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GEOLOGY AND GROUND-WATER RESOURCES OF THE
SCOTTSVILLE AREA, KENTUCKY

By WiLiam B. Hopkins

ABSTRACT

The Scottsville area includes about 240 square miles in south-central Ken-
tucky, comprising about 215 square miles of Allen County and about 25 square
miles of Barren County. The area is underlain by limestone, shale, and shaly,
cherty limestone which range from Silurian to Mississippian in age. The bedrock
is overlain by a mantle of residual and transported unconsolidated material of
Pleistocene and Recent age.

Large supplies of fresh ground water can be obtained from the Louisville
limestone of Silurian age wherever the connate sulfurous or saline water has
been flushed from solutional openings of pre-Chattanooga age that are in the
formation. The largest known springs in the Scottsville area flow from solu-
tional openings in the Louisville. Part of the flow of one of these springs is
used as a public supply for the city of Scottsville, and part of the flow of another
is used for irrigation. Flows of two of the largest springs range from about
400 to 8,300 gpm (gallons per minute) for one spring and from 1,225 to 20,900
gpm for the other. Although only about 1 percent of the 1,199 springs inven-
toried issue from the Louisville limestone, they discharge nearly as much water
as all other inventoried springs in the Scottsville area combined. Both the
median and the average discharge of all inventoried springs is 5 gpm.

Little or no water for domestic or stock supplies is obtainable from the Chat-
tanooga shale of Devonian age.

Small water supplies sufficient for domestic and stock use are obtainable from
the Fort Payne chert of Mississippian age. More than 50 percent of the 902
wells and nearly 38 percent of the springs inventoried obtained their water from
the Fort Payne. Water in the Fort Payne is in solutional openings at the con-
tact between overlying soluble and underlying less soluble strata. Movement
of water through these openings is rapid. Water levels in wells rise within a
day after winter rains, but recede toward the preexisting level during the next
2 to 5 days.

Perched or semiperched water occurs in the Warsaw and St. Louis limestones
of Mississippian age, usually in quantities insufficient for domestic use. More
than 23 percent of the wells and moere than 21 percent of the springs inventoried
yield water from the Warsaw and St. Louis limestones. The water is in solu-
tional openings but it is descending to the base of the Warsaw. At the base
of the Warsaw limestone, quantities of water sufficient for domestic or stock
supplies can be obtained but the water is apt to be sulfurous.

Small supplies of water, sufficient for domestic and stock use, are obtainable
from the mantle rock of Pleistocene and Recent age. More than 16 percent of the

1



2 GEOLOGY AND GROUND WATER, SCOTTSVILLE AREA, KENTUCKY

wells and nearly 40 percent of the springs inventoried yield water from the
mantle rock.

Most ground water in the Scottsville area has a hardness of more than
220 ppm (parts per million).- Most of the 79 water samples analyzed were
of the calcium bicarbonate type, but some contained a large amount of sulfate
and others contained a relatively large amount (more than 10 ppm) of nitrate.
Samples high in nitrate come from wells that obtain water from the base of
the mantle rock. The samples high in sulfate generally come from wells that
obtain water from the shaly zone at the base of the Warsaw limestone or from
openings in the Warsaw and other formations that lie beneath the zone of freely
circulating water.

INTRODUCTION

PURPOSE AND SCOPE OF INVESTIGATION

This report on the source, occurrence, and quality of ground-water
supplies in the Scottsville area, Kentucky, is one of a series on the
ground-water resources in Kentucky being prepared by the U.S.
Geological Survey in cooperation with the Department of Economic
Development of Kentucky. In 1958 the cooperation was transferred
from that department to the Kentucky Geological Survey. The in-
dex map, figure 1, shows the areas in Kentucky covered by reports
and the areas where work is in progress. The purpose of this investi-
gation is to obtain detailed information on the occurrence, use, and
quality of ground water of a small area typical of the lower formations
of the Mississippian Plateau region of Kentucky. The information
will be used as a basis for further ground-water studies in the Mis-
sissippian Plateau.

The fieldwork for this report was supervised by G. E. Hendrickson
and E. H. Walker, geologists, and the report was written under the
supervision of Mr. Hendrickson while district geologist of the Ground
Water Branch of the U.S. Geological Survey, Louisville, Ky.
Chemical analyses were made under the direction of W. L. Lamar,

who at the time was district chemist, U.S, Geological Survey, Colum-
bus, Ohio.

LOCATION OF AREA

The Scottsville area is in the Mississippian limestone plateau of
south-central Kentucky, a section of the Interior Low Plateaus physio-
graphic province. It is bounded on the south by the Tennessee
State line, on the east by longitude 86°, on the west by longitude
86°15’, and on the north by latitude 36°52’30’”. It includes about 240
square miles, of which about 90 percent is in Allen County and 10
percent is in Barren County. Scottsville is the only incorporated
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4 GEOLOGY AND GROUND WATER, SCOTTSVILLE AREA, KENTUCKY

city in the area. Unincorporated towns include Austin, Gainesville,
Holland, and Petroleum.

METHOD OF INVESTIGATION

As originally planned, the investigation was limited to the west
half of the total area covered in this report. The east half of the
Scottsville area was added in 1953 to include the pre-Chattanooga
dolomitic limestones, which are important aquifers. The fieldwork
was begun in July 1950 and consisted principally of inventorying
wells and springs, obtaining water samples for chemical analysis, and
selecting unused wells for observations of water levels. Philip U.
Martin and John S. Benko inventoried most of the wells and springs
in the west half of the area. The wells and springs in the east half
were inventoried by the author and Richmond F. Brown.

Fieldwork included inventory of 902 wells and 1,199 springs, study
of outcrops and drill cuttings, measurements of water levels in wells,
measurements of discharge from springs, and collection of 79 samples
of water for chemical analysis.

ACENOWLEDGMENTS

Appreciation is expressed to all the individuals who gave informa-
tion concerning their wells and springs, and especially to those who
permitted repeated access to their properties for water-level and dis-
charge measurements. The well drillers in the area supplied well logs
and samples and other data pertinent to local stratigraphy and
structure.

The geologic maps (pl. 1) accompanying this report are based
largely on the map of the areal geology and structure of Allen County
prepared by A. M. Miller (1919). Parts of the map (pl. 1) were
revised by the author to make it conform with published topographic
maps.

WELL-NUMBERING SYSTEM

Wells and springs inventoried by the U.S. Geological Survey in
Kentucky are numbered according to a statewide grid of 5-minute
meridians of longitude and 5-minute parallels of latitude. The wells
and springs in a 5-minute quadrangle, or part thereof, are numbered
consecutively in the order inventoried. FEach quadrangle takes its
number from the longitude and latitude of its southeast corner.
Thus, well 8600-3640-1 in figure 2 is the first well inventoried and
numbered in the quadrangle bounded on the east by longitude 86°00
and on the south by latitude 36°40’. Springs are numbered in se-
quence with the wells but are listed in a separate table for convenience.
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F1GURE 2.—Sketch of Scottsville area, Kentucky, showing system used for numbering wells
and springs.
Localities of interest for geology and ground-water studies are desig-
nated in the report by numbers of the same type used for the wells
and springs.
PREVIOUS INVESTIGATIONS

No previous detailed studies of ground water have been made in this
area. A. M. Piper (1932) described the occurrence of ground water
in an adjoining part of north-central Tennessee, southwest of the
Scottsville area.
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The geology of the Allen County area has been described by Shaw
and Mather (1919) and by Miller (1919). Other publications that
refer to the Allen County area are listed on pages 67-69.

GEOGRAPHY
DRAINAGE

The Scottsville area is drained by the Barren River and its tribu-
taries. In Allen County these tributaries are Puncheon, Pinchgut,
Long Hungry, Long, Rhoden, Walnut, Hurricane, Difficult, and Little
Difficult Creeks and Bays and Trammel Forks. The tributaries
draining the Barren County section are Glover, Dry, Caney, and Peter
Creeks. Of these streams, Peter, Puncheon, and Long Creeks, Tram-
mel Fork, and the Barren River are the only ones that do not originate
within the Scottsville area as defined in this report. Their head-
waters lie to the south and east.

GEOMORPHOLOGY

Erosion of a series of gently dipping shale and limestone strata has
formed a terrain of late youth or early maturity, with narrow ridges,
narrow flood plains, and hillsides that range from gentle to steep.
Total relief in the area is about 500 feet. The lowest point is about
470 feet above sea level on the Barren River where it leaves the area.
The highest point, about 970 feet above sea level, is about a mile east
of Mount Carmel Church. The local relief is generally between 100
and 250 feet, from the valley bottoms to the upland ridges.

The Barren River is the master stream of the Scottsville area. Be-
fore its most recent period of downcutting it was a consequent stream
upon an uplifted peneplain. As it cut down, its course was altered to
accord in part with the pattern of joints in the rocks, as is shown by
its many angular bends. According to Shaw and Mather (1919,
p. 71), “the most prominent set of joints trends between N. 40° E.
and N. 60° E.” Several reaches of the Barren River and also of Long
Creek approximate these directions.

The southeast quarter of the Scottsville area is underlain by shales
and shaly limestones. This part of the area includes the steepest
slopes, as well as the widest flood plains along tributaries of the
Barren River. Elsewhere, the rocks are cherty, shaly limestone and
comparatively pure limestone, which are more susceptible to chemical
than to physical erosion. The hills are smaller and less steep than
those in the southeast quarter. In the northwest quarter, limestones
have been leached by ground water, forming a sinkhole (karst)
topography. Although some sinks are more than 60 feet deep and
about a quarter of a square mile in area, most are much smaller.
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The climate of the Scottsville area is temperate humid continental.
Summers are hot and humid; winters are generally mild, with many

Dissection of the land surface has been greatest along the main

stream, the Barren River, because the river carries more water, is
tions. Flood plains wide enough to permit cultivation are developed

on the shaly limestones, shales

more susceptible to mechanical erosion than are the overlying forma-
Long Creek

older, and has penetrated the shales and shaly limestones which are

warm days.
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The
The wettest month

pitation and cumulative departure from average

(From U.S. Weather Bureau records, 1900-52.)

at Bowling Green, Ky.

The average annual precipitation recorded at Bowling Green by
amount of rainfall recorded in the driest year (1930) was 30.50 inches

tion and the monthly precipitation and temperature recorded at
that in the wettest year (1950), 67.49 inches.

Bowling Green, Ky. Bowling Green is about 20 miles northwest of

Scottsville, and the climate is similar to that of Scottsville.
the U.S. Weather Bureau from 1900 to 1953 is 49.36 inches.

FIGURE 3.—Graphs showing annual preci
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FIGURE 4.—Graphs showing monthly temperature and precipitation at Bowling Green, Ky.
(From U.S. Weather Bureau records, 1880-1952.)

recorded was January 1937, with 20.70 inches, and the driest month
was October 1924, with 0.03 inch. Spring and summer rains are gen-
erally intense, short thunderstorms. Steady rains which may last for
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several days are common during the fall and winter. Winter rains
and above-freezing daytime temperatures prevent persistent snow
cover.

The lowest temperature recorded at Scottsville was —14°F in
February 1948, and the highest temperature recorded was 108°F in
July 1952. The frost-free growing season generally extends from
about the middle of Aprilto near the end of October.

POPULATION AND CULTURE

According to the 1950 census, the population of Allen County is
13,787, of which 2,060 live in Scottsville. The rural population is
11,727, the density being 87.9 persons per square mile, or 17 acres per
person. Of the 2,368 farms in the county, 1,777 or 75 percent had
electricity in 1950.

Most of the farms are small and depend on tobacco and corn for
their cash crops. Dairying and cutting of timber for local use and
for railroad ties are economically important.

Industry in the Scottsville area is limited principally to the city
itself. Scottsville has 2 weekly newspapers, 8 lumber companies, and
a clothing factory. A quarry and a nitroglycerine plant are north-
west of Scottsville, within 3 miles of the city limits.

TRANSPORTATION

Public transportation is supplied by the Louisville & Nashville
Railroad, by buses, and by trucks. The railroad provides a semi-
weekly freight train and railway-express service by truck on weekdays
from Gallatin, Tenn. Daily passenger and freight service is pro-
vided by scheduled buses to and from Glasgow and Bowling Green,
Ky., and Gallatin, Tenn. Freight is hauled by truck on weekdays
from these same towns. Federal and most State roads are paved;
most county roads are maintained as all-weather gravel roads.

MINERAL RESOURCES

Mineral resources include oil, agricultural lime, soil, gravel, and
water. Allen County once had a brickyard but operations have been
discontinued. Commercial oil has been produced from several small
fields in Allen County since before 1850, according to Orton (1891).
Production from individual wells is small; however, many wells have
been pumped at a rate of a few barrels a day for several years. Most
of the petroleum is sulfurous.

A quarry 3% miles northwest of Scottsville, which has been in oper-
ation since 1951, produces agricultural lime and road metal (crushed
limestone). Two other quarries in the Scottsville area have been
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abandoned. Gravel for use as road metal is obtained from the beds
of most small streams within the area. This gravel consists of chert
and cherty limestone and contains some sand, silt, and mud. It is
used on county roads and also on private farm roads.

