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PREFACE

In a history of the settlemont of Kentucky (Collins,1874),

the following comment of Long Creek appears:

»e0 On Long creel:, half a mile from where it empties
into Barren River, about 8 miles E. (east) of Scottville
[sicl, on the lands of Col. S.E. Carpenter, near where
his mill stands, the following is inscribed on a large
beech tree: “Ichobod Clark, mill site, 1779." On the
opposite side of the tree, this inscription is found:
"Too sick to get owr,” date and name not mentioned
(p. 34).

One wonders if the carver of the latter inscription sub-
sequently discovered that the Long Creck channel less than one half

mile upstream is usually dry because of stream piracy. If he had

prayed for a "parting of the waters," perhaps he was surorised to

find his prayers so literally answered.
It is to be hoped that this study of the lower reaches of
Long Creek will provide knowledge which will enable others in the

future "to get over,”
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THE LOWER REAQHES OF LOWG CHEEK, KENTUCKY:
A KARST ANOMALY IN ALLFN OOUNTY

Doral Glen Conner 146 pages
Directed by: W. Willard Cockrill, Fonald R. Dilamarter, Nolard E. Fields

Deparunent of Geography and Geology Western Hentucky University

A field survey of the lower reaches of the Long Creek draimage
area in southeastern Allen County, Mentucky, established the karst
character of that arca. The area heretofore had been described as a non-
karst area. Four swallow holes, which individually or collectively
totally pirate Long Creek, were identified. Two major resurgences of the
pirated flow were located and described. A detailed study of a portion
of the Long Creek drainage area revealed thirty-four springs, all of
which wwwe pirated at least cnce, and no flew from these springs reached
Long Creck by sucficial routes. The field survey also revealed dolines
and a major cavern, Carpenter's Cave. The geologic formation responsi-
ble for the karst featurces within the Long Creek drainage area is the
Louisville limestone of Silurian age. These strata are ciaracteristi-
cally karstic wherever egosed. The impepmeability of the Chattanooga

shale which overlies the Louisville limestone was established by the

analysis of spring piracy and resurgence. The phreatic character of the

Carpenter's Cave and other karst features led to the conclusion that
these karst features were developod prior to the deposition of the im-

permanble Chattanooga shale during Devonian time,




QIAPTER 1
INTRODUCTION

Fram the first recognition of a karst landscapa, man has
attempted o explain the origin, prooesses, controls, and stages of
its dowelopment. As in other conceptual evolution, a constant re-
evaluation of accepted concepts has occurred as new facts were werified.

Sclentific study of karst did not really bocame active until
the middle to late nineteenth century. One must wender why this is
80, particularly in the case of caves which offer satisfaction of
the urge to explore. Once started, the study has been persistent
through the)wsmmuu)'mthmh'ptmwimmo&mrmmo!
geamorphic thought.

In recent years, karst topography and its geamorphic features
have been the objects of intensified scientific investigation. In
particular, the Central Kentucky Karst has received much attention and
study. These studies have contributed simificantly to an understanding

of this karst region. The development of samo karst concepts was oven

based upon such area studies. The arcal extent and quantity of karst

features within the arca make it an ideal laboratory for concopt
formulation.
Studies of the Central Kentucky Karut have assigned boundaries

to the area (see Plate 1). it has become a frecuent illustration




in textbooks of a typical karst area.

FLATE 1. CENTRAL XENTUCKY KARST

mamET

BTUBY amta

SQUKCE: S.N. Dicken, Journal of Geoloqy,
Vol. 43, p. 710,

This region consists of a landscape of dolines and an underground
drainage system. Caves abound, stream piracy is common, and surface

streams are rare.

The nortimestem extremities of Allen County, Kentucky, aie
included within the Central Kentucky Xarst as defined by Dicken (1935).
The southeastem two-thirds of the county is excluded (see Plate 1).
The latter portion is, by exclusion, non-karst. One would not expect
to find karst features in abundance within the southeastern two-thirds
of Allen County.

Long Creek flows through the “non-karst” portion of Allen
County and enpties into Barren River. Nevertheless, the Long Creex
drainage area exhibits many karst characteristics. Long Creek is




pirated, takes an undergronnd route under an interfluve, and makes a
resurgence on the other side. This phenorenon does not ocour clse-
where in Adllen County, including the kasst portion of the county.
There are other karst features in the Long Creck drainage arca.
Springs, rising in the valleys which are contiguous to the Long Croek
valley, seldan reach lLong Crock because their flow is pirated enroute.
The well developed Carpenter's Cave underlies a portion of the drainage
area.

Farst featurces are comon rather than rame in the Long Creck
drainage area; therefore a geamorphic anomaly ocould be said to exist
in this arca which has been identified as non-karst. This paper
describes the lower reaches of Long Creck and its associated drainage
area. The confirmation of the existenos of this anomaly and the
doterminacion of its arcal cxtent and intensity are major cbjectives
of this study,

The primary purpose of this study is to ald to the baly of
knowledge {rom which conoopts of karst dowelopment have cvolwed.

Perhaps the addition of data about the Long Creek anamaly may promote

a reconsideration of same of those concepts.




QIAPTER 11

FEVIEW OF LITERNIURE

Early Gbservations of Karst

Although karst was not a subject of dotailed scientific
imestigation untal the middle nineteenth century, man's interest in
Springs and underground water was recorded much earlier. Early philoso-
Hhors were among ticse who were interested. Thales (640-547 B.C.)
believed that springs and rivers are gencrated by air condensed into
water in the cavemns of the carth by a cold which is always present
there and which occurs by the same process as above the earth (Perrault,
1674). lucretius (98-55 B.C,) described a clrculation between the sea
and the earth in which salt was removed fram the water before being
discharged as a spring ({Herak and Stringfield, 1972). A mome thought-
ful view was prescnteg by Vitruvius (circa 100 B.C.}, who was an
architect. He spoke of springs resulting from rain water and winter
snow which sink into the ecarth and are stopped by solid and non-spongy
layers (Perrauls, 1674). His viows were not ueorptaed because thepe
appeared to be too mich water in the springs and rivers to be explained
by rain alone. These and other theorics wore critically examined by
Plerre Perrault (1674) in his book concerning the origin of Ssprings.

His experimonts proved that rainfall was more than enouah to acoount

for the flow of springs ad rivers. His findings were a landmark in




what was to bocome the study of karst.

It was inevitable that Perroult's investigation of springs
would lead him to a cave spring. lHe described such a cavern which
he explored near the city of Vermenton, Burqundy. His description
was most peroeptive:

« + » This grotto, from what I can judge, crosses under

the earth under the hill. . . which the riwer surrounds

with a semicircle. . . I am certain that if the river

wore made to enter this grotto, through the arcade

through which we entered, it would come out at Arcy and

retum to its bed, leaving dry the one that makes this

somicizcle. I beliewe that the cpenirg through which

sametimes passes the torrent is a smaller channel which

receives the water of this river when it is high, and which

takes them to the river itself some place lower down, or

which produces some spring and a flow of water in same

part of this reglon which is unknown to me (p. 128).
His description of stroam piracy, abandoned meanders, and cave invasion
was remarkable considering the geamorphic knowledoe existing at that
time,

Parrault also cbserwed and described stalactites, stalagmites,
dames, and cave water flow. He speculated about the origin of the
stalactites which he noted were hollow and contained growth rings. He
concluded that "these congelations are produced only by the waters that
pass through the carth from abowe, and which by distilling in this
grotto have brought with them the stony salt with which it is filled”
(p. 130). This cbservation was perceptive.

Summarizing his cbservations, Perrault arrived at a belief
that ®. . . there are channels in the earth which can preserve the
waters that pass through them, with as much safety and ease as is
noeded to make them come out in various places, even far away™ (p. 130).

Unfortunately, he did not comment on the origin of the channels.
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water absorbe carbon dioxide, which is present in small quantitice

in the air, and that these carbonated wators act upon the caleite in
limestone to produce caleium bicarbonate (Weller, 1927). Various
estimates have boen made concerning the amount of limestone which a
given quantityof carbonuted water can dissolwe. James Weller (1927)
stated that "the amoant of water which falls as rain gpon one acre
of land in Edmonson County, in the course of a single year, is capable
uwnder favorable conditions of dissclving sam twenty-five cubic feot
of rock." Adrian Scheidegger (1961) detorminod that one liter of
water can dissolve 0.5 grams of limestone. Such calculations werc
made to chow that Carlsbal Cavern could have boen dissolwed in ane
million years at a water flow of three liters per second. Another
estimate is that a cubic foot of water exposed to limestone and air
with ton percent carbon dioxide can discolwe one half ounce of lime-
stone (Moore and Nicholas, 1964).

The amount of carbon dioxide in water is variable. It has

boen found that melt-water from snow in the spring is twenty times

richer in carbon dioxide than ordinary water (Birot, 1960). This

may explain karst features which occur in cold climates. In humid
areus, carbonic acid is produoed by plant decay and most of water's
carbon dioxide amtent is cbtained by flow throug s (Moore and
Nicholas, 1964). In addition, water is enriched in carbon dioxide

as a result of its passing through the crown of trees (lerak and
Stringfield, 1972). However, one study (Smith, 1965) analyzed streams
and springs for calcium content. The results were that ". . .
calcium carbonate remains constant regardless of the scason of the

year or the discharge of the springs® (p. 45). This disagrees with




the soil-carbon dioxide hypothesis which says that for a given soil
at a given depth, carbon dioxide content reaches a maximum in the
suwer. It also disagrees with the seasonal variations in water
chemistry found by Hammon et al,(1975). One can oonclude that while
the process of tho solution of limestone is understood, the factors

which affect the process have not yet been fully explained.

