PLEASE DO NOT DESTROY OR THROW AWAY THIS PUBLICATION. I you have ne
further use for it, write to the Geological Survey at Washington and ask for a frank to return it

UNITED STATES DEPARTMENT OF THE INTERIOR

GROUND WATER
IN NORTH-CENTRAL TENNESSEE

Prepared in cooperation with the
TENNESSEE DIVISION OF GEOLOGY

GEOLOGICAL SURVEY WATER-SUPPLY PAPER 640




UNITED STATES DEPARTMENT OF THE INTERIOR
Ray Lyman Wilbur, Secretary

GEOLOGICAL SURVEY
W. C. Mendenhall, Director

Water-Supply Paper 640

GROUND WATER
IN NORTH-CENTRAL TENNESSEE

BY
ARTHUR M. PIPER

Prepared in cooperation with the
TENNESSEE DIVISION OF GEOLOGY

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON : 1932

For sale by the Superi; dent of D. ts, Washington, D.C. - - - Price 35 cents (paper cover)



CONTENTS

o Page’

~Abstract________________________ e e e ccemmceeee e vII
Introduction. - e 1
Purpose and scope of the investigation_ . _____________________ 1
Location and extent of the area...__.___.. [ U 1
Previous geologic investigations_ . ______________________________ 2
Acknowledgments. - . . .o e 3
Geography - - e 4
Transportation.. . . . .. 4
Natural resources and industries_ - - __..__. 4
Clmate - e 5
-General features_ _ - e eeilas 5
Temperature . . ... e 5

Rainfall e )

Surface features of central Tennessee. . . _ . _______._.__ 15
Physiographic districts. .. e 15
General features. . . oo e oaoon 15

Highland Rim plateau . .. oo 16

Nashville Basin. - .. e 18
Physiographic history_ ... - e 18
Cumberland eyele_ . .. .. 18
Highland Rim eyele-__ .- 19
Nashvile Basin eyele. . - e 20

General features_ . . ___________________________________ 20

High-terrace stage_ - - 21

Peneplain stage- . e 21

Recent cyele .. e 22
Drainage system______________________ e ————————— oo 23

"+ Surface streams. .. o 23
Underground drainage._ ... ___________.__ 24
Stratigraphy e 24
Sequence and general character of the roeks_ . _______________ . 24
Quaternary system. . _ .o 30
Alluvium._ e 30

Tertiary (?) system (Miocene? or Pliocene?) . ______ . _________. 30
High-terrace gravel . _ . 30
Cretaceous system _ _ - - ____ e 31

- Upper Cretaceous series.._.....___ e 31

Butaw formation_ . __ . 31

Tusealoosa formation_ - . _______ 31
Carboniferous system___ e 33
Mississippian series. ... e mccmamceane- 33

St. Louis limestone____ . . oo eceeoan 33

Warsaw formation. . . .. . . __.. 34

Fort Payne formation. .- .- ___ . _____.. 35

New Providence shale. . ... . _________ 37

- Ridgetop shale___ . el 38



v CONTENTS

Stratigraphy—Continued. Page

Carboniferous or Devonian system_ ____ . ________________ 39

Chattanooga shale._ _ - . o 39

Devonian system._ . o coe e e 41

Middle Devonian series. .. oo oo 41

Pegram limestone. .- . . oo . 41

Camden ehert . . oo 43

Lower Devonian series_ . - .. oo o 44

Harriman (?) eherb. .. .. 44

Birdsong limestone. - - ... ... ____________ e meeem 44

Silurian system . . .. oo e 44

Ordovieian syster . - - . oo 45

General features_ . . 45

Upper Ordovieian series. .-« ... e 46

Fernvale formation ... ________________________________ 46

Arnheim limestone. ... __ o ... 46

Leipers limestone. .. - . .. 46

Middle Ordovician series_ ... . . o e 48

Catheys limestone. .. . . ___ 48

Cannon limestone_ - . .. e 49

Bigby limestone. .. 50

Hermitage formation...________________________________ 51

Lowville Yimestone. . - ___ . _______ 52

Lower Ordovician series...-_ . _ e, 54

Lebanon limestone._ - .. . . 54

Ridley limestone. . - oo caceoono 54

Pierce limestone. . - o . 55

Murfreesboro limestone. . ... 56

Pre-Lowville rocks of the Wells Creek Basin_.___.________ 57

Rocks not exposed at the surface ... _...__ e 58

General features. . . . oo 58

St. Peter (?) sandstone. ... _ .. 61

Geologice structure_ ... oo e e 62

Nashville dome. .o o oo e 62

Becondary folds. . ..o we e 63

Wells Creek uplift._ .. . 65

Faults and joints_ . oo 67

Ground water. . . . e 69

Oceurrence of ground water in limestone. . _____________________ 69

Types and origin of water-bearing openings..._.______________ 69

Sources and circulation of ground water.......... ————————— 74

Cyecles in the formation of underground-drainage systems. _____ 78
Relations of water-bearing openings to geologic and physio-

graphie history . - .o eemem —— 82

Relation to utilization of ground water_ . ... ___.._ 86

S PTInES - e e 89

Gravity springs. . . oo e 89

General features .. - . oo oo ——— 89

Seepage SPTiNgS .o« e oo 20

Fracture springs. - .o e 92

Tubular springs.. .. . 92

Artesian springs. . _ ool 96

Artesian conditions___________________ [ 96



CONTENTS v

Ground water—Continued. Page
Quality of ground water_ __ . __ 99
Chemical constituents in relation touse_.... . ______________ 99
Sanitary considerations__ .. ____________________________ 108
Analytical data_ ... __ o 111
Relation to stratigraphy .- - - . 120
Summary descriptions by counties .- ... ____..______ 124
Cheatham County. - - e 124
Davidson County ... e 131
Dickson County . - - oo e 140
Houston County._ . 148
Humphreys County . _ - e 153
Montgomery County . e 163
Robertson County .- - .o eeam 170
Rautherford County-_ - 177
Stewart County. -~ 190
Sumner County .- 198
Williamson County. . e 207
Wilson County .o oo 220
IndeX . oo e —————— 235
ILLUSTRATIONS

Page

PratE 1. Index map of Tennessee, showing physiographic districts and
progress in survey of ground-water resources_ ... .- 24

2. A, Typical topography of the interstream tracts of the High-
land Rim plateau; B, Sink-hole topography on upland plain.. . 24

3. Map showing area covered by this report in relation to drainage
basins of the Tennessee, Cumberland, and Green Rivers. ... 24

4. Geologic map of north-central Tennessee, showing location of
typical wells and springs._ - . _____________ In pocket.

5. A, Subsurface drainage channel of the Nashville Basin peneplain,
near Gladeville, Wilson County; B, Love Davis Cave, 3
miles southwest of Smyrna, Rutherford County__....._.___ 24
6. A, Nodular chert in lower part of St. Louis limestone on State
highway 11, about 3 miles northwest of Adams, Robertsor
County; B, Residual clay overlying St. Louis limestone 1
mile west of Erin, Houston County; €, Tabular chert in
limestone of Fort Payne formation at Cedar Spring, Stewart
County - - o e 40
7. A, Bigby limestone exposed in abandoned quarry south of Ten-
nessee Central Railroad at Loveman’s Crossing, East Nash-
ville; B, Sandy cross-bedded limestone near base of Bigby
limestone, exposed in weathered outcrop in small quarry at

Hamilton and Morrison Streets, Nashville. . _______________ 41
8. Chemical character of water from representative seepage springs
in north-central Tennessee. ... . e 88

9. A, Orifice of tubular spring in Ridley limestone on south bank
of West Fork of S8tone River, 2% miles northeast of Florence,
Rutherford County; B, Big Spring, 634 miles east of Lebanon
on the Nasghville Basin peneplain . ___ . oooo._ 88



Vi

‘FigorE 1.

2.

CONTENTS

Map of central Tennessee showing approximate vamatlon in
average mean annual temperature. .. ... . .. l__._
Average mean monthly temperature and extremes of monthly
temperature in north-central Tennessee. ... ... ...

. Map of central Tennessee showing approximate variations in

normal rainfall . . _ . ...

. Variations in annual rainfall at stations in central Tennessee___
. Chemical character of water from representative tubular springs

in north-central Tennessee_ . .- . oo ...

. Chemical character of representative ground waters from the

Murfreesboro limestone. - - oo e

. Sketch plan showing location of wells in Lebanon that yield -

more than 100 gallons a minute_ ... ________.

Page

12
14

94

182

- 223



ABSTRACT

This report describes briefly the physiography, stratigraphy, and geologic
structure and the sources and chemical ¢haracter of the ground water in a region
covering 5,800 square miles on the northwest slope of the Nashville dome, in north-
central Tennessee. It includes Cheatham, Davidson, Dickson, Houston, Hum-
phreys, Montgomery, Robertson, Rutherford, Stewart, Sumner, Williamson,
and Wilson Counties.

The region includes parts of two physiographic districts, the Nashville Basin
and the Highland Rim plateau, both of which are sections of the Interior Low
Plateaus province. The Highland Rim plateau comprises remnants of a regional
peneplain, which was formed in the interval between late Upper Cretaceous and
early upper Oligocene time and was subsequently arched and uplifted. Its
present altitude within the region described is between 1,350 and 600 feet above
sea level. The Nashville Basin is an elliptical depression 85 miles long by 50
miles wide formed by stream planation in the Ordovician limestones on the crest
of the Nashville dome, and its floor is 700 to 550 feet above sea level. The peried
of stream planation has been aseribed to the middle Pleistocene. The principal
streams are now intrenched 100 feet or more below the floor of the Nashville
Basin.

The primary structural feature of the region is the Nashville dome, the south-
erly one of two domes on the axis of the Cincinnati geanticline. The Nashville
dome is a flat elliptical flexure whose major axis strikes N. 20°-30° E. across the
eastern part of the region. From the apex of the dome, in the southeast corner
of the region, the axis plunges northward and southward between 5 and 10 feet
to the mile. The flanks dip about 15 feet to the mile within 50 miles of the apex,
but the western flank flattens in the more remote parts of the region. Super-
posed upon the Nashville dome are many secondary anticlines, synclines, and
domes, which generally are less than 5 miles long and 100 feet high. Where the
secondary folding is most intense the rocks are much jointed. One of the two
principal sets of joints is approximately parallel and the other normal to the major
axis of the Nashville dome. In the northwestern part of the region the rocks
are complexly faulted and folded in an area which is roughly circular in plan and
about 8 miles in diameter; this is the Wells Creek uplift. The deformation that
produced the Nashville dome began at least as early as the Lower Ordovician and
recurred as late as upper QOligocene time.

The oldest consolidated rock of the region is a cherty magnesian limestone of
Lower Ordovician (Beekmantown?) age, which crops out only in the center of
the Wells Creek Basin. The rocks exposed elsewhere on the Nashville dome
range in age from Lower Ordovician (Chazy) to upper Mississippian, and each
of the geologic systems within this range is represented. However, the geologic
column is broken by one major unconformity, the complete hiatus ineluding the
Upper Ordovician and all of the Silurian and Devonian. At least 18 minor
stratigraphic breaks occur. With the exception of the Chattanooga and Ridge-
top shales, the strata are limestones, massive and thin bedded, pure, earthy, and
cherty. Many of these limestones did not cross the axis of the Nashville dome,
50 that they overlap one another most complexly. The total maximum thickness
of the exposed strata is about 2,530 feet, although the actual thickness in any one
section'is much less. A well drilled near the apex of the Nashville dome pene-
trates sandstone from 610 fo 620 feet below the surface; the remaining strata
include limestone, dolomite, and chert to a depth of 1,930 feet.

The unconsolidated rocks include sand and gravel of Upper Cretaceous age,
which rest upon the Highland Rim plateau in a few small areas, stream terrace
deposits, and the alluvium that forms the present flood plains.

vIT



vina ABSTRACT

Most of the rocks, being dense limestone, are devoid of original interstices, so
that in general the ground water circulates in joints and openings formed by solu-
tion. The number and capacity of water-bearing openings are dependent upon
the number and continuity of open joints, the solubility of the limestone, and the
positions of the several strata with respect to present and past equilibrium profiles
of solution channeling. Therefore, as many of the limestones are essentially
equal in solubility, the occurrence of ground water is not related to stratigraphy
but rather to geomorphologic history. No large body of cavernous limestone has
been depressed with relation to the water table so as to become saturated with
water. A few discontinuous beds of permeable sandstone exist.

Ground-water supplies adequate for domestic use ean be obtained at most
places from the limestone by drilled wells less than 200 feet deep, although some
wells are dry, and comparatively few yield more than 10 gallons a minute. The
largest wells that tap cavernous limestone yield as much as 300 gallons a minute
perennially. It is generally inadvisable to drill much more than 350 feet in search
of water, because of the tightness of the rocks and of the inferior chemical charac-
ter of the water at great depths. In many parts of the region the most reliable
sources of water are the large springs, especially those that issue from solution
channels in the limestone. Twelve such springs within the region are known to
discharge 1,000 gallons a minute or more each, and one, Hurricane Rock Spring,
discharges about 27,000 gallons a minute from a single solution channel.

Generally the unconsolidated rocks other than the alluvium are drained and
are not promising as sources of large supplies of water. The alluvium underlies
flood plains that are subject to overflow, so that extensive development of its
ground water is generally not feasible, even though some of its beds may be rather
highly permeable.

Fowing artesian wells in the vicinity of Nashville tap the 8t. Peter (?) sand-
stone, but the area of artesian flow covers only the lower land along the Cumberland
River, the water is inferior in chemical character, and the specific capacities of the
wells seem to be small. Moreover, this stratum is itself discontinuous, so that it
is not a source of water over an extensive area. Flowing wells also exist in several
other small areas, all of which are below the Highland Rim plateau and most of
which are on or below the Nashville Basin peneplain. In at least one area the
artesian flow is assisted if not caused by the presence of gas in the water. Usually
it is not possible to predict the depth or location at which flowing wells can be
obtained.

