg |- e op~="""| = op~-tf ¥  fmToTomTo ous|d jujof pedasluy | 1 %62
................................. op=-mTmoptl 8 --=-----oue(d SuPpeq vowaam 1 168-
*3unadg Aemofep |---- -1 op g1 Amr (10 20 it 1 068
(23 S Joogs sopgsewoq | LI 00 | gt |TTTTTIITTTTeoo- oo wopnyos | 1 688
N “T-3ufoop | I Amp | Fe oo [TTTToo oueid Surppeq posieruy | I s8¢
*JS0M O[T 94 0S8[[IA U S8SNOY g JNOYB 0 J0JBM SOYSTUINT ¥003s ‘opsewio | 91 Amf | For  |Toomomomoooeot S 08I0 Julof | 1 188
............................. opsemoqf |—""op| % “ooooooToo=---—--ousld Sulppeq | [ 98¢
............ TTTTTTTUTTRO0NS lopsewoq | 41 AIng | SFe -m==m==-eueld wneuoa pedisuy | 1 988
(aorrm %m%% onua 8 190q
e Qi
a0d s3ied) -omseow | suofen 13081800 WIN | ;g
SYIemoY 20080 58 10184 Jo 88 j0 038 K
§seUpIBY o
8100, N
POIL oyemyzoaddy sSupmedQ -

penuyuon—Auno) funvpy ui sbuids fo spiossy



MOORE COUNTY " 155

Analyses of ground waters from Maury County
[Nos. 372 and 374 analyzed by D. F. Farrar, Tennessee Geological Surveyi the rest by Mar, garet D. Foster,

U. 8. Geological Survey. Parts million. Numbers at heads of columns correspon numbers,
tables of well and spring data] pet .dn
348 355 363 364 371 372 374
10 7.9 8.8 83 12 14 14
.07 .17 .09 .08 .08 L2 L8
25 33 48 8 64 235 848
4.2 4.9 30 5.2 3.8 27 52
L8 9.9 13 2.3 L7 10 36
L0 5.6 6.4 L7 .7 3.0 4.1
0 0 0 0 0 0 0
91 48 258 286 200 329 414
te 3.3 59 54 12 4.0 400 1,881
oride Cl) c—e- 1.8 10 18 2.7 L8 18
Nltrate (6 (1) I, .- 2.3 16 3.6 30 8.6 .60 .80
'I‘otal dissolved solids_......___. 95 177 290 311 200 955 3,283
Total hardness as CaCOs (cal- N
culated) . oo oo 80 103 238 266 176 697 2,324
Date of collection (1930) ... July 17 { July 16 | July 15 | July 16 | July 16 | Oct. 14 | Nov. 8
Duck | Duck
385 392 398 308 River ¢ | River ¢
9.5 16 12 12 4.1 11
.04 .06 .05 .04 .04 .04
12 86 38 69 38 40
5.4 9.5 23 5.8 4.6 4.1
18 2.3 58 5.0 2.3 L7
L0 1.3 4.3 L3 .9 L0
0 0 0 0 0 0
46 283 254 164 129 124
2.8 13 76 28 6.6 16
2.3 2.4 21 8.0 L7 1.6
(NO1) 13 10 .75 36 1.3 R
Total dissolved solids_ .- -coeowe._. 74 284 349 249 124 138
Total hardness as CaCOs (calculated)...-- 52 254 189 196 114 117
Date of collection (1930).-mmemcevocccmmvnuan July 17 | July 15| July 9 | July 19 | July 9 |July 9

t.; Duck River at Columbia; sample taken just above dam of Tennessee Electric Power Co.; river at low

» Dnck River at Columbia; municipal water supply; sampled at clear well after sedimentation, alum
treatment, and filtration.

MOORE COUNTY
[Area, 141 square mileg; population, 4,037]

Moore County, the smallest county in the area of this report, is on
the eastern border of the area, wedged in between Bedford, Coffee,
Franklin, and Lincoln Counties. The county seat is Lynchburg
(population 380).

Practically the entire area of the county is drained by a few small
tributaries of the Elk River. The Duck River divide lies just about
on its northern boundary.

. No railroad enters the county. One hard-surfaced highway con-

nects Lynchburg with. the Shelbyville-Winchester highway, which
passes through the northeastern part of the county. Others to Win-
chester and Fayetteville are under construction (1930).