The Saturation Problem

1f carbon dioxide in water is not replenished as the water
percolates through limestone, the water would eventually become
saturated, no longer able to dissolve limestone. This problem has
led to seweral studies. One concluded that decp circulation must be
rapid if the water is not to becamne saturated at shallow depths (Piper,
1932). This view generally agreed with that of A.C. Swinnerton (1929)
who held that a large volume of solvent of low concentration flowing
over a large area is probably mome effectiwe in producing solution
that a more stagnant solvent of lesser volume and contact. William M.
Davis did not agree. Ho beliewed that the greatest amount of solution
took place where ground water moved very slowly (Eaye, 1957).
BEgeriments with flow rate as a solution factor have been conducted
with varying conclusions. One study concluded that the rate of solution
varies with the relatiwe movament of solvent to limestone (Kaye, 1957).
Another found that the amount of limestone dissolved (s solely deter-

mined by tho amount of water comine in contact with it and by the

prevailing conditions of pressure, tesperature, cte. (Weyl, 1958).

The latter sty also found that the water inside rock is essentially

in chemical equilibrium with its surroundings and that the solution-




meaction prooess is short compared with the time during which the
water remains in the rock. Still another view (Moore and Nicholas,
1964) is that water below the water *able moves only ten feet per
year. When a chamel reaches a critical diamoter of about one quar-
ter inch, water flow becames turbulent, increasing the solution pro-
cess and robbing nearty fractures of their flow (Moore and Nicholas,
1964} . A mathematical aalysis (Scheideqgoer, 1961) concluded that
“there is no danger that water will percolate through a cavern without
becoming complotely saturated while doing so." It has also been noted

(Williams, 1968) that surface streams in limestone areas are alrost

saturated before they sink underground and do not substantively

contribute to the solution prooess.

The guestion remains how water which is depositing calcium
carbonate above the water table (stalactites for exarple) can dissolwe
calcium carbonate below it. It has been suggested (Thrailkill, 1968)
that phreatic water can become undersaturated by the effects of tem-
perature change, mixing of dissimilar waters, and floods in sur "ace
streams. The relative importance of these factors has not been

assessed satisfactorily,

The Collapse Process
The collapse of caverns was considered to be a major karst
prooess in early inwestigations. Dolines wero thought to be collapse
features in early writings (Herak and Stringfield, 1972). More
recently, collapse dolines are considered to be less nommal than
solution dolines (Weller, 1927). Newertheless, collapse is still

recognized as a karst process (McFarlan, 1950) although one of lesser




impertance,  Swaliow holes which capture surface streams and divert
tham underground were also thought to bo collapse features., A
recont study in Wales (Thamas, 1954) suggests that swallow holes
are more attributable to solution and enlarcement of joint plancs
than to the collapse of pre-existing caverns. From the foregoing,
it is evident that collapse of caverns is not now considered to be

a major process in karst formation.

The Fluvial Process

In the context of this paper, the term fluvial ercsion includes
both surface and subsurface stream and surface sheet erceion. While
subsurface drainage is common in karst areas, surface erosion remains
to one degree or another. Therefore it cannot be ignored as a karst
process even though it is a process in other landform dovelogment ar
well.

Albrecht Penck in 1900 and William M. Davis in 1901 wrote
of the conspicuous plains in the karst area of Dalmatia (Herak and
Stringfield, 1972). The formation of these plains was attributed to
denudation and fluvial erosion. They bellewed that fluvial erosion
occurred first, producing a plain. Afterward, "karstification®
occurrod.  Jovan Cvijic, who had been a student of Albrecht Penck,
agroed with the priority given to fluvial processes (Herak and

Stringfield, 1972). 1In 1909, he ascribed surficial erosion to the

action of sinking water while underground rivers cut and enlarged

the fissures through which they flowed. This double action characterizned

the erosion and planation of karst (Herak and Stringfield, 1972). A




Hungarian geologist, Terzaghi, challenged this view (Horak and
Stringfield, 1972). He noted isclated plains which did not fit the
fluvial theory. In his opinion, such plains had been formed from
karst depressions which evontually reached ground water level. At
that point, lakes were fommed and lacustrine clays were deposited.
At such lake margins, denudation and enlargement of the plains occcurrsd.
The Davis-Penck concept of primary fluvial erosion has been
widely rejected. At the surface of the karst plain there is normally
no evidence of fluvial grawel or outwash, an important element in a
fluvial plain (Herak and Stringfield, 1972), Therefore, the primary
process in karst development is considered to be solution. Even long

accepted fluvial features such as water gaps hawe been questioned. It

has been suggested (Fridley, 1939) that many cases of water gaps can

be attributed to the effect of stream piracy which was initiated by
underground solution of calcarecus strata, More recently, a stuly of

dolines in Hentucky (Lavalle, 1967) re-emphasized the solution process.

Summary

The evolution of concepts of karst processes has occurred in
three distinct periods. First was the period in which collapse of
wnderground cavems was considered to be the daminant process. This
period ended chout 1900 when the primacy of the fluvial process was
acoopted.  The fluvial period was short-lived and was replaced by a
shift in erphasis to the solution process about 1913 when Terzachi
published his papor on a solution plain (Herak and Stringfield, 1972).
Since that time, the solution prooess has been considered as daminant




in the formation of karst. Sven so, the other proocesses (collapso
anxl fluvial) have been retalnea although in a subordinate role.

There is another aspect of the cwolution of karst conorpts--
the shift in research away from processes and toward the controls
which requlate karst formation. One can conclude that there is
general acceptance of the dominance of solution among the karst pro-
ccsses and that this accounts for the shift in research. Such process
rescarch which continues relates to leaming more about solution
rather than evaluating the relative importance of various karst pro-

[= et o

Concepts of Karst Controls
Contrel by Water Trble

In 1903, Gnnd publishod a work which became a milestone in
the doveloprent of karst concepts. lie accopted the existence of karst
ground water rising progreasively from sea level toward thr hinterland.
Above this level, during the wet scasons, joints and fissures are
periodically filled up by water (Herak and Stringfield, 1972). He
also held that cawes were formed in the upper portion of this continuous
body of ground water. His concept becamwe a matter for debate during
this period (Thrailkill, 1968). Same speleclogists pointed out that
their exploraticn had not confirmad the oxistonce of a water table
(Herak and Stringfield, 1972) while others considercd the water table
unimportant as a control (Thrailkill, 1968). Still others agroed with

Grund and considered the water table significant in detormining lateral

flow. For example, G.C. Matson (1909) stated that in all limestone

regions there are water passages bolow the lewel of surface strcams,




He believed that circulation of ground water extended bolow the water
table.

In 1918, Jovan Cvijic expanded Grund's concept by distin-
guishin three hydrographic zones of karst (Herak and Stringfield,
1972). These were a zone of permanent saturation, a zone of periodic
saturation, and a dry zone. This concopt was in conflict with other
Burcpean views which held that there was no integrated body of ground
water (Thrailkill, 1968). The opposition believed that ground water
flowed throush conduits under pressure,

In 1930, William M. Davis published his classic paper on the
origin of limestone caverns. He challenged the concept of caves boing
developed above the water table by noting cave features which were,
in his opinion, formd in the phreatic zone, that is below the water

table (Thrailkill, 1968). He acknowledged that his concept was similar

to Grund's but Davis argued for the furmation of caves in the phreatic

zone when Grund was arquing for the very existence of a phreatic zone.
In 1932, A.C. Swinnerton anplified the Davis concept and his
own water table theory was published in 1929. He stated that it did
not scem possible that continuous systems of caves could develop holow
the zone of actively circulating ground water. He also considered
that if water were to flow bencath the water table by all possible
paths, the nearly horizontal path just below the water table would
carry the most water because it is the shortest (Thrailkill, 1968).
The water table theory of Swinnerton was not immediately
accepted. For example, three years later a study attributed lime—

stone cavemns to the work of surface streams diverted to routes




opened by the draining cut of static water by valley cuts (Gardner,
1935). 1In 1940, an analysis of Swinnerton's work was attampted. This
work (Hubbert, 1940) showed that ground water follows deeply curving
paths and that altermate paths are impossible. The following year
another study concluded that solution would be greatest where the flow
was most concentrated (Rhoades and Sinacori, 1941). This study showed

that cave formation oocurs by concentration of the lateral flow througn
high level conduits. Purther, cave develomment begins at the point
of outflow to a surface stream and progressed horizontally away from

the stream with flow lines adjusting continually.

PLATE 2. CONCEPTS OF GROUND WATER FLOW

SOURCE: John Thrailkill, Geological Society of
America Bulletin, Vol. 79, pp. 22.

The water table controversy must have been fed by the discovery
of cavities far bolow the water table (Moneymaker, 1941). It was found
that in the Tennessce Valley cavities were present at depths in excess
of one hundred feet below the water table. Some cavities were as much
as two hundred feet below the river bed. This study concludnd that

within the phreatic zone cavities are more numercus and of greater size




awove the elevation of the river bod than below it. Moreover, cavities
in the vadose zone are rore moerous and lerger than those within the
Hzeatic zone. This suggests that development begins within the phreatic
one but major enlargoment oocurs within the vadose zone (Moneymaker,
1531). The possibility that the water table has oorupied successively
lower positions cloud these findings.