In general most of the waters fall into three classes, according to the amount and
kind of dissolved mineral matter. One class includes the calcium bicarbonate
waters, which contain 50 to 500 parts per million of total solids and 30 to 300
parts per million of carbonate hardness and are essentially free from iron and
hydrogen sulphide. Such are the waters which circulate freely through permeable
beds and channeled limestone and issue from most of the springs and from wells
less than 200 feet deep. A second class includes those highly concentrated cal-
cium or calcium-magnesium sulphate waters with considerable noncarbonate
hardness, and the third includes the brines or sodium chloride-sulphate waters.
The waters of the last two classes can not be sharply discriminated. They occur
both in deeply buried permeable beds and in slightly permeable beds at moderate
depth; they issue from a few springs and from some wells less than 50 feet deep
but generally occur in strata more than 100 feet below the surface. So far as is
known they occur in all strata more than 350 feet below the surface. The dis-
solved solids range from 1,000 to 26,000 parts per million. Many of the moder-
ately and highly eoncentrated sulphate waters, especially those in which mag-
nesium is relatively concentrated, contain large quantities of hydrogen sulphide
gas. There seems to be no relation between the stratigraphic position of most
water-bearing beds and the chemical character of the ground water.



GROUND WATER IN NORTH-CENTRAL TENNESSEE

By ArtrUR M. Preer

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

The investigation upon which the present report is based is the first
unit of a proposed survey of the conditions of ground-water occurrence
throughout Tennessee. This survey seeks to inventory the principal
sources of ground water and, so far as possible, to establish such gen-
eral rules of occurrence as will measure the adequacy of those sources
to meet the growing needs of urban, rural, and industrial development.
Furthermore, it seeks to establish a proper basis for the detailed study
of problems of local development, although economy of time prevents
any full analysis of those problems.

This state-wide project was conceived by the division of geology of
the Tennessee Department of Education in 1927, and active investi-
gation was undertaken by the United States Geological Survey in
financial cooperation with the State organization. The writer was
assigned to the north-central portion of the State, a region which
centers about Nashville, and spent the four months from mid-July to
mid-Oectober, 1927, in the field analyzing features of ground-water
occurrence in relation to the stratigraphy and other geologic factors.
Samples of water were collected from 101 representative wells and
springs as a guide to the chemical composition of the ground waters.
O. E. Meinzer, chief of the division of ground water of the United
States Geological Survey, made a reconnaissance of the region with
the writer during the last week of September and gave much construe-
tive criticism.

LOCATION AND EXTENT OF THE AREA

The region described in this report lies between meridians 86° and
88° west longitude and parallels 35° 40’ and 36° 45’ north latitude.
It embraces about 5,800 square miles in the north-central part of
Tennessee and includes the counties of Cheatham, Davidson, Dickson,
Houston, Humphreys, Montgomery, Robertson, Rutherford, Stewart,
Sumner, Williamson, and Wilson. The location of the region with
respect to the boundaries of the State and to the second unit of the
State-wide project (which was studied in 1928 by F. G. Wells) is

shown by Plate 1.
1



2 GROUND WATER IN NORTH-CENTRAL TENNESSEE

PREVIOUS GEOLOGIC INVESTIGATIONS

Systematic investigation of the geology of central Tennessee dates
back a hundred years. In 1831 Troost ! appealed to the State legis-
lature for the organization of a State geological survey and was com-
missioned State geologist. His single-handed investigations of the
mineral resources of the State continued for nearly two decades and
ended in 1850. An outstanding achievement was the publication, in
1840, of a preliminary geologic map of the State.?

J. M. Safford was appointed State geologist and mineralogist in
1854 and filled that position for half a century, studying the coal,
iron, phosphate, and other mineral resources. His comprehensive
summary of the geology of Tennessee, first published in 1869,° has
formed a sound basis for subsequent and more detailed investigations.

In 1903 was published the first detailed analysis of the stratigraphy
of the phosphate deposits of the central part of the State, by Hayes
and Ulrich.*

In 1909 a State geological survey was created to study the metallic
and nonmetallic resources, the surface and ground water resources,
and the physical geography of the State, working largely in coopera-
tion with the United States Geological Survey, G. H. Ashley served
as State geologist from 1909 to 1912, A. H. Purdue from 1912 to 1917,
W. A. Nelson from 1918 to 1925, H. D. Miser during 1925 and 1926,
and W. F. Pond from 1927 to the present time. In 1923 the organi-
zation became the division of geology of the Tennessee Department
of Education. Under the auspices of the State Geological Survey,
fundamental contributions to the geologic knowledge of the region
have been made by Butts,’ Dunbar,® Galloway,” Mather,® and Nelson.®
Recently Bassler ° has completed a detailed study of the stratigraphic
section exposed on the eastern and western edges of the central basin
in relation to the mineral resources of the region.

1 Troost, Gerard, Address delivered before the legislature of Tennessee at Nashville, October 19, 1831:
Transylvania Jour. Medicine, vol. 4, No. 4, pp. 467-507, Lexington, 1831.

2 Troost, Gerard, Fifth geological report of the State of Tennessee, 76 pp., map, Nashville, 1840.

3 Safford, J. M., Geology of Tennessee, 550 pp., map, Nashville, Tennessee Bur. Agr. and Commerce,
1869.

4 Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbia folio No. 95, 1903.

s Butts, Charles, Geology and oil possibilities of the northern part of Overton County, Tenn., and of
adjoining parts of Clay, Pickett, and Fentress Counties: Tennessee Geol. Survey Bull. 24 (Ann. Rept.
for 1919, pt. 2-A), 45 pp., 1919,

¢ Dunbar, C. O., Stratigraphy and correlation of the Devonian of western Tennessee: Tennessee Geol.
Survey Bull. 21, 127 pp., 1919; Am. Jour. Sci., 4th ser., vol. 46, pp. 732-756, 1918,

7 Galloway, J. J., Geology and natural resources of Rutherford County, Tenn.: Tennessee Geol. Survey
Bull. 22, 81 pp., 1919.

8 Mather, X. F., Oil and gas resources of the northeastern part of Sumner County, Tenn.: Tennessee
Geol. Survey Bull. 24 (Ann. Rept. for 1919, pt. 2-B), 39 pp., 1920,

9 Nelson, W. A., Notes on a volcanic ash bed in the Ordovician of middle Tennessee: Tennessee Geol.
Survey Bull, 25, pp. 4648, 1921; Voleanicash bed in the Ordovician of Tennesses, Kentucky, and Alabama:
Geol, Soc. America Bull., vol. 33, pp. 605-615, 1922,

10 Bassler, R. 8., The stratigraphy of the central basin of Tennessee: Tennessee Dept. Education Div.
Geology Bull. 38,1932,
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In addition to the works cited above the geologic literature includes
many shorter papers that bear upon the problem at hand. Limita-
tions of space preclude a complete tabulation at this place, although
éach paper that has contributed to the report is cited by footnote
reference in the text.

Systematic study of the regional ground-water conditions of central
Tennessee has not been attempted heretofore, although some general
and local features have been discussed by Fullerton,* Glenn,!? Nelson,™®
Safford,* and Switzer.!®

ACENOWLEDGMENTS

' "Adequate investigation of a regional problem such as is discussed
herein would not have been possible unless the well drillers and resi-
dents throughout the region had contributed whole-heartedly from
their experience with ground-water conditions. Individual mention
of all who have contributed in this manner is, however, impracticable.
The division of sanitary engineering of the State department of
public’ health, through H. R. Fullerton, director, granted access to
its files of data pertaining to ground-water supplies for municipali-
ties. The division offices of the Nashville, Chattanooga & St. Louis
Railway and of the Louisville & Nashville Railroad, through their
eéngineers in charge of water supplies, contributed descriptive data
for the wells and springs that they have developed along their respec-~
tive rights of way.

Margaret D. Foster of the division of quality of water, United
States Geological Survey, and D. F. Farrar, of the division of geology,
Tennessee Department of Education, made the chemical analyses
that form the basis of the discussion of the chemical character of the
ground waters. R.S. Bassler, of the United States National Museum,
described orally the major features of the general geology as a back-
ground for the field studies. The Tennessee Division of Geology
contributed half of the funds available for the investigation and in’
addition furnished the automobile that was used for transportation
in the field.

. 1 Fullerton, H. R., The water-supply problems of Tennessee: Am. Waterworks Assoc. Jour., vol. 17,
No. 6, pp. 746-750, June, 1027.

12 (Rlenn, L. C., [Notes on the ground-water resources of] Tennessee: U. S. Geol. Survey Water-Supply
Paper 102, pp. 858-367, 1004; [Underground waters of] Tennessee and Kentucky: U. S. Geol. Survey Water-
Supply Paper 114, pp. 198-208, 1905.

13 Nelson, W. A., Mineral products along the Tennessee Central Railroad: Resources of Tennessee, vol.
3, No. 3, pp. 137-160, Tennesses Greol, Survey, July, 1913. .

14 8afford, J. M., Mineral springs [of Tennessee]): Tennessee State Board of Health Bull. 1, suppl., pp.
15-16, October, 1885, '
« 18 Bwitzer, J. A., The relation of water supply to health: Resources of Tennessee, vol. 3, No. 3, pp. 170~
175, Tennessee Geol. Survey, July, 1913; vol. 4, No. 1, pp. 3-14, January, 1014,



4 GROUND WATER IN NORTH-CENTRAL TENNESSEE

GEOGRAPHY
TRANSPORTATION

North-central Tennessee is well served by primary transportation
routes. The main line of the Louisville & Nashville Railroad passes
northward through Nashville and gives direct communication with
New Orleans and other Gulf ports and with Cincinnati. From
Bowling Green, Ky., a branch extends southwestward through Clarks-
ville, Tenn., to Memphis, on the Mississippi River. From its junc-
tion with the Southern Railway at Chattanooga the Nashville,
Chattanooga & St. Louis Railway runs northwestward to Nashville,
where it divides, one branch extending westward and northwestward
to join the Mississippi Valley trunk lines at Paducah, Ky., and the
other branch extending southwestward to Memphis. Nuamerous
branch lines serve the tributary territory. The Tennessee Central
Railway passes westward through the bituminous coal fields of the
Cumberland Mountains to Nashville and thence follows the Cumber-
land River northwestward through Clarksville to the terminus of
the railway at Hopkinsville, Ky. A small amount of local water-
borne traffic follows the Cumberland River.

A wellgraded, hard-surfaced highway connects Knoxville and
Memphis, by way of Nashville, and crosses the area from southeast
to west. In addition, a net of excellent State highways links the
major towns and cities and is being woven ever closer.

NATURAL RESOURCES AND INDUSTRIES

North-central Tennessee is primarily an agricultural region, the
fertile residual soils of the Highland Rim plateau being especially
productive of tobacco, corn, and other crops. Over much of the
central basin, however, the soil is thin and stony and is used for stock
pastures or remains untilled. The untillable land is wooded in con-
siderable part and yields large cuttings of cedar from the central
basin, also of oak and other hard woods from the steep slopes of the
Highland Rim escarpment and of the major stream valleys.

Mineral resources are not lacking in this region. Deposits of rock
phosphate are worked at several localities in the central basin. Port-
land cement is manufactured in moderate amount at Nashville.
Limestone for road metal, lime, and other products is quarried at
many localities in the central basin and in the valleys that trench the
Highland Rim plateau. Local facies of the Chattanooga shale are
a possible raw material for bituminous paint. Deposits of brown
iron ore in the western portion of the Highland Rim plateau have
been: worked during periods of favorable prices; those which fall
within the region covered by this report are situated in Stewart,
Montgomery, and Dickson Counties. Possible petroliferous areas



GEOGRAPHY 5

exist at several localities in the western part of the Highland Rim
plateau, although none produce commercially at present. A full
discussion of these mineral resources is not pertinent in this paper.

Hydroelectric power is developed at several points along the High-
land Rim:and Cumberland Plateau escarpments immediately east of
the area under consideration and is transmitted to the central basin.
Potential ‘power sites both within and near the region constitute an
ample reserve for future development and for any likely industrial
expansion,

CLIMATE
GENERAL FEATURES

Climatic data are first recorded in Tennessee in 1834, although a
well-coordinated system of observations did not exist for nearly half
4 century thereafter. In 1883 a State weather service was established
under the direction of the United States Signal Service. In July,
1891, this‘'work was transferred to the United States Weather Bureau
and has since been continued in & more comprehensive manner under
the uniform procedure of that organization. ,

North-central Tennessee, having a mean latitude of 36°, has a
relatively mild climate, although its inland position and diverse
physiography lend some rigor to its winters. However, it is not
traversed by any of the principal transcontinental storm tracks, so
that the climatic changes are neither highly frequent nor sudden.
In general, the climate ranges from mild to temperate. The rainfall
is abundant for the needs of agriculture but not excessive. = The
humidity is moderate, and the distribution of sunshine and cloudi-
ness is desirable. The ground is rarely covered with snow for more
than a few days at a time, and the period that is free from killing
frosts is relatively long.