Agriculture is the only industry. Large distilleries formerly oper-
ated in the county.

131880—36——11
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GEOLOGY

. The east half of Moore County is occupied by a spur of the High-
land Rim plateau. The western part lies in the Nashville Basin but
is greatly broken by remnants of the Highland Rim. The relief of
the county is about 400 feet, the altitude ranging from about 800 feet
at Lynchburg to about 1,200 feet in the western tip of the county.

The eastern part of the county is capped by the St. Louis limestone
or the Warsaw formation, generally seen only in weathered phases.
The Fort Payne chert underlies the Warsaw formation. Apparently,
only the Maury glauconitic member of the Ridgetop shale is present
in this county. The black Chattanooga shale is found generally in
the hillsides but is very thin, at least in many places, and may be
absent in others. In the Lynchburg-Winchester road cut, near the
junction of the road running south to Lois, it is only 3 inches thick.
Underlying the Chattanooga shale is about 20 feet of siliceous lime-
stone, with Platystrophia and cup and colonial corals, probably to be
referred to the Silurian system. Below this is the Fernvale forma-
tion, representing the top of the Ordovician system. In the eastern
part of the county the Fernvale, where seen, is about 25 feet thick and
consists of a red crystalline limestone, with green shaly bands near
the base. In the western part of the county it is probably somewhat
thicker, as shown in the Fayetteville-Shelbyville road cut just beyond
the county line, in Bedford County. The underlying Leipers lime-
stone consists of rubbly limestone and shale. It overlies the Catheys
limestone and that in turn overlies the Cannon limestone. The
Catheys and Cannon limestones are more or less shaly and contain
many beds of semilithographic dove-colored limestone. The Bigby
limestone lies just above drainage level.

Moore County lies on the southeast side of the Nashville dome, and
consequently the regional dip is southeastward, amounting to about
200 feet within the county.

GROUND WATER

The small county of Moore represents ground-water conditions
similar to those of its neighboring counties. Water occurs in tubular
passages in the limestone units, made available generally in this
county by springs. Springs 404a and 404b, at Lynchburg, probably
representing one solution channel, yield together about 175 gallons a
minute from the Cannon limestone. Other springs in the Cannon
formation yield smaller quantities. Wells in the higher portions of
the county, on the ridges and remnants of the Highland Rim, are
generally less than 100 feet deep and generally derive their water from
the basal Fort Payne chert.
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Analyses of ground waters from Moore County

[D. F. Farrar, Tennessee Geological Survey, analyst. Parts per million. Numbers at heads of columns
' correspond to numbers in tables of well and spring data]

401 405 401 405
9.6 11 3.3 1.2
.65 .95 2.8 2.5
Calecium (Ca).... 3.2 38 .35 .60
Ma%nesium Mg) .68 6.0 31 138
Sodium  and  potassium 1.7 1.7 || Total hardpness as CaCOs 11 119
(Na+K). (calculated).
Carbonate (CQs) 0 0 Date of collection (1930). ... Oct. 28 [ Nov. 19
Bicarbonate (HCOs). oo 8.2 144

PERRY COUNTY
[Area 487 square miles, population 7,147}

Perry County is a roughly rectangular area in the northwest cor-
ner of the region described in this report, just east of the Tennessee -
River. Contiguous counties are, to the north, Humphreys County;
to the east, Hickman and Lewis Counties; to the south, Wayne
County; and to the west, Decatur County. The county seat is
Linden (population 539).

No railroad enters the county, the nearest railroad point being
Perryville, just west of the river, on a branch line of the Nashville,
Chattanooga & St. Louis Railway. Hard-surfaced highways con-
nect Linden with Hohenwald and Perryville. The new Nashville-
Memphis highway, under construction in 1930 passes through Linden.
Good gravel roads pass south and north through Linden and the
county. .

The only basic industry in the county is agriculture. Formerly:
some ‘“‘white” phosphate, or highly pure tufaceous apatite, was

obtained on Toms Creek.
. GEOLOGY

Perry County, technically a part of the Highland Rim plateau, is
an upland whose surface is tilted westward and deeply incised by the
Tennessee and Buffalo Rivers and their tributaries. Altitudes of
over 950 feet above sea level are reached on the ridges along the
eastern county line, and the Tennessee River, on the western boundary,
flows at an altitude of about 350 feet; hence the total relief is 600
feet. The local relief is large in comparison, reaching a maximum of
about 300 feet in a distance of less than a mile.