The water table as a control in karst does not appear to have
achieved a consensus opinion. The Davis theory was accepted by E.L.
Erinstzicy (1947). He rejected Swinnerton's views. A later study

(Sweeting, 1950) accepted Swinnerton's views and attributed cave levels

as marks of former positions of the water table. The Gardner theory

that surisce valley cutting creates an cutlet which drains salt water
dow dip and in'tiawes the rirculation of metooric waters was revived
Ly Artizxr C. McFarlan (1950). He stated that cave forming levels
correspord to the original salt woter bearing porous zone. Cave forming
would thus be concentrated on the region up dip from major valleys.
McFarlan concluded that Mammoth Cave keeps this principle.

A study of the karst of Florida (Jordan, 1950) found that
ncoe of the water table theories applied to that area. There the water
flow is artesian and in some cases flows up dip seemingly with little
regard to structure. Flow 1s not confinad benoath nor botweon imper=
meable beds of any great areal extent.

A recent texthook on karst (Jennings, 1971) accepts the
Ssimmerton concept but proposes that the term "shallow phroatic” be
wsed o describe that portion of the phreatic zone in which most

solution oocurs.




From the foregoing, one can conclude that e mechanics of
the oxercise of tie water table as a karst control have not beon fully

reconciled,

Control by Faults and Joints

Nearly all stratified rocks are cut by faults, joints, or
fissures. Joints are roughly vertical openings offering ready-made
paths for the flow of ground water which has percolated through the
soil. As the water descends, solution occurs and the crovices are
enlarged. The joint planes in effoct control the lines of cavern
extension. The intersection of two joint planes enlarges more quickly
(Matson, 1909).

In some cases, faults have been acceptod as the primary con-
tral in the creation of a linear cavern (Krinitzky, 1947). Still
others accept faults and joints as a prerequisite to cavern formation
(Mocre and Nicholas, 1964). The presence of joirts and bedding in
dense limastone has been cited as of greater importance than high
porosity in limestone (Thornbucy, 1974).

Little controversy, if any, exists on the control exerted by
faults, joints, and partings on the development of a karst landscape

or a cave.

Control by Stratigraphy
Stratigraphy is that aspect of geology which considers the
character, interrelationships, and sequence of stratified rocks. When
a soquence includes a layer of rock which is not soluble—shale for

instance—that insoluble layer controls the vertical development of

karst and may divert the flow of ground water laterally. In addition,
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ghale is generally considerod to be impervious and to interfore with
the downeard movanent of water (Thornbury, 1965) . This characteristic
has been notoed by J.H. Bretz (1953) in a cave roofed by shale. He
concluded chat subwater table circulation, perhaps artesian, followed
the joint system and dissolved the limestone up to the owverlying shale.
Stratigraphic control is not limited to the occurrence of
impormoable zones, It has been noted in southorn Kentucky that the
Salem and Warsaw strata are not as thinly bedded as the St. Louis.

Therefore, openings for entrance by surface waters are more widely

spoced (Thormbury, 1965). Facies variation may aiso be of significant

influence. Akditionally, very few karst landforms are said to develop
in areds underlain by Devonian shale and lower Paleozoic dolomite and
limestone {Quinlan, 1370).

There is general agrecment that stratigraphy exerts control
in karst formation. Ridges capped with sandstone and underlain by
limestone are camon in the Central Kentucky Karst, as are limestones
underlain by shale (Dicken, 1935). The sandstone and shale direct the
water flow and thereby control the formation of karst foatures. McFarlan

(1950) believes this control is primary.

Control by Relief
In early writings, it was accepted that relief was a control
in the formation of karst. For example, local baso levels of surface
stroams control the dowrward development of caverns and cave lovels
are abandoned as the valleys descend (Matson, 1509). Thus, relief can
be a major factor. Somn general conclusions about the effect of relief

have been developed (Glock, 1932):




existence on W ::vv an :xs._\ 3
upland and a lower representing now
At 200-300 feet the relief attains tb .
cases and the upper flat goes out of existence as the lower
cames in. . . Beyond the critical relief, the upper flat

. when the lower
appears. the gencral upland leve s beon lowerod the
amount by which the available [r excoads the critical
relief (p. 78).

Although this study did not address karst relief in particular, it
may have genoral applicability.

It has boen cbservad that the termination of karst forms ocours

first in the valleys, while on the ridges karst forms persist (Dicken,

1935). Relief is considerod by William D. Thornbury (1974) as a
pre—condition for the formation of karst. He states that existing
entrenched major valleys below uplands underlain by soluble and well
jointed rock is pocessary for karst developent. Moore and Nicholas
(1964) state that stream cuts causing secasonal fluctuation of the water
table are pecessary for cave develoment.

Relief appears to be considered by most authorities as an

important controel factor.

Control by Climate
The first scientific studies of karst did not include climate
as & control of karst. Perhaps Cvijic, Grund, and other carly investi=-
gators did not recognize this control because their work was accampl ished
in Europe where climatic variance was relatively slight from one
karst arca to another, Now, imvestigations have included Cuba, Puerto
Rico, Jamaica, New Guinca, the British West Indies, and other areas of

the world. From these studies, it is clear that karst topography is




mot identical worldwide. At least some of these differences may be
attribvted to the control of karst development by climate.

The requiroment of adequate rainfall in karst development wos
of course recognized by early investigators. Concerning the controls
exertad by climate, weller (1927) wrote:

Rainfall is the chief climatic factor which influences

physiographic development. The rainfall in its amount

and seasonal distribution largely determines the type

of vegetation which will flourish in a region. Abundant

vogotation is acknowledged an important factor in the

retardation of erosion (p. 27).
It was also recognized that the water table oscillates with climatic
changes (Emmons, Thiel, and Stauffer, 1949); that there is a zone
that is abowe the water table in dry periods but below it in wet
periods. A study of caverns in England (Swecting, 1950) noted cave
levels at three distinct elevations and concluded that these levels
were produced by a changing water table. A direct link with climatic
changes was not made however.

lataer writings were sore specific about the effect of climate.

It was thought that humid to subhlumid climates were necessary to supply

sufficient rainfall for the rapid solution of limestone (Thornbury,

1974) . Agreament was not universal. Some thought that underground
solution is more significant in temperate and relatively dey sube
tropical climates where there is abundant vegetation on ateep slopes
(Birot, 1966). In damp tropical regions the aroa covercd by enclosod
depressions becomes greater than that of the residual relief (Birct,
1966) . Ancther view (Ollier, 1969) was that:

In general, tropical areas produce lower karst with stecp

limestone hills rising above surrounding flat plains, karst
border plains, or separated from cach other by steep sided,




flat bottomod corridors like giant grikes. In temperats

regions, doline karst is dominant where depressions of

various kinds are sunk below the goneral level of the lime-

stone surface (p. 226).
Ollier also noted that some landforms commonly attributed to different
climates can occur in close proximity.

More recently, the emphasis on climate as a control has in-

creased. The nead to view karst and climate together, periglacial,
hot arid, hot humid, etc., has been recognized (Jennings, 1971). A
study of New Quinoa karst (Williams, 1972) related the closed depression,
as the significant karst landform in the tropics, to climatic control.
A study of phytokarst, a landform resulting from borings into limostone
by filamentous algae, also recognized the role of climate in the forma-
tion of tropical karst (Folk, 1973). Various climates produce speclial

karst foatures. It may be possible to interpret previous climates

(Herak and Stringfield, 1972). In karst relief, elements are preservad

that originated under earlier climatic conditions. Such a relief .
well conserved in karst because there is little oo no surface dissec-
tion (Herak and Stringfield, 1972). Thercfore, karst may be an impor-

tant indicator of Pleistocenc climatic conditions.

Summary
Some controls of karst develogmont are generally acceptod
(stratigraphy and faults and joints) while others (water table, relief,
and climate) are active subjects for rescarch. Of these controls,
climate appoars to be the one which is least understood and which
might be most productive for further rescarch. In particular, palec-
climates seom to be a likely subject for study.




Concepts of Karst Stages
Stages of Karst Topography
Given the proper conditions, karst should develop. These
conditions are: (1) the existence of soluble rock at or noar the
surface, (2) the existence of numerous joints and thin bedding in
that rock, (3) the existence of entrenched major valleys below up~
lands underlain by these rocks, and (4) the existence of a humid to
sublumid climate producing at least moderate rainfall (Thombury,
1974). If these conditions are met, karst should develop in stages
which are identifiable.
One of the first attempts to identify stages of karst develop-
ment was made by Grund in 1914 (see Plate J). le considered the

doline as the basic karst feature, mech as the valley is the basic

foature of fluvial relicef (Herak and Stringfield, 1972). He presumed

the existence of a plain which in the Youth Stage would be marked with
irreqularly scattercd dolines. These dolines would gradually destroy
the vestiges of the initial plain surface, leaving ridges between the
dolines. The continued expansion of the dolines would eliminate those
intervening ridges. In the Maturity Stage, flat floors would appear
with cone shaped hills ramining as relicts of the ridges. 1n Old
Age, caves would collapse as would dolines and the result would be a
corrosion plain with isolatod hums. In none of these stages is

climate considered (Jennings, 1971).




Vaturity

SOURCE: M.M. Sweecting, Karst Landforms, pp. 310.

Jovan Cvijie published his roncept of karst stages in 1918
(see Plate 4). The karst cycle of erosion as ho saw it bogan with the

Youth Stage which appeared as scattered dolines. Progressively, sur-

face drainage would be lost but parallel ridges would be formed. In
Maturity, no surface water would exist except where uvalas were formed
by the breakaown of cave ruofs. The valleys became disorganized
reaching their deepest vertical extent and having the stoepest ridges.
In the later period of Maturity, valleys form from cave cullapee,
surface streams reappear as lmpermeable rock is exposed. In Old Age,
stroam valleys normal to the fluvial process appoar and scattored
ums remain as relicts of the limestone ridges (Sanders, 1921 and
ovijie, 1924).