' TEMPERATURE

The average mean annual temperature is fairly uniform throughout
the region. covered by this investigation and ranges from 58° F. at
Clarksville to 59.7° F. at Johnsonville. In the valley of the Tennes-
see River, to the south and west, however, the mean annual tempera-
ture is higher, being 60.6° F. at Savannah, in Hardin County. To
the east of the region, on the Cumberland Plateau, it is markedly
lower, as at Crossville, Cumberland County, which has an average
mean annual temperature of 55.4° F. The approximate geographic
variation in average mean annual temperature is also shown by the
isothermal map forming Figure 1. )

16 Adapted from Nunn, Rcscoe, The climate of Tennessee: Resources of Tennesses, vol. 8, No. 1, pp.
7-45, Tennessee Geol. Survey, 1918,



GROUND WATER IN NORTH-CENTRAL TENNESSEE

om}eIsduro) [STITUT WBO: 0FBIOAB U7 uouuua.> Saﬂ_noinu SULAOYS 995S0TUO T, [8131e0 Jo dBIA—'T TUAOLY

4,50 [PAITUI J1BYuUaIY Ly seaJdsp
Ul anpeuediugy Moys saul] paaand

SOl 0 ) R

TYEP PEYBINGBY Wi UOITES JO SLIRU O}
Suejed Jequinu ‘UoiTEIs difojorew) O

————— v o




GEOGRAPHY 7

The annual range between average monthly mean maximum and
average monthly mean minimum temperature is about 40° F., from
. 37°41° in January to 76°-79° in July at the several climatologic
stations. The absolute range in temperature is much greater, how-
ever, the highest recorded temperature being 112° for the month of
September at Clarksville and the lowest being 23° below zero during
February at Johnsonville. For north-central Tennessee as a whole,
therefore, the absolute recorded range of temperature is 135°, although
it does not exceed 131° for any one climatologic station and is rarely
more than 100° during any one year. At Nashville, for example,
temperatures of 100° or higher have been registerd only for 13 out of
57 years, and temperatures of 0° or lower are similarly infrequent.
It is noteworthy that although the average monthly mean minimum
temperature occurs in January and the mean maximum during July,
the absolute minimum and maximum have been recorded during
February and September, respectively, at all stations. The published
temperature data are summarized in the following tables, and the
essential features of local and seasonal variations of temperature are
also shown by Figure 2.

Average mean monthly and annual temperature at 25 stations in ceniral
Tennessee

[From publications of U. 8. Weather Bureau]

o
E-—q 5 5] |5} -]
g2 Station Bl gl géggﬂg
g5 g § ) 312
o E B Q@ S 5 = = >
z glel8]a {8 |B|7 21810 g
SlalE|<di2|E|B8|<|8|c|a|A|<
32 Ashwood. 39,71 41,7 50. 5| 58.7 67.3' 75.2{ 779} 77.2{ 71.1) 60.0} 49. 1| 41.3( 59.1
12] Carthage_ 38.8| 40.9f 50.1] 59.1) 67.3] 75.3| 77.7] 77.1| 72.1| 60. 1’ 48.9| 40.5| 59.0
3| Cedar Hill. 38.4| 39.2| 50.1} 58.8] 67.5| 76.4| 79.1] 78.3( 73.0| 60. 8 49.4] 40.0( 59.3
2] Clarksville. 37.0{ 39.5| 48. 5] 58.3| 66.3| 74.4| 77.9] 76.4] 70.7| 58.5| 47.5| 39.7| 58.0
41 Coldwater... 40.7] 41.4| 51.5] 59.1] 68.0] 75.5| 77.9] 77.0[ 72.6 61.2| 50.2| 41.5! 59.7
13| Cookeville._...... 39.2| 41,6 49.2| 58.6| 65.6| 73. 8| 76. 0} 75. 11 70. 5| 59. 6| 48.7| 41.4| 58.3
26 Crossville (near). 37.5| 38.7| 4b.8| 56.4| 63.0{ 70.8| 71.0[ 72.0{ 67.6| 56.7| 45.6| 38.4| 55.4
16 HCKSOM e e 38.6] 39.5| 40.9| 58.4| 66.4| 74.3| 77. 5| 76. 8] 71. 5| 60.2| 48.7| 39.2| 58.4
1 Dover.... 39,11 39.9 50.4| 59.1) 67. 1] 75.2( 78.3| 77.6| 72.4| 60.1| 48.8 39.9( 59.0
20] Florence... 30.2| 41.2) 49.9( 59.0| 67.2] 75.8| 77. 5| 76.7| 71.6( 59.8| 48.9( 41.0{ 50.0
19 Franklin_ 38,3) 40.0[ 49.9| 58.3| 66,4} 74.7| 77.3| 76. 5| 71.6| 59.4| 48.1; 40.3| 58.4
31 Hohenwal 39.4| 40.5] 50.3| 59.1| 66. 5| 74.2| 76.9| 76.2| 71.0] 59.1] 48.9} 40.7| 58.6
15 Johnsonville 39. 8] 40.8( 51. 5 59.7( 68.0 75.9( 78.8| 78.2| 72. 7| 60.6{ 40.4{ 40. 5 50.7
11 Lebanon (near).. 40, 3| 42.1| 60.3| 60.0| 68.2 75.2| 78.3| 77. 5 72.6| 62.2] 50.0! 40.8] 59.4
H Lewisburg..._.._ 40, 5] 41.4] 51.0| 58.5| 67.2] 75.7| 78.2| 77.6| 72. 1| 60.8| 49. 3] 41. 2| 59.4
a3 L ville. ... 39, 2| 41.0i 40.9| 58. 5| 66.5] 75.11 77.3' 77. 11 71, 3| 59.7| 48.8} 42. 5! 58.7
29) cMinaville._ 39.9] 41.9| 60.7| 58.5| 66,8 74.5/ 76.9) 76.2] 70.9( 59. 5| 48.7) 41.2 58.8
8] Nashville..____ 38.6| 41.6} 49.2| 59.0| 68. 2 75.6| 79.1| 77.8} 71.8| 61.0] 49.0| 41.0; 59.3
35 Palmetto.. 40, 1| 41.2] 51.0 59.1| 67. 5] 75.4| 78. 1| 77. 5| 72.6| 61.5| 49.9| 41.2| 59.6
32| Perryville. 40.1| 41.0f 51.9{ 59.4| 68. 1} 76.0! 79. 1| 78. 5 72. 1} 60. 5| 50.2 40.7| 59.9
1 20| Pinewood.. 40.3| 41.2| 49. 2| 59.0) 66.3] 74. 5| 77. 5| 76.3] 71.6| 59.4] 48.4/ 39.8] 58.6
37| 41| Savannah_ 41,0| 43.0] 52.2{ 60.8] 68.7] 76.3| 79.1| 78.7| 73.01 61.2| 50. 5| 42. 6| 60.6
44| 34| Sewanee.. 38.8| 38.6( 48.7| 56. 5| 65.0| 72.2] 74.8] '74.3] 69.7; 59.3] 47.9| 39.4{ 57.0
36| 39| Tullahoma. . 30.0] 40.3| 49.9f 58.1| 66.0| 73. 5] 76.5| 75.7| 70.6] 58. 8} 47,7 40.6| 58.1
38! 43] Waynesboro...cecan....| 39,7) 41.3| 50.2 58.4] 66.2| 74.2{ 76.8) 76.0| 70.8] 50.0f 48. 6| 40.9| 58.5
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FIGURE 2.—Average mean monthly temperature and extremes of monthly temperature in north-central
Tennessee
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Extreme monthly and annual temperature af four stations in north-central

Tennessee
[From publications of U. 8. Weather Bureau]
Absclute maximum
J
e
Bols g b H 28
gg ab Station E' 2181818 ]
3P| g g 3 2z > @ 2|88 5 g
2 |85 2155 5|5l |5|5|8|818)¢8
Slm|2|<{8|a|8|<|d|0jz|{al<
2| 38§ 75| 82| 88 94 98 107| 108 108 112| 93 78 112
44 74) 76| 86 91 94 W 102| 104f 107| 93] 81| 77| 107
15 34 78] 81 90| 94| 100{ 105 107 108 X 941 88 73| 108
57| Nashville_ 78 79| 89| 90| 96 I 1 104 104f 9 81 75 104
Absolute minimum
2| 38| Clarksville__. —13| —14 4] 24| 32 43 51 473 35 A —12| —14
44| Florence.... —10] —16 3 33| 42| 47| 48] 35 24 9 — 5 —16
15 34| Johnsonville —13] —23| 4 22| 31 41] 48| 48] 30 21 8 —19| —23
8 57| Nashville... —-10| —13 3 25 36| 42| 53| 51 38 26 10 — 2| —13

In the 12 counties covered by this report the average frost-free
period or growing season ranges from 189 days at Dover to 210 days at
Nashville. The shortest recorded frost-free period within the region
is 158 days and the longest 261 days. These relations are por-
trayed by the following table:

Frost data for nine stations in north-central Tennessee
[From publications of U. 8. Weather Bureau]

Date of last killing | Date of frst killing | Length of frost-free

No. | Length frost in spring frost in autumn period (days)

1?12- of);gc- Station Latest Earliest Maxnil- Av Mini-

ure 1| (vears) resorded | Average | Aversge | S8 | IS | “age | record-
ed ed

3 24 | Cedar Hill... Apr. 26 | Apr. 12| Oct. 24 [ Oct. 9 215 196 171
2 36 | Clarksville May 1| Apr. 4| Oct. 24 [ Oct. 1 246 202 171
16 27 | Dickson... May 2| Apr. 12| Oct. 21| Oct. 2 217 191 1
1 Dover..._. May 2| Apr. 13 | Oct. 20| Sept. 27 212 189 164
20 36 | Florence... Apr. 26 | Apr. 7| Oct. 23 | Oct. 1 230 200 174
19 36 lin__ Apr. 27| Apr. 6} Oct. 25| Oct. 1 249 202 180
15 32 | Johnsonville. ay 2| Apr. 8] Oct. 22| Sept. 22 227 196 158
11 19 | Lebanon...._ Apr. 26 | Apr. 8| Oct. 23| Oct. 9 245 198 177
57 | Nashville_..___.______ Apr. 24 | Mar. 31 | Oct. 30} Oct. 8 261 210 175

Farther east, on the elevated Cumberland Plateau, the frost-free
period is somewhat shorter, the average being 170 days at Erasmus,
Cumberland County. At several stations on the Cumberland Plateau,
however, the average frost-free period is just as long as in the lower

country farther west. .

The average annual rainfall in central Tennessee ranges between 48
and 56 inches. Itisleastin the Nashville Basin and on the lowest part
of the Highland Rim plateau, in Stewart and Montgomery Counties
and increases irregularly toward the south and east. This normal
variation of rainfall is brought out by the accompanying sketch map
(fig. 3) and by the table of average rainfall at 45 climatologic stations.

100144—32——2
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In general there is some accordance between rainfall and surface
contour, the major stream valleys receiving the least rainfall and the
higher portions of the area the most. Minor topographic features
may exert a pronounced local influence upon the rainfall, however, so -
that this relation does not persist in detail. Moreover, the rainfall
during any year may differ greatly from the average and may not
conform to the topography in any but the most general way. At
Clarksville, for example, the greatest annual rainfall during the 61
years of record is 154 per cent of the average, and the least annual
rainfall is 70 per cent of the average. The annual rainfall has been
greater than the average 33 times, or 54 per cent of the period of record,
and less than the average 28 times, or 46 per cent of the period.
Variations of a similar order of magnitude occur at the other clima-
tologic stations, though none of the records is as long as that for Clarks-
ville. (See fig. 4.)

As is characteristic of a humid region, the seasonal variation in
rainfall, though distinct, is small. This is brought out by the preced-
ing table of average monthly and annual rainfall at 45 stations. The
greatest average monthly rainfall comes in March and the least in
October, although in a given year the maximum may occur in any of
the winter months. Ample rain usually falls during the crop-forming
period of the spring and early summer. At Nashville, for éxample,
the normal monthly maximum is 5.44 inches, in March, and the mini-
mum is 2.48 inches, in October. The extreme range is much wider,
however, the greatest recorded monthly rainfall being 14.51 inches in
January, 1882, and the least 0.10 inch in October, 1839.

For the year as a whole a measurable amount of rain falls on one
day of every three or four, as is shown by the following table:

Average number of days with 0.01 inch or more rainfall at 4 stations in north-central
Tennessee

[Data from publications of U. S. Weather Bureau for the period prior to and including 1920]

518
= oy
2|38 , ol 2l 12z
€g|a 1) Station 5 § g © E 8 % ] -rg'
s |8 El2 2|5 ka5 5|82 |8|5
z |3 X gl |l<]|E]8 E <|3|lolez|lal<
29 | Clarksville. . .......___| 10 10{ 11} 11| 10 9 8 8 6 [] 71 0] 106
20 [ 87| Florence. .cee.-ccoeeee 10 9| 10 9 9 9] 10 8 6 6 7 6 99
15| 26 - 11| 10 11| 10 10] 10{ 10 9 7 6 8| 10| 112
81 50 12 11| 12 11| 10} 11} 11 9 8 7 9| 11} 122

However, many rainy periods of two or three days’ duration occur
and are followed by as much as 10 to 15 days of clear weather. More-
over, many of the days that are classified as rainy are clear for most
of the time. On the other hand, heavy downpours lasting a few hours
may occur at any season of the year, and the rainfall during a single
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SURFACE FEATURES OF CENTRAL TENNESSEE 15

24-hour period may constitute most of the rainfall for the entire
month. Some of these special features of the rate of rainfall are
shown by the following table.