The drainage pattern is unusual. The Buffalo River, a tributary
to the Duck River and thus to the Tennessee, flows northward in
outstanding subparallelism with the Tennessee River from the south-
ern boundary to and beyond the northern boundary of the county.
The distance between these two streams within the county is
from 8 to 14 miles. Practically all the tributary drainage of this
county goes westward. The divide between the Buffalo and Ten-



160 GROUND WATER IN SOUTH-CENTRAL TENNESSEE

nessee Rivers lies from 2 miles to less than 1 mile west of the Buffalo
River. The divides between the tributaries of both rivers are long
subparallel ridges trending east and sloping rather uniformly westward.

The apparent geomorphic history of this area may help to depict
the topography more clearly. The Highland Rim peneplain is appar-
ently nonexistent here, its level lying above the surface of the county.
The high points of the present surface represent a peneplain developed
in pre-Tuscaloosa time, which has since been gently arched from an
altitude of about 950 feet in the eastern part of the county down to
about 450 feet in Decatur County, where it passes under the Creta-
ceous deposits. The arched plain has lately been stripped of
most of the Cretaceous deposits, which must once have covered its
surface, although patches of the Tuscaloosa gravel remain on the
high points throughout the area. On this arched surface the appar-
ently antecedent Buffalo and Tennessee Rivers have entrenched
themselves, side-slipping westward and leveling the spurs of the old
pre-Tuscaloosa surface for a distance of a few miles east of the present
location of the streams, and finally entrenching themselves within it.
The tributary streams are apparently consequent on the slope of the
pre-Tuscaloosa surface.

Sand, gravel, and silt deposits of probable Quaternary age ° are
present as terraces along the Buffalo and Tennessee Rivers, reaching
a maximum thickness of about 30 feet. The most outstanding of these
deposits is on a terrace at Flatwoods, though they also occur on the
Buffalo River at Linden and Lobelville and along the Tennessee River.

Thin and patchy deposits of the Tuscaloosa formation occur on the
high ridges but are of little importance in a ground-water study of

" this"county, for their high position and' the close dissection .of this
country make it probable that all such deposits are thoroughly drained.

The uppermost bedrock deposits are the St. Louis limestone and
Warsaw formation, which are exposed almost entirely only in their
weathered cherty clay equivalents. The combined thickness of these
two formations is about 150 feet. Below them lies the Fort Payne
chert, a practically nonfossiliferous chert in beds as much as 12 inches
thick. It has a total thickness of 100 to 200 feet but is seldom seen
in natural exposure. Toward the south it seems to merge into a
siliceous, calcareous shale.®* The Ridgetop shale is excellently repre-
sented along Cane Creek by gray calcareous shale as much as 120
feet thick. The Chattanooga shale is generally present and reaches
a maximum thickness of 6% feet. The Hardin sandstone member
forms its base in many parts of the county. The underlying Devonian
formations are represented in this county better than in any other

8 Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26,
D. 25, 1921. Wade, Bruce, The geology of Perry County and vicinity: Resources of Tennessee, vol. 4,

PD. 173-174, T'ennessce Geol. Survey, 1914,
# Wade, Bruce, op. cit., p. 171.



PERRY COUNTY 161

county treated in this report. The uppermost formation exposed in
this area is the Harriman chert (Harriman novaculite of Dunbar ).
It consists of white to yellow and buff novaculite, a very fine-grained
crystalline silica, generally fossiliferous in this area. It is seen best
on Tom and Cypress Creeks and in a small éxposure on Marsh Creek
and is probably absent everywhere in this county outside these areas.
It is from 30 to 50 feet thick. The formation stratigraphically just
below the Harriman chert is the Quall limestone, which is apparently
exposed in this county only at the Town Spring, in Linden, where it
is only 2¥% feet thick.® The Birdsong shale is a limestone and cal-
careous shale formation coming below the Quall limestone. It is
exposed along Tom and Lick Creeks, along the Buffalo River in places
from Linden to Beardstown, and on lower Cane Creek. The
Devonian formations underlying the Birdsong are apparently not
exposed in the county.