A4alencent

SOURCE: E.M. Sanders, Geographical Review, Vol. 11, p. 598.

In 1928, yet arother view of karst stages appearcd. This
work by A.K. Lobeck used the terms Youth, Maturity, and Old Age but

his illustrations show a greater regard for the fluvial processes

working in conjunction with the karst processes (Bwons, Thiel, and
Stauffer, 1949) (see Plate 5).
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SOURCE: W.H. Bmmons, George A. Thiel, and Clinton R. Stauffer,
Geology Principles and Processes, p. 97.
A different concept was offered by Samuel N. Dicken (1935).
He too identified stages but initiated new names for them. The first
stage was the Doline Rarst, where well developed and numerous dolines
were featured. This was followed by the Basin Karst stage in which
dolines were choked with sediment which 1ly widened them into

basins. The final stage was the Streams and Basin Karst. In this
stage the basin underwent infilling with sediment,




More recently, a throe stage dovelogment of Central Kentucky
Karst has beer proposcd (wWhite ot al, 1970). The first stage is the
Prekarst Stage which featurces high relief topography with narrow steep
walled valleys. The second stage is the Cuesta Stage with karst valleys

and subterrancan features exten. ively developed. The third and final

stage is the Sinkhole Plain Stage which, as the name implies, features

a plain dominated by dolines.
In a recent work (Sweeting, 1973), the idea of stages is
challenged:
Each karstification takes place only cnce and no stages
in the development can be abserved. All kinds of transi-
tional landforms exist from the doline to the uvala and
the polje, but the one is not necessarily the initial
stage of the other. There is no cycle of landforms as
described by Cvijic or Dicken. Morphology rests upon
the principles of chemistry, hydrology. . .* (pp. 313-
a14).
‘Tis represents a change of view by Marjorie Swecting. In an carlier
study of karst in England, she describod the area in the terms of
karst erosion cycle as described by Cvijic, at the mature stage of
ovolution (Swecting, 1950).
The studies of Florida karst {Jordsin, 1950; Jordhn, 1954:
and Dodd and Siamers, 1971) reveal features which do not fit the karst
cycles previously describod. These include buriea karst and sisxholes
under water in the Florida Straits.
Whether textbook authors lean toward Cvijic (Cotton, 1941),
lobeck (Bvons, Thiel, and Stauffer, 1949), Grund (Scheidegger, 1961),
or make no mention of stages (Garmer, 1974), seems to be a matter of
sumple preference.  Jourmal articles alse show that preference--for

CGrund (Williams, 1972) and for Dicken (Hess, Wells, and Brucker, 1974).




Typically, the journals and textbooks describe only the preferenco

and do pot acknowledge that othor views exist., In spite of this
failing, therc is an apparent urge to discover a universal description
of karst stages. As yet, there does not appear to be one description
which can be satisfactorily applied to all cases. Perhaps a link

between stage and climate may offer an acceptable solution.

Stages of Cave Development

ihe urge to identify stages in ksrst applies to cave develop-
rent as well as to topography. Prior to 1930, most explanations of
caves were based on the work of underground streams. In 1930, William
Morris Davis published the first paper which assigned stages to cave
development. In his view, the primary formative stage was Phreatic
where caves were formed by solution below the water table. The decline
of the water table by rejuvenation created the second stage, the
Vadose Stage, where further enlargement occurred by the flow of vadose
water above the water table. Davis termed his ideas the Two-cycls
Theory and the previous ideas the One—cyele Theory (Thrailkill, 1972).

An opposing idea was not long in coming--caves were formed
by diversion of surface streams to routes opencd by the draining out
of static water by valley cuts (Gardner, 1935). This static water
was saline, and therefore cave levels correspond to the original salt
water bearing zones (McFarlan, 1950). This concept contained two

stages. The Precavern Stage was of little importance since the ground

water was static and little solution took place. In the second stage,

the Cavern Stage, the static water emptied, and primary cave enlargoment




occurred by the invasion of cewves by surface stroams. Most caves
in Indiana and Hentucky were thought to be ruséays for waters diverted
from the surface to undorground routes (Malott, 1237).

The Davis Two—cycle Theory received supgort by J,. Harlen
Bretz (1942) who added a third stage to the theory. The third stage
was described as the Clay Filling Cycle. The clay filling of caves
occurs botween the Phreatic Cycle and the Vadose Cycle, and vestiges
of the clay fill can be found in most caves. This study by Bretz
romains as one of the most oomplete works on caves and their features.

The Davis concept found other support (Krinitzky, 1947) in
a study of a caw in Virginia. The study rejected Malott's cave
invasion theory and Swinnerton's theory that caves formed at the
upper level of the phreatic zone. The Davis ooncept alss fouma
support in a study of Carlsbad Cavern (Horberg, 1949) which confirmed
tho two cycle formation. The cave clay filling stage was roaffirmed
(Bretz, 1952) as being depusition in the noarly motionless water still
filling the cawe when the reduction of relief reduced the phreatic
circulation. The three stage concept found support by Lawrence (1955)
anc! MoGregor, Pendery, and MeGrogor (1961).

A four stage approach to cave development has been proposced
(Moore and Nicholas, 1964). The first stage is the enlargoment of
joints within the phreatic zone. The second stage is the develogment

of master channels within the phreatic zone. The third stage is the

soascmal fluctuation of the water table coused by stroam cuts. The

fourth stage is the external cpening of the cave after which cave

formation ooascs.




The chamical molution of cave waters alse has becn divided
into stages (Holland et al., 1964). The first stage is the inter-
action of rain water with scil and air; the second is the pamrsage of
water into the carbonate rocks; and the thind is the equilibration
of cave waters with -« cave air.

An analysis of 820 caves indicated a relationship between
the relative frequency of caves with cne, two, and three entrances
arxl the maturity of the karst area (Curl, 1966). Conclusions were
drawn that in the mature stage of the karst cycle a finer dissection
of the karst may tend to produce both shorter caves and a greater
murber of cave eltrances.

The Davis and Brotz concepts have been attacked (Quinlan,

1970) as being based on elither fictional or inaccurate maps of the

caves they studied. The one cycle concept has recently been stressed

by noting that the streams flowing in caves may quite commonly be
the wory ones which originally formed the cave (Waltham, 1974). How-
ever, the work done on stroam fluting (Mauon and Campbell, 1935 and
Goodchild and Ford, 1971) provides a means of moasuring thoe rate

of stroam flow and the resulting erosional effect of the stream.

The length of scallops is correlated with tne flow ratr of water.

In general, the faster the flow, the smaller the scallop. For exam-
ple, a one inch scallop indicates a flow of 1.2 feet per socond,
four inches equates to 0.3 feet per second, and ten inches equals
0.09 feet poer second. Scallops are attributed to streass which
penetrate the cave late in its life.

The Bretz poper (1942) describes gpecific features which he




woncluded wore of phreatic origin, Phreatic cave shapes are high,
narrow, and straight slots which follow joints. Chambers and passage-
ways dovelop in all directions along which water under hydrostatic
pressure in the formation can move. Dissolution along the joints
enlarges thom, forming the cave passages. Jointing structure often
shows clearly in the ceiling corresponding to the longitudinal align-
ment of the chamber. Another feature which Bretz attributes to
phreatic origin is spongework. He found these sponge-like features
in thirty percent of the caves he knew. Spongework is the result of
the solutional work of water without definite current, without sur-
face gradient, and without air above it. No network system is
discernible. As dissolution continues, the cavities became increasingly
larger until partitions conmpletely disappear. A similar feature of
phreatic origin corsists of anastamwses, which are conprised of a

row of holes of subequal size aligned along the bottom part of a
stratum. These "pigeon holes" are rarely biy enough to crawl into.
They are unknown on solutional ceilings but can be found on the upper
surface of fallen ceiling blocks. Thus they are not a result of
chamber enlargament action but rather antedate the larger units of
the cave system. They may represent the early phase of cave building,
when water movament was essentially laminar and slow, allowing insoluble

residue to settle to the bottam and protect the limestone below. The

residual film preserves the original width at the bottom while

dissolution continues at the top. The resultant shape is bulbous--
higher than it is wide, and widest at the top where dissolution has

continued into the overlying stratum. Wall, floor, and ceiling pockets




are considered to be phreatic in origin. ‘These crudely circular,
round bottamed, kettle shaped features moy have greater depth than
width and may sametimes overlap., Partitions and pillars are also
phreatic. They are residual masses determined by bedding or joint
plane partings. Bretz concludes that no vadose stream could continue
s0 long as to deepen a double channel and leave intact thin island
wills reaching to the ceiling of a double chamber.

Brotz attributes several cave features to a vadose origin.
Dome shapes in the ceiling commonly oocur over pits in the floor.
These dome-pits are solutional in origin, initiated by a subterranean
piracy whereby water following a bedding plane high above the wazer
table abruptly leaves that course to fall to a lower bedding plane
moute. For initiution there must exist an older two-storied system
of horizontal chanmels. Thus dome-pits raquire two phreatic passages
to connect (Bretz, 1942). The dome-pit itself is vadose in origin as

evidenced by the vertical grooves in the pit wall formod by flowing

water. Consistently, the pits have greater height than width and

often have sand, gravel, and chert in the bottom, Flutes constitute
another vadose feature. Flutes on passage floors resamble ripple
marks in sand. They are small, shallow asymmetrical cups, close set
or overlapping, with tho steep side invariably up stream. Crest lines
are aboam of the current. Flutes are evidence of flowing vadose water.
Fotholes are vadose features similar to those in surface streams.