Mazimum rate of rainfall at Nashville
No. 8,fig.8. Data from publications of the U, 8. Weather Bureau for the period prior to and including 1920}

gﬁ 4 = -y
3 b 2
‘.;% Period B - 7] % é & 3
EE IR
i3
.§° Sla|s|E|S|8|8B|3|&|3|z2|A |4
25 | 5 minutes.......] 0.44 [ 0.44 | 0.43 [ 0.43 [ 0.56 [ 0.50 | 0.52 | 0.54 [ 0.75 [ 0.41 [ 0.56 ] 0.33 ] 0.75
25 | 10 minutes...._.| .62{ .67 | .58 | .72| .71| .7 | .83| .00 |1L08| .56|L02] .68 108
18 | 15 minutes. .67 .72 .69 )1.02} .94|L08}1.07| .98 1L18| .581126| .78 | L 26
18 § 30 minutes .95 .97 | LO5| L1641} 1.43} 1711 L47|L18| L5851 .63}1.35]102}1L71
25 ) 1hottf oo l23 106)1.23)209)1.56)1.94]1.8)178}1.84)0.911181]112]200
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The average annual number of days with appreciable snowfall, say
0.5 inch or more, is four. Falls of 2.0 inches or more oceur only once
or twice & year.on the.average,

SURFACE FEATURES OF CENTRAL TENNESSEE
PHYSIOGRAPHIC DISTRICTS
GENERAL FEATURES

The State of Tennessee presents a great diversity of surface forms,
which for convenience of study and description are usually subdi-
vided ¥ into five physiographic provinces and eight sections. (See
pl. 1.) From east to west these are the southern section of the Blue
Ridge province, known locally as the Unaka Mountains; the Tennessee
section of the Valley and Ridge province, known locally as the Valley
of East Tennessee and properly including the Sequatchie Valley; the
Cumberland Plateau and Cumberland Mountain sections of the
Appalachian Plateaus province; the Highland Rim and Nashville
Basin sections of the Interior Low Plateaus province; and the East
Gulf Coastal Plain and Mississippi Alluvial Plain sections of the
Coastal Plain province. The region covered by this investigation
embraces the north half of the Nashville Basin and the northwest
quadrant of the Highland Rim plateau.

With the exception of the Mississippi Alluvial Plain, the physio-
graphic districts of Tennessee are the end products of successive
erosion cycles acting upon rocks of different resistance and of diverse
geologic structure, which have been uplifted several times. Each
district is characterized by a distinct relative altitude and land form,

which reflects its response to these geologic conditions and processes.

. 1 Fenneman, N. M., Physiographic divisions of the United States: Assoc. Am, Gawaphers Annals
vol. 18, No. 4, pp. 261-353, map, 1928.
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Thus, the Unaka Mountains, being composed largely of dense crystal-
line rocks, have persisted through relatively long periods with high
relief and rugged contour. On the other hand, the alternation of hard
and soft and of soluble and insoluble beds in the faulted and closely
folded rocks of the Valley of East Tennessee has facilitated erosion.
Consequently this district has a low average altitude, although it is
characterized by alternating valleys and ridges of moderate relief and
mature contour, which reflect faithfully the geologic structure of the
underlying rocks. Furthermore, the massive and very slightly de-
formed Pennsylvanian sandstones on which the Cumberland or
“Cretaceous’ peneplain was cut, although raised to relatively high
altitude by subsequent uplift, have resisted erosion so that extensive
remnants of the peneplain have been preserved virtually undissected.
These remnants constitute the Cumberland Plateau. The underlying
Mississippian limestones, however, offered much less resistance to
mechanical and chemical denudation and, wherever the protective
cover of Pennsylvanian rocks was breached, were reduced quickly to
the profile of erosive equilibrium. The surface thus formed, an
erosion terrace of very slight relief from 700 to 850 feet below the
Cumberland peneplain, is the present Highland Rim plateau. After
renewed upwarping, mechanical and chemical denudation trenched
the Highland Rim plateau and cut another terrace—the Nashville
Basin—on the Ordovician limestones in the central part of the State.
This erosion terrace is between 200 and 600 feet below the Highland
Rim plateau. These featureless terraces cut on the flat-lying lime-
stones of the Interior Low Plateaus province contrast sharply with the
diverse land forms on the poorly consolidated sand, clay, and silt.that
compose the Gulf Coastal Plain. Although the Coastal Plain is in
general s westward-sloping plain, it ranges from hilly or rolling to
gently undulating and reflects the differences in resistance of the rocks
that immediately underlie its surface. As a result of their character-
istic land forms, rock formations, and geologie structure, these physio-
grapbic districts have more or less distinct modes of ground-water
occurrence. The modes that prevail in the Nashville Basin and the
northern part of the Highland Rim plateau are brought out in the body
of this report.

The Mississippi Alluvial Plain, unlike the other major physiographic
divisions of the State, is a constructional stream plain that has not
suffered general attack by destructive agencies.

HIGHLAND RIM PLATEAU

The interstream tracts of the Highland Rim plateau define a very
slightly undulating plain (see pl. 2, A), which entirely surrounds the
Nashville Basin and constitutes about 65 per cent of the region covered
by this survey. (See pl. 1.) Formerly, however, it extended over
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the entire central portion of the State, from the Cumberland escarp-
ment on the east almost to the Tennessee River on the west. It
extends northward beyond the limits of this survey entirely across
Kentucky and coincides with the Lexington Plain of that State.
Southward it extends into Alabama, where it comes to an indefinite
terminus. In Tennessee the plateau attains its maximum altitude,
about 1,365 feet above sea level, in an outlying remnant near the
southeast corner of Rutherford County, about 1 mile west of the june-
tion of that county with Cannon and Coffee Counties. Thence it
descends radially northward and westward, with a nearly umiform
gradient. Its altitude in northeastern Sumner County is about 950
feet above sea level, in northwestern Stewart County about 575 feet,
and in west-central Humphreys County about 725 feet. Hayes and
Campbell * have likened the contour of the restored plain to that of
an inverted spoon whose major axis trends N. 40°-60° E. and passes

through the city of McMinnville, about 25 miles east of Rutherford
" County. :

The interstream tracts of the plateau are veined by ephemeral
drainageways which have very flat longitudinal and transverse pro-
files and- usually show a local relief of less than 50 feet. At some
localities bowl-shaped or spoon-shaped depressions without surface
drainage dot the otherwise featureless plain. (See pl. 2, B.) The
largest of these depressions or ‘“‘sinks’’ are as much as a mile in diame-
ter and 40 feet deep. They are most numerous in the tracts that lie
between two converging major streamways, in the vicinity of the
point of confluence.

The northern part of the plateau is trenched to a depth of 250 to
600 feet in two well-defined stages by the Cumberland River, whose
ingrown meanders '* swing laterally between 2 and 7 miles. Its larger
tributaries also meander, and all occupy deep and narrow valleys
which steepen abruptly at their heads. Along its common boundary
with the Nashville Basin the plateau is deeply trenched by many
subparallel drains several miles long and disintegrates into a maze of
flat-topped linear ridges and outliers, as well as remnants that have
been somewhat reduced by erosion. Hence the so-called Highland
Rim escarpment, which separates plateau and basin, is by no means
a linear feature. Its position as plotted on Plate 1 is generalized to
delineate that area which is more the dissected plateau from the typi-
cal basin and is drawn tangent to the prominent headlands of the
plateau. Outstanding among the outlying remnants of the plateau
is the chain of hills that extends across southern Rutherford County

18 Hayes, C. W., and Campbell, M. R., Geomorphology of the southern Appalachians: Nat. Geog. Mag.,
vol. 6, pl. 6, 1894.

1 Meanders that are formed or accentuated by lateral shift coincident with downeutting. For original
definition see Rich, J. L., Certain types of stream valleys and their meaning: Jour. Geology, vel. 22, p.
470, 1914.
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and merges with Duck River Ridge in southwestern Williamson
County.
NASHVILLE BASIN

The Nashville Basin is an elliptical depression in the Highland Rim

plateau whose major diameter trends N. 30° E. through the approxi-
mate geographic center of the State. (See pl. 1.) The interstream
tracts of its floor constitute a very slightly undulating plain about 80
miles long and 45 miles wide, the northern segment-of which slopes
northward and westward from an altitude of 700 feet above sea level
in southern Rutherford County to 650 feet in the vicinity of Franklin
and Columbia and 550 feet near Nashville. Hence the Nashville
Basin is 200 to 600 feet below the surrounding Highland Rim plateau.
The lower reaches of its drainageways—the Cumberland and Duck
Rivers and their tributaries—are intrenched about 100 to 150 feet, so
that the northwestern lobe of the plain is rolling and comprises many
rounded steep-sided hills. Moreover, numerous isolated hills or
monadnocks—erosion remnants of the higher plateau—are scattered °
over:the floor of the basin along the Highland Rim escarpment.
Hence this physiographic unit displays some diversity in detail of land :
forms.
- The Nashville Basin is entirely surrounded by the Highland Rim
escarpment, which is breached only by four narrow water gaps. These
are the inlet and outlet of the Cumberland River, the one stream that
traverses the basin, and the outlets of the Duck and Elk Rivers, which
head upon the basin’s floor. On the west, north, and east this bound-
ing escarpment is well defined, although intricately serrate in plan.
On the south, however, it is rather indefinite, and the open basm
passes‘into a rolling terrane which is a dissected plateau.

The outline of the Nashville Basin traced on Plate 1 incloses that
area in which stream erosion has proceeded well beyond the stage of
maturity and which, if isolated monadnocks are disregarded, is ap-
proaching complete planation. About 35 per cent of the area covered
by the investigation falls within the basin as thus defined.

PHYSIOGRAPHIC HISTORY
CUMBERLAND CYCLE

Hayes and Campbell ® have concluded that the final stage in the
formation of the regional peneplain of which the present Cumberland
Plateau is a remnant was contemporaneous with the deposition of the
calcareous Selma formation (middle and late Upper Cretaceous).
They have also concluded that the peneplain was formed at or near sea
level and that it was warped and uplifted at the beginning of the
Ripley.epoch .(late Upper Cretaceous). Its present remnants.in cen~

% Hayes, C. W., and Campbell, M, R., Geomorphology of the southern Appalachians: Nat. Geog. Mag.,
vol. 8, pp. 124-128, 1894.
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tral and western Tennessee as they have reconstructed the surface are
from 2,200 to 1,000 feet above sea level.? The highest remnants
occur along two intersecting axes of uplift which trend N. 20° E. near
Chattanooga and N. 40°-60° E. near McMinnville. The lowest rem-
nants are near the western limb of the Tennessee River. (See pl. 1.)
- Shaw,” on the other hand, has expressed a belief that all peneplains
of which remnants exist to-day in the Appalachian Plateaus province
are younger than the floor on which the Cretaceous rests and younger
than the unconformity at the top of the Cretaceous. He implies that
the Cumberland peneplain is probably not older than mid-Tertiary.

. HIGHLAND RIM CYCLE

The gently undulating plain that is defined by the interstream
tracts of the Highland Rim plateau and formerly extended entirely
across the Nashville Basin is clearly a product of subaerial erosion,
inasmuch as it bevels warped Mississippian limestones. It is in fact
an extensive terrace or peneplain, formed by the erosion from the
former Cumberland Plateau .of a wedge-shaped mass of rock whose
base, from 700 to 850 feet high, is the Cumberland escarpment and
whose apex coincides approximately with the western limb of the
Tennessee River. The rock waste produced by this erosion was trans-
ported westward by streams and deposited as a series of coastal plain
sediments in the northern lobe of the Gulf of Mexico, which at that
time extended northward into southern Hlinois and eastward within
approximately 10 miles of the present site of the Tennessee River.

Hayes and Campbell ® conclude from the character of the coastal-
plain sediments that the beginning of the Highland Rim erosion cycle
is represented:by the Ripley formastien (late Upper.Cretaceous) and
that planation was essentially complete at the time of deposition
of the upper beds. of the Vicksburg group (middle and early upper
Oligocene #), Shaw,® however, tentatively correlates the Highland
Rim peneplain with the sub-Pliocene or possibly the sub-Miocene
unconformity in southern Mississippi. At the culmination of the
eycle the peneplain was a featureless surface, probably drained by
meandering streams with low gradient and with little capacity for the
transportation of land waste. Lusk?® concludes that the meander
belt of the Cumberland River at the culmination. of the nghland Rim

% Hayes, C. W., and Campbell, M. R., op. cit., pl. 5.

22 Shaw, E. W., Ages of peneplains of the Appalachian province: Geol. 8o¢. America Bull., vol. 29, p.
586. 1818,

* 8 Hayes, C. W., and ‘Campbell, M. R, op. cit., pp. 124-126.

# Cooke, C. W, The correlation of the Vicksburg group: U. 8. Geol. Survey Prof. Paper 133, pp. 1-10,
1923. Vaughan, '1‘ W., Criteria and status of correlation and classification of Tertiary deposits: Gool.
8oc. America Bull,, vol 35, No. 4, pp. 727-730, 1924,

% Shaw,E. W, Pliocene history:of northera, and central Mississinpi:1U, 8. Geol-Survey Prof. Paper 108,
p 153, 1918.

% Lusk, R. G., Gravel on the Highla.nd Rim plateau and terraces in the valley of Cumberland River:
Jour. Geology, vol 36, No. 4, p. 166, 1928.
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cycle, for example, was about a mile less than the present swing of the
meanders. Evidently this condition of erosional stagnation persisted
for a considerable interval, during which the surface was lowered
principally by solution of the limestone, and a mantle of residual clay
and fragmentary chert, now preserved upon the upland tracts, was
accumulated to a thickness of 90 feet or more. Even during the
final stages of the planation, however, stream erosion probably con-
tinued actively along the Cumberland escarpment, for Lusk ¥ notes
the occurrence on the Highland Rim plateau near Celina, Clay County,
of waterworn gravel whose particles are similar to pebbles of the
Pennsylvanian conglomerates exposed in the escarpment. The gravel
is presumably stream-borne. Hayes and Ulrich #® describe deposits
of coarse stream gravel on the plateau in the Columbia quadrangle,
west of the Nashville Basin, althouigh it is possible that these deposits
represent the Tuscaloosa formation (see pp. 31-33), of late Upper
Cretaceous age. The Highland Rim erosion cycle was brought to
an end by renewed crustal warping and uplift accompanied by re-
juvenation of the streams.

NASHVILLE BASIN CYCLE
GENERAL FEATURES

According to Hayes and Campbell® the rejuvenation that termi-
nated the Highland Rim cycle was caused by renewed regional uplift
and arching of the strata about an axis striking N. 40°-60° E. through
McMinnville. At its culmination this crustal activity had elevated
the Highland Rim peneplain to its present altitude, although the
movement very probably occurred in several stages. Marked re-
cession of the Mexican Gulf resulted. The major streams became
intrenched upon the new-born upland but were forced to cut entirely
new lower courses in pace with the marine recession. These lower
courses were probably controlled chiefly by the form of the warped
surface, though it is likely that stream capture and unequal rates of
erosion were secondary factors in sculpture of the land surface. Thus
the resultant courses of the Tennessee and Cumberland Rivers were
established westward and northward away from the direct route to
the Gulf.2

¥ Lusk, R. G., op. cit., pp. 164-170.