" The Silurian formations are well exposed at and just above drainage
level over most of the county. The Decatur limestone, the upper-
most formation, is a massive, generally unfossiliferous limestone
about 50 feet thick in the western part of the county. It is cut out
eastward by erosion. Below the Decatur lies the Brownsport forma-
tion, exposed along the creeks in most of the area. The Brownsport
formation approaches a maximum thickness of 100 feet and consists
of generally very fossiliferous limestone and shale above (Lobelville
shaly limestone member), succeeded downward by the more massive
Bob crystalline limestone member, and this in turn by the Beech River
shaly limestone member. Below the Brownsport formation is the
Wayne formation, which is exposed on Cedar Creek and most of the
tributaries of the Buffalo River in the southern part of the county.
It .consists of.several members. The upper member is the Dixon
earthy limestone, about 50 feet thick. Below this is the coarsely
crystalline, locally massive Lego limestone member, which has a
maximum thickness of about 35 feet. The persistent Waldron clay
member, about 4 feet thick, separates the Lego limestone above from
the very similar Laurel limestone, about 25 feet thick, below. ‘At the
base is the Osgood earthy limestone member, exposed on Cedar Creek
and on Cane Creek, where it is about 12 feet thick. The basal forma-
tion of the Silurian system is the Brassfield limestone. This formation
is about 25 to 30 feet thick where it has not been affected by erosion.
It consists of coarsely crystalline crinoidal limestone below and hard
gritty thin-bedded limestone above.

The Ordovician rocks are apparently exposed only in small patches
on Cedar and Whiteoak Creeks, in the southwestern part of the
county. The exposures consist of coarsely crystalline limestone and

8 Dunbar, C. O., Stratigraphy and correlation of the Devonian of western Tennessee: Tennessee

Geol. Survey Bull. 21, pp. 71-77, 1919.
5 Idem, p. 113.
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shale belonging to the Fernvale formation, which is from 20 to 40
feet thick, overlying the Hermitage formation, consisting of alter-
nating limestone and shale, the intervening Bigby, Cannon, Catheys,
Leipers, and Arnheim limestones being absent.

GROUND WATER

Ground water in Perry County, as elsewhere in south-central
Tennessee, occurs chiefly in solution channels in the calcareous rocks
underlying the county practically everywhere. The ridges of the
county are not thickly settled, and therefore the chert residues of the
Mississippian limestone have not been extensively prospected for
water. Dug wells from 50 to 75 feet deep may be expected to yield
domestic supplies here, as in similar situations in the surrounding
country.

Drilled wells in the valley portions generally yield domestic supplies
from depths of 30 to 100 feet or more. Large supplies of water are
difficult to find. Well 422, at the courthouse in Linden, is 235 feet
deep and does not yield sufficient water for the personal consumption
of those there employed. Dug wells in the alluvial materials of the
terraces along the rivers generally yield domestic supplies. However,
in many portions of the county cisterns form the chief source of
supply.

The mature dissection of the county assures a great number of
springs of good size in the valleys. These issue from practically all
formations wherever they are suitably located topographically. The
town spring at Linden (no. 458) issues from a limestone bed of the
Birdsong shale. Itsflow was about 150 gallons a minute when visited.
This spring, though reported .to carry Bacillus coli, furnished the
main water supply of Linden during the summer of 1930, when many
of thé cisterns failed in the early summer. Another good spring
issuing from the limestone basal bed of the Birdsong shale is that at
Hinson’s mill, about 3 miles east of Beardstown, on Cane Creek
(spring 464). Its flow of about 1,000 gallons a minute is used to
operate a gristmill.

Sinking and interrupted creeks are common. The largest spring
in the county (no. 449b) is formed by a rise of Sinking Creek. It
issues from a large solution passage in the concealed calcareous strata
below the Hardin sandstone member, at the base of the Chattanooga
shale. Its flow in August 1930 was about 1,800 gallons a minute,
and the temperature was 60° F., about normal for springs of this
vicinity. A natural well north of Lobelville (well 429) is in use.
This naturally uncovered solution channel is 76 feet deep and is
carrying at this point about 40 feet of water. It is reported that the
diameter of the surface opening of this cavern is constantly increasing,
having been when first found only about 1 foot, whereas now it is 12
feet.
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Analyses of ground waters from Perry County

[Margaret D. Foster, U. 8. Geological Survey, analyst. Parts per million. Numbers at heads of columns
correspond to numbers in tables of well and spring data]