Most of the farms in the area use wells or springs for their supplies
of domestic and stock water. A few use cisterns. The city of Scotts-
ville has used wells near West Bays Fork in the past, but the munici-
pal supply is now (195%4) obtained from Calvert Spring (8600-
3640-3), 6 miles east of the city. The only industrial usage of water
beyond the city mains is that of the nitroglycerine plant, which uses
well 8610-3645-117 for its supply.

GEOLOGY
STRATIGRAPHY

Consolidated rocks exposed in the Scottsville area range in age
from Silurian to Mississippian. The outcrop areas of the formations
are shown on plate 1. A generalized stratigraphic section is shown
in table 1. All the consolidated rocks are sedimentary in origin, and
all were deposited in a marine environment. According to Free-
man (1951), the oldest rocks reached by drilling are of Cambrian
and Ordovician age. Only saline water has been obtained from these
deeply buried rocks in this area; therefore they are not discussed in
detail in this report. The exposed rocks include the Louisville lime-
stone of Silurian age; the Sellersburg limestone and the Chattanooga
shale of Devonian age; and the New Providence shale, the Fort Payne
chert, the Warsaw limestone, and the St. Louis limestone of Mississip-
pian age.

Unconsolidated material, present as a mantle over most of the area,
covers the bedrock to a depth as much as 60 feet. This mantle of clay,
cherty gravel, and soil, partly residual from the underlying sedimen-
tary rocks and partly transported, is Pleistocene and Recent in age.

The drillers’ logs in table 14 and the measured sections at the end
of this report show the types of rocks in the Scottsville area.

ROCKS OF CAMBRIAN AND ORDOVICIAN AGE

Rocks of Cambrian and Ordovician age are everywhere beneath the
surface in the Scottsville area. They do not crop out within the
boundaries of the area but are exposed to the south and east, in Ten-
nessee, and along the Cumberland River in Kentucky. At least five
wells have been drilled into rocks of Ordovician age in different parts
of Allen County. The deepest well drilled to a total depth of 1,367
feet below sea level, penetrated 57 feet of rocks of Cambrian age. The
log of this well (Freeman, 1951, p. 114-118) shows at least 1,400 feet
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of strata consisting principally of dolomite and limestone of pre-
Silurian age. An abstract of the log of this well, 8610-3645-347, is
presented in table 14.

LIMESTONES OF SILURIAN AND DEVONIAN AGE

The water-bearing properties of the Silurian and Devonian rocks
in the Scottsville area are believed to be the same, and consequently
they are treated as one hydrologic unit in this report.

DISTRIBUTION

Limestones of Silurian and Devonian age crop out along the valleys
of Puncheon, Pinchgut, Long Hungry, Long, Glover, and Trace
Creeks, Trammel Fork, and the Barren River. They generally form
steep walls along the valley sides and in places are exposed in the
streambeds. The outerop areas of these limestones are shown on plate
1. They underlie the Chattanooga shale throughout the area.

CHARACTER AND THICKNESS

The Silurian and Devonian rocks are generally dolomitic limestone,
somewhat sandy in places. The sand is composed of quartz and cal-
cite. Freeman (1951) describes the Silurian rocks as dominantly
dolomite, with some shaly zones.

Specimens from the Silurian rocks near spring 8610-3635-28 are of
a weakly effervescent sugary-textured massive, stylolitic dolomite.
Small cavities, about 1 inch in their largest dimension, are lined with
calcite. Weathered surfaces are pitted and rough and are dark gray.
Fresh surfaces are pinkish or greenish tan.

Specimens from near Browns Ford are apparently from the over-
lying Devonian limestone. They are of a coarsely crystalline lime-
stone, massive or thick-bedded, and are pale-greenish-blue on both
fresh and weathered surfaces.

The contact between the Silurian or Devonian limestones and the
overlying Chattanooga shale, where observed, is sharp. No transi-
tion zone was noted.

A thickness of 56 feet (Shaw and Mather, 1919, p. 47) of Silurian
limestone which underlies the Chattancoga shale (limestone of De-
vonian age being absent) is exposed on the bank of the Barren River
near the Holland-Fountain Run bridge, in quadrangle 8600-3640.
According to Freeman (1951, p. 112-119), the total thickness of Silu-
rian rocks in the Scottsville area is 277 feet.

Limestone of Devonian age is not present in the southeastern part
of the Scottsville area. Where exposed along Rhoden Creek and the
Barren River, the limestone is 2 to 5 feet thick. Freeman (1953, p.

654110 0—63———2
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51) assigned 10 feet of dolomite and dolomitic limestone in test well
8610-3645-347 to the Sellersburg limestone of Devonian age.

Well logs and measured sections at the end of this report show the
thickness and type of rocks characteristic of the Silurian in the

Scottsville area.
AGE AND CORRELATION

Freeman (1951, p. 112-119) classes the Silurian rocks in this region
as (from top to bottom) the Brownsport and Lego (here referred to
as the Louisville limestone), Waldron, Laurel, Osgood, and Brass-
field formations. The age of the exposed Silurian rocks, accord-
ing to Shaw and Mather (1919), is Niagaran, or Middle Silurian. Of
the Silurian rocks in the Scottsville area, only the Louisville limestone
is exposed at the surface.

The Louisville limestone has been referred to by some authors as
the Lego limestone member of the Wayne formation and as the
Brownsport formation. These names are in general use in Tennessee.
The Lego limestone member of the Wayne formation was named by
Foerste (1903, p. 565, 578-582, and 694) for exposures near Lego,
Decatur County, Tenn. He described the Lego as 30 to 45 feet of
limestones between the Waldron shale and Dixon earthy limestone
member of the Wayne in the Tennessee River valley. Generally no
sharp line can be drawn between the Lego and the overlying Dixon.
Lithologically the limestones forming the middle and lower parts of
the Lego often resemble the Laurel dolomite so closely that where the
intervening Waldron cannot be identified it is impossible to distinguish
the Lego. Freeman (1951, p. 115 and 118) correlated 25 and 50 feet,
respectively, of dolomite from wells in Allen County with the Lego.
On the basis of fossil collections, Ulrich (Shaw and Mather, 1919,
p. 41) correlated the Allen County exposure of Silurian limestone
that underlies the black shale on Trammel Fork at the Kentucky-Ten-
nessee State line with the Louisville limestone.

The Brownsport formation was named by Foerste (1903, p. 566—
583 and 681-708) for exposures near Brownsport Furnace, Decatur
County, Tenn. He described the formation as 120 feet of richly
fossiliferous white limestones and calcareous clays overlying the Dixon
earthy limestone member of the Wayne and forming the top of the
Silurian section in the Tennessee River valley, where it unconformably
underlies the Linden formation or the younger Hardin sandstone.

Shaw and Mather (1919, p. 47-48) referred the Devonian lime-
stone in Allen County to the “Corniferous” limestone, which they
regarded as the Boyle limestone of Foerste (1906, p. 10 and 92).
Foerste regarded the Boyle limestone as the equivalent of the Sellers-
burg, Jeffersonville, and Geneva limestones of west-central Kentucky
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and southern Indiana. Shaw and Mather regarded as Devonian all
pre-Chattanooga limestones exposed along the Barren River and
Long Creek in the southeast quarter of the Scottsville area, as well as
part of the limestone exposed along Trammel Fork near Big Spring.
On the basis of fossils collected from the Devonian limestone near
Browns Ford in quadrangle 8600-3645, Savage (1930, p. 25-26) clas-
sified the formation as of Hamilton (Middle Devonian) age and
stated, “The Devonian limestone does not appear * * * along Barren
River and its tributaries south of a point one or two miles below
Browns Ford.” Freeman (1951, p. 114, 118, and 542) assigned 10,
15, and 25 feet, respectively, of limestone and dolomite from three
wells in Allen County to the Sellersburg.

The Sellersburg limestone was named by Kindle (1899, p. 8, 20,
110) for exposures near Sellersburg, Clark County, Ind., where it is
overlain by the black New Albany shale and underlain by the Jeffer-
sonville limestone.

SHALE OF DEVONIAN AGE

DISTRIBUTION

The Chattanooga shale of Devonian age overlies the Silurian and
Devonian limestones throughout the Scottsville area, except where it
has been removed by stream erosion. It is exposed, as shown on
plate 1, along the sides of the valleys of Puncheon, Pinchgut, Long
Hungry, Long, Rhoden, Tracy, Glover, and Dry Creeks, Trammel
Fork, and the Barren River and in the bottom and along the sides
of parts of Garrett, Rough, Snake, Caney, and Walnut Creeks.

The Chattanooga shale is more resistant to weathering than the
overlying Fort Payne chert and locally forms benches on the hill-
sides. At spring 8605-3640-256 the shale extends as a bench about 8
feet beyond the slope formed by the overlying Fort Payne.

CHARACTER AND THICKNESS

The Chattanooga shale is a black or bluish-black carbonaceous,
pyritic, slaty shale which is dense when fresh and becomes fissile
when weathered. A thin dark limestone occurs in places in the upper
part of the formation and is recognized in well cuttings. The shale
consists of silt- and clay-sized particles of quartz, pyrite, and clay
minerals. It is slightly radioactive. A pilot plant to extract the
radioactive constituents has been established at Sligo, Tenn. The
Chattanooga shale also contains petroleum (McFarlan, 1943, p. 385-
386), but no commercial production has been achieved to date (1954).
Natural gas is produced from the Chattanooga shale in Floyd, Boyd,
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Johnson, Pike, and Meade Counties, Ky., and in West Virginia
(McFarlan, 1943, p. 294).

The thickness of the Chattanooga shale in the Scottsville area ranges
from 25 to 50 feet. It is generally thickest in the northwestern part

of the area.
AGE AND CORRELATION

The age of the Chattanooga shale has been in dispute for many
years. Estimates of the age have ranged from Middle Devonian to
Early Mississippian. Savage and Sutton (1931, p. 446—447) reported
that near the mouth of Rodens Creek

* * * g thickness of 25 or 30 feet of the black shale is well exposed, and con-
tains rumerous shells of Lingule spatulate and Schizobolus truncatus * * * the
black shale here is of Genesee age and * * * no part * * * can be referred
to the Mississippian system. [The fauna represented by] a collection of fossils
from the upper portion of the shale * * * from a cherty horizon in a limestone
layer about 20 feet above the base and 21% feet below the top of the black shale,
along a tributary of Trace Creek in the southeastern corner of the Scottsville
quadrangle less than a mile from the locality * * * near the mouth of Rodens
Creek * * * is characteristically Mississippian.

They conclude

The black shale in some places in Allen County, Kentucky, and probably in
adjacent areas is composite in character, containing a lower unit of upper
Devonian age and an upper unit of lower Mississippian age. The two are sep-
arated by an erosional unconformity with much the greater portion of the sedi-
ment in the lower division * * *,

Klepser (1987, p. 370) regards the Chattanooga shale as having a
different time of deposition in different regions.

The Chattanooga shale, named for exposures around Chattanooga,
Tenn., was originally described by C. W. Hayes (1891, p. 143) as
“of Devonian age, 0 to 35 feet thick. * * * In NW Georgia under-
lies Fort Payne chert (Carboniferous) and overlies Rockwood forma-
tion (Silurian).” At present, the Chattanooga shale of western
Tennessee and Kentucky is classified by the U.S. Geological Survey as
Devonian in age. It is equivalent, at least in part, to the New Albany
shale of Indiana and northwestern Kentucky.

MISSISSIPPIAN SYSTEM
KINDERHOOK AND OSAGE SERIES

DISTRIBUTION

Rocks of the Kinderhook and Osage series lie unconformably on
the Chattanooga shale in the Scottsville area. Klepser (1937) has
subdivided these rocks in northeastern Tennessee and southern Ken-
tucky into the New Providence shale and the overlying Fort Payne
chert. This subdivision is used in the following discussion; how-
ever, inasmuch as the New Providence is not important as an aquifer,
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its water-bearing properties are not discussed separately in this
report, and the New Providence and Fort Payne are shown as a
single map unit on plate 1.

The New Providence shale, where present, unconformably overlies
the Chattanooga shale. It crops out only in the southwest quarter
of the Scottsville area along Trammel Fork and Garrett Creek, and at
one exposure on Walnut Creek.

The Fort Payne chert rests on the New Providence shale where the
shale unconformably overlies the Chattanooga shale throughout most
of the Scottsville area. It forms the uplands in the eastern and south-
ern parts of the area, and crops out only in the valley sides and valley
bottoms in the remainder of the area, as shown on plate 1. The land
surface on the Fort Payne chert is a well-dissected upland. Streams
form a dendritic drainage pattern, and very little of the upland sur-
face is undissected. Hillsides are steep near the streams and less
steep near the upland ridges. The erosional surface on the Fort
Payne chert is one of late youth or early maturity.

CHARACTER AND THICKNESS

The New Providence shale is composed of crinoidal debris in a limy,
shaly matrix. It is recognizable in exposures by its characteristic
green color as well as by crinoidal stem plates that litter the talus
beneath the exposures.

The basal part of the Fort Payne chert is a shaly limestone, with
some chert nodules and beds. The upper part is a less shaly lime-
stone, but chert is more common. Near its top the Fort Payne is a
cherty limestone containing layers of shaly or earthy limestone.
Miller (1919) described the Fort Payne chert as “rather fine-grained
siliceous limestones interbedded with drab, limy shales * * *. TLarge
crinoid stems are rather common in the limestones.”