The downstream wall is normally vertical while the upstream wall is
overhanging, Some potholes have a cone in tho middle and some have
chert projecting from the walls suggesting a solutional origin.

Fock shelves and terraces are other vadose features.
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extensive work oriented to the oil production in Allen County (Show
and Mather, 1919) ‘neludes well logs which aid in the undorstanding
of the geologic structure of the area.

The lithologic names associated with particular strata vary,
depending upon the age of the literature in which they appear. For
example, a Silurian limestone is referred to as Corniferous, Pegram,
or Louisville. Other strata are similarly given duplicative names.
As a result, several works were reviewed to make a correlation
(Hopkins, 1963; Piper, 1932; Twenhofel, 1931; Frecman, 1951; Foreste,
1906; Savage, 1930; and Nelson, 1962). Each of these contributes to
the understanding of the lithology of the area as well as clarifying
the names associated with it. For the purposes of this study, the
names usad by Hopkins (1963) will be accepted.

The gecrorphology of the study area is included in works by
Jillson (1920, 1927), Miller (1919}, Thormbury (1965), Shaw and
Mather (1919), and Hopkins (1963). Each of these authors contributes
to an understanding of the relationships among the Cincinnati Arch,
the Nashville and Lexington Domes, the NMashville Basin, ohe Highland
Rim, and the current topography. Piper's study (1932) of north-
central Tennessce is also valuable in this regard.

Joint control in karst arcas has been discussed by Weller

(1927) and McFarlan (1950) in their treatment of Hentucky karst.

The jointing of the Nashwille Dome, which includes the study arcas
of this paper, has been described in detail by Wilson (1935) and
Piper (1932).

Most of the works cited above contain some data about springs

or underground water, However, several other sources were consulted.




‘The sinking springs phencmena of the Kentucky karst was described by
Jillaon (1928) and studies have been made of the springs along the
middle reaches of Barren River (Hess, Wells and Brucker, 1274). A
canprehensive study of the groundwater resources of the Scottsville,
Kentucky, area was made by Hopkins (1963). Although the Hopkins study
covers all of Allen County, the portion dealing with the southeastem
part of the county is sparse. Neverthaless, it has been a major source
of data for this paper. The works by Piper (1932) and Brown and
Latbert (1962) also apply to the study area although less specifically
80 compared to the Hopkins work.

Summary and Conclusion

The history of the evolution of karst concepts has been relatively
short. Most of the concapts have been developed in this century »ad are
therefore new when compared to other geamorphic concepts which have
misted for much longer periods. It is perhaps because of this short
history that the concepts are, for the nost part, still being refined,
rejected, and replaced.

In this chopter, the evolution of concepts relating to karst
processes, control, and stages has boen traced. It may be concluded
that climate has received very little consideration in conceptual

development. Only in the most recent works is climate mentioned and

even then not given a major influencing role. Climatic topics are
becoming morv influential in recent geomorphic writings and perhaps
the future authors of karst studies will follow tiat lead.

Another conclusion is that almost no concept is universally
accepted and therefore almost all are open to critical review and
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furthor research. Some of the names associated with the concepts are
those of 1 held in awe by many. Perhaps those names have hindered
criticism of the concepts, As time goes on this factor may diminigh
and the tiw honored concepts may undorgo renewed critical review.

Textbooks have not indicated the questions which exist about
the concepts which they selectively include. Roaders are left with
the impression that the concepts are unchallenged; that may reduce
the amount of critical thought concerning them. The divergent views
should be included in textbooks At least to a degree that would indi-
cate that a major divergence exists. Students would thereby be freer
in formulating their own opinion of the concepts and in choosing one
far personal acceptance.

One must conclude that geography is lesing its interest in

the earth science tradition. The various jowrnals of geography pro-

vided few references for this paper, The Journal of Geology provided

mist. The question arises whether climate would have been ignored in
karst concopts had the impetus come from geography rather than geology.
Finally, one rust conclude that the quantity of research work
accomplished has boen small compared to other gearorphic areas. For
exawple, the evolution of slcpes seams to have received much more
analytical work than karst. Very fow dissertations exist on the sub-
ject of karst. There is much work to be done if karst and its pro-

cesses, controls, and stages are to be understood.




CHAPTER TII
STUDY AREA

Geographic Scope

The geographic scope of this study extends from the contluence
of Long Creck and Barren River upstream to the confluence of Doddy
Branch, Bmma Cook Hollow and Long Creck, and laterally along that
length to the extent of the Long Creek drainage area (see Plate 6).
It is within this area of about thirty-three square miles that the
karst anomaly is well developed.

Within the study area, a two and one=half square mile sub-
area has boen defined for a detailed survey of the sinking springs
phenomena.  This subarea is that portion of the Long Creck drainage
area bordered by lLong Creck to the north, Highway 100 to the west,
and the interfluve extending southward from the Sink of Long Creek
to the southern drainage divide (sec Plate 6).

Carpenter's Cave is included in the study area even though
its entrance lies cutside the area. The collapsed terminus of the

major passage of the cawe is correlated with a large doline which is

located within the study area. Further, the cawe provides an oppor-

tunity to study the Louisville limestone from within.
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tral Kentucky Karst
The Central Kentucky Karst (Dicker, 1935) occupies the
rorthern one-third of Allen Cowity (see Plate 1). This arva
is a fairly typical karst plain, de.ted with dolines, with fow
surface stroams. Most drainage is by underground means. The
southemn extent of this area is gensrally agroed to be the sur-
ficial extent of the St. Louis limestone. By exclusion, the

study area lies outside of the Central Kentucky Karst.

Pennyroyal
The study arca lies within the Greensburg Area of the
PenmyToyal of Kentucky (Sauer, 1927/ (see Plate 7). The descrip-
tion of the Greensburg Area of the Penmyroyal does rot fit the
topography of the study arca. The study arca exhibits more relief,
steeper slopes, and narrower valleys. It should be noted that the

Contral hentucky Karst as defined by Dicken (1935) corresponds in

general terms to the Pennyroyal Plain as defined by Sawer (1927).

In Allen County, the two designations are guite alike. The Greens-
burg Area is one which is predominantly fluvial in origin while

the Penmyroyal Plain is primarily kars




GREINARURG AREA
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SOURCE: Carl O. Saver, Geography of the Penmyroyal, p. 35.

Highland Rim

The study area seems to more easily fit the description of the
Highland Rim which surrounds the Nashville Basin (see Plat: 8). The
gaomorphic history of this area, as described by Thormbury (1965),
began with fommation of the Highland Rim Peneplain near the end of
the Miccene Epoch. By mid-Pleistocene, the Nashville Basin had formed
from the eroded surface of the Nashville Dome which structurally is
part of the Cincinnati Arch. The boundary of the Hashville Basin is
the Highland Rim escarpment which circumscribes the basin, The crest
of the escarpment is as much as 450 feet abowe the basin floor. This
escarpment lies some twelve to fifteen miles south of the study arva.
Both Long Creek and Barren River have their origins near the crest




e »- o

Adapted from U.S5.G.S. Geologic Map
of the United States, Appendix

of the Highland Rim escarpment. Both streams and their drainage lines
have deeply incised into the old Highland Rim Peneplain; little remains
of it except near the escarpment. The Highland Rim area is cappod by

Mississippian bedrock. In this regard it is like the Central Kentucky

Karst to the north and unlike the Nashville Basin to the south, which
has surficial rock from the Devonian, Silurian, and Ordovician.

Both the Nashville Basin to the south and the Penmyroyal Plain
to the rorth are conspicuously karstic, but the Highland Rim is
generally devoid of karst features, This is attributed to the Highland
Rim's cap of Fort Payne chert which is considered to be relatively
impermeable (Thornbury, 1965) .
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Since the study area lies within the Highland Rim, which
is structurally part of the Kashville Dome, one can expect a
correlation between the joint pattern of the dame and that of

the study area.

Surface Geology
The surface geology of the study area is varied (see Figure 1).
The uplands asd valley sides are covered with regolith, the lower por-
tion of which is called residum. This residual material consists
of the chert and clay which remin after the limy portion of the
parent rock is removed. In places, pseudobudding ococurs.  The chert
and shaly part of the parent rock is virtually in place except for

slumping and compaction. About seventy percent of the Allen County

area is underlain by residual regolith and almost twenty percent by

transported regolith, The thickness varies from near zero in the
southeast to about sixty fect in the nortlmestern part of the county.
Springs emerging from the regolith are usually seepage springs
averaging about one gallon per minute in Allen County. Recharge of
the yround water oocurs by infiltration and percolation of raimwater

(Hopkins, 1963).
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Stratigraphy

The Fort Payne chert formation caps the study area and is
early Mississipplan in age. This formation exteonds uwards from
about 660 feet above sca level and rewches a maximum thicknoss of
140 feet in the study area. The format on is dolamitic and some-
what argillacecus (Nelson, 1962). It is typically light yellowish
grey and massive to thick bedded; some hods contain mumerous small
quartz lined gecdes. Large crinoid stems are cammon. Chert is
especially abundant in the lower ten to twenty fect of the forma-
tion. This lower portion is often referred to in Allen County
well logs as the “Beaver" formation which was productive in oil in
the northern portion of the county (Branson, 1966). The joints and
bedding plane openings have undergone some enlargement by solution.
Some small tubular openings are visible in the upper portion of
the formation. Within the study area, springs omerging from the
Fort Payne formation are usually small. The average flow throughout
the county for Fort Payne springs was five gallons per minute
{Hopkins, 1963). The recharge of the ground water is by infiltra-
tion from the regolith above, but the dowward movement is relatively

slow. Spring response to rainfall occurs usually within 24 hours

(Hopkins, 1963). The Fort Payne chert formation unconformably

overlies the New Providence shale within most of the study arca.
The New Providence shale is a greoenish corgosite of

crinoiaa] debrin in a limy shaly matrix. It is non-fissile. This

formation is four feet thick in the arca of Carpenter's Cave in

the northeastern part of the study area but thins to the north and
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west. It is absent over much of the southwestorn portion of the study
area. Where present, it conformably overlices the Chattancoga shale
(Hopkins, 1963).