427 433 47 450 458 464

Bilica (8i02) 13 9.1 9.9 10
Iron (Fe).... 12 .08 .12 08
Calcium (Ca) 30 15 32
g[ggnesi?l\? )(Mg) 3.9 3.2 3.7 3.2

odium (Na; N
Potassium (K) - cooeoeeooeo °.9 } 7 } *18 } el4
Carbonate (CO3) - 0 0 0 0
Bicarbonate (HCO3) - oo oo oo icoiaee 94 105 56 108 79
Sulphate (804) coe e maaaaea 4.1 4.3 5.8 4.4
Chloride (C1) - L5 L0 3.0 1.0
Nitrate (NO2) oo cceceacmcmccarcccemacacane 20 . .43 .29 .19 .43
Total dissolved solids__ .. _..___..... - 108 58 118 79
Total hardness as CaCOs (calculated) 6 91 51 95 68
Date of collection (1930) cac o aoccaamcacaon . July 30 | Aug. 1| Aug. 2 | Aug. 11

o Calculated.

WAYNE COUNTY
[Area 749 square miles, population 12,134)

Wayne County is a roughly rectangular area lying in the southwest
corner of the region covered by this report. It is bounded on the
north by Perry and Lewis Counties, on the east by Lawrence County,
on the south by Lauderdale County, Ala., and on the west by Hardin
and Decatur Counties. Waynesboro, the county seat (population
775), and Collinwood (population 698) are the chief towns.

The county is drained entirely by the Tennessee River, which
touches it at the northwest corner. The Buffalo River is the inter-
mediate drainage line for the northeastern part of the county, and
minor tributaries carry the remainder of the drainage to the Tennessee.

Agriculture is the chief industry. There is a wood-products plant
at Collinwood, and considerable lumbering is done in the neighboring
area.

GEOLOGY

Technically Wayne County is entirely within the Highland Rim
plateau. Actually, however, it marks the overlap of the Coastal
Plain geomorphic type upon the Highland Rim. The rugged sub-
mature and mature topography in the northern part of the county
grades into postmature topography along Cypress Creek, in the
southern part, which is developed upon unconsolidated Cretaceous
sediments.

The highest points of the county are slightly more than 1,050 feet
above sea level. The Tennessee River at Clifton is at an altitude of
less than 350 feet, so that the total relief is in excess of 700 feet.
The proximity of the Tennessee River has caused strong local relief
in the northern part of the county. Southward and also westward
from the vicinity of Collinwood the general upland level begins to
slope gradually away to the Tennessee River. Topographic maps
are not available for the district west of the Waynesboro quadrangle,
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but to the south this gentle and uniform slope continues to and
beyond the Tennessee River, decreasing to 500 or 600 feet above sea
level just south of the Tennessee River, beyond which the levels
abruptly rise to 850 to 1,000 feet. This slope is apparently due
chiefly to southward side-slipping of the Tennessee, but some of the
northern portion probably represents also a stripped pre-Tuscaloosa
peneplain.

The outstanding feature of the stratigraphy of Wayne County,
compared to other counties in south-central Tennessee, is the exten-
sive and thick cover of Upper Cretaceous sediments in the southern
part of the county. The uppermost of these deposits in this area is
the Eutaw formation. This is a red sand, weathering gray, about
50 feet thick. It is confined to the tops of the ridges in the south-
west corner of the county. Underlying the Eutaw and extending
much farther northeastward is the Tuscaloosa formation. The Tus-
caloosa is almost entirely gravel and is made up of pebbles, generally
chert, as much as 4 inches in diameter. Interbedded with the gravel
is an inconspicuous amount of sand and clay. This formation is 150
feet thick in the southwestern part of the county and extends con-
tinuously along the ridges to the latitude of Waynesboro. Elsewhere
in the county it is represented by outliers capping high points.

The youngest of the consolidated rocks of the county is the St.
Louis limestone. This and the very similar Warsaw formation under-
lying it reach a maximum thickness of 200 feet. The unweathered
limestone is rarely seen in this county but is represented by its
weathered facies of clay and chert. Beneath the Warsaw formation
lies the Fort Payne chert. This formation, from 100 to 200 feet
thick, ranges from a calcareous, somewhat shaly chert to a shaly
cherty limestone. At the top of the Fort Payne chert or in the base
of the overlying Warsaw limestone there occurs a bed of tripolite, a
fine-grained porous silica, formed by the weathering of a siliceous
limestone.