Measured sections at the end of this report describe the changes in
lithology of the Fort Payne chert in the Scottsville area.

AGE AND CORRELATION

The New Providence shale was named by Borden (1874, p. 161) for
exposures near New Providence (now Borden), Clark County, Ind.
The New Providence was described as 80 to 120 feet of fine greenish
marly shale resting on a thin bed of ferruginous limestone containing
crinoid stems (the Rockford limestone) and capped by a thin bed of
crinoidal limestone. The formation has been identified in southern
Kentucky by Klepser (1937); and in the Scottsville area by Shaw
and Mather (1919) and by Miller (1919), who found below the base
of the Fort Payne chert “a green shale with calcareous layers rich in
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crinoid stems” which carries “a typical New Providence fauna * * *.”

The Fort Payne chert was named by Smith (1890, p. 155-156) from
exposures at Fort Payne, De Kalb County, Ala. He described the
Fort Payne as a series of cherty limestones somewhat analogous to the
Knox dolomite. The lower part is more cherty than the upper in the
Tennessee Valley, but south of the valley the entire formation shows
(at least on the surface) only chert, and is generally very fossiliferous.
Butts (1910) restricted the name Fort Payne chert to rocks of pre-
Warsaw age. In southern Kentucky and eastern Tennessee the name
is now applied to pre-Warsaw rocks that are underlain by the Chat-
tanooga shale, Maury formation, or New Providence shale. In the
Scottsville area the Fort Payne chert is unconformably underlain by
the New Providence shale and the Chattanooga shale.

MERAMEC SERIES

In the Scottsville area the Meramec series consists of the Warsaw
Iimestone and the overlying St. Louis limestone.

DISTRIBUTION

The Warsaw limestone overlies the Fort Payne chert in the north-
western part of the Scottsville area, as indicated on plate 1. It forms
the ridgetops near Scottsville and Austin, and it constitutes the
uplands and valley sides north and west of Scottsville. It is overlain
in the northwest quarter of the area by the St. Louis limestone, which
in the area of this report, is limited to the uplands.

Exposures of the Warsaw limestone are confined to the edges of
stream valleys, to railroad and road cuts, and to a quarry. The sur-
face underlain’ by the Warsaw limestone is a poorly dissected to well-
dissected, youthful topography. Sinkholes are fairly common in the
uplands beyond the heads of stream valleys. The St. Louis limestone
is not exposed in the Scottsville area. The former presence of the St.
Louis in the northwestern part of the area is indicated by many sink-
holes and by a thick layer of clay and chert fragments containing
St. Louis fossils, particularly Lithostrotionella castelnawi.

CHARACTER AND THICKNESS

Miller (1919) described the Warsaw limestone as

about 100 feet thick consisting in the main of massive, crystalline limestone.
Its prevailing color is blue. The crystalline character is due to its being com-
posed largely of crinoid remains * * *. Interbedded with this limestone are
some shale beds closely resembling those of the * * * Fort Payne. The presence
of brachiopods in considerable number and variety and the absence of large
stemmed crinoids is characteristic of this formation * * *. The soil formed
from the Warsaw * * * is quite cherty. In the weathered products from the
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top of the [Warsaw] is found a peculiar type of geode, lined on the inside with
a chalcedony having a stalactitic structure.

Miller describes the St. Louis limestone as

represented * * * by a heavy deposit of chert waste. A conspicuous element of
this is nodular flint * * * [resembling] croquet balls. Mingled with the lat-
ter, silicified masses of * * * Lithostrotion basaltiforme [Lithostrotionella
castelnaui] * * * and L. proliferum are common.

The St. Louis outcrop is characterized by sinks. These extend down into the
underlying Warsaw * * *, No outcrops of undecomposed St. Louis could be
discovered * * *,

Table 2 and the measured sections at the end of this report show the
changes in lithology of the Warsaw and St. Louis limestones in the
Scottsville area. As table 2 shows, the Warsaw is relatively pure
calcium carbonate at some places. Elsewhere, as shown in the meas-
ured sections, it is a shaly or earthy limestone containing chert nodules.

AGE AND CORRELATION

The Warsaw limestone was named by Hall (1857, p. 54-56) from
exposures at Warsaw, Hancock County, I1l. As originally defined,
the Warsaw limestone included the Spergen limestone. The War-
saw has been adopted by the U.S. Geological Survey as the basal
formation of the Meramec series in the Mississippi Valley, overlain by
the Salem limestone (formerly Spergen) and underlain by the Keo-
kuk limestone. Of these units, only the Warsaw extends into the
Scottsville area, although the top of the Warsaw cannot be conclu-
sively identified.

Fossils are abundant in the Warsaw limestone. According to Miller
(1919),

Especially diagnostic * * * [are] * * * the blastoid Pentremites conoideus, and
the brachiopods Productus magnus, Rhipidomella dubia, Spirifer washingtonensis,
and Spirifer lateralis. [This last is] especially characteristic of the base of the
formation * * * vertical range less than ten feet, always present in consid-
erable numbers at this horizon.

The location of the Spirifer lateralis zone was the basis for mapping
the boundary between the Warsaw and the underlying Fort Payne
chert shown on plate 1. Where this zone is not exposed, the boundary
is interpolated between exposures on the basis of the regional dip of
the formations as modified in part by local structure. Mapping of the
contact between the Warsaw and the St. Louis limestones was not
attempted.

The contact between the Warsaw limestone and the underlying
Fort Payne chert is gradational, as can be seen from the measured sec-
tions at the end of this report. The two formations not only are con-
formable in the Scottsville area, but they indicate a time of continuous



18 GEOLOGY AND GROUND WATER, SCOTTSVILLE AREA, KENTUCKY

deposition. The Spirifer lateralis zone is regarded as the base of the
Warsaw limestone throughout Kentucky.

The St. Louis limestone was named by Engelmann (1847, p. 119-
120) from exposures at St. Louis, Mo. The St. Louis forms the up-
permost bed of “carboniferous” or “mountain” limestone in eastern
Missouri and southern Illinois. Ulrich and Smith (1905) restricted
the name St. Touis limestone in the Mississippi Valley to those beds
which overlie the Salem limestone (formerly Spergen) and underlie
the Ste. Genevieve limestone. This is the commonly accepted defini-
tion of the St. Louis limestone.

Index fossils from the St. Louis limestone in the Scottsville area
occur only in the chert waste produced by the decomposition of the
limestone. As Miller (1919) indicated, they include the corals Lith-
ostrotion basaltiforme [Lithostrotionella castelnawi] and L.
proliferum.

Elsewhere in Kentucky, the St. Louis limestone unconformably
overlies the Salem limestone, which in turn overlies the Warsaw lime-
stone. The St. Louis presumably unconformably overlies the Warsaw
limestone in the Scottsville area, but this contact was not observed in
the field.

QUATERNARY SYSTEM
DISTRIBUTION

Overlying nearly all the consolidated rocks is a blanket of soil and
unconsolidated weathered rock material known as mantle rock. It is
primarily an insoluble residue that remains after the calcium car-
bonate and magnesium carbonate have been dissolved.

CHARACTER AND THICKNESS

The mantle rock may be divided into two types of sediments in the
Scottsville area, that which is residual and that which is transported.
The residual mantle rock occurs on the uplands and valley sides. The
limy fraction of the parent rock has been removed, and the chert and
clay which were disseminated more or less evenly through the rock
have been concentrated. In places the residual mantle rock has a
pseudobedding which is the image of the bedding of the parent rock.
The cherty and shaly part of the parent rock is virtually in place,
except for slumping and compaction which have served to close the
spaces formerly occupied by the soluble materials. Transported man-
tle rock is in the stream valleys as gravel, sand, mud, and mixtures of
these. The coarser parts of the transported mantle rock are princi-
pally cherty. The finer parts are clay and silt which, like the cherty
parts, have been washed from the adjacent uplands and hillsides.
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Probably 70 percent of the Scottsville area is underlain by residual
mantle rock and almost 30 percent by transported mantle rock. Bed-
rock exposures, mostly in stream valleys, probably do not aggregate
more than 1 percent of the total area.

The thickness of the mantle rock ranges from 0 to about 60 feet.
It is greatest on the undissected tops of the upland ridges, especially
in the area underlain by the Warsaw and St. Louis limestones.

AGE

The age of the mantle rock in the Scottsville area is indeterminate.
It presumably postdates the peneplanation that produced the surface
now represented by the upland ridges, and the transported mantle
rock postdates at least the downcutting by the Barren River and its
tributaries beneath that peneplain surface. Probably the mantle
rock in the Scottsville area is mostly Pleistocene and Recent in age.

STRUCTURE

According to Shaw and Mather (1919, p.23), Allen County

occupies a saddle or low place on an anticline of very great extent or it may be
considered to lie structurally between two very broad, low domes [the Nash-
ville and Lexington domes.] However, the close proximity of the county to
the Nashville dome places it not in the bottom of the saddle but on the southern
side, which is rising toward the crest of the arch in Tennessee. The strata
underlying this region therefore dip downward with considerable uniformity
toward the north and northwest.

The dip is less than 1°—about 30 to 40 feet per mile.

Several small domes and linear anticlines and synclines are super-
imposed upon this broad structure. Except for the Gainesville dome,
which is structurally about 80 feet high, nine of the minor structures
in the Scottsville area have more than 20 feet of structural relief.

Plate 1 is a structure-contour map of the top of the Chattanooga
shale, showing the location of minor structures and the location of
wells and surface exposures which provide information concerning
the position of the shale. The structure contours are projected beyond
the present limits of the formation and thus do not show the effects of
weathering and erosion. Altitudes of most of the wells and exposures
were determined from topographic maps. A few altitudes were
determined by use of an aneroid barometer. Logs of some of the
wells used in construction of the structure map are given in table 14,
and desecriptions of three exposures where the altitudes of the Chat-
tanooga shale were determined are included in the measured sections
at the end of this report.
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HISTORY

As the Scottsville area lies on the west side of the Cincinnati arch,
its depositional history is similar to that of other areas on the arch;
there were times of deposition of sediments that were interrupted by
times of nondeposition and of erosion. In post-Cambrian time before
the uplift of the Cincinnati arch, which occurred in Ordovician or
Silurian time, the area was a part of the stable interior region and
received mud and limy sediments, presumably from the landmass of
Appalachia. These sediments were later consolidated into shale,
limestone, and dolomite.

Deposition of mud and limy sediments occurred intermittently in
Middle Silurian and Middle Devonian time. After the deposition and
lithification of the dolomitic Sellersburg limestone of Middle Devonian
age, the Scottsville area was uplifted and part of the Silurian and
Devonian rocks were eroded (Twenhofel, 1931, p. 165). Solutional
openings occur in these Silurian and Devonian limestones where they
are exposed at the surface, and probably are present where they are
covered by younger rocks (Shaw and Mather, 1919, p. 72-73). After
this period of erosion, the area was again submerged and muds were
deposited in Late Devonian and Mississippian time. These muds,
after lithification, became the Chattanooga shale.

During Mississippian time, additional mud and limy sediments were
deposited. Alternations of shale and limestone beds are common, but
by the time rocks of late Warsaw and St. Louis age were being depos-
ited, there was no longer enough mud to produce individual beds of
shale in the Scottsville area. Instead, pure limestones were inter-
bedded with somewhat shaly limestones, the mud being disseminated
throughout the limestone. Chert, however, was deposited with and in
these rocks as discontinuous layers and as nodules.

Rocks of the Chester series of the Mississippian system and of the
Pennsylvanian system are not represented in the Scottsville area.
Either they were never deposited here, or they have been removed.
They were deposited to the northwest, in the Western Coal Field, and
also to the east, in the Eastern Coal Field.

After deposition of the sediments, the entire Kentucky area was
uplifted, and erosion began to form the present landscape. During
subaerial erosion of the Scottsville area, leaching of the impure lime-
stones has left a mantle of clay, chert, and gravel. This mantle rock
overlies the consolidated rocks at most places on the uplands. It has
also been washed into stream valleys, where it forms flood-plain
deposits of clay, silt, sand, and gravel several feet thick.
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WATER RESOURCES
HYDROLOGIC CYCLE

Continuous recirculation of water between the earth and the atmos-
phere is known as the hydrologic cycle. Rainwater and snowmelt
run off directly into streams and then flow to lakes or the sea, and
eventually evaporate into the atmosphere. Part of the precipitation
1s evaporated directly into the atmosphere from soil and water sur-
faces. Some water percolates into the soil, whence part of it is
returned to the atmosphere by vegetation. The rest of the water
moves downward, eventually reaching the water table and entering
the ground-water reservoir. The ground water moves slowly through
the reservoir to a point of liquid discharge such as a spring, a stream,
a lake, or the ocean, or to a point where it is shallow enough to be
discharged by evapotranspiration.

SURFACE WATER

Surface water is the water in streams, ponds, or lakes at the land
surface. Surface water in the Scottsville area is derived from local
precipitation and runoff, ground-water discharge, and inflow of
streams whose headwaters lie beyond the area. Surface water in the
Scottsville area is lost by evapotranspiration, flow out of the area, and
seepage to the ground-water body. Small quantities are withdrawn
for stock, domestie, and irrigation uses.