3 Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbis folio (No. 95), p. 1, 1903.

2 Hayes, C. W., and Campbell, M. R., op. cit., p. 119, pl. 6.

30 Hayes, C. W., and Campbell, M. R., Geomorphology of the southern Appalachians: Nat. Geog. Mag.,
vol. 6, pp. 105-120, 1895. Hayes, C. W., Physiography of the Chattancoga district, in Tennesses, Georgia,
and Alabama: U. 8. Geol. Survey Nineteenth Ann. Rept., pt. 2, pp. 1-58, 1899. Simpson, C. T., The
evidence of the Unionidae regarding the former courses of the Tennessee and other southern rivers: Science,
new ser., vol. 12, pp. 133-136, 1900. White, C. H., The Appalachian River versus a Tertiary trans-Appa-
lachian river in eastern Tennessee: Jour. Geology, vol. 12, pp. 34-39, 1904. Johnson, D. W., The Tertiary
history of the Tennessee River: Jour. Geology, vol. 13, pp. 194-231, 1905. Adams, G. I., The course of the
Tennessee River and the physiography of the southern Appalschian region: Jour. Geology, vol. 36, pp.
481-493, 1928.
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A drainage system being established, dissection of the upland pro-
gressed. The resistant chert of the lower Mississippian was first
breached on the apex of the Nashville dome (see pp. 62-63), and the
underlying soluble Silurian and Ordovician limestones were attacked
by streams planing laterally at the local profile of erosive equilibrium.
In this manner the Nashville Basin was formed, its bounding escarp-
ments being maintained by the resistance of the Mississippian rocks.

HIGH-TERRACE STAGE

Galloway 2! notes that waterworn chert and quartzite gravel caps
several hills at altitudes of 580 to 700 feet above sea level in the vicin-
ity of Lavergne, Walter Hill, and Lascassas, in northern Rutherford
County. He implies that these deposits, which are about 500 feet
below near-by portions of the Highland Rim plateau and 100 feet
above the floor of the Nashville Basin, indicate a stage of equilibrium
in the dissection of the Nashville dome. Lusk 32 describes alluvium-
veneered stream terraces at an altitude of about 700 feet in the valley
of the Cumberland River near Celina and Gainesboro, to the east of
the area covered by this report. Furthermore, flat-topped ridges
and terrace remnants at an altitude of 550 to 600 feet in the vicinity
of Clarksville seem to define a belt of stream planation several miles
wide which follows the lower course of the Cumberland Valley.
From this seeming terrace the surface rises by an old-age profile to
the Highland Rim plateau, at an altitude of about 700 feet, and de-
scends by precipitous youthful slopes to the present stream. Other
related features exist within the region, but in the absence of topo-
graphic maps it was impossible to discriminate them during the
course of the reconnaissance. These terrace remnants may well be
the product of general stream planation. The lithology of the post-
Vicksburg strata of the Gulf Coastal Plain does not seem to offer a
clue to a precise dating of this high-terrace stage. Galloway * has
expressed a belief that the cutting of the high terrace began in late
Pliocene time, although he gives no basis for his assignment.

PENEPLAIN STAGE

After the conclusion of the high-terrace stage the erosive power
of the streams was again quickened, and the soluble Ordovician lime-
stones in the apex of the Nashville dome were reduced locally by
lateral planation and solution to the profile of equilibrium of the
Cumberland River and its chief tributaries, the Harpeth and Stone
Rivers. Farther south the Duck River and the Elk River, tributaries
of the Tennessee River, also cut their beds to grade in the Ordovician

¥ Galloway, J. J., Geology and natural resources of Rutherford County, Tenn.: Tennessee Geol. Burvey
Bull. 22, p. 21, 1919.

# Lusk, R. G., op. cit., pp. 167168

# Galloway, J.7J., op. cit., p. 21.
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limestones. The gradients of the Duck and Elk seem to have been
flatter at the beginning of the peneplain stage, however, so that their
erosive power was less, and the planation they accomplished lagged
behind that of the more northerly streams. The culmination of this
stream work approached peneplanation and carved the Nashville
Basin virtually to its present dimensions and topography. Erosive
equilibrium seems to have been comparatively short-lived, however,
for the Nashville Basin peneplain does not carry a thick mantle of
residual soil, like the older Highland Rim plateau.

The Nashville Basin erosion cycle was by no means complete
when it was terminated by uplift. The numerous monadnocks along
its borders were yet in the youthful or mature stage, and the bounding
escarpments were yet receding. Local deposits of gravelly detritus
at the bases of these upland remnants, where the stream gradients
flatten abruptly, attest the activity of the erosive agencies.

Hayes 3 correlates the Nashville Basin peneplain with the Coosa
peneplain of the region about Chattanooga, which he implies is
post-middle Tertiary, but does not date precisely. Shaw * suggests
that the Coosa peneplain may be correlative with the two or three
upland plains of northern Mississippi which lie above the Brook-
haven terrace. To the Brookhaven terrace Matson * and Berry ¥
ascribe post-middle Pliocene age. If the physiographic correlations
by Hayes and Shaw and the stratigraphic correlations by Matson
and Berry are correct, the beginning of the Nashville Basin cycle does
not antedate the sub-Miocene unconformity of Mississippi, and the
peneplain stage of the cycle is older than middle Pliocene. On the
other hand, Galloway ® states that the peneplain stage of the Nash-
ville Basin cycle began at the end of the Pliocene and was terminated
by further warping in middle Pleistocene time, but he does not give
the basis of his assignment. Proof of the age of this and other
physiographic features of the region can not be obtained in the
absence of accurate topographic maps.

RECENT CYCLE

During relatively late geologic time the upwarping of the Nash-~
ville dome was resumed and the streams were again rejuvenated.
The Tennessee River, which bounds the region on the west, has since
deepened its channel at least 75 feet. The Cumberland River has
intrenched itself about 100 feet at Nashville and somewhat less

¥ Hayes, C. W., op. cit. (Ninteenth Ann, Rept.), pp. 31, 56, 1899.

# Shaw, E. W., Pliocene history of northern and central Mississippi: U. 8. Geol. SBurvey Prof. Paper
108, pp. 139, 153, 1918.

3 Matson, G. C., The Pliocene Citronelle formation of the Gulf Coastal Plain: U. 8. Geol. Survey Prof.
Paper 98, pp. 188-189, 1917, :

¥ Berry, E. W., The flora of the Citronelle formation: Idem, p. 195.

# Galloway, J. J., op. cit., pp. 22-23.
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upstream. The lower reaches of its major tributaries, the Harpeth
and Stone Rivers, have kept pace with the downcutting, although
the trenching dies out upstream and the heads of the streams flow
on the Nashville Basin peneplain. The meandering portions of the
stream courses are now somewhat ingrown, with gravel-veneered
slip-off slopes on the inner sides of the meanders, but the linear
. reaches of the streams have merely deepened their channels without
lateral planation. Hence the present erosion cycle is clearly in a
very youthful stage.

DRAINAGE SYSTEM
SURFACE STREAMS

The surface waters of north-central Tennessee are all drained into
the Gulf of Mexico by way of the Mississippi River. The immedi-
ate master streams, however, are the Tennessee, Cumberland, and
Green Rivers, tributaries of the Ohio River. (See pl. 3.) _

The Tennessee River rises in the Valley and Ridge province in
extreme southwestern Virginia and follows that physiographic prov-
ince southwestward to Chattanooga. Thence it swerves westward
across northern Alabama and northward, nearly in the opposite
direction from its upstream course, entirely across Tennessee and
enters the Ohio River in western Kentucky about 50 miles above the
junction of that stream with the Mississippi. The western limb of
the Tennessee River bounds the region covered by this report on the
west. The Duck River, the only noteworthy tributary of the Ten-
nessee within the region, heads on the Naghville Bagin peneplain and
flows westward and northwestward across southern Humphreys
County.

The Cumberland River rises on the Cumberland Plateau in south-
ern Kentucky and follows a tortuous course westward acrossnorth-
central Tennessee, swerves northward at Dover and flows paralle]l to
the Tennessee River into Kentucky. It joins the Ohio River about
70 miles above its mouth, or 20 miles above the Tennessee River.
The two largest tributaries of the Cumberland from the south, the
Stone and Harpeth Rivers, head on the Nashville Basin peneplain
in Rutherford and Williamson Counties and flow northwestward to
the major stream. The Red River, which enters the Cumberland
from the northeast at Clarksville, drains a considerable portion of the
northern Highland Rim plateau.

The Green River rises on the Highland Rim plateau in north-
central Tennessee and central Kentucky and flows northwestward
to its junction with the Ohio River. Its headwater tributaries drain
the extreme northeast corner of the region covered by this report and
portions of the adjoining counties of Macon and Clay. ‘
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A. TYPICAL TOPOGRAPHY OF THE INTERSTREAM TRACTS OF THE HIGHLAND
RIM PLATEAU

View looking north from a point 6 miles east of Cedar Hill, Robertson County.

B. SINK-HOLE TOPOGRAPHY ON UPLAND PLAIN
View from a point 3 miles northeast of Clarksville, Montgomery County.
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A. SUBSURFACE DRAINAGE CHANNEL OF THE NASHVILLE
BASIN PENEPLAIN, NEAR GLADEVILLE, WILSON COUNTY

Floor of channel is 10 feet below plain; exposed by collapse of thin-bedded
limestone roof.

B. LOVE DAVIS CAVE, 3 MILES SOUTHWEST OF SMYRNA,
RUTHERFORD COUNTY

A subsurface drainage channel deroofed by solution and slump along a
Joint.
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Although the rocks of central Tennessee are but slightly deformed
and are for the most part limestones, they vary widely in resistance
to abrasion and solution. Hence the streams tend to follow the less
resistant and more soluble beds, and the drainage pattern tends to
express the geologic structure of the subsurface rocks. This is
especially true of the smaller tributary streams, which at many places
follow the strike of the beds faithfully.

UNDERGROUND DRAINAGE

Many extensive tracts in north-central Tennessee, both on the
Highland Rim plateau and on the floor of the Nashville Basin, have
no permanent surface streams but are drained into underground
channels in the limestone. Elsewhere minor streams flow for a dis-
tance on the surface, then disappear into sink holes and are added to
the subsurface drainage. These underground passages are by no
means fortuitous but tend to develop a definite drainage system which
is tributary to the surface streams and is an integral part of the
regional drainage mechanism. Under favorable circumstances the
underground streams may degrade their channels very rapidly and
80 may even become pirate streams and capture other underground
channels or divert surface streams. The factors that govern the
development of such an underground system are discussed on pages
69-74. Here and there the roofs above the larger of these underground
channels are breached by collapse (see pl. 5, A, B), by solution, or
by stream erosion, so that sizable “caves’’ and galleries are exposed.
Locally these features are most striking. :

STRATIGRAPHY
SEQUENCE AND GENERAL CHARACTER OF THE ROCKS

The rocks of north-central Tennessee include both unconsolidated
and consolidated sedimentary types, but no igneous rocks indigenous
to the region are known. The unconsolidated rocks are stream-bed,
stream-terrace, and coastal-plain deposits of Upper Cretaceous and
Quaternary age, none of unquestioned Tertiary age being recognized.
Extensive Pleistocene deposits are lacking, so that the Quaternary
beds are for the most part of Recent age. The consolidated sedimen-
tary rocks are chiefly limestone and cherty limestone, with some beds
of shale and a very few beds of sandstone. Those which are exposed
at the surface range in age from Lower Ordovician (Beekmantown) to
Mississippian, and all the geologic epochs of that interval are rep-
resented. The sequence is parted, however, by many minor dis-
conformities and by one major unconformity, which causes the omis-
sion of the entire Devonian and Silurian systems over an extensive
part of the region.
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In general the occurrence of ground water in any region depends
in some measure upon the texture of the rocks, so that the stratig-
raphy is a guide to the development of ground-water supplies. Hence
the stratigraphy of north-central Tennessee is here discussed in some
detail. However, few of the stratigraphic units have a distinctive
lithology over any large portion of the area, so that identification of
the beds must rest upon the contained fossils, and it is difficult to
apply in practice the relations between stratigraphy and occurrence
of ground water.

The stratigraphic sequence and general lithologic character of the
rocks are summarized in the following table, and each of the strati-
graphic units is described in the succeeding pages. The sequence of
description, however, is the inverse of that which is usually followed
in geologic reports, in that the formations are described from the top
of the geologic column downward—that is, in the order in which they
are encountered by the driller.
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QUATERNARY SYSTEM
ALLUVIUM

The master streams of north-central Tennessee and the lower
courses of their larger tributaries are bordered by flood plains, which,
along the Cumberland River, attain a maximum width of nearly a
mile on the concave side of meanders. These plains, which have a
flat transverse profile and terminate abruptly landward against the
rock erosion slopes of the valley, are constructed of alluvium, which
comprises beds of silt, sand, and gravel. The coarser particles of the
alluvium are for the most part rounded fragments of chert from the
Mississippian limestones and sandstone and quartzite pebbles from the
Pennsylvanian conglomerates. The alluvium lies upon normal slip-
off meander slopes or upon the sloping rock sides of a youthful stream
trench, so that the deposits thin rapidly toward the margins of the
plain. They are probably not more than 50 feet thick at most local-
ities.