The Ridgetop shale is typically present in the northern part of the
county and ranges from a knife-edge to 90 feet in thickness. Itis a
gray and platy shale, becoming more siliceous and calcareous south-
ward. Beds of fossiliferous limestone and shale which Miser & con-
siders a part of the Ridgetop formation occur in the southeast corner
of the county. These have some of the lithologic characteristics of
the New Providence formation. As beds at this horizon in Lauder-
dale County, Ala., just south of Wayne County, carry lower Burling-
ton fossils,®® these may represent the New Providence formation.
However, Miser,* after an intensive study of these beds in this area,
believes that they represent a facies of the Rldgetop shale.

571§g;ser, H. D., Mineral resources of the Waynesboro quadrangle: Tennesee Geol. Survey Bull. 26, p.
24,

# Butts, Charles, Geology of Alabama: Alabama Geol. Survey Special Rept. 14, p. 164, 1926.
# Miser, H. D., oral communication.
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The Chattanooga shale crops out in the deeper creek valleys through-
out the county. The black shale attains a thickness of 22 feet, and
the basal Hardin sandstone member 15 feet. The underlying Devo-
nian rocks consist of small scattered outcrops of the Pegram lime-
stone and the Ross limestone member of the Olive Hill formation.
The Pegram is exposed on Mill Creek, in the northern part of the
county; the Ross is exposed near Clifton. The Ross limestone attains
a thickness of 55 feet but has a very small areal extent.

Silurian shales and limestones are well developed on the larger
creeks throughout the county. The uppermost formation, the Decatur
limestone, a gray coarsely crystalline or fine-grained limestone, attains
2 thickness of 60 feet. It is present in the west-central and north-
western parts of the county. Beneath this is the Brownsport forma-
tion, which is found in the northern and western parts of the county.
Its three members—the Lobelville shaly limestone, from a featheredge
to 100 feet thick (uppermost member), the Bob crystalline limestone,
as much as 35 feet thick; and the Beech River shaly limestone, as
much as 85 feet thick—are all present. The underlying Wayne forma-
tion is present throughout the county. The uppermost or Dixon
earthy limestone member of the Wayne, which is red near Clifton,
ranges from 10 to 45 feet in thickness. The compact pinkish and gray
limestone of the Lego and Laurel members, separated by the thin
Waldon clay member, are together about 65 feet thick. The Osgood
earthy limestone, the lowest member, is about 15 feet thick. The basal
formation of the Silurian is the finely crystalline, glauconite-speckled
Brassfield limestone, which has a maximum thickness of 25 feet.

The Ordovician rocks are represented chiefly by the Fernvale
formation, which is generally present where its horizon is exposed.
It is from 20 to 40 feet thick and consists of a lower coarsely crystalline
limestone and an upper greenish shale. The Arnheim limestone is
present only near Clifton and is only about 3 feet thick. The Hermitage
formation, consisting of alternating thin shale and siliceous limestone
occurs in the vicinity of Clifton, where a maximum of 80 feet of the
formation is exposed. The formations between the Hermitage and
the Arnheim are absent in this section. They have been found in
wells in the southwestern part of Lawrence County.

GROUND WATER

Ground water in Wayne County occurs in openings of the same type
and exhibits the same general phenomena as are found in the other
counties treated in this report, and in addition it occurs in the primary
openings in Tuscaloosa gravel. This gravel is very porous, the pores
are.comparatively large, and as a result the permeability is high. The
high permeability and poresity combine to make it a good ground-
water reservoir. Ample storage space is present, and probably a
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large part of the rainfall penetrates to the water table. However, the
high permeability has one disadvantage—the water in general descends
rapidly to the general drainage level, so that at many places on the
uplands wells must be very deep. Correlated with this fact are large
and omnipresent springs at drainage level where these deposits have
not been entirely cut through. Along the main Cypress Creek north
of Cypress Inn these springs are almost continuous. Larger flows are
localized in places, probably by horizontal variations in the clay and
sand content of the gravel, by various degrees of cementation of the
gravel, and by deeper incision by the branches. Spring 526 is a typical
spring near the base of the Tuscaloosa formation at drainage level.
It was flowing about 100 gallons a minute when visited. The water
from these springs is crystal-clear, soft, and of great chemical purity
compared with typical waters from the limestone areas of south-central
Tennessee.