All the streams in the Scottsville area respond quickly to rainfall,
producing small flash floods after heavy rains. They approach or
reach pool stage during late summer. Discharge measurements have
been made on the Barren River above Hurricane Creek since June
1939, and on West Bays Fork at Scottsville since October 1950. Dis-
charge records are published annually by the U.S. Geological Survey.

GROUND WATER

SOURCE OF GROUND WATER

Ground water is the water that fills the openings in earth materials
in the zone of saturation—the zone saturated with water under hy-
drostatic pressure. In the Scottsville area, most ground water is
derived from local precipitation. Rain and snow fall on the land
surface, and a part of that precipitation percolates through the open-
ings in the earth materials until it reaches the water table. Streams
that enter the Scottsville area, such as Trammel Fork and Long Creek,
may lose water to the ground-water body when and where the water
table adjacent to the streams is lower than the water surface of the
streams.
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OCCURRENCE

POROSITY OF AQUIFER

The rocks that form the outer crust of the earth all have open
spaces, commonly called interstices or pores, which at some depth
below the surface are filled with water under hydrostatic pressure.
The zone where all of the pore spaces of a formation are so filled
is called the zone of saturation. The water within this zone is de-
fined as ground water, or phreatic water. The top of the zone of
saturation is the water table. 'Water in the zone of aeration above the
zone of saturation is termed vadose water. If water accumulates
above the main zone of saturation, resting on impermeable rock
through which it can pass only slowly, if at all, it is known as perched
water. Under these circumstances, a part of the zone of aeration
lies between the tight rock stratum and the main zone of saturation.
1f a local body of rock of low permeability holds up water above the
zone of saturation in adjacent more permeable rock, but nevertheless
is saturated down to the level of the main zone of saturation, the water
in it is said to be semiperched. No sharp distinction can be made
between semiperched conditions and unconfined conditions in which
the rock is locally of lower permeability than average.

The size and shape of open spaces control the amount of water that
can be stored in them and also control the rates at which water can
move through them. Openings that are of importance to the occur-
rence of ground water are discussed in detail by Meinzer (1923b, p.
17-30).

The porosity of a rock is its property of containing interstices, or
openings. Porosity is measured as the percentage of the total volume
of rock or other material that is occupied by open spaces.

Primary porosity refers to open spaces, such as intergranular spaces
in sands and gravels, that were retained when the rock was deposited
or consolidated. Primary porosity in limestone is limited to spaces
between crystals, oolites, or grains, and to such openings as may be
preserved around or within shells that may constitute part of the
limestone. However, these openings later may be enlarged by solu-
tional activity of the water to produce secondary porosity.

Openings produced after a rock has been deposited are called
secondary openings, and a rock having such openings has secondary
porosity. When limestone becomes consolidated, minute crevices may
form both parallel (bedding-plane openings) and perpendicular, or
nearly perpendicular (joints), to the surfaces upon which the water
can migrate, and they may be enlarged by solution. The openings
ultimately may be cavernous, and they may follow a tortuous path,
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inasmuch as they depend upon both the orientation of bedding and
joint planes and upon the relative solubilities of parts of the lime-
stone. An opening enlarged principally by solutional action may ex-
tend from a soluble zone through one of lesser solubility to another
of greater solubility. This process will produce conduits of differing
size, in which may form subsurface cascades, detours, and siphons.

The regional dip of the rocks in the Scottsville area is to the north-
west. Thus, water moving through the rocks tends to be deflected to
the northwest. However, if its downdip progress is impeded, water
will move in other directions wherever openings exist.

The local topography and orientation of joints within the rocks may
be of more importance than the dip in controlling the direction of
movement of water, especially if the joints account for nearly all the
porosity of the rock. In the Scottsville area the strike of the most
prominent joints, as noted by Shaw and Mather (1919, p. 71), is north-
east, or nearly perpendicular to the prevailing direction of dip.

PERMEABILITY OF AQUIFER

Permeability is a rock’s capacity to transmit fluids under pressure,
according to Meinzer (1923a, p. 28). Hydrologically, rocks are im-
permeable if openings within them are too small or too disconnected
to transmit much water under normal gradients. Most clay has a
high porosity but the pore spaces are so small that water in them
in the zone of aeration is retained by surface forces, and in the zone
of saturation moves only very slowly. Uniform clays are plastic at
moderate depth, and thus are incapable of maintaining open joint
systems. Hence, as openings between the particles and openings
through the clay as a unit are of microscopic size, clay is nearly
impermeable.

Dense limestone has almost no interconnected primary pores; there-
fore, no significant amounts of water can pass through the solid rock.
Limestone is fairly rigid, however, and it will retain joints that are
produced by earth movements. The joints constitute but a small frac-
tion of the total volume of the rock, even though they may have been
enlarged by solution to conduits that are measured in feet or tens of
feet. The enlarged joints will transmit water readily; hence, dense
limestone is a rock having a low primary porosity and a permeability
that may range from low to high.

ARTESIAN VERSUS WATER-TABLE CONDITIONS

Ground water may be either confined or uncénfined. Confined
water rises in a well above the level at which it was tapped and is
known as artesian water, whether or not the head is sufficient to make
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the well flow at the land surface. In the Scottsville area water in the
unconsolidated materials—soil and residual and transported mantle—
is generally unconfined (occurs under water-table conditions) and does
not rise in wells, whereas water in most places in the consolidated lime-
stones is confined under at least slight artesian pressure.

OPENINGS IN CONSOLIDATED ROCKS

In the Scottsville area the consolidated rocks are limestone, shale,
and cherty, shaly limestone. Ground water in limestone generally
occurs in joints and openings along bedding planes that have been
enlarged by solution. Joints and openings along bedding planes in
shale also contain some water, but these openings are enlarged little
or not at all by solution and consequently transmit smaller amounts
of water. Most of the water in cherty, shaly limestone is contained
in openings which have been produced by leaching of the more sol-
uble calcareous part of the rock. Perched or semiperched water
bodies most likely occur in the cherty, shaly limestones than in the
purer types, as the insoluble cherty or shaly zones may limit locally
the downward movement of water through the rock.

LOUISVILLE AND SELLERSBURG LIMESTONES

Primary openings in the Louisville and Sellersburg limestones are
intergranular and are unimportant with regard to water supplies.
Secondary openings include joints and voids caused by recrystalliza-
tion, and many have been enlarged by solution. Most of the joints
in the Louisville and Sellersburg limestones have been somewhat
enlarged by solution. Connate saline water in these limestones where
they are buried is evidence that the openings containing the saline
water are pre-Mesozoic and probably pre-Chattanoogan in age. If
the openings were formed after the last retreat of the Mississippian
seas, they should be filled with less mineralized water. The openings
were probably formed before the last submersion of the area beneath
a sea, and probably during the erosional interval between Sellersburg
and Chattanooga time.

Surface exposures of the Louisville limestone indicate that the
secondary openings are mostly interconnected and cavernous. At
Calvert Spring (8600-3640-3), the nearly vertical opening in the
Louisville from which the spring discharges is about 314 feet across
at the land surface, and more than 10 feet deep. Water flows into the
opening through a nearly vertical enlarged joint. A probable exten-
sion of this joint was formerly exposed in a sinkhole about 200 feet
from the spring mouth. There the joint opening was approximately
2 feet across. Big Spring (8610-3635-3) also flows from the Louis-
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ville limestone. It has flowed from several openings at various times
in the past. Most of these openings are enlarged joints 1 to 2 feet
wide.

All the large springs in the Silurian rocks are 20 to 40 feet below
the top of the Louisville limestone, which indicates that this was the
level to which large-scale solution had progressed before deposition
of the overlying Chattanooga shale. According to Shaw and Mather
(1919, p. 72-73), openings occur in the limestones where they are
buried beneath the Chattanooga shale but these openings are gener-
ally filled with either oil or saline water.

CHATTANOOGA SHALE

Primary openings in the Chattanooga shale are intergranular and,
as they are too small to allow substantial passage of water under
normal gradients, these openings are unimportant with regard to water
supplies. Secondary openings, which are those along joints and
bedding planes, are little more than hairline cracks. As the shale is
insoluble, neither the primary nor the secondary openings are readily
enlarged by ground water.

The Chattanooga shale is of hydrologic importance in the Scotts-
ville area because it is the lower boundary of fresh water, except in
small areas where the underlying Silurian and Devonian limestones
have been flushed of their connate water. The Chattanooga shale is
readily identified in surface exposures and in drill cuttings, and it
has been used in the past as a marker bed for both water and oil
exploration. Inasmuch as drillers have saved samples and have
described formations from the base of the Chattanooga downward,
their data are of value to water-supply investigations only because
they define the location of the lower limit of the Chattanooga.

NEW PROVIDENCE SHALE AND FORT PAYNE CHERT

Primary openings in the New Providence shale and the Fort Payne
chert, like those in the Silurian limestone, are intergranular and
relatively unimportant with regard to water supplies. The most
prominent openings in the formations are secondary. Joints and
bedding-plane openings in the limestone parts of the formations have
been enlarged by solution from hairline cracks to tubular, sometimes
cavernous, passageways. Small caves are fairly common in the Fort
Paynein the Scottsville area, especially in the upper part of the forma-
tion. Openings along joints and bedding planes in the shaly and
cherty zones are less altered by ground water. These relatively in-
soluble zones have smaller openings than the more soluble beds.
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WARSAW AND ST. LOUIS LIMESTONES

The most important openings in the Warsaw and St. Louis lime-
stones, like those in the Fort Payne chert, are joints and bedding-
plane openings that have been so enlarged by solution that they
are principally tubular. Insoluble cherty and shaly beds, which are
important in the Fort Payne, are progressively less abundant in the
upper part of the Warsaw and virtually lacking in the St. Louis.
Openings enlarged by solution are therefore better developed in the
Warsaw and St. Louis limestones than in the underlying Fort Payne
chert. The lower part of the Warsaw, however, is similar to the Fort
Payne in that it contains fairly continuous beds of shale or shaly lime-
stone. Openings through these shaly beds are limited to those along
joint planes and to such solutional conduits as can be formed in the
more calcareous parts of the beds. These openings are smaller than
those in the overlying more nearly pure limestones.

Although the St. Louis and the upper part of the Warsaw limestone
contain clay and chert, as shown by the insoluble residue left by solu-
tion of calcium carbonate from the formations, this insoluble fraction
apparently does not occur in the form of distinct beds but is dis-
seminated irregularly throughout the rocks. It impedes movement of
water only where it is concentrated as a residual deposit.

OPENINGS IN UNCONSOLIDATED SEDIMENTS

Openings in the mantle rock are largely intergranular. In the
residual deposits, these openings are likely to be small owing to the
heterogeneity of grain size. The upper soil zone, however, may be
porous and permeable owing to soil-forming processes, decay of roots,
and burrowing by small animals. Where cultivation has not filled or
sealed the openings, this upper soil zone will absorb and transmit water
fairly readily.

Inasmuch as transported mantle rock has been sorted in transit;
it is more uniform in grain size than the residual mantle rock. Inter-
granular openings generally are larger, and permeability greater,
in the transported mantle rock.

RECHARGE

The ground-water body in the Scottsville area is recharged by three
general methods: direct infiltration of local precipitation, infiltration
from streams when and where the streams lie above the water table,
and interformational leakage.

PRECIPITATION

During the growing season vegetation causes a soil-moisture de-
ficiency that must be eliminated before any appreciable amount of
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water can descend to the water table. Although rains are fairly com-
mon during the summer, recharge to the ground-water body during
this time is almost negligible. During the late fall and winter, after
the soil moisture has been replenished, recharge from precipitation is
much greater. Water levels in wells generally show a rise from Octo-
ber or November until April, and a decline from that time until after
the first killing frost. This is illustrated by the hydrographs of wells
8605-3640-37, 8605-3640-60, 8610-3640-5, and 8610-3645-50, shown
in figures 12,13, and 14.
STREAM LOSSES

In humid areas the normal path of ground water is from the ground-
water reservoir to perennial streams. However, if a stream flows over
a permeable formation, and if it is temporarily or permanently above
the water table in that formation, water will move from the stream
and become part of the ground-water reservoir. The minor gullies
at the edges of the uplands in the Scottsville area are partly filled
with transported mantle rock through which water can pass into the
underlying limestones. Surface runoff that is thus diverted may be
a major source of recharge to the ground-water reservoir in much of
the area.

Water levels in most streams rise about the water table during times
of floods, and the stream recharges the ground-water body at these
times. The water level in well 8610-3640-230, about 30 feet from the
edge of West Bays Fork, is affected by floods in the creek. Figure 5
is a graph of the water level in this well and a graph of stream stage
at a gage about 1 mile downstream.

The channels of Rhoden and Dry Creeks, and Trammel} Fork are in
places underlain by the Louisville limestone, and parts of all three
streams are dry during much of the year. According to Meinzer
(1923b, p. 58) such streams may be classed as perennial interrupted
streams; that is, they contain perennial stretches with intervening
intermittent stretches. The water leaves the surface channel, sinks
into the valley fill or into the passages in the underlying limestone,
joins the ground-water body, and then moves underground before it
emerges in the stream. Surface water may also escape from streams
that flow on the Louisville limestone by moving underground from one
valley to the next in solution channels.