Without known exception, the alluvial flood plains are subject to
overflow at high stages of the streams, so that they are wholly unsuited
for town sites or industrial developments. Hence the alluvium has
not been developed as a source of ground water, and its water-bearing
properties are not known. If beds of thoroughly assorted gravel exist
below the water table, however, properly constructed wells should
yield large supplies of water. Consequently, these deposits are a
potential but unproved source of ground water wherever the flood
plains can be protected from overflow, so that industrial or suburban
development is feasible.

TERTIARY(?) SYSTEM (MIOCENE? OR PLIOCENE?)

HIGH-TERRACE GRAVEL

The high-terrace gravel, which Galloway has assigned to the late
Pliocene but which according to Shaw may be as old as Miocene
(see pp. 19-21), occurs here and there in the valleys of the Tennessee
and Cumberland Rivers and their major tributaries as a veneer upon
rock terraces that are as much as several hundred feet above the pres-
ent streams. This old gravel, like the recent alluvium, is composed
largely of waterworn chert from the Mississippian limestones and of
quartzite pebbles from the Pennsylvanian conglomerates. Generally,
however, it is poorly assorted, so that its water-yielding capacity is
not likely to be large. Moreover, the deposits are for the most part
of slight extent and are rather thoroughly drained, and hence they are
not a potential source of large quantities of ground water. Locally,
however, they are likely to yield supplies adequate for domestic use.
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CRETACEQUS SYSTEM

UPPER CRETACEOUS SERIES
EUTAW FORMATION

The Eutaw formation, a coastal-plain deposit of Upper Creta-
ceous age, has been identified by Wade % about 9 miles north of the
Tennessee-Kentucky boundary in Trigg County, Ky., and thence
has been traced southward about 10 miles beyond the boundary into
Stewart County, Tenn. Throughout this distance the formation
occurs only on the crest of the divide between the Tennessee and
Cumberland Rivers. It does not occur elsewhere in the region in-
vestigated, although undoubtedly it was deposited rather generally,
for it crops out over extensive areas farther south in Wayne and
Hardin Counties, as was pointed out first by Miser.*®

At the locality in Trigg County, Ky., described by Wade the
Eutaw formation consists of red micaceous sand that contains streaks
and pellets of white clay, the whole 10% feet thick. The correlation
is based upon the presence of Halymenites major Lesquereux.

As the Eutaw formation occurs only on the crest of the divide in
north-central Tennesses, it is subject to drainage by the many trib-
utary streams that flow from this upland divide and hence is not
likely to retain large quantities of ground water.

TUSCALOOSA FORMATION

The Eutaw formation at the locality in Trigg County is underlain
by at least 31 feet of gravel that Wade # correlates with the Tusca-
loosa formation, because of its lithologic character and its position
beneath the fossiliferous Eutaw. From this locality the Tuscaloosa
formation has been traced southward info Tennesses, its outcrop
forming a band that surrounds the Eutaw formation. Wade has also
identified the formation along the Nashville, Chattanooga & St.
Louis Railway about 2 miles east of McEwen, where there is ‘““resting
on chert of the St. Louis formation about 30 feet of very compact
hard white chert gravel which is typical of the Tuscaloosa.” Several
drilled wells in the vicinity of McEwen—Nos. 163, 164, 165, and 166
(pp. 159-160)—are reported to pass through 200 to 230 feet of uncon-
solidated material before reaching solid rock. Part of this material
may belong to the Tuscaloosa formation, but the records of the wells
do not discriminate between gravel and residual chert, so that it is
impossible to estimate the thickness of the Tuscaloosa formation at
this locality. The Tuscaloosa formation caps the higher hills of an
extensive area in eastern Humphreys County and southwestern

8 Wade, Bruce, The occurrence of the Tuscaloosa formation as far north as Kentucky: Johns Hopkins
. Univ, Cire., new ser., No. 3, pp. 104-105, 1917,

4 Miser, H. D., annomic geology of the Waynesboro quadrangle: Resources of Tennessee, vol. 4, No.
8, p. 107, Tennessee Geol. SBurvey, 1913,

#1 Wade, Bruce, op. cit., p. 104.
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Dickson County. (See pl. 4.) In this district no paleontologic evi-
dence of the age of the formation has been found, so that the correla-
tion is based upon the lithology of the material, the geographic rela-
tion to localities at which paleontologic evidence exists, and the
relation of the deposits to the Highland Rim peneplain. The geo-
logic map of Tennessee 2 (see pl. 4) also shows a small outerop of the
formation capping the divide between Long Creek and Cross Creek
near Bear Spring, Stewart County. Furthermore, the deposits of
waterworn chert and vein quartz gravel on the Highland Rim plateau
in southwestern Dickson County and adjacent portions of Hickman
County, which are described by Hayes and Ulrich,”® may also belong
to the Tuscaloosa formation.

The Tuscaloosa formation as exposed in a cut on the Nashville,
Chattanooga & St. Louis Railway about 2 miles east of McEwen,
Humphreys County, is described by Wade # as consisting of about
30 feet of very compact white chert gravel which rests upon weathered
St. Louis limestone. The individual pebbles are well rounded, and
most of them are less than an inch in diameter, although some are
as large as 6 inches. Some sand is mixed with the gravel, although
very little clay is present. The gravel of the Tuscaloosa formation
can generally be differentiated by three criteria from the stream-
terrace gravel with which it may be associated. In the first place,
the individual pebbles and cobbles of the Tuscaloosa formation are
well rounded, and many of them are almost spherical, whereas those
of the terrace gravel are generally flat, elongate, or even subangular.
Small discoidal pebbles of quartzite are abundant in the terrace
gravel at many localities. Second, the Tuscaloosa gravel is composed
for the most part of chert from the Mississippian rocks, whereas the
terrace gravel is derived in large measure from quartzite and sand-
stone. Third, pellets of iron oxide are not known to occur in the
Tuscaloosa gravel, whereas they have been observed in the stream
deposits.

The Tuscaloosa is the oldest formation of the Upper Cretaceous
series in the East Gulf Coastal Plain province, although the deposits
that exist in north-central Tennessee probably represent only some
of the uppermost beds of the type section in the vicinity of Tusca-
loosa, in central-western Alabama. In north-central Tennessee the
formation was laid down as a coastal-plain deposit along the western
edge of the Cumberland peneplain, underwent planation during the
Highland Rim ecycle, and subsequently has been almost wholly
eroded by the Tennessee River during the Nashville Basin and recent
erosion cycles.

4 Nelson, W, A., Geologic map of Tennessee, 3d ed., Tennessee Geol. Survey, 1923,
4 Hayes, C. W., and Ulrich, E. O., U. 8. Geol. Survey Geol. Atlas, Columbia folio (No. 95), p. 1, 1903.
4 Wade, Bruce, op. cit., pp. 103-104.
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The Tuscaloosa formation crops oub only on upland tracts which
are thinly populated and in which there has been little or no ground-
water development. Hence, its water-bearing properties are not
known, although it may be inferred from the lithology that the per-
meability is high. However, the formation is probably drained over
extensive areas and therefore may not contain much water.

CARBONIFEROUS SYSTEM
MISSISSIPPIAN SERIES
ST. LOUIS LIMESTONE

The St. Louis limestone, the youngest of the marine sediments of
north-central Tennessee, is generally a massive or medium-bedded
fine-grained bluish-gray limestone, which locally contains a great deal
of nodular and cellular chert (see pl. 6, 4) and some beds of shale and
sandstone, particularly in the lower part. So far as is known, the
top of the formation has not been observed in the region covered by
this survey, so that its total thickness before the region was peneplaned
during the Highland Rim cycle is not known. However, in northern
Overton County,* northeast of this region, it is 110 to 140 feet thick.
Safford *® has estimated its maximum thickness in central Tennessee
as 250 feet, although he probably included in this estimate the under-
lying Warsaw formation. The St. Louis limestone is identified by
the massive colonial corals Lithostrotion basaltiforme, which occurs at
all horizons through the area, and Lithostrotion proliferum, which
occurs locally in the lower part of the formation and which is dis-
tinguished from the much more abundant L. basaltiforme by having
cylindrical rather than polygonal corallites. According to Butts,*
Archeocidaris and Melonites are abundant and Lithostrotion proliferum
occurs sparsely immediately above a bed of earthy limestone that is
about 10 feet above the base of the formation, and this sequence is
diagnostic throughout northern Overton County. Hayes and Ulrich
also note the presence of Melonites just above the base of the forma-
tion in the Columbia quadrangle, so that this fossil may prove to be
a trustworthy stratigraphic guide throughout the region.

The St. Louis limestone is the topmost formation over the greater
part of the Highland Rim plateau from the central part of Sumner
County westward to the Tennessee River (see pl. 4), although out-
crops of the unweathered rock are seen only in the stream beds. All
the upland tracts which it underlies are covered by a thick mantle of
bright-red soil and clay that contains many rounded fragments of
chert and silicified colonies and fragments of the characteristic fossil

4 Butts, Charles, Geology and oil possibilities of the northern part of Overton County, Tenn., and of
adjoining parts of Clay, Pickett, and Fentress Counties: Tennessee Geol. Survey Bull, 24, p, 19, 1919,

4 Safford, J. M., Geology of Tennessee, p. 339, 1869,

4 Butts, Charles, op. cit., p. 18.

4 Hayes, C. W., and Ulrich, E. O., op. cit., p. 3,
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Lithostrotion basaltiforme. This mantle, which is locally at least
100 feet thick, is the insoluble residuum from the weathering of the
rock, the calcareous matter having been dissolved by soil water
percolating downward through joints and entering the underground
drainage system. Naturally, the depth of weathering is not the same
at all places, so that the surface of separation between the mantle
of residuum and the unweathered rock is extremely uneven. (See
pl. 6, B.) The St. Louis limestone seems to be more soluble than the
other Mississippian formations, so that in it such features as solution
channels, sink holes, and caves have developed more extensively than
in the other rocks under similar conditions of topography and geomor-
phologic history. (See pp. 78-86.) Indeed, the presence of numerous
sink holes and other features of solution has been invoked as a means
of identifying the St. Louis limestone wherever the unweathered rock
does not crop out. However, this criterion should be employed with
caution.

The St. Louis limestone yields a large quantity of ground water to
tubular springs (see pp. 92-95), the discharge of which is the under-
ground run-off from large upland tracts of the Highland Rim plateau.
The coarser phases of the cherty residuum from the weathered rock
yield moderate supplies to drilled wells, especially at and just above
the base of the weathered zone. The unweathered rock, however,
yields water only in wells that encounter a water-bearing crevice or
solution channel.

WARSAW FORMATION

Beneath the St. Louis limestone and probably separated from it by
a slight stratigraphic break ® is the Warsaw formation, which is not
differentiated from the St. Louis limestone on Plate 4. Butts % also
states that the formation is relatively heterogeneous and in Overton
County comprises equal parts of calcareous sandstone, shale, and
limestone. The upper third of the formation in that area is mostly
sandstone, some of the layers of which are highly calcareous and
resemble limestone in the unweathered condition but weather by
solution of the calcareous matter into a loose aggregate of quartz
grains. In many localities the very top of the formation is composed
of layers between 2 and 4 inches thick of clastic, ripple-marked sand-
stone. The middle third is compact, thick-bedded limestone that
contains many fragmental fossils, and the bottom third usually com-
prises alternating beds of shale and limestone together with several
sandy layers that weather to resemble coarse yellow sandstone.
Toward the south and west the limestone beds contain an abundance
of dark chert, and the sandy facies of the formation seem to be less
well developed or to be truncated by an unconformity between the

4 Butts, Charles, op. cit., p. 18.
8 Idem, pp. 16-17.
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Warsaw and the overlying St. Louis limestone, although the detailed
stratigraphic relations are not known.

The Warsaw formation is highly fossiliferous, especially in its
central and upper parts, although the remains are usually fragmental
and are difficult to classify because they generally decompose as
rapidly as the inclosing rock. Butts, in Overton County, recognized
Tricoelocrinus woodmani or a closely related form, Productus magnus,
Spirifer subequalis (common), Spirifer tenuicostatus, Spiriferella
neglecta, Brachythyris subcardiformis, and Worthenopora spinosa.
Mather,® in eastern Sumner County, differentiated not far below the
top of the formation a key bed that is thickly crowded with fragments
of Spirifer washingtonensis. The lower part of the formation, how-
ever, resembles the underlying Fort Payne formation so much that
at many localities the two are not readily separable.

The Warsaw formation, which is about 100 feet thick, crops out
on the Highland Rim plateau in eastern Sumner County and forms
a broad belt along the higher slopes of the stream valleys farther
west. Like the overlying St. Louis limestone, it weathers on all the
upland tracts to a brick-red clayey soil containing many fragments of
chert, and unweathered rock crops out only in the stream valleys.

The sandstone beds that constitute the upper third of the Warsaw
formation in Overton County may be water-bearing farther west
where they pass beneath the St. Louis limestone, although they have
not been noted in the records of the few wells that have been drilled
to or below their horizon within the region of this investigation.
Furthermore, these sandstone beds are not well developed or are
_ entirely absent in the western part of the region, so that their value
as a source of water remains problematic. Even if the beds persisted
toward the west they probably would yield ounly saline water of high
concentration where they were deeply buried.