The Chattancoga shale is late Devonian in age (Nelson, 1962)
and 40 feet thick within the study area. It is dark grey to black
in color. It is ronfissile when fresh but fissile when weathered., It
consists of silt and clay sized particles of quartz, pyrite, and clay
minerals and is slightly radicactive (Hopkins, 1963). This shale
is petroliferous and is ostimated to contain frow ten (Miller, 1919)
to fifteen (Branson, 1966) gallons of oil per ton of shale. The
Chattancoga shale is more resistant to weathering than the overlying
Fort Payne formation and, as a result, often forms benches on the
hillslopes (Hopkins, 1963). One such bench can be scen on the hill-
slope southeast of the Highway 100 bridge over Long Creek. The pri-
mary openings within the shale are intergranular and therefore too
small to allow much passage of water. Secondary openings by joints
and bedding planes amount to little more than hairline cracks
{Hopkins, 1963). Since shale is insoluble, those openings are not
enlarged. In effect, the Chattanocoga shale is considered to be
impermeable (Hopkins, 1963; Thormbury, 1965; and Miller, 1919).
Therefore infiltration and percolation of rainwater and the downward

movement of ground water is effectively stopped by this formation.

Very little water is contained within he shale as evidenced by the

rarity of springs and the minor amount of water obtained from wells
within the formation (Hopkins, 1963). The Chattanooga shale rests

in sharp unconformable contact upon the Sellersburg limestone where




the Sellersburg formation is present.
The Sellersburg limestone is of middle Devonian ape (Nelson,
1962). Its age was established on the basis of fossils collected
near Brown's Pord, which is about one half mile rortheast of the
study area. One such index fossil was identified by Miller (1919)
as belonging to the crinoid genus Dolatocrinus. This fossil and
others typical of the Sellersburg are distinctive (soe Figure 2).
In the northoastern part of the study area, the Sellersburg lime-
stone is about five feet thick, The formation thins to the north

FIGURE 2. SELLFRSBURG FOSSIL DOLATOCRINUS

SOURCE: puthor

arﬂmtarﬂum:pmsmtm&mmﬂmtempomonofthexm
area. The thinning of the limestone has boen attributed to the
mmxm-ﬁmtm erosion of higher levels in thosa areas




where the Sellersburg limestone is now thinned or absent (Hopkins,
1963). wWhere present, the Sellersburg limestonoe appoars as a
ahelf extending outward from between the Chattanooga shale above
and the Louisville limestone below. Spring discharge from the
Sellersburg formation is negligible (Hopkins, 1963). The Sellersburg
limestone unconformably overlies the Louisville limestone.

The Louisville limestone is of middle Silurian age (Nelson,
1962). The Waldron shale, which in other areas scparates the
louisville limestone from the lower Laurel limestone, is missing
throughout the study aroa. Since the Louisville and Laurel lime-
stones are indistinquishable when the Waldron shale is absent (Show
and Mather, 1919), the two limestones will be considered together
and referred to in this paper as the Louisville limestone. The
Llouisville limestone is a dolomitic, greyish yellow, fine grained
formation. Its weathered surfaces grade to brown. Fossils are rare.
Thw louisville limestone is cliff-forming (Miller, 1919) ana all
the noar vertical cliffs along Long Creek are formed from it. The
formation is highly jointed and both the joints and the bodding
planes have undergone solution and enlargoment. Many of these open—
ings are intercoanectod and cavermous (Hopkins, 1963); the two
largest springs in the county emerge from such caverns. Calvert's
Spring, within the study arca, has a flow rate ranging from 400 to

12,000 gallons per minute, while 3ig Spring, west of the study

area, produces from 1225 to 20,900 gallons per minute (Hopkins, 1963).

louisville formation is the major oil boaring formation in Allen
County, and is referred to in well logs as the “Corniferous®

{Branson, 1966) .




local Structure

The subsurface structure of the study arca has boen mappoed
(sce Plate 9) using the top of the Chattanooga shale as the basis
for contours (Branson, 1966). The structure shows a general dip
toward the northwest, but there are several structural highs and
lows significant enough for mention here. Carpenter's Cave lies
within a rather broad structural high (680 feet) which is elliptical
in shape and longitudinally oriented about North 70 degrecs East,
It is about eighty feet higher than a structural low, similarly
oriented, which is centered about one half mile northeast of the con-
fluence of Long Creek and Barren River. A second structural high
is located to the south of Holland and a low located rorthoast of
that high. The difference in elevation betwoon these latter two
structures is sixty foet and the distance between their centers is
about 2,200 feet. Finally, south of Oakforest, there is a struc-
tural low which is oriented gencrally east-west, and which is a
severely flattened ellipse associated with the Dry Creek valley.
Although none of these structures is lnmonse, they do indicate that
the northermn slope of the Nashville Dome is not totally swooth, but
has highs and lows within the general dip toward the northwest

(soe Plates % and 10).

Gearorphology

Long Creek Drainage Area

Long Creek's headwaters are near the Highland Rim escarp-

ment in Tennesseco. The stream flows in a generally straight line




PLATE 9. GBOLOGY OF THE STUDY AREA
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PLATE 10. LOCAL STRUCTURE, TOP OF CHATTANOOGA SHALE

SOURCE: Adapted from E.R. Branson, Econamic
Geology of Allen County, Kentucky




toward the northeast (sce Plate 6, p, 36}, perhaps following joint
controls of the Nashville Dome. The drainage area served by Long
Creek foatures relatively deep, narrov, and steep sloped valleys.
The arca could be described as youthful in Davisian terminology.
The Highland Rim Peneplain has largely been destroyed, with only
narrow ridoes remaining as relicts of that surface. Long Creck has
incised approximately 240 feet below the interfluve crests. Tribu-
tary valleys are usually less than one mile in length. These stecp
gradients are assumed to be the result of an uplift which oocurred

during the late Pleistoc.ne and Recent Epochs (Thornbury, 1965).

Springs
Virtually all first order valleys have springs at their hoead.
The flow from these springs in the lower reaches of Long Creeck scldom
reaches the crock by an entirely surficial route. Most springs sink

one or more times and virtually all sink before reaching the Long

Croek floodplain, Calvert's Speing is an exception, emerging from

the same strata which captures other springs and, with a flow of up
to 12,000 gallons per minute, completes its short mun to Long Creek.

The Leng Creek valley exhibits at least five abandoned stream
routes. It appoars that long Creck abandoned those routes in fawir
of more reandering oncs. These abandorments appear to have occurred
whon the stream bed occupicd the 600 to 620 foot lewel, about bwenty
to forty feet above the current level of the stream. The cause is

not readily gpparent, not is it discussed in any literature reviewed.




Karst Featurcs

Long Creek Sink aml Resurgence. The most prominent karst feature

of the study area is the piracy of Long Croek. The primary swallow
hole which captures the nomal summer flow of Long Creek iz known
locally as the Sink of the Creck and is identificed on the topographic
quadrangle map as the "The Sink"”. Other swallow holes of the creex
are ot identified in the literature reviewed. The resurgence of
Long Creck is unnamod on the geologic map but is indicated by a
resumption ot surface stream marking. HNo description of the resur-
gence was discovered in the literature rovicow. In the analysis por-
tion of this study, several swallow holes and resurgence points are
identified.

Springs. The study area exhibits its karstic tendency in that the
springs are often recapturcd after their resurgence. These springs
are indicated on the geologic map as intermictent streams. One

tubular spring, Calvert's Spring , is identified on the map by name.

Carpenter's Cave. Underlying the northoastern portion of the study

area is Carpenter's Cave. This well developed cave is the only
known cave of such development in the southeastern part of Allen
County. The cave is located on the side slope of a valley which is
typical of the immediate area. The elevation of the head of the
valley is 800 feet abowe sca level, the length of the valley is
1,800 feet, and the valley's mouth at the bank of Barren River is
540 feet in elevation. The slope of the valley head is particularly
steep, dropping 100 feet within the first 600 feet of the valley's

length.




Climate
Allen County receives from 45 to 50 inches of precipitation
per year (Cockrill, 1975). This amount is generally spread over

the entire year, and iy capable of recharging the springs in the

study area, Specifically, during the period of the field survey

of the springs in the detailed study area, enough precipitation
fell to preclude the possibility that the sinking springs phencmena
was due to insufficient recharge (see Table 1). During the month

of November, 1975, the area received 5.37 inches of rain.

TABLE 1
PRECIPITATION DATA, NOVEMEER 1975
November Precipitation, Inches

.N8
2.11
42
.29
04
.04
27
.48
1.74

SOURCE: Wuwather Records for Scottsville, Hentucky.