INTERFORMATIONAL LEAKAGE

Ground-water recharge may occur also by leakage of descending
waters from overlying formations. In the pure limestones, particu-
larly the St. Louis limestone and the upper part of the Warsaw lime-
stone, solutional passages extend from one formation to the other.
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FI1GURE 5.—Graph showing relation of water level in well to gage height of nearby stream.

These interformationu! passages do not generally extend into the Fort
Payne chert because beds of shale and layers of chert at the base of
the Warsaw limestone restrict the downward movement of the water.

The Chattanooga shale is nearly impermeable and serves as an ef-
fective limit to vertical leakage.
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Interformational recharge in the Scottsville area may occur also by
the rise of water under pressure through improperly plugged oil-test
wells and the seepage of this water into the overlying formations.
The water in the Silurian and Devonian rocks, where they are covered
by the Chattanooga shale, is generally a sulfurous or saline water,
associated in places with oil or gas. A few owners of wells drilled
into the Fort Payne chert in former oil fields stated that the wells
have become contaminated by salt or sulfurous water and are unusable.
The city of Scottsville drilled a well in the old South Scottsville oil
field. This well yielded ample quantities of water but the water was
contaminated with oil and was therefore unusable for domestic or
other public purposes.

CONSOLIDATED ROCKS

LOUISVILLE AND SELLERSBURG LIMESTONES

The Louisville and Sellersburg limestones are recharged in part by
infiltration of precipitation through the overlying mantle rock, and
in part by infiltration from streams. Recharge by infiltration of pre-
cipitation includes part of the water that falls on the outcrop area of
the limestones and also part of the water that falls on and runs off the
adjacent outcrops of the Chattanooga shale. The shale has a low
permeability, whereas the underlying limestones have a relatively
high permeability. The amount of recharge is unknown, and, as no
wells obtaining water exclusively from the Louisville limestone were
measured periodically, an estimate could not be made. The area in
which the Louisville and Sellersburg limestones are either exposed
at the surface or buried only by mantle rock is limited to small patches
along valley sides and valley bottoms; therefore, the quantity of
recharge by precipitation is probably slight in relation to precipita-
tion on the Scottsville area asa whole.

The Louisville and Sellersburg limestones are highly permeable, at
least where they crop out, and all streams that flow across them are
perennial interrupted streams, except the Barren River. An unnamed
tributary to Puncheon Creek, in the northeast quarter of 8600-3635,
flows eastward across the Chattanooga shale and discharges over a
small waterfall into a plunge pool in the underlying Louisville lime-
stone. During the summer, all the water disappears into the lime-
stone, recharging the ground-water supply. An outstanding example
of a perennial interrupted stream is Long Creek in the northwest
quarter of 8600-3640. The entire low flow of the creek disappears
into the side of a cliff at a place designated on maps as “The Sink”
and flows under a hill for a distance of about one-third of a mile,
reappearing as a series of springs which discharge again into the chan-
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nel of Long Creek. At one time Long Creek flowed around this hill,
but the former channel is now abandoned except during periods of
high flow.

Trammel Fork loses water over much of its course. On December
18, 1952, Big Spring (8610-3635-3), which discharges into Trammel
Fork about 114 miles north of the Tennessee State line, was gaged at
about 5,000 gpm. At this time Trammel Fork was dry from Big
Spring upstream to a point about half a mile north of the Tennessee
State line. At the State line Trammel Fork was gaged and had a
flow of about 2,000 gpm. Farther upstream the flow of Trammel
Fork seemed to be greater but it was not gaged. Apparently Trammel
Fork loses water to the underlying Louisville limestone until its valley
becomes dry. At Big Spring the flow is returned to the surface,
and from Big Spring downstream Trammel Fork is a perennial
stream. Inasmuch as the volume of water issuing at Big Spring is
much larger than the loss of water from Trammel Fork between the
State line and the spring, it seems that Trammel Fork either has lost
a large part of its flow by the time it reaches the State line or that
intermittent streams, such as Florida Creek, contribute large quanti-
ties of water to the subsurface reservoir that supplies Big Spring.

Figure 6 shows a possible modification of this method of recharge
to the Louisville and Sellersburg limestones. If two streams have
breached the Chattanooga shale it is possible that water will flow
(transversely) from the higher stream to the lower, beneath the inter-
vening ridge, through channels within these limestones. Ground
water may move in this manner in the southeast quarter of the Scotts-
ville area. Well 8600-3645-25, which is on the edge of a ridge
between Glover Creek and the Barren River, obtains fresh water from
the Louisville limestone. The well was drilled through the lower
part of the Fort Payne chert and the Chattanooga shale into the
Louisville.

Saline water

Louisville limestone

FIGURE 6.—Diagram showing possible movement of water from one valley to another under
an intervening ridge. Water may pass from the bed of an influent stream (right) through
solutional openings to emerge as springs or seeps in an effluent stream (left).
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The springs that flow from the Louisville limestone 10 to 20 feet
above Long Creek on the right, or east, bank tend to support the
theory that water moves through the Louisville under intervening
ridges. One of these springs (8605-3640-275) had a measured flow of
675 gpm on May 12, 1953. The outcrop area of the limestone along
the creek probably is not large enough to provide such a flow.

An undetermined amount of recharge is derived from springs that
flow from the base of the Fort Payne chert. Some of this flow
crosses the outcrop of the Chattanooga shale and recharges the Louis-
ville and Sellersburg limestones.

CHATTANOOGA SHALE

The Chattanooga shale is recharged by infiltration of precipitation
and streamflow on the small outcrop area, and by interformational
leakage from the mantle rock and the Fort Payne chert. Recharge
to the Chattanooga shale from all sources is small in the Scottsville
area except where the joints within the formation have been enlarged
by slumping, as at outerops.

NEW PROVIDENCE SHALE AND FORT PAYNE CHERT

The New Providence shale and the Fort Payne chert are recharged
mostly by infiltration of precipitation through the residual mantle,
where the mantle rock rests directly on these formations, and by infil-
tration from intermittent streams that flow through the outcrop area.
Inasmuch as the New Providence and Fort Payne are covered in most
of their outcrop area by a residual soil and mantle rock to a depth
as great as 50 feet, vegetation is heavy and recharge from precipitation
is greatest during the seasons when plants are dormant. During this
time the rate of recharge may be rapid, as shown by records from
wells equipped with recording gages. On March 22-23, 1952, well
8610-3640-5 showed a rise of 10.40 feet in 22 hours in response to a
rainfall of 8.5 inches. The rapid response of this well probably was
caused in part to the proximity of an intermittent stream. Neverthe-
less, most wells that obtain water from the New Providence and Fort
Payne show a response to dormant-season rainfall within 24 hours.

As the outcrop of the New Providence and Fort Payne formations
is a well-dissected upland, much of the precipitation runs off. The
runoff is concentrated into small valleys floored with transported
mantle rock. Water that seeps from this transported mantle rock
into the adjacent bedrock probably furnishes much of the recharge to
the New Providence and Fort Payne.

Some of the ground water in the New Providence shale and Fort
Payne chert is derived also from infiltration from perennial streams
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that flow through the outcrop area. This recharge is effective when
and where the water level in the streams is higher than the water level
in the rocks, and where conduits exist through which recharge may
occur. Wells 8610-3640-40 and 8610-3640-232, which formerly were
used by the city of Scottsville, are on the flood plain of West Bays
Fork, and the rock they penetrate seems to be recharged at times by
infiltration from the creek through solutional openings in the creek
bottom. Water from these wells became muddy shortly after intense
rains and remained muddy from 1 to 8 days; this fact indicates re-
charge from the creek.

Recharge to the Fort Payne chert by leakage from overlying consoli-
dated rocks probably is negligible, as the contact between the Fort
Payne and the overlying Warsaw limestone is marked by a fairly con-
tinuous shaly zone that impedes interformational leakage.

WARSAW AND ST. LOUIS LIMESTONES

The Warsaw and St. Louis limestones are recharged by infiltration
of precipitation through the residual mantle rock where it rests direct-
ly on these formations. Because soil and mantle rock cover almost all
the outcrop area, recharge is limited largely to the nongrowing season.
However, where sinkholes are well developed, considerable recharge
may occur even during the growing season when intense summer rains
produce rapid surface runoff into the sinkholes. The hydrographs of
wells 8610-3640-160 and 8610-3650-54 in figures 18 and 19 show water-
level fluctuations which are produced partly by drainage from sink-
holes into the Warsaw limestone.

The Warsaw and St. Louis limestones are restricted in general to the
uplands and valley sides in the northwest quarter of the Scottsville
area, and they form a sinkhole terrane which has been partly dissected
by tributaries to Bays Fork and Sulphur, Difficult, and Little Diffi-
cult Creeks. Both the Warsaw and the St. Louis limestones lie above
the levels of local perennial streams. However, recharge probably
occurs from intermittent streams that flow through the area in which
these limestones crop out. As the St. Louis limestone is the highest
consolidated stratigraphic unit in the Scottsville area, interforma-
tional leakage to the Warsaw and St. Louis probably is derived only

from the mantle rock.
) MANTLE ROCK

The mantle rock is recharged by infiltration of precipitation and
streamflow and by seepage from bedrock formations. Residual mantle
rock on the uplands is recharged chiefly by precipitation, principally
during the winter; residual mantle rock on hillsides is recharged prin-
cipally by infiltration of surface runoff and by seepage from bedrock.
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Some recharge to transported mantle rock occurs by percolation of
ground water which is in transit from the consolidated rocks to the
streams and which passes through the unconsolidated sediments in the
stream valleys.

Recharge occurs also from streams that flow through the mantle
deposits, at times when and places where the level of the streams is
higher than that of the water in the sediments. As the intermittent
streams lie above the water table, the amount of recharge thus obtained
may be very large, and possibly is the most important component of
recharge to the ground-water body in the Scottsville area.

" Recharge to the mantle rock from streams tends to maintain water
levels in wells that yield water from the mantle rock. It tends also
to maintain discharge rates from springs fed by the mantle rock.

Asno formations overlie the mantle rock, interformational recharge
to the mantle rock occurs only in the valley bottoms and along hill-
sides where the older rocks are adjacent to and rise above the mantle
rock. Probably this recharge to the mantle from the bedrock in hill-
sides and valleys is of large magnitude, and it may constitute most of
the discharge from the consolidated rocks.

MOVEMENT

According to Meinzer (1923b, p. 42-43), “movements of subsurface
water include percolation, flow of water through large openings, capil-
lary migration, and circulation of water vapor.” Capillary migration
and circulation of water vapor are limited to the zone of aeration,
whereas percolation and flow through large openings are not thus
limited.

In chert, shale, and limestone, enlarged joints and bedding-plane
openings are the major conduits for water. Inthe Scottsville area, for
the most part, joints are nearly vertical, and bedding planes are nearly
horizontal. Water will move down a joint until it reaches a point
beyond which movement is impeded. It will then move laterally along
another opening, possibly an open-bedding plane or enlarged joint,
until it reaches either the land surface or another joint through which
it can move downward again. Water under pressure (artesian water)
will move in any direction, so long as it is down the hydraulic grad-
ient, wherever openings can be found.

MOVEMENT IN CONSOLIDATED ROCKS
LOUISVILLE AND SELLERSBURG LIMESTONES

Water may move through any conduits in limestones that form a
continuous path from an area of recharge to an area of discharge.
Movement of water through conduits in the Louisville and Sellers-
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burg limestones may be fairly rapid. At spring 8600-3640-3, a dye
test was made to determine the direction and rate of subsurface flow.
Approximately a quarter of a pound of fluorescein dye was intro-
duced into a sink about 250 feet from the spring. The dye was mixed
with 80 gallons of water. In 50 minutes it reached the spring and
was discharged for about an hour, after which it was no longer visible.

In the Scottsville area fresh water generally occurs in the Louis-
ville and Sellersburg limestones in their outcrop area. Salt water is
usually present where the Louisville and Sellersburg are covered by
the Chattanooga shale. Apparently the relatively impermeable shale
restricts the circulation of ground water to such an extent that connate
waters are not completely flushed out. Thus the movement of ground
water seems rapid in the outcrop area of the Louisville and Sellers-
burg, but is very slow in areas where these limestones are covered
by the Chattanooga shale.

A few exceptions to the general occurrence of saline waters below
the Chattanooga shale have been reported. Wells 8610-3635-189 and
190 were drilled as oil-test wells and obtained fresh water from
beneath the Chattanooga shale. No chemical analyses of these waters
were made, however.

CHATTANOOGA SHALE

Water in the Chattanooga shale moves slowly because the openings
in the shale are very small. Movement is through paper-thin open-
ings along joints and minute intergranular openings.

NEW PROVIDENCE SHALE AND FORT PAYNE CHERT

Water in the New Providence shale and the Fort Payne chert moves
mostly through solutional openings in the limestone beds. Cherty and
shaly beds iri the formations retard downward percolation of ground
water and deflect the water toward the numerous small springs along
the valley walls in the outcrop area. Most of these springs issue
along bedding planes. Because they generally mark the horizon at
which a layer of porous or soluble limestone rests upon a layer of less
soluble material, they may be regarded as contact springs.