FORT PAYNE FORMATION

The Warsaw formation is underlain, with seeming conformity, by
the Fort Payne formation, an exceedingly heterogeneous and variable
assemblage of siliceous and calcareous shale and sandy, cherty, and
earthy limestone. In Stewart County, in the northwestern part of
the region, the upper part of the Fort Payne formation is very thick
bedded and consists of alternating bands of dense dark bluish-gray
limestone and persistent bands of dense dark-colored chert from 1 inch
to 1 foot or more in thickness. (See pl. 6,0.) Throughout the region
the topmost beds of the formation are generally cherty, although
toward the east and south this cherty facies thins noticeably and the
limestone becomes more earthy. In Cheatham County the greater

61 Mather, K. F,, Oil and gas resources of the northeastern part of Sumner County, Tenn.: Tennessee
Geol. Survey Bull. 24, (Ann. Rept. for 1919, pt. 2-B), p. 25, 1920,
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part of the formation consists of beds of somewhat earthy blue lime-
stone between 2 and 18 inches thick, which are accompanied by quartz
geodes from 1 to 12 inches in diameter and by nodular and irregular
tabular masses of chert. The amount of chert decreases noticeably
and the proportion of earthy limestone and calcareous shale increases
from the top of the formation toward the bottom. In the south-
central and southwestern parts of the region, especially in Williamson,
Dickson, and Humphreys Counties, the upper part of the formation
includes many beds of coarse sandy limestone or calcareous sandstone,
whose weathered and leached outcrops resemble buff sandstone.
Locally, in the same district, the lower part of the formation, according
to Safford,” is a massive blue-gray limestone whose maximum thick-
ness is 150 feet. According to Mather % the upper 50 to 60 feet of the
formation in the northeastern part of the region, in Sumner County,
consists of thin-bedded buff or brownish-gray limestone that contains
numerous geodes and much tabular chert. This upper division is"
underlain by about 30 feet of relatively pure coarsely crystalline lime-
stone in massive beds, which inclose tabular masses of light-brown or
milky-white chert from 3 to 12 inches thick that become less abun-
dant in the lower beds of the division. Estimates by several geologists
of the thickness of the Fort Payne formation range from 90 to 275 feet,
although the stratigraphic limits of the sections covered by these
estimates, especially the lower limit, may not be strictly equivalent.
The Fort Payne formation is essentially nonfossiliferous in north-
central Tennessee, although locally, as in western Overton County,*
the upper 20 feet contains many fragments of crinoids, the presence of
which differentiates these beds from the overlying Warsaw formation.
However, fossils are comparatively abundant in the Fort Payne of
other areas and also in beds that underlie the Fort Payne. The for-
mation is now classified by Butts, who has studied the formation over
a broad region in Kentucky, Tennessee, and Alabama, as containing
beds of Keokuk, Burlington, Fern Glen, and late Kinderhook age.
The Fort Payne formation forms the Highland Rim plateau in
eastern Sumner County and crops out extensively over the middle and
lower slopes of the dissected part of the plateau along the Highland
Rim escarpment and in the valleys of the Tennessee and Cumberland
Rivers. The formation is deeply weathered throughout the upland
areas, and the weathering has generally produced a reddish or
yellowish-buff soil that contains much dense chert in subangular
fragments. In many places the tabular chert has not disintegrated,
although the calcareous matter of the intervening limestone layers

52 8afford, J. M., Geology of T'ennessee, p. 340, 1869.

53 Mather, K. F., op. cit., p. 24.

5 Butts, Charles, op. cit., p. 15.

§ Butts, Charles, Geology of Alabama: Alabama Geol. Survey Special Rept. 14, pp. 166-167, 1926.
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has been completely leached, so that the layers of chert are separated
only by seams of yellowish clay a few inches thick. The beds of
earthy limestone weather to masses of soft shaly clay.

In general the beds of the Fort Payne formation are not highly
soluble, so that large solution channels are less extensively developed
and tubular springs are less abundant in this formation than in the
overlying St. Louis limestone. Locally, however, these springs are &.
reliable source of water. In many places the dense tabular cherts.
have been minutely fractured by weathering, so that they yield water-
rather freely to springs and to drilled wells, although drilling in such
material is extremely difficult. The calcareous sandstone members
in the upper part of the formation supply many perennial springs from
their weathered and leached outcrops along the Highland Rim escarp-
ment in Williamson County and adjacent areas. (See pp. 210-211.)
However, their water-yielding capacity where they lie beneath cover
and are unweathered is not known, except that the earthy limestone
facies of the formation has no promise as a source of water.

NEW PROVIDENCE SHALE

The Fort Payne formation is underlain locally by the New Provi-
dence shale, the type section of which in Tennessee occurs at Whites
Creek Spring, 12 miles north of Nashville, as described by Bassler.®
At this locality the New Providence shale is 35 feet thick and consists
of coarsely crystalline white to gray crinoidal limestone in layers 12 to
18 inches thick, which are separated by thin bands of green and blue
shale. At many places the rock is but an assemblage of crinoid frag-
ments and other fossils loosely cemented by greenish shale, which is
entirely decomposed by weathering so that the fossils are freed in
great abundance, Toward the southwest, west, and east the forma-
tion thins notably and pinches out within a distance of 5 to 10 miles.
The New Providence shale also occurs in eastern Sumner County,
where, according to Mather,” it comprises variable beds of shale and
shaly limestone that have a predominant bluish-green tint and inclose
many geodes. However, chert is not a common constituent. At
most localities the more calcareous strata are less than 10 inches thick,
but in places they are very massive. Cross-bedding occurs at many
localities and is locally developed to a remarkable degree, the diver-
gence between the false-and the true bedding being as much as 10°.
In this area the New Providence shale attains a maximum thickness
of 55 feet along the Highland Rim escarpment north of Bransford and
Bethpage but thins toward the northeast.

In the Whites Creek Springs section the most abundant and charac-
teristic fossils are the bryozoan Rhomboporae incrassate Ulrich and the

% Bassler, R. 8., The Waverlyan period of Tennessee: U, S. Nat. Mus. Proc., vol. 41, pp. 218-220, 1911.
& Mather, K. F op. cit., pp. 21-23.
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brachiopods Rhipidomella michelinia L’Eveille and Chonetes illinois-
ensis Norwood and Pratten. The species listed by Bassler are as
follows:

Favosites valmeyerensis Weller. Rhombopora incrassata Ulrich.
Beaumontia americana Weller. Cystodictya pustulosa Ulrich.
Zaphrentis cliffordana Edwards and | Fenestella regalis Ulrich.

Haime. Ptilopora cylindracea Ulrich.
Amplexus rugosus Weller. Metichthyocrinus tiaraformis (Troost).
Amplexus brevis Weller. Barycrinus cornutus (Owen and Shu-
Cladoconus americana Weller. mard).

Monilopora crassa (McCoy). Catilloerinus tennesseensis (Troost).
Rhipidomella michelinia L’Eveille. Halysioerinus perplexus (Shumard).
Chonetes illinoisensis Worthen. Synbathocrinus robustus Shumard.
Spirifer vernonensis Swallow. Schizoblastus decussatus (Shumard).
Lasiocladia hindei Ulrich.

The New Providence shale is separated from the overlying Fort
Payne formation by a slight disconformity and was probably truncated
by erosion before the deposition of the younger beds. Furthermore,
Bassler®® believes that the formation was not deposited widely over
the area but was limited to definite embayments that converge radi-
ally toward the Nashville dome. (See pp. 62-63.)

RIDGETOP SHALE

The Fort Payne formation, or the New Providence shale where
present, is underlain locally along the northern and western sides of
the Nashville dome by the Ridgetop shale, a formation of Kinder-
hookian age. The type section® of the formation, along the Louis-
ville & Nashville Railroad between Baker and Ridgetop, in Davidson
County, consists of light-blue to green clay that incloses several thin
beds of earthy sandstone, earthy limestone, and chert. Thelowermost
bed of the section as defined by Bassler is characteristically a layer of
sandy chert about 1 foot thick. Miser® and Swartz,*! however, have
shown that the Maury green shale of Safford and Killebrew® should be
included with the Ridgetop shale, although in some reports it has been-
regarded as the upper member of the underlying Chattanooga shale.
The Ridgetop shale, including the Maury member, is 102 to 107 feet
thick at the type section, although at Whites Creek Spring, about 5
miles to the southwest, it is but 41 feet thick. Like the overlying

# Bassler, R. 8., The Waverlyan period of Tennessee: U. 8. Nat. Mus. Proe., vol. 41, pp. 220-222, 1911;
Eearly Mississippian rocks of northern Tennessee [abstract): Geol. Soc. America Bull,, vol. 36, No. 1,
. 221, 1925,

8 Bassler, R. S., The Waverlyan period of Tennessee: U. 8. Nat. Mus. Proc., vol. 41, pp. 216-218, 1911.

60 Miser, H. D., in Drake, N. F., Economic geology of the Waynesboro quadrangle: Resources of Ten-
mnesses, vol. 4, p. 100, Tennessee Geol. Survey, 1914, Maiser, H. D., Structure of the Waynesboro quadrangle
with special reference to oil and gas: Idem, vol. 7, p. 201, 1917,

8 Swartz, J. H., The age of the Chattanooga shale of Tennessee: Am. Jour. Sci., 5th ser., vol. 7, pp. 28-29,
1924,

92 Safford, J. M., and Killebrew, J. B., The elements of the geology of Tennessee, p. 141, Nashville, Foster
& Webb, 1900, -
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New Providence shale, the Ridgetop shale was deposited only in em-
bayments on the northern and western flanks of the Nashville dome,
according to Bassler.”* The basal Maury glauconitic member is an
extremely variable but persistent bed, which may be a green, blue-
black, or black shale, a brown sandy shale, or even a buff sandstone.
Its lower part is glauconitic at many places and generally contains
kidney-shaped phosphatic nodules. Swartz® has concluded that this
basal member is a lithologic but not a chronologic unit, that it was
deposited universally throughout the region and that it is separated
from the underlying Chattanoogsa shale by an unconformity that de-
creases from west to east and probably disappears between central
and eastern Tennessee.

The uppermost 20 feet of the Ridgetop shale at the type locality’
and the earthy limestone member that occurs 62 feet below the top of
the formation are abundantly fossiliferous and contain numerous bryo-
zoans, ostracodes, and other genera of known Kinderhook age, as
noted by Bassler.%® The sandy shale and chert member whose top is
15 to 20 feet below the top of the formation contains such pseudo-De-
vonian fossils as Siriatopora and Michelinia, but the presence of well-
developed species of Palaeacis, Productus, and Agaricocrinus is
conclusive evidence of post-Devonian age. The Ridgetop shale is
the ““fetid shale’ of Safford, which Safford and Killebrew % and Hayes
and Ulrich® included with the overlying Fort Payne formation as
the so-called “Tullahomsa limestone’’ or ‘‘Tullahoma formation.”
At this horizon have been found many unnamed bryozoans and numer-
ous species of ostracodes, of which only one, Cienobolbina loculata
Ulrich, has been named. The other genera collected at this horizon
in Hickman and Maury Counties have been studied by Winchell,%
whose list of species follows:

Spirifera hirta? White and Whitfield. | Zaphrentis ida? Winchell.

Rhynchonella sageriana Winchell. Conularia byblis White.

Chonetes multicosta Winchell. Leda bellistriata? Stevens.

Chonetes pulchella? Winchell. Solen scalpriformis Winchell

Producta concentricata Hall, Discina saffordi Winchell.

Chonetes fischeri Norwood and Pleurotomaria hickmanensis Winchell.
Pratten. Phillipsia tennesseensis Winchell.

CARBONIFEROUS OR DEVONIAN SYSTEM
CHATTANOOGA SHALE

The ubiquitous basal member of the Ridgetop shale is underlain
by the Chattanooga shale, which is known locally as the ‘“‘black shale”

® Bassler, R. 8., op. cit. (1911), pp. 220-222,

% Swartz, J. H., op. cit., p. 29.

6 Bassler, R. S., op.cit. (1911), pp. 217-218.

6 Safford, J. M., and Killebrew, J. B., op. cit., pp. 143-144,

& Hayes, C. W., and Ulrich, E. 0., U. 8. Geol. Survey Geol. Atlas, Columbia folio (No. 95}, D. 3, 1903,
48 Winchell, Alexander, in Safford, J. M., Geology of Tennessee, pp. 442-446, Nashville, 1860,




U. S. GEOLOGICAL SURVEY WATER-SUPPLY PAPER 640 PLATE 6

A. NODULAR CHERT IN LOWER PART OF ST. LOUIS LIMESTONE ON STATE
HIGHWAY 11, ABOUT 3 MILES NORTHWEST OF ADAMS, ROBERTSON
COUNTY

B. RESIDUAL CLAY OVERLYING ST. LOUIS LIMESTONE, 1 MILE WEST OF
ERIN, HOUSTON COUNTY

In quarry of Southland Lime Co.

C. TABULAR CHERT IN LIMESTONE OF FORT PAYNE FORMATION AT
CEDAR SPRING, 4! MILES NORTHWEST OF MODEL, STEWART COUNTY
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r “black slate.” This formation is a black or dark-brown fissile
carbonaceous shale that contains thin seams of bituminous matter
and disseminated small crystals of pyrite.

Generally the carbonaceous shale is between 20 and 35 feet thick,
but it attains a maximum thickness of 45 feet, as on Bledsoe Creek
3 miles north of Bransford, Sumner County,* and is entirely absent
at a few localities, as in the vicinity of Dog Creek, 3 miles northwest
of Kingston Springs, Cheatham County.” Northeast of the region
under investigation, on Flynn Creek, 5 miles south of Gainesboro,
Jackson County,” the Chattanooga shale thickens greatly in an area
about 2 miles in diameter and attains a maximum thickness of 149
feet, apparently having been deposited in onée or more pre-Chatta-
‘nooga sink holes. Similar features may exist elsewhere, although none
have been found in north-central Tennessee. In the south half of the
Nashville Basin the carbonaceous shale is underlain by a phosphatic
sandstone, the Hardin sandstone member, which attains a maximum
thickness of 15 feet in Wayne County.”? In the north half of the
basin, however, this sandstone is generally only a few inches thick.
The Hardin sandstone has usually been considered to be the basal
member of the Chattanooga shale, although it is not unlikely that at
many localities in the region here described the Hardin has been con-
fused with the sandstone member at the base of the underlying Pegram
limestone. (See p. 41.)