GIAPTER IV

HYPOTHESES

The problem of a karst anomaly in a non-karst area was identified
by the author in 1975 while investigating Carponter's Cave which lies
under the study area. The cave's major passageway is longitudinally
aligned with a tributary valley of Long Creek. The hoad of that valley
cincides with the location of the collapsed end of the cave's major
passageway. The Sink of Long Creek is only slightly off line with an
extension of the axis of the valley and the cave. The valley was inves-
tigated to ascertain if it had been formed as a result of cave collapse.
No such evidence was discovercd. However, it was discovered that the
valley contains numerous springs in its branch valleys. All these
springs are pirated before they reach the primary valley floor. This
cbeervation led to a more detailed study of this and adjacent valleys.
Thirty-four springs were located and mapped. All were pirated at least
once and none reached Long Creck or its floodplain.

Having cstablished that karst features are comwon in this araa
acknowledged to be non-karst, several hypotheses were develored con-

cerning the origin and contrel of this anomaly.

Hypothesis One: Karst features within the study area are con-

trolled by satr. w. It seans likely that this hypothesis is true
since most karst features appear to be in Silurian age strata. If it

can be established that karst features are either exclusively or pre-




deminantly found in one stratigraphic interval the hypothesis could
then be accepted.

Hypothesis Two: Major karst features within the study arca
are phreatic in origin. The Devonian age shale which overlies the
Silurian limestones scems to be impermeable. Therefore it seams
likely that the karst features contained in the Silurian age lime-
stones are phreatic in origin if they were formed after the shale was
1aid down. If it is established that the major karst foatures arc
limited to one stratigraphic interval and if the Devonion age shale
can be established to be generally impermeable, this hypothesis could

then be accepted.

Hypothesis Three: Primary surface drainage valleys in the

study area are joint controlled in their crientation. The valley
orientation within the study arca is unlike that in the northermn part
of the county. Since joint control is coemon in the formation of
karst landscapes, it seoms probable that this control is exerted in
the study area, If it can be establishod that valleys within the
study arca are oriented consistently with the general joint patterd
of the area, this hypothesis could be accopted.

Hypothesis Four: The Long Creek karst topography does not
conform to the stages of karst development as described by Cvijic,
Grund, Lobeck, Dicken, and White. Observation indicates that the
topography of the study area does not closely resamble the stages of
karst development advocated by these authors. If it can be esta-
blished that the Long Creek karst does not in fact conform to those

stages, then this hypothesis can be acocpted.




1f all these hypotheses can be acoepted, then some conclu-

¢ be dranm concerning the origin and the time of karst

=velopment in the Long Creek study area.




CHAPTER V

RESEARCH DESIGN

Mothods of Data Collection

Long Creek Sink and Resurgence

Data concerning the sink and resurgence of Long Creek
were collected by a field survey conducted by the author. Locaticas
were confirmed by compass triangulation to known map points. Strati-
graphy was established by close examination of the rocks and fossils
present; comparison with the geclogic map confirmed that the map was
generally accurate. The swallow holes were identified visually and
no attompt was made to discover others by mechanical means, Those
swallow holes which were above the stream level at the time of dis-
eovery wore resurveyed when the water level was higher to confirm
that they were indeed active swallow holes. The resurgences wore
identified visually. Dye tracing was not attempted since the relation-
ship between swallow holes and resurgences was sufficiently distinct,

Photographs were taken of the major features within this locala.

Sprimgs
Data for the detailed study of the springs were colloctod
during the peried 16 through 28 November 1975, A fleld survey of
the detailed study area was made to locate the springa, including
their origins, sinks, and resurgences. Each valley within the

56




detailed study arca was imvestigated from its confluence with Long
Creck to its head. All secondary valleys within the detailed study
area were likewise investicated. Field notes were made on general
toerrain features, the elevation of spring origins, sinks and resur-
gences, spring flow, and stratigraphy when it could be determined.
Springs were assigned numbers since few springs are locally known
by names.

For the puposes of this paper, spring flow has been generalized.
The term "small flow" indicates that the stream bed cccupled by flowing
water is less than two feet wide. A "moderate flow" indicates two
o four feet water flow width. A "large flow" indicates flows more
than four feet wide.

Most elevations were determined by field comparison of strati-
graphy with the United States Geologic Quadrangle map of the Holland
area. In the fow cases where such comparisons could not be made, a
Taylor hand held aneroid barcmeter/altimeter was used. This instrument
is compensated for tamperature and has a manufacturer claimed accuracy
of about twenty feet.

Beyond the detailed study area, a field survey was made along
the length of Long Creck within the study area. The purpose of this
survey was to determine which valleys contain flows which reach Long
Creck. Each valley mouth was investigated to locate, where present,

the drairage gqully or flow. No attempt was made to locate all the

springs at the valley heads outside of the detalled study arca because

the karst character had already been established from the detailed
study area.




Carpenter's Cawe
Carpenter's Cave was investigatoed by field survey. Length
measuraments were made using a tape, width and height of the passage-
ways were estimated, and slope was moasured with a Brunton Compass.
Passagoway orientation was determined by compass readings at thirty
foot intervals, centered in the passageway. Field rotes were made

concerning the structure and other notable features.

Long Creck Drainage Arca
pata for analysis of the Long Creek drainage area were collected

from 1:24000 topographic quadrangle maps. A tracing was made of the
valleys beginning at a point at the valley head where contour lines
appear as acute angles. Founded contour lines at the valley head woere
excluded even “hough slope continued, because the drainage line above
was mot well defined, From this tracing of the drainage area, a map
was prepared and the valleys were numbored and assigned orders accord-
ing to the Strahler systam of stream ordering (Grogory wd Walling,

1973).

Mothods of Analysis
Analysis of all data, except those of the Long Creck drainage
arca, was made using maps prepared by the author. The detailed study

arca data were analyzed using a compilation of the altitudes of the

spring origin, sink, and resurgence. Where consistencies were notoed,

the stratigraphy was roviewed to determine if it was a factor. Since
thore were, for the most part, correlations between lithology and the
spring features, the subsequent analysis was primarily inductive rather

than mathamatical.




The Long Creek drainage area data were mathematically analyzed.

vun valley lexths for each vallay netwnrk were determinad for each

valley complex. The cumilative moan lengths were compared to dis-

cover if there were any unusual aspects of the drainage network .

The erientation of the valleys was determined by the azimuth from

the point of designation of the highest order valley in each valley
complex to that valley's confluence with Long Creek. The latter point
was that of the gully entry into the Long Creek or, lacking that, the
last point of sink of the stream flow within the valley. These
orientations were then compared to the jointing pattern of the study
area and a statistical comparison was made to determine the correlation

between the two.




CHAPTER VI
ANALYSIS

Introduction

The analysis of the data collected is presented according
to the separate focal subjocts of this paper: the plracy of Long
Crock; the springs; the Long Creck drainage area; and Carpenter's
Caw. In each of the following sections, the data collected is
presented and the results of the amalysis indicated. Where appro-
priate, tables and maps (llustrate the data; photographs are used
when noeded to aid in viswalization of the feature being discussed.
Data analysis formulas, when used, include enough of the calculation
jrocess to allow replication in future studies of the arca. In each

section, a sumary ends the discussion of the data and its analysis.

The Piracy of Leng Creck

The Swallow Holes
The first piracy of Long Creek occurs at a point about 2.34
miles fram the confluence of Long Creck and Barren River (sce Plate
11). This distance is that measured along the stream bed which
continues in the form of a reverse § moander to the river. The point
of the first piracy is known locally as The Sink and that namo is
usod on the topographic map of the Holland Quadrangle. For this

analysis, the designation Swallow Hole One (S-1 on Plate 11) will be

used for the location of the first piracy.

]




PLATE 11. THE PIRACY OF LONG CREEX

Swallow Hole
Resurgence

Collne

BARNES HIVER

Author Field Survey




Swallow Hole One is in actuality rore than one hole. In fact,
seven swallow holes are identifiable at this location. All are located
within a distance of about 75 feet, so they are considered collectively
in the analysis. The sover ssallow holes are locatal on the cast side
of lLong Creek immediately ups'ream from the point where the creek
bends westward away from the very steep interfluve which it parallels
for a short distance (see Plate 11). The four tertiary swallow holes
are subfluvial (see Figure 3) but can be located by the water flow and
can be seen when the water is clear. The largest of these four is about
six inches in diamoter. About 25 feet further downstream, two secondary
swallow holes can be seen. These two appoar to be joint enlargements
with about two wvertical feet of each of the holes being visible above
the water (see Figure 4). The largest of these two holes is about one
and a half feot wide and about four foet in vertical extent. The
seventh swallow hole is the primary one for this location (see Plate 11).
It is a horizontally aligned elliptical opening approximately eight feet
in width and an estimated four feet in depth. Local residents have
entored this opening and reportedly have explored the cavern for a
considerable distance when Long Creck was in a period of very low
flow. Howover, during normal flow only a small peortion of the opening
is visible abowe wator (see Figures 5 and 6). The collective Swallow

Hole One is sufficiently large to pirate the entire flow of long

Creei: during periods of relatively low flow, usually limited to the

gurmer soason. When total piracy is achicwed, a current forosd pond
is formed just downstroam from Swallow Hole One from which a reverse

flow to the swallow hole can be cbserved.