Downward movement of water through the cherty and shaly beds
of the Fort Payne is slow compared with movement through the lime-
stone beds. A cascading waterfall from one level to another was ob-
served in a cave near Gainesville. Similar cascades, although not
necessarily in such large openings, may occur elsewhere in the
formation.

Figure 7 is a diagram illustrating the modes of occurrence of
ground water in the Fort Payne chert.
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FIGURE 7.—Diagram illustrating the modes of occurrence of ground water in the Fort Payne
chert. 4, Well obtains water from solutional opening below main water table. B, Well
obtains perched water from solutional opening above main water table. €, Well obtains
perched water at contact between mantle rock and limestone.

WARSAW AND ST, LOUIS LIMESTONES

Water in the Warsaw moves downward through joints within the
cherty and shaly beds, and through solutional openings enlarged from
these joints in the limestone parts of the formation. Downward move-
ment of water in the St. Louis limestone occurs almost exclusively
along joints enlarged by solution. The water table in the Scottsville
area lies below the base of the St. Louis limestone during most of the
year ; therefore, water moves downward through the St. Louis and to
the upper surfaces of the nearly insoluble zones in the lower part of
the Warsaw. The greatest concentration of water within the Warsaw
seems to be at the top of the shaly zone immediately overlying the
Fort Payne chert. This is indicated by the number of wells that ob-
tain water from this zone and by the number of springs near it.

Horizontal movement of water in both formations is limited almost
entirely to solutional openings that follow bedding planes and, in the
lower part of the Warsaw, that follow the upper surfaces of nearly
insoluble zones, such as shale or shaly limestone.

MOVEMENT IN MANTLE ROCK

After water passes through the soil zone, it moves downward
through the mantle rock to bedrock and follows the bedrock surface or
passes into openings in the bedrock itself. In the vicinity of Holland,
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Ky., water is usually reached at the contact between the mantle rock
and bedrock.
Clay layers may prevent water in the mantle rock from migrating

downward. Small perched water bodies form where these layers
occur.
DISCHARGE

Ground water may be discharged from the zone of saturation in sev-
eral ways. It may flow into streams through springs and seeps, it may
be transpired by vegetation, it may be lost by direct evaporation where
and when the capillary fringe intersects the land surface, or it may be
removed from wells. Interformational leakage, which is discharge
from one aquifer and recharge to another, has been discussed above in

the section on recharge.
SPRINGS

Although only a few of the springs in the Scottsville area are de-
veloped as a source of water supply, they are important points of
discharge. The discharge from most individual springs probably
averages less than 5 gpm, but the total discharge from the 1,199
springs which were inventoried, and which are plotted on plate 2,
is about 6,000 gpm. This figure is the estimated visible discharge of
springs. It includes neither the ground water discharged by unseen
seepage into streambeds, which accounts for much of the ground-water
discharge in the Scottsville area, nor water that is transpired by plants
growing near springs. In summer, these plants may transpire all the
ground water that would be discharged by small springs. The amount
of ground water thus discharged may be very large.

Springs in the Scottsville area are of three general types, defined
"according to the type of openings from which the water issues. Those
springs whose water percolates from many small openings in perme-
able material are designated seeps, or seepage springs and those whose
water flows from joints are designated joint springs. Springs whose
water flows from somewhat rounded openings, such as solutional
passages, are designated tubular springs. Because most of the joints
from which springs flow in the Scottsville area have been enlarged
by solution, joint and tubular springs are classified together as
tubular springs. In general, seepage springs do not have a single
recognizable opening. Most seepage springs issue from mantle rock,
whereas most tubular and joint springs issue from bedrock. The
inventoried springs in the Scottsville area are subdivided as to aquifers
and types of openings in table 3. In table 4 they are subdivided as
to aquifers and flows, and in table 5 they are listed by location, aqui-
fer, elevation above streams, improvement, use, type of opening, and
flow.
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Most seepage springs issue from unconsolidated material, often at
the contact between the unconsolidated mantle rock and the bedrock.
Seepage springs may issue from bedrock, however. Table 6 lists the

springs inventoried in the Scottsville area by type of opening and
flow.
EVAPOTRANSPIRATION

Discharge of ground water by evapotranspiration is important in
the Scottsville area only where the water table lies at or near the land
surface, such as flood plains, areas of spring discharge, and swamps.
Ground water that enters ponds which occupy depressions extending
to the water table also may be discharged by evapotranspiration. Dis-
charge of ground water by vegetation growing on flood plains may
be great, as the depth to water normally is not more than 20 feet.
Water may be discharged by plants in areas where springs discharge;
in fact, many small springs and seeps in the Scottsville area stop flow-
ing during the growing season because of evapotranspiration. Evap-
oration from lakes and swamps is slight, inasmuch as the only swamp
in the area (excluding small patches along stream valleys) is not
perennial, and few lakes or ponds intercept the water table. Imperme-
able sediment on the bottoms of most stock ponds insulate them from
the water table. They obtain water from surface runoff or from
discharge of springs that lie above the ponds.

Much more water is discharged by evapotranspiration from the
soil without ever becoming ground water than is discharged by evap-
otranspiration from the ground-water reservoir. In the report area,
evapotranspiration of soil moisture accounts for about 34 to 24 of

the precipitation.
WELLS

Discharge of ground water through wells in the Scottsville area is
very small compared with the natural discharge. On the basis of
reported domestic use of water in other parts of Kentucky it is esti-
mated that about 100,000 gpd (gallons per day) is pumped from
wells in the Scottsville area. This is much less than the average dis-
charge of any of several large springs in the area.

CONSOLIDATED ROCKS

LOUISVILLE AND SELLERSBURG LIMESTONES

Most of the natural discharge from the Louisville limestone takes
place through springs. The largest springs in the Scottsville area are
tubular and flow from the Louisville limestone. Big Spring (8610~
3635-3) had a minimum measured discharge of 1,225 gpm, Septem-
ber 19, 1953, and a maximum measured discharge of 20,900 gpm,
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March 6, 1953. Calvert Spring (8600-3640-3) had a minimum meas-
ured discharge of about 400 gpm, August 17, 1953, and a maximum
measured discharge of 8,300+ gpm, May 18, 1953 ; the estimated maxi-
mum discharge on that day was about 12,000 gpm. Spring 8600-3645-1
had a measured discharge of 2,860 gpm on April 7, 1953. These were
the largest springs measured in the area. No contact springs discharg-
ing from the Louisville or Sellersburg limestones were found. As the
formations are homogeneous, none would be expected. All the large
springs issuing from the Louisville limestone are in the upper 40 feet
of the formation. As indicated previously, interformational leakage
from the Louisville and Sellersburg limestones is believed to be
negligible.

Some water probably is discharged by evapotranspiration, inas-
much as the Louisville and Sellersburg limestones crop out in many
stream valleys where the water table may be within reach of plant
roots.

Discharge of ground water through wells in the Louisville and
Sellersburg limestones is very small compared with the natural dis-
charge from these rocks.

CHATTANOOGA SHALE

Spring discharge from the Chattanooga shale is negligible. Most
of the water issuing from the few small seepage springs in the upper
part of the formation is that which normally flows on top of the shale
at the base of the Fort Payne chert. It enters fractures which are
open only near steeply sloping surface exposures of the Chattanooga.
These fractures are presumably produced by slumping of the shale at
the exposures.

Probably most of the small discharge from the Chattanooga shale
occurs by evapotranspiration. The top of the zone of saturation in the
shale is generally near the surface where it is within reach of plant
roots. During wet seasons the zone of saturation or the capillary
fringe may extend to the surface in places.

Very little water is discharged from the Chattanooga shale through
wells.

NEW PROVIDENCE SHALE AND FORT PAYNE CHERT

Although most springs issuing from the New Providence and Fort
Payne formations are small, in the aggregate they discharge a large
amount of water. Four hundred fifty inventoried springs issuing
from the Fort Payne have an aggregate discharge of about 2,250 gpm,
an average of 5 gpm. Seepage to streams and to the mantle along
hillsides probably accounts for most of the discharge from the
formations.
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Tubular springs are not restricted to any one zone or area within
the Fort Payne. Contact springs occur most commonly at the base of
soluble limestone strata in the formation, at the top of cherty or shaly
zones. The discharge from contact springs is probably somewhat
more variable than that of tubular springs.

Evapotranspiration discharge of water from the Fort Payne chert
is limited, for the most part, to the vicinities of springs and seeps along
the hillsides and valley bottoms. In the upland areas, the Fort Payne
is buried too deeply under the mantle rock to lose much water by
evapotranspiration. The amount of water lost to plants at spring
sites during the growing season may exceed that lost as visible flow.

The amount of water discharged to wells from the New Providence
shale and Fort Payne chert is small in comparison with natural dis-
charge. Nevertheless, more water is discharged to wells from these
rocks than from all other formations in the Scottsville area.

WARSAW AND ST. LOUIS LIMESTONES

Springs discharging from the Warsaw and St. Louis limestones are
principally solutional types, as shown in table 8. Of 254 inventoried
springs in the Warsaw and St. Louis limestones, 205, or about four-
fifths, issue from solutional openings. The rest are seepage springs.
Nearly all the springs in the Warsaw issue at or near insoluble zones
in the limestone, principally the shaly zone at the base. The average
discharge of springs issuing from the Warsaw and St. Louis lime-
stones is small. As shown in table 4, more than half the springs dis-
charge less than 5 gpm.

Evapotranspiration losses from the Warsaw and St. Louis lime-
stones are probably small, as the formations are rather deeply buried
under the mantle rock throughout most of the Scottsville area. Where
sinkholes extend to or beneath the water table within the consolidated
formations, some evapotranspiration may occur. Evapotranspiration
may occur also where ground water is deflected into the mantle rock
by the shale atthe base of the Warsaw.

A small amount of water is discharged to wells from the Warsaw

and St. Louis limestones.
MANTLE ROCK

Water is discharged from the mantle rock through seepage springs,
by loss to the underlying bedrock, by evapotranspiration, and through
wells. Evapotranspiration is an important process in the discharge of
water from the mantle rock; however, most of the water so discharged
is soil moisture, not ground water.

Springs emerging from the mantle rock are numerous. Of the
1,199 springs inventoried in the area, 475 or about 40 percent probably
obtain part of their water from the mantle rock, as shown in table 5.
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Many of these springs emerge on hillsides at the contact between the
mantle rock and the underlying bedrock, and some undoubtedly obtain
much of their water from the bedrock. Springs issuing from the
mantle rock are generally small, though some discharge moderately
large quantities in wet weather. Some are perennial, but many of the
springs inventoried are merely wet-weather seeps. The flow of most
springs yielding water from thé mantle rock is not more than 1 gpm.
More than 80 percent of the springs issuing from mantle rock have
a reported flow of 5 gpm or less, as shown in table 4. Some of these
mantle springs are used for watering stock and a few are used for
domestic supplies; the majority are not used at all.

Water is lost to the bedrocks underlying the mantle rock where they
are permeable and where the opportunity for discharge of the water
elsewhere is such that the head of the water in the bedrock is lower
than that of the water in the mantle rock. Loss from transported
mantle rock to underlying consolidated formations may be the major
source of recharge to these formations. ILoss to the Chattanooga shale
and to the shaly parts of the New Providence shale and the Fort Payne
chert is slight compared with loss to the permeable limestones.

Discharge from alluvial deposits (transported mantle rock) takes
place chiefly by evapotranspiration and seepage to the streams. The
water table lies only a few feet below the surface of the alluvial de-
posits in the Scottsville area, and both cultivated crops and native
vegetation probably obtain part of their water by tapping ground
water in the deposits.

Some ground water discharges by evapotranspiration from the re-
sidual mantle where the water table is within reach of plant roots,
probably near seeps and springs.

A very small amount of water is discharged from the mantle rocks

to wells.
AVAILABILITY OF GROUND WATER

Wells in the Scottsville area are plentiful, averaging between 4 and 5
per square mile, but most yield only small supplies of water for do-
mestic and stock uses. The 902 wells inventoried include about 80 per-
cent of the wells in the area. Information was obtained concerning
vields of 30 of the inventoried wells. Of these, 11 are capable of
yielding more than 10 gpm, whereas the others yield much smaller
amounts. Some wells were reported to yield less than 10 gpd.

AVAILABILITY OF GROUND WATER FROM CONSOLIDATED ROCKS

LOUISVILLE AND SELLERSBURG LIMESTONES

Few wells in the Scottsville area obtain fresh water from the Louis-
ville or the Sellersburg limestone. Well 8600-3645-25 yielded fresh



WATER RESOURCES 41

water from beneath the shale; however, the water had a high sulfate
content and a sulfurous odor. Well 8610-3635—49, on the west side of
the valley of Trammel Fork, was reported by the owner as having
reached a stream of fresh water beneath the Chattanooga shale that
was satisfactory for domestic use. Reports of fish having been bailed
from this well indicate large solutional openings connecting with
Trammel Fork. Well 8600-3640-32 yields water that is fresh but very
hard and is high in iron content, from below a surface exposure of the
Louisville limestone. This well is on the edge of a terrace adjacent to
the Barren River. Well 8600-3635-13 yields water for domestic use
from the Louisville on the east side of Puncheon Creek. The water
is reportedly sulfurous but otherwise satisfactory for domestic use.
The presence of hydrogen sulfide may be related to the presence of
pyrite in the overlying black shale.