The Chattanooga shale in Tennessee has long been considered to be
of late Devonian or early Mississippian age or possibly to represent a
transition between these two periods; but recently Swartz ? has con-
cluded that in central and western Tennessee it is wholly of earliest
Mississippian age. In view of the doubt that still exists regarding its
age, it is classified by the United States Geological Survey as Devonian
or Carboniferous. Because of its characteristic lithology, the shale is
a convenient datum plane for tracing the geologic structure and for
delimiting the major stratigraphic groups. However, it has some
limitations for these purposes, inasmuch as it lies unconformably upon
strata that range from Upper Ordovician to late Middle Devonian in
age, the whole of the Devonian and Silurian systems bemg locally
unrepresented.

Many seepage springs issue from the uppermost part of the Chat-
tanooga shale wherever it crops out on the steeper slopes. These
springs are the source of most of the so-called chalybeate and sulphur
water. The water from them carries a moderate quantity of iron

8 Mather, K. F., op. cit., pp. 19-20.

™ Jillson, W. R., Unique Devonic sandbar: Pan Am. Geologist, vol. 40, No. 5, pp. 333-337, 1923.

1 Lusk, R. G., A pre-Chattanooga sink hole: Science, new ser., vol. 65, pp. 579580, 1927,

78 Miser, H. D., Mineral resources of the Waynesboro quadrangle, Tenn.: Tennessee Geol. Survey
Bull. 28, p. 23, 1921,
* 7 Swartz, J. H., op. cit., p. 28,
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A. BIGBY LIMESTONE EXPOSED IN ABANDONED QUARRY SOUTH OF TEN-
NESSEE CENTRAL RAILROAD AT LOVEMAN’S CROSSING, EAST NASHVILLE
The upper, middle, and lower members are, respectively, the Ward, ‘“Dove,” and “ Capitol”

limestones of Safford. The top of the Hermitage formation is a few feet above the floor of the
quarry at the right.

B. SANDY CROSS-BEDDED LIMESTONE (“CAPITOL” LIMESTONE OF SAFFORD)
NEAR BASE OF BIGBY LIMESTONE, EXPOSED IN WEATHERED OUTCROP IN
SMALL QUARRY AT HAMILTON AND MORRISON STREETS, NASHVILLE
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and sulphate (SO,), probably derived from oxidation of the pyrite;
generally it also carries a noticeable amount of hydrogen sulphide,
although the quantity of this gas is usually less than 5 parts per mil-
lion. Many drilled wells obtain water supplies large enough for
household use from the upper part of the shale close to its outcrop.
In general the Chattanooga shale is not likely to be notably water
bearing where it lies beneath deep cover and is unweathered, it being
not unlikely that the ground water which is supposedly encountered
in the shale in eastern Dickson County and elsewhere actually issues
from sandstone of Devonian age.

DEVONIAN SYSTEM

Although a rather full sequence of Middle and Lower Devonian
formations is exposed in the western valley of the Tennessee River,”
rocks of the Devonian system are known at very few localities in
north-central Tennessee. Those whose stratigraphy is well known
are of Middle Devonian age, but Foerste ™ has identified Lower
Devonian beds in the Wells Creek Basin of Stewart County. If the
Chattanooga shale is wholly of Mississippian age, the Upper Devonian
series is absent in north-central Tennessee.

MIDDLE DEVONITAN SERIES
PEGRAM LIMESTONE

The type locality of the Pegram limestone is at Pegram, Cheatham
County. The formation has been defined and its occurrence in
central Tennessee described by Foerste.” In the type section it is a
relatively pure heavy-bedded light-gray limestone that attains a
maximum thickness of 12 feet at its westernmost exposure in the
quarry north of the Nashville, Chattanooga & St. Louis Railway at the
bridge across the Harpeth River. Eastward from that locality the
member thins, and 3 miles to the southeast, at Newsom, in south-
western Davidson County, it is only 3 feet thick. At Newsom the
formation contains the diagnostic blastid Nucleocrinus verneuili, as
well as Stropheodonta demissa, S. perplana, Rhipidomella penelope,
and Nucleospira concinna. The only other known occurrence of the
Pegram limestone in north-central Tennessee is at the whirl on the
Buffalo River, which is 2% miles north of Bakerville, Humphreys
County, and 46 miles west and somewhat south of the type locality.
At that place the formation is a massive bed 3 feet thick, which is

% Dunbar, C. O., Stratigraphy and correlation of the Devonian of western Tennesses: Tennessee Geol.
Survey Bull. 21, 127 pp., 1919.

1 Foerste, A. F,, Silurian and Devonian limestones of western Tennessee: Jour. Geology, vol. 11, p. 692,
1903.
% Foerste, A. F., Silurian and Devonian limestones of Tennessee and Kentucky: Geol. Soc. America
Bull., vol. 12, pp. 425-426, 1901.
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similar in lithology to the rock of the type section and is characterized
by species of Heliophyllum, Blothrophyllum, Cystiphyllum, Cyathophyl-
lum, Cladopora, and Bryozoa. Foerste 77 correlated the upper part of
the formation with the Sellersburg limestone of Indiana, which is of
late Middle Devonian (Hamilton) age, and implied that the lower
part was of early Middle Devonian (“Corniferous” Onondaga) age.
Dunbar ”® has correlated the entire formation with the Jeffersonville
limestone of Indiana, which is early Middle Devonian (Onondaga).
The Pegram limestone is undoubtedly separated from the under-
lying strata by a disconformity at the two localities that have been
described. )
Recently Pohl 7 has shown that limestone of upper Pegram age is
accompanied locally by an underlying sandstone member, of probable
lower Pegram age, whose maximum known thickness is 35 feet. He
describes the type section and occurrence of this member as follows:

Section in district 4, Trousdale County, Tenn., in road cut on hill 134 to 1% miles
southwest of Valentine's store
Mississippian:
Chattanooga shale— Feet
Dead-black, thinly fissile shale with thin bed of co-
nodont-bearing sandstone at base....__ To top of hill.
Gray blocky shale carrying abundant Lingulas and
a few Mississippian conodonts. ..o .o._._ 7
Possible break.
Devonian (?): Black shale like first with lenses of fine, black
sanditone near base, grading without apparent break
into limestone below . - .. oL 8
Devonian:
Pegram limestone (Sellersburg formation)-——Dark-
brown semicrystalline limestone carrying numerous
large heliophylloid corals, becoming purer gray below
and very conglomeratic (semiedgewise) near base.. About 4
Pegram limestone (Jeffersonville formation)—White,
brown, or pink coarse sugary sandstone, very fossilifer-
ous at top; barren and exhibiting extremely unsettled
conditions of deposition in lower 4 feet. Fauna: Lep-
taena rhombotidalis, Stropheodonta aff. S. hemispherica,
Stropheodonta demissa, Leptostrophia aff. L. perplana,
Schuchertella sp., Spirifer cf. S. varicosus, Cysiodictya
gilberti, Fenestella sp., Rhipidomella aff. R. vanurems,
Hadrophyllum orbignyi, Chonetes aff. C. mucronatus,
Centronella? glansflagae cf. Pholidostrophia iowensis,
Polypora sp., Loculipora sp., Cystodictya sp., Ambo-
coelia sp., erinoid stems_ - - oo oo oo 9
Silurian: Niagaran. Formation undetermined.

7 Foerste, A, F., op. cit. (1801), pp. 425-426.
% Dunbar, C. 0., op. cit., p. 91.
% Pohl, E. R., personal communication, February 5, 1929,



STRATIGRAPHY 43

Specimens from the type locality [of the Jeffersonville limestone] at the Falls of
the Ohio show in an insoluble residue from fresh material the presence of about
1 per cent silica in the form of small biterminal quartz erystals. There is appar-
ently a complete absence of transported sand grains.

Fresh specimens of the massive limestone from the lower portion of the Pegram
limestone (Jeffersonville) in the viecinity of Pegram, Cheatham County, Tenn.,
retain in their insoluble residues from 15 to 20 per cent sand grains of minute size,
most of which are more or less completely frosted. The distance they have been
transported is apparently considerable.

In outliers near and on the Highland Rim plateau north of Hartsville, Trous-
dale County, Tenn., are present outcrops of a varying thickness of the Jefferson-
ville formation. The almost exclusive constituent is here a coarse biterminally
crystalline quartz sand which has undergone no abrading. The occurrence of
much of the sand would suggest a diagenetic origin in which the caleium car-
bonate originally present has been replaced by a secondary aceretion of crystal-
line quartz about the original sand grains.

I suspect that the sandstone has a considerable subsurface distribution, for
the extent of its areal distribution is indicated in the presence of the identical
sandstone in the western portion of Davidson County, 50 miles to the south-
west of its oceurrence in Trousdale County.

Many test wells that have been drilled in search of oil in eastern
Dickson County (see pp. 142, 144-146) encounter ground water,
which is reported to issue from the Chattanooga shale. It is ex-
tremely doubtful, however, whether the typical shale is sufficiently
permeable to be water bearing, and hence the true source of the water
is likely to be in some permeable bed that lies just above or just
below the shale. It is possible that the source is the basal sandstone
member of the Pegram limestone, which may persist westward be-
neath cover. This possibility is somewhat enhanced by the fact
that in general the Devonian formations are more persistent toward
the west.

CAMDEN CHERT

At the “whirl” on the Buffalo River, in southern Humphreys
County, the Pegram limestone is underlain by 45 feet of alternating
layers, from 2 to 9 inches thick, of dense bluish-gray limestone and
yellowish chert. These strata are believed by Dunbar ® to be tran-
sition beds between the Camden chert of Safford and Schuchert ®
and the overlying Pegram limestone, inasmuch as the fauna contains
both the very diagnostic Amphigenia curta, of Camden age, and later
species, such as Spirifer macrothyris. Strata which are very similar
to those at the ‘“whirl” crop out 5 miles farther west at Hurricane
Rock Spring (No. 181, p.161), on the Duck River, and are probably
also to be correlated with the Camden chert. The formation is not
known to occur elsewhere in north-central Tennessee.

# Dunbar, C. 0., op. cit., pp. 80-81.
81 Safford, J. M., and Schuchert, Charles, The Camden chert of Tennessee and its lower Oriskany fauna:
Am. Jour. 8ei., 4th ser., vol. 7, pp. 420-432, 1899,
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LOWER DEVONIAN SERIES

Rocks of Lower Devonian age are known at two localities in the
Wells Creek Basin, Stewart County, but have not been identified
elsewhere in north-central Tennessee.

HARRIMAN (?) CHERT

At one of these localities, in the south bank of the Cumberland
River about 1 mile southwest of Cumberland City, white, gray, and
buff cherty limestone as much as 40 feet thick crops out above the
Birdsong limestone. It is generally very poorly exposed. Foerste %
has suggested that this cherty limestone may be correlative with the
Camden chert, of Middle Devonian age, but Dunbar ® has correlated
it provisionally with the Harriman chert, of Lower Devonian (Oris-
kany) age, on the basis of a single valve of Spirifer murchisoni?.
The detailed stratigraphic relations and areal extent of the Harri-
man formation in north-central Tennessee are not known.

BIRDSONG LIMESTONE

At the other locality of Lower Devonian rocks, which is at the top
of a section in a railroad cut about 3 miles southwest of Cumberland
City, Foerste ® has identified limestone of the Linden group, of
Helderberg age. Dunbar ® has correlated this limestone with the
Birdsong shale, and Bucher ® has recognized in it such Helderberg
fossils as Atrypa reticularis, Leptostrophia beckii, a small Delthyris,
and Meristella. According to Dunbar, the formation overlaps east-
ward upon the Silurian rocks and is generally absent by erosion east
of the Tennessee River. In the Wells Creek Basin it is represented
by 10 to 20 feet of thin-bedded and somewhat cherty limestone,
which is not commonly well exposed. The areal extent of this strati-
graphic unit in north-central Tennessee has not been traced.

SILURIAN SYSTEM

The rocks of Silurian age that crop out on the western and north-
western flanks of the Nashville dome (see pp. 62-63) in Tennessee
constitute a classic section which has long been a field of paleonto-
‘logic and stratigraphic study and which has been studied in detail

8 Foerste, A. F., Silurian and Devonian limestones of western Tennessee: Jour. Geology, vol. 11, p. 693,
1903.

8 Dunbar, C. 0., op. cit., p. 74,

8 Foerste, A. F., op. ¢it. (1903), pp. 690-692.

8 Dunbar, C. 0., op. cit., p. 58.

8 Bucher, W. H., The stratigraphy, structure, and origin of Wells Creek Basin, Tenn.: Tennesses Dept.
Education Div. Geology [in preparation].



STRATIGRAPHY 45

by Foerste,” Pate and Bassler,®® and Miser.®® This section comprises
rocks of Cayuga, Niagara, and Albion age. The rocks of Cayuga
age constitute the Decatur limestone; those of Niagara age aredivided
into the Lobelville, Bob, Beech River, Dixon, Lego, Waldron, Laurel,
and Osgood formations; and those of Albion age are the Brassfield
lLimestone. These formations, whose general characteristics are given
in the stratigraphic section (p. 27), constitute a somewhat variegated
stratigraphic unit, which is 2333 feet thick at Clifton, Wayne County.?
The Silurian rocks thin northward and eastward along the flank of
the Nashville dome and finally wedge out in Macon County, slightly
east of the area represented by Plate 4. According to Miser,” this
thinning is due to post-Silurian erosion that truncated the section
at the top and is not primarily due to overlap, the only overlapping
unit in the Silurian being possibly the Lobelville formation. The
detailed stratigraphy of the Silurian rocks has been untangled at
only a few places in north-central Tennessee, so that full discussion
is not possible at this time.

As shown by Plate 4, the Silurian rocks crop out in north-central
Tennessee along the base of the Highland Rim escarpment and its
outliers in Williamson, Cheatham, Davidson, and Sumner Counties.
According to Foerste ®® a rather full sequence of these rocks is also
exposed in the Wells Creek Basin of southeastern Stewart County.

ORDOVICIAN SYSTEM
GENFERAL FEATURES

The Ordovician system of north-central Tennessee includes rocks
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