Wells on the upland drawing from this aquifer apparently furnish
abundant supplies of water when carried down almost to drainage
level in the vicinity. According to report, well 499, about 1 mile west
of spring 526, just noted, withdraws about 2,500 to 3,000 gallons of
water a day, with no effect upon the water level, which is about 25 feet
above the level of the spring. The well is a dug well 56 feet deep.
Wells in Collinwood are of diverse depths, but many furrish abundant
water for domestic purposes from depths of 30 to 40 feet (well 484b).
Other wells, especially those near deep "drainage lines, have more
difficulty in obtaining water. Well 494, a dug well 78 feet deep, had
only 3 inches of water in it when visited in July 1930.

The chert derived from the weathering of the St. Louis and Warsaw
formations is erratic in its water-bearing properties. Well 486, in
Collinwood, described by Miser,® is reported to have yielded 18,000
gallons a day from this deposit. Well 485, 116 feet deep, with the lower
halfin the weathered St. Louis limestone, obtained only a seep of water.
Gravel stringers in this material probably serve to localize the move-
ment of water in it. Sometimes a well strikes a filled solution channel
in the weathered St. Louis limestone or Warsaw formation. For
example well 501, originally 73 feet deep, apparently entered about
15 feet into the St. Louis limestone and after passing through chert
layers struck water in a clayey material containing much-weathered
chert. It is reported that this well when first dug held about 4 feet of
water, which entirely disappeared over night. It was deepened
several times, finally reaching a depth of 79 feet, and each time water
was struck, but the water remained for only a short time and then
suddenly disappeared. The materials and action of the well suggest
that it is in a sink in the underlying rock. The successive workings in

& Miser, H. D., Mineral resources of the Waynesboro quadrangle: Tennessee Geol. Survey Bull. 26, p. 26,
1921,
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it probably puddled the bottom of the well thus forming a compara-
tively impervious seal, so that it retained water for a time, after which,
bowever, the water began to work through the impervious layer,
opened up a passage, and rapidly drained away.

The remaining rocks of the county are calcareous and present the
same ground-water phenomens as in the other counties of the area
reported on here. Wells for domestic supplies are generally drilled
and are generally successful at depths less than 100 feet. Good-sized
springs are found in most of the creek valleys. The Waynesboro
Spring, at Waynesboro, produces about 100 gallons a minute from the
Ridgetop shale.

A fine example of the interrelations between the subsurface and
surface drainage is presented by the double natural bridge in Forty-
eight Creek, called locally ‘“The Courthouse,” about a quarter of a
mile south of spring 511. A large solution channel at one time made a
right-angled bend near the present location of Fortyeight Creek. In
the continued development of the solution channel the roof at the
point of the bend was undermined and caved, as did also the remaining
portions of the cavern roof except two slabs near the bend. Today
these slabs form two natural bridges approximately perpendicular to
each other. The bridges are in the Osgood and Laurel members of the
Wayne formation.

131880—36——12
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[Margaret D. Foster,

WAYNE COUNTY
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Analyses of ground waters from Wayne County

U. 8. Geological Survey, analyst. Parts E)er
correspond to numbers in tables of well

million. Numbers af heads of columns
d spring data)

471 511 513 518 5§19 526
Silica (8iOg) 13 7.4 14 13 8.3 6.7
Iron (Fe). .31 B . .15 .05 .18
Calcium (Ca() 60 21 28 51 7.7 2.2
Mog‘gnem&gx ‘Mg)- 29 4.1 4.6 6.2 %; L2

um (Na .
Potassium (K) e ) oo |} ero |} o1 e
Carbonate (COs3) 0 0 0 0 0 0
Bicarbonate (HCO;) ....................... 360 76 101 162 23 4.0
Sulphate (SO4) o oo ccacam oo omcmeee 120 5.1 4.9 17 3.5 3.8
Chloride Cl). 4.1 17 1.6 1.4 3.2 2.0
Nitrate (NOs)..... 6.8 .38 1.0 3.4 3.2 1.2
Total dissolved soHdS _ oo oooooeeoaee 481 78 104 170 43 22
Total hardness as CaCOs (calculated)......| 269 69 89 153 26 10
Date of collection (1980) - v e cecemcmceeeee July 24 | July 23 | July 28 | July 26 { July 22 | Sept. 9
e Calcutated.

% Less than 5.
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