CHATTANOOGA SHALE

Wells penetrating the Chattanooga shale obtain most of their water
at the contact between the shale and the overlying Fort Payne chert,
rather than from the shale itself. The sulfurous odor of water ob-
tained from these wells indicates, however, that some water may be
discharged to wells from the Chattanooga shale. The sulfurous
odor may be due to the decomposition of pyrite.

NEW PROVIDENCE SHALE AND FORT PAYNE CHERT

Records of 483 wells drilled into the Fort Payne were obtained. The
majority are between 25 and 75 feet deep, as shown in table 8. The
median depth for all wells drilled into the Fort Payne is about 50 feet.
The maximum yield of most wells that obtain water from the Fort
Payne is not known. The best information available is that concerning
wells 8610-3640-40 and 8610-3640-232, used by the city of Scottsville.
These wells had a reported continuous yield of 40 gpm each. Re-
ported yields of 15 wells that obtain water from the Fort Payne
average about 11 gpm ; their median yield is 3 gpm.

WARSAW AND ST. LOUIS LIMESTONES

Most wells in the Warsaw and St. Louis limestones yield small quan-
tities of water, about 1 gpm or less. Fifty-six yield such small sup-
plies that they are unused. If these wells were drilled to or
somewhat below the level of the local streams they might yield larger
quantities, although the water might be sulfurous. Water obtained
from the Warsaw and the St. Louis limestones generally comes from
perched or semiperched water bodies or from solutional cpenings
through which water is moving. Well 8610-3645-105 is an unusual but
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not unique example. The well was drilled to a depth of 89.6 feet, and
water was reached at about 45 feet. During the time that it was
measured as an observation well, its water level was almost constant, as
shown in figure 18. According to the owner, the well can be bailed dry
in the evening but it will refill to its previous level by the following
morning. Apparently, the static level in the well is determined by a
large solutional opening through which water flows at a fairly con-
stant rate. After the well is bailed, water enters it until its water level
is restored to that of the conduit, after which flow is across the well.
The water probably does not completely fill the conduit; otherwise
artesian conditions would exist and the water level probably would
show seasonal fluctuations similar to that in other artesian wells.
This same type of phenomenon was noted in well 8610-3640-253, as
shown on figure 8. This well obtains water from the upper part of the
Fort Payne chert or lower part of the Warsaw limestone.

AVAILABILITY OF GROUND WATER FROM MANTLE ROCK

A very small amount of water is removed from the mantle rock
through wells. Most of the 146 wells that yield water from the mantle
rock in the Scottsville area probably obtain their water from a zone
of saturation just above the bedrock. The yield is small, but it is
generally adequate for domestic use. A few wells that obtain water
from the mantle rock are drilled but most are dug. The storage capac-
ity of the dug wells is generally sufficient to insure adequate water for
domestic use at any one time, even though continuous pumping might
show a yield of 1 gpm or less.

Well 8610-3635—44 is in valley fill. Tt was unused and was equipped
with a recording gage. The well shows (fig. 16) a rapid rise in water
leve] immediately after rains, and a slower rate of decline to a fairly
stable base level during protracted dry spells. Differences in response
to nearly equal rains may be due to differences in intensity of rainfall
and to soil-moisture conditions previous to the rain.

USE OF GROUND WATER
SPRINGS

Springs in the Scottsville area are used in different ways, depending
principally upon the location and yield of the springs and the needs
and desires of the owners. Some springs are ponded for stock water,
some are housed, some are piped to homes, a few are equipped with
pumps and storage basins, 2 are equipped with hydraulic rams, and
2 were formerly equipped with cables and overhead bucket trolleys.
Many are too small or too remote to be used. The city of Scottsville
has developed one of the largest springs in the area, 8600-3640-3, by
installing two 250-gpm turbine pumps at the spring and laying an 8-
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inch line 8 miles long from the spring to the city’s standpipes. In
1954, part of the discharge from spring 8610-3635-3 was used for
irrigation.
WELLS

The older wells in the area were dug through the mantle rock and
into the underlying bedrock, sometimes with the aid of dynamite, and
the walls were then lined with brick or stone. The wells generally
are more than 24 inches in diameter, but several are 42 inches in diam-
eter. Most dug wells are shallow. Only 20 of the 206 dug wells
inventoried are known to be more than 50 feet deep. The water supply
available from a dug well is generally small, because it is derived

654110 0—63—4
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mostly from seepage from the mantle rock. Storage within the well
may be fairly large but this will not increase the overall yield of the
well. Wells dug nowadays are generally expensive and are more sub-
ject to contamination than wells of other types.

Most recent wells have been drilled by the percussion method. This
method requires that a heavy string of tools be alternately raised and
dropped upon the bottom of the hole to chip the rock so that it can
be removed by means of a bailer, a section of pipe with a flap valve
in the bottom. A drilled well generally reaches the first water below
the top of the bedrock and is drilled 5 to 10 feet deeper to form a
“basin” for storage of water in the well. The well generally is cased
to bedrock and is left open in the rock. Drilled wells are of smaller
diameter than dug wells, few in the area are more than 8 inches and
most are 6 inches in diameter. A total of 696 drilled wells were
inventoried in the Scottsville area. None were screened.

Table 7 presents data concerning types, depths, and uses of wells,
and the relation of wells to aquifiers, topography, and surface
formations.

Several methods of removing water from wells are used in the area.
Of the wells inventoried, 577, or 64 percent, are pumped or bailed by
hand. Wells having electric-power lift total 112, or 12.5 percent.
Most wells with power pumps use either jet or cylinder electric pumps;
one well is equipped with a windmill. The city of Scottsville uses
deep-well turbine pumps on its municipal wells. Two wells which
obtain sulfurous water from Silurian limestone flow at the surface.
There are 210 wells, or about 23 percent of those inventoried, that are
unused. Most unused wells were abandoned because of poor quality
of water or insufficient supply. The wells are subdivided by depth,
aquifer, and use in table 8. Figure 9 shows the wells listed as to
depths and types, and figure 10 shows the types of power and the uses
of the wells in the area.

CHEMICAL QUALITY OF GROUND WATER

Most of the rocks underlying the Scottsville area are limestone. The
dominant chemical constituent of these rocks is calcium carbonate,
calcium magnesium carbonate being an important additional constit-
uent of the Silurian rocks. The chemical action of water upon lime-
stone is particularly important in this area, inasmuch as the water-
bearing openings 1n the limestones are formed by the solvent action
of ground water, and the quality of the ground water is affected by
this dissolving action. The typical water from limestone is slightly
alkaline and moderately to very hard.

From the time water falls on the surface as rain or snow, its com-
position and quality change. Rainwater is very soft but contains
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some gases, dust, smoke, and organic matter derived from the atmos-
phere. As water seeps through the openings in soil and in uncon-
solidated and consolidated rocks, it dissolves many substances. The
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type and amount of substances dissolved in ground water depend on
the kinds of rock materials with which it comes in contact, the length
of time of contact, and the climate. The concentration of dissolved
substances generally increases with depth, because the watet at depth
circulates slowly and has been long in contact with rock minerals;
moreover, at depth, some of the water may be that of the ancient seas
in which the Paleozoic sedimentary rocks were deposited. The activi-
ties of man locally influence the quality of ground waters if sewage
or industrial wastes gain entrance to the ground-water reservoir.
Table 9 summarizes the sources and significance of dissolved mineral
constitutents and physical properties of natural waters.

Most substances dissolved in ground water are in a dissociated
state—that is, present as electrically charged particles known as ions.
The principal ionic constituents in ground water are the positively
charged metallic ions (cations) calcium, magnesium, sodium, and
potassium and the negatively charged nonmetallic ions (anions)
bicarbonate, sulfate, chloride, and nitrate. Other ions common in
smaller amounts include iron, manganese, aluminum, fluoride, and
boron. When water is evaporated, cations combine with anions
to form complete chemical compounds, such as sodium chloride (com-
mon table salt). Bicarbonate decomposes, losing water and carbon
dioxide, and forms carbonate salts with the metallic ions.

One important constituent, silica, is not ionized in most waters.
Several minor constituents also may not be ionized under certain
conditions.

As rainwater falls and then seeps down through the soil, it dissolves
carbon dioxide from the atmosphere and the soil, and organic acids
from the soil. The resulting weakly acidic solution is most active at
the base of the soil or mantle rock where it first reaches bedrock. The
carbonate minerals in a rock such as limestone dissolve, and the rela-
tively insoluble constituents, clay and chert for the most part, remain
to form the residual mantle. The water moves into the rock along
bedding planes and joints, dissolves the rock, and increases the size
of the openings. A summary of the chemistry of the process, together
with a list of references on ground water in limestone, has been pre-
pared by Swinnerton (1942).

METHODS OF EXPRESSING ANALYSES
PARTS PER MILLION

The amount of any substance or ion listed in an analysis is com-
monly given in parts per million by weight (ppm). Table 10 presents
partial analyses of water from 36 wells and 28 springs and compre-
hensive analyses of water from 8 wells and 7 springs in the Scotts-



WATER RESOURCES 47

ville area. Table 11 summarizes the quality of the water, giving the
maximum, minimum, median, and average concentrations of the most
important constitutents. In both these tables, chemical constituents
are expressed in parts per million. The median of table 11 is the
value in the middle of a series from high to low and is often more
typical than the average, which may be influenced by a few abnor-
mally high or low values.

EQUIVALENTS PER MILLION

Analyses of ground water are expressed also in chemical combining
weights, or equivalents per million (epm), because chemical combina-
tion does not take place unit for unit as parts per million. For exam-
ple, 22.997 ppm of sodium combines equivalently with 35.457 ppm of
chloride.

Parts per million are converted to equivalents per million to show
analyses graphically, as on plate 3. This conversion requires divid-
ing the concentration in parts per million, of the constituent by the
chemical equivalent weight of the constituent.

The sum of the cations expressed as equivalents per million should
equal the sum of the anions within the limits of practical analytical
procedure because the ions are in equilibrium. Therefore, in the bar
graphs referred to above, the column of cations is of the same height
as the column of anions. The order from bottom to top of the cations
(left-hand column) is calcium, magnesium, and sodium (plus potas-
sium). In partial analyses, calcium and magnesium were not differ-
entiated. On the bar graphs of partial analyses, calcium and
magnesium are indicated by two parallel vertical symbols. The
anions (right-hand column) are, in order from bottom to top, bicarbon-
ate (plus carbonate), sulfate, and chloride (plus nitrate and fluoride).

CHARACTERISTICS OF GROUND WATER

The substances dissolved in water give the water several character-
istic properties important to those who use it.

The hydrogen ion concentration, as indicated by the pH, is useful
as an index of the corrosiveness of water and the kind of treatment
required. The pH scale extends from 0 to 14; at the midpoint, pH
7.0, the concentrations of the hydrogen ions and the hydroxyl ions
are equal. The solution is described as neutral. A pH greater than
7.0 indicates more hydroxyl ions than hydrogen ions, and the solution
is said to be alkaline (or basic). A pH less than 7.0 indicates more
hydrogen ions than hydroxyl ions, and the solution is said to be acid.

Specific conductance is a measure of the ability of water to conduct
an electric current. It is an indication of the amount of dissolved
ionized solids in the water and a convenient means of following
changes in mineral content.
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The dissolved-solids content represents the quantity of substances
in solution, including any organic matter and water of crystallization
remaining after evaporation of the water at 180°C. The U.S. Public
Health Service specifies that dissolved solids preferably should not
exceed 500 ppm in drinking and culinary water used on interstate
carriers, and recommends this standard for public water supplies in
general.

Hard water is recognized by the large amount of soap needed to
produce lather, by the scum of insoluble salts formed when the water
is used with soap, and by the scale deposited when the water is heated.
The hardness is due chiefly to salts of calcium and magnesium,
although iron, aluminum, manganese, and free acid also cause hard-
ness. The hardness caused by calcium and magnesium equivalent to
the bicarbonate (and carbonate) in a water is called carbonate (tem-
porary) hardness, which is removable by boiling. Hardness caused
by other compounds of calcium and magnesium is noncarbonate
(permanent) hardness. Hardness is expressed as parts per million, in
terms of CaCOs.

If water has a hardness of 60 ppm or less, it is described as soft.
Moderately hard water has a hardness of 61 to 120 ppm; hard water,
121 to 200 ppm; and very hard water, more than 200 ppm.

Fluoride is of particular interest. About 1.0 ppm of fluoride in
water decreases the incidence of tooth decay when the water is con-
sumed by children during the years when the permanent teeth are
forming (Dean and others, 1941). More than 1.5 ppm of fluoride in
water is associated with dental fluorosis (mottled enamel) if the water
is used for drinking by children (Dean, 1936). The highest concen-
tration of fluoride in the samples analyzed from the Scottsville area
was 0.9 ppm.

The temperature of ground water in the Scottsville area generally
is about 57°F, which is near the average annual air temperature of
the area. The average seasonal variation in temperature of water
from Calvert Spring (8600-3640-8) and Big Spring (8610-3635-3)
is about 6°F. Water in shallow dug wells may have a greater sea-
sonal variation, due to the large surface area exposed to the air.
Water temperatures tend to follow air temperatures but with a lag in
time and reduction in amplitude of fluctuations between the extremes
(Rorabaugh and others, 1953). The low temperatures of the springs
were recorded in March; the high temperatures were recorded from
July to September.

TYPES OF GROUND WATER IN THE SCOTTSVILLE AREA

Nearly all fresh ground water in the Scottsville area is of the cal-
cium magnesium bicarbonate type, typical of limestone terranes.
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Three general varieties can be differentiated on the basis of chemical
quality—normal, high-sulfate, and high-nitrate waters. Most of the
waters analyzed are of the normal variety. The bicarbonate concen-
tration is about 90 percent of the total anion concentration, expressed
in parts per million.

The second variety also is high in ealcium, magnesium, and bicar-
bonate, but it has a high percentage of sulfate (SO,). This water is
found predominantly in the northwest quarter of the area, as shown
on the map of quality-of-water data, plate 3; however, it does not
constitute the only type of water found there. The waters high in
sulfate include those of the greatest hardness and highest concentra-
tions of fluoride and chloride. \

The third variety is calcium magnesium bicarbonate water that is
abnormally high in nitrate. Though high nitrate concentrations may
occur in any given location, they occur more frequently in the section
south and east of Holland, Ky., as shown on plate 8. Of 10 samples
taken in this area, 6 contained more than 10 ppm of nitrate. Nitrate
even exceeded bicarbonate in samples from wells 8610-83640-32 and
8605-3640-2. All these samples were obtained from wells that prob-
ably yield water from soil and mantle rock. None of the samples with
high concentrations of nitrate were taken from springs. This high
nitrate concentration may be due to contamination by organic wastes.

Saline waters in the Scottsville area are of the sodium chloride
type.

LOUISVILLE AND SELLERSBURG LIMESTONES

Samples of water from springs in the Silurian rocks range from
soft to hard, extreme values of hardness being 49 and 135 ppm. The
average hardness was 94 and the median 95 ppm. The 3 wells in the
Louisville and Sellersburg rocks that were sampled yielded very hard
water, with values of 252, 212, and 1,180 ppm for hardness. The iron
content ranged from 0.06 to 0.31 ppm for the springs and from 0.15
to 1.4 ppm for the wells. The average iron content of the spring
water was 0.16 ppm and the median was 0.14 ppm. Water from
the Louisville and Sellersburg rocks in general is lower in specific
conductance than water from other aquifers in the area.

West of the drainage divide separating Bays Fork and Difficult
Creek from Long Creek, Trammel Fork, and Barren River, all water
from the Silurian rocks probably is saline or sulfurous.

Repeated samples have been taken at both Calvert Spring and Big
Spring, 8600-3640-3 and 8610-3635-3, to determine any significant
change in hardness or mineral content that can be correlated with
either time or discharge. The results of these successive samplings
are shown in table 4 and 12.



50 GEOLOGY AND GROUND WATER, SCOTTSVILLE AREA, KENTUCKY

In analyses for both springs, the hardness varied approximately
inversely with the flow of the spring, as shown by the following table:

Discharge and hardness of water from springs 8600-3640-3 and 8610-36356-3

Spring Flow (gpm) | Hardness as Date
CaCOs (ppm)

8600-3640-3__ . __ ____ o ________ 500 135 | Oct. 29, 1952

1 600 128 | Sept. 12,

1951.
1, 860 66 | June 1, 1953.
3, 500 96 | Feb. 21, 1953.
8610-3635-3 .. 1,700 122 | Aug. 14, 1952.
10, 000 88 | June 1, 1953.
20, 900 70 | Mar. 6, 1953.
1 Estimated,

The water from these springs was hardest during the late summer
and fall. During the late winter and spring, some of the water dis-
charged has been in storage for a short time and is less mineralized
and softer than the water that it has replaced.

CHATTANOOGA SHALE

Three partial analyses were made of waters from the top of the
Chattanooga shale. The analyses suggest that water that has been
m contact with the shale may be a little softer than water from other
formations in the area but may have a hydrogen sulfide odor. Never-
theless, the waters were of the bicarbonate type, similar to waters de-
rived from limestone.

NEW PROVIDENCE SHALE AND FORT PAYNE CHERT

No water samples were obtained from the New Providence shale.
Water samples from the Fort Payne chert ranged in hardness from
23 to 768 ppm. Water from wells in the Fort Payne ranges from
soft to very hard. Iron content varies widely in concentration, the
median being 0.23 ppm. Exact quantities are indicated in the chem-
ical analyses in table 10. Water from springs in the Fort Payne
is generally softer and is lower in dissolved solids than that from
wells, even though the softest water analyzed was obtained from a
well.

Most water from the Fort Payne chert is of the calcium bicarbonate
type. Water obtained near the top of the formation is above average
in sulfate content (pl. 3). The reason for the higher sulfate content
seems to be the presence of a shaly zone that marks the boundary be-
tween the Fort Payne and the overlying Warsaw limestone. Crys-
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tals of sulfur have been found in this shaly zone at the base of a
quarry, in 8610-3645.

WARSAW AND ST. LOUIS LIMESTONES

Eleven samples of water were taken for chemical analysis from
the Warsaw limestone, 15 samples were taken from the zone marking
the contact between the Fort Payne and Warsaw, 1 was taken from
the contact between the Warsaw and the St. Louis limestone, and 1
was obtained from the St. Louis. Three of these samples contained
some water derived from the mantle rock. Comprehensive analyses
were made of one sample from each formation and each contact. The
remaining 24 samples were taken for partial analysis. Most of the
water sampled was very hard; hardness ranged from 51 to 1,380 ppm.
The average hardness was 377 ppm and the median was 246 ppm.
Except for the higher hardness and an objectionable sulfurous odor
noted in a few of these samples, water from these limestones would
be subject to the same limitations of usage as water from the other
formations in the area. The water from the St. Louis limestone had
the lowest pH and the highest silica content of the samples analyzed.

MANTLE ROCK

Water from the mantle rock, though moderately hard, is generally
softer than that from the consolidated rocks. The iron content is
lower than that of water from the consolidated rocks; however, the
nitrate content may be high. Of the 7 wells in the Holland-Amos
area that were sampled for chemical analysis, all but 1 yield water
having a nitrate content above 10 ppm, and even that well was re-
ported to be contaminated. All the wells sampled in this locality
probably obtain their water from the mantle rock. The ground
water in the mantle rock probably acquires nitrates from decaying
plant and animal matter while percolating through the soil zone.
However, water from most wells in the mantle rock is usable for
most purposes.

HISTORY OF WATER DEVELOPMENT

SCOTTSVILLE WATER SUPPLY

Prior to 1921 the city of Scottsville had no municipal water supply
but depended on individual wells and springs. In 1921, springs 8610
3640-1, 2, 3, and 4 were developed for the municipal supply. In 1946,
wells 8610-3640-40 and 232 were drilled to augment, particularly dur-
ing the summer, the supply furnished by the springs. These wells
were drilled on the flood plain of West Bays Fork south of the city.
They yielded water from the Fort Payne chert and apparently from
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infiltration from the creek itself. The combined supply, however, was
still insufficient. In 1952 the city obtained Calvert Spring (8600-
3640-3) and constructed a pipeline and pumphouse to utilize it. Dur-
ing 1953 the spring proved to be more than adequate; pumpage from
it during the summer of 1953 exceeded 6 million gallons per month.
The pumping system is so planned that the city can pump more than
10 million gallons per month from the new supply with no change in
existing facilities. The previous water system is maintained on a
standby basis for use if the city’s needs should exceed the capacity of
the new system for a short time, or if the new supply should be inter-
rupted by equipment failure.

A joint through which water enters the city’s spring was formerly
exposed in a sinkhole about 200 feet from the spring orifice. This
opening in the sinkhole has been roofed with concrete and the sink has
been filled to prevent entry of surface water. A second sink is situated
about 150 feet farther from the spring than the first. This sink has
been dug out, a reinforced concrete roof has been poured in the bottom
of the excavation, the sink has been refilled. A surface diversion drain
has been installed to enable surface water to bypass the sink area.

RURAL USE OF WATER

Rural water supplies are used principally for domestic and stock
supply. In 1954, nearly 75 percent of the farms in the Scottsville area
had electricity, but only 13 percent of the wells inventoried were
equipped with power pumps. TLess than 2 percent of the springs were
equipped with any mechanical lift.

Trrigation of crops is relatively new in the Scottsville area. Most
of the water pumped for irrigation during 1954 came from streams
or ponds, but it is anticipated that a few wells and part of the flow of
the larger springs will be used for irrigation.

FLUCTUATIONS OF WATER LEVEL

Observed fluctuations in ground-water levels in the Scottsville area
are due chiefly to natural causes and are cyclic in pattern. These
causes include changes in atmospheric pressure and variations in the
rate of recharge and discharge to the ground-water body.

RESPONSE TO ATMOSPHERIC-PRESSURE CHANGES

Daily fluctuations in water levels have been noted in some wells in
which recording gages have been installed. These fluctuations corre-
late with changes in atmospheric pressure. Figure 11 shows an in-
verted microbarogram and a series of hydrographs from wells 8605
3640-37 and 8610-3640-5 for August 2 to 7,1953. The microbarogram
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F1GURE 11.—Graph showing effect of atmospheric pressure on water levels in wells in the
Scottsville area, Kentucky.

has been converted from inches of mercury to feet of water to corre-
spond to the scale of the well hydrographs.

RESPONSE TO RAINFALL

Seasonal variations in water levels have been identified in most un-
used wells that were measured periodically during the investigation.
These wells show a springtime rise in water level, followed by a grad-
ual recession of levels to a low in the fall or early winter. Figures 12
to 15 are a group of hydrographs showing water-level fluctuations in
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several wells that tap the Fort Payne chert. Figure 16 is for wells
that obtain water from the mantle, the Fort Payne chert, and the
Louisville limestone, and figures 17-20 are for wells that obtain water
from the Warsaw limestone.

During the winter, rainfall recharges the aquifer. During the sum-
mer, however, growing vegetation consumes most of the rainwater
that enters the soil, and none but the heaviest rains are able to bring
the soil to field capacity and cause ground-water recharge. However,
intense rains on sinkhole terrane may produce sufficient surface runoff
into sinks to cause a rise in water levels at any time. Direct evapora-
tion from the soil also is much more effective during the summer than
during the winter. This evaporation further lowers the soil moisture
content. Evapotranspiration uses nearly all of the potential recharge
from April until October, or until the first killing frost.

During the summer of 1952, from April 5 to October 15, nearly 16
inches of rainfall was recorded at Scottsville, yet wells 8605-3635-81,
8605-3640-2, 8610-3640-37, and 8610-3645-50 all showed marked de-
clines in water levels during that period. From November 1952 to
April 1953, inclusive, approximately 23 inches of precipitation was
recorded, about 114 times as much as during the preceding summer,
and the water levels rose between 4 and 7 feet in these same wells. The
hydrographs in figures 12, 13, 14, and 17 show these fluctuations of
water levels.

Springs fluctuate in flow seasonally. As previously noted, spring
8600-3640-3 ranged from 400 gpm to 8,300+ gpm in 1953. Local resi-
dents have reported that some springs have an increased flow shortly
before a storm, apparently owing to the low atmospheric pressure that
precedes storms. A fluctuation in discharge of spring 8610-3635-28
was noted by members of a topographic party. The fluctuation prob-
ably was caused by changes in atmospheric pressure.

LONG-TERM TRENDS

Records to date (1954) are not long enough to show any long-term
trends toward rise or decline of water levels in the Scottsville area.
Local residents report that some springs no longer yield as much water
as they did 20 years ago, and some report that the water levels in their
wells are lower than they were several years ago. Unfortunately,
there are no quantitative data to substantiate these reports. This ap-
parent lowering of water levels may be due to subnormal rainfall in
1952 and 1953, or it may be due to the increased local drawdown pro-
duced by greater pumping from wells. There is no reason to suspect
the existence of any long-term trend toward either higher or lower
levels.
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POTENTIAL DEVELOPMENT OF GROUND-WATER SUPPLIES

Further development of ground-water supplies in the Scottsville
area is limited in large part to the most productive aquifers—the
Louisville limestone, the Fort Payne chert, and the lower part of the
Warsaw limestone.

The area in which the Louisville crops out is small, but the Louis-
ville contains the largest springs in the Scottsville area. About 50
percent of the minimum discharge of Calvert Spring (8600-3640-3)
is used at present (1954). Part of the discharge of another, Big
Spring (8610-3635-3), is used for irrigation. Several other springs
of comparable size are known but they are used only for stock water
or are unused.

Water probably could be obtained from wells drilled into the Louis-
ville limestone near outcrops in the southeast quarter of the Scotts-
ville area, and possibly between streams in which the Louisville is
exposed. Well 8600-3645-25, on a ridge between Glover Creek and
Barren River, was drilled through the Chattanooga shale and obtains
water from the Louisville. The water has a sulfurous odor and a sul- -
fate content slightly high<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>