Whon the flow of Long Croek is sufficient to avoid total
capture at Swallow tole One, the uncaptured portion of the Flow
follows the channel for approximately 0.8 mile before encountering
Svallow Hole Two (s Plate 11). Swallow Hole Two is a single
horizontal slit which is about fifteen feet wide and about one to
three fect doop (soe Figure 7). During poriods of normal winter
flow, Swallow Hole Two pirates all the flow which has escaped

capture by S«allow Hole One, and the stream bed downstream from it

is dry (s2¢ Figure 8) except for same residual ponds (see Figure 9)

which romain from periods of heav, flow. Swallow Hole Two, on the
opposite side of the creek from that cf Seallow Hole One, is located
on the south side of the interfluve between Fhodens Creek and Long
Creck.

During periods of heavy flow, the portion of Long Crock
which has escaped capture by Swallow Holes One and Two continues in
the channel for approximately 0.45 miles where it enters Swallow
liole Three (sce Plate 11). Swallow Hole Three is a single hole
about six foot wide and about three feet in height (see Figure 10).

t is about four feet higher than the bottom of the channel but it
was obserwsd to receive flow before the creek roaches floodstage,

A final act of piracy ocours during periods of heavy flow
approximately 400 feet further downstroam (sce Plate 11). At this
point, Swallow Hole Four captures part of the flow (see Figure 11).
Swallow Hole Four is about two feet high by cight fect wide (sce
Figure 12). It, like Swallow Hole Three, requires a heavy flow of
Long Creck to raise the water to a capture lovel (see Figure 13)

and the two are ot successful in wtal capture.










FIGURE 11. SWALLOW HOLE FOUR IN ACTION




The Roesungonces

Resurgencs of Long Creck occurs at two widely separatoed
locations. The location of Rosurgence One (R-1 on Plate 11) is
on the cast side of the interfluve separating it from Swallow lole
One. The flow omerges fram a horizontally aligned arcuate opening
which is approximately 62 feet in breadth (see Figure 14). Bifur-
cation of the flow occurs immediately (sce Figure 15), with a portion
of the flow moving north-northeast while the other portion flows
south-southeast., The northemn flow enters the meander channel of
Long Creck downstream from Swallow Hole Four. The bifurcated streams
rejoin inmediately downstream from the Mill Dam (see Figure 16). The
dam and the foundations of the old mill are still in place although
no remains of the mill building are in evidence. The dam is on the
south fork of the resurgence flow. This indicates that the flow
was sufficient and consistent enough to power the mill.

About 500 feet downstream from the confluence of the bifur-
cated resurgence flow, a secondary resurgence point is located (blaclh
rectangle on Plate 11). Although it is only three feec wide and has
the appearance of a spring (sce Figure 17), it is a resurgence frem

swallow Hole One, flowing turbid when the creek is turbid.

The carbination of the flow from the two resuwgence points

camposing Resurgence One is visually comparable to that pirated by
Swallow Hole One.

Two dolines are present noar the secondary resurgence point
(see Plate 11}, The dolines are small, about cight to twelve feot
in diameter, with small trees growing within them (sce Figures 18

and 19). The smaller of the two dolines is located up slope from the




FIGUFE 13. LONG CREEX IN HEAVY FLOW. COMPARE WITH FIGUKE 9.




FIGURE 15.

BIFURCATION OF FESURGENCE ONE

w



FIGFE 16. REUNICN OF BIFURCATED FLOW
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oo with t slopes to tha north,
the hills contiguous to the floxdplain
an which ! » Two in pports this conclusion.
a padiment located on the north side of Long Creek,
; betworn Peswumences ne and Twe, is an elongated
n longitudinally alignoed north-south (see Plate
111, '™e depression is in a cultivated area, and evidence of
tmporary ponding is visible (sce Figure 24). The length of the
depression is about 330 feet, and its depth is about fifteen te
teenty foet at the lowest point. About 200 vards nortimest of
the rim of this depression, and located on the lower portion of
the hill up slope, is a unigue exposwe of Louisville limestone.
This small exqgposure of about fifty by fifty feet appoars to
amsist of solution relicts., Blocks, separated by solution chan-

nels two to three feet wide and up to aix foot doop, are expossd

(500 Figuee 25}, The maze of channels . hoe supposed flow

route from Swallow llole Two to Resurgence Two.  However, '

spocific correlation could be made.

Surmary

Long Cros which flows unintorruptod for tho fir
toen miles or so, is pirated at four locations within a
of 1.3 miles. Pivacy occurs at diffc ta deponcding upon
the level of the covek flow. As a result, the creck's surface
channel is filled with water to differing ext wvond Swallow
lole ne. During poriods of low volum flow, long Crock is

totally pirated by Swallow liole One, flows at least 1400 feet




FIGURE 23. RESURGENCE TWO CONFLUBNCE WITH BARFEN FIVER

FIGUFE 24. PEDIMENT DEPRESSION
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FIGURE 25.




H|urgonoe e, axd continues {ts
rtened its route by at loast

Buring periads of maderate volume flow, a 0,8) nile surface

* 18 added to the point where Swallow llole Two total

the flow (minus the piracy by Swallow Hele ne). The water £lows

at least 5000 feet by undorground route, omorges ot Bosurmence ™o,
and flows some 500 feet by a surface routo to Barren River, having
shortencd its route ly

about one half mile. Puring periods of hiagh
volume flow, the piracy bv Swallow lioles One, Two, Threo, and Pour
is incomplete aw a portion of Long Creek flows by surface route,
cocupying its channel in its entiroty, even as the pirated flows
continue as noted in the two cases above. In effect, at periods of
"ugh voluwe flow, Long Creck simultancously has at least five dif-
forent courses, only one of which is surficial, This assunes that
Swallow Holes Two, Three and Four are fecdors to a single conduit
amenying at Nesurgonoe Two.

It 15 interesting to note that Swallow liole tne, the pri-
mary point of Resurcence Two, and Swallow Hole Pour are almost
perfectly alignod (sce Plate 11).  Swallow liole Two, Swallow liole
Four, and Resurgence Do are also aligned with Swallow liole Three
being tly off that line. These two lines are nearly at right
angles. The orientation of these two lines is very similar to the
orientation of the passagoeways of Carpenter's Cave.

All gsallow holes and resurgenoes of Long Crock ooccur

within the louisville lirnestone of Middle Silurian ase. The

exposures of these strata along this portion of lLona Crook are deoply




pitted by solution, with pit diamcter reaching as much as twenty
inches. Tubular openings up to six inches in diametor are not
uncomron,  Little of the exposed surface of the Louisville 1ime-
stone is unaltered by solution., As will be seen in following
paragraphs, the Louisville limeatone exhibits these characteristics

throughout the study area.

Springs
Introduction
Virtually all valleys in the detailed study area contained
springs and several were categorized as large. Within each valley
complex. the combined flows of the springs appeared to be sufficient
to produce a major tributary to long Crook. However, no such tri-
butary is produced because of the piracy of the flows either before
or after confluence with the primary drainage line. In no case
does a flow reach Long Creek by a surficial route and, with o

exception, no flow has incised through the Long Crock flocdplain.

This indicates that the addition of runcff from rain witiin the two

and a half square mile detailed study area is insufficient to pro-
duce a confluence with Long Creek.

The following paragraphs provide an analysis of the collected
data and establish a basis for conclusions about the anomaly of
sinking springs in a nonkarst area, The data collected (Tables 2 and

3) is analyzed in three groups: origins; sinks; and COSUrgenoes.




TANULE 2

SPRING FLOW DATA, VALIZY OOMPLY

Origin
MSL

Valley Complox A

120* 200"
50!

Valley Complex B

760* 900" 680" 700" 660"
1200* 620" 1o00* 615"
1o00* 610*
760" 700" (Joins with Spring 2)
740" 200" (Intire fl w sontained by dam)
740" 300" 710 J00* 660"
200° (Joina with Spring 2)
720" 900" (Joins with Spring 2)
720° 700" 620

falley Complex ©

760" 1600" 660" 400" &60"
1100* 620*

660" 200°* (Joina with Spring B)

660" 100" (Joins with Spring B)

Valley Corplex D

Small
Small
Small
Small

Small

720" 1300°
720" 1100*
680"
680

680"

SOURCE :

Mithor Field Survey.




TABLE 3

SPRING FLOW DATA, VALLEY COMPLEX E

Origin Dig- Sink Dis=- Rosur-
Spring Flow ML tanoo MSL tanoe gence

Sall 750" 720" 20" 720'
(Entire flow contained by dam)
640"

small 680"
Small 720" 640"
Small T20° 710°* 50" 700*
690" 50' 680"
640"
Small 720" (Joins with Spring 21)
Mod. 720° 640°
Small 750" 730
Mod. 720* 640"
Mod. 720" {Joins with Spring
Small 720 660"
Hod. 720° 700* 60"
660"
Small 750° 730" 100'
6ED"
Mod, 750" (Joins with Spring
Mod, 730" {Joins with Spring
Mod. 1501 660"
Large 720 660"
Small 720" (Joins with Spring
Small 720 (Joirs with Spring
Small 720" 620"

Author Field Sur.cy.




Origins

m the highest point of spring omorgence within each
valley is, for this papor, designated as a spring origin,
Bergence at a lower point in a wval ley containing a spring at
igher elevation is desiguited as a regurgonoe of the higher
spring. Because the valley slopes are so steep, this distinetion
seOma propoer,

falley camplex A contains one spring (sce Table 2 and
Plate 12). As Table 2 shows, Spring 1 crerges at an clevation of
720 feet mean soa lowel. It flows on the surface for a distance of
900 feet whore it sinks at an elevation of 640 feet mean sea level,
About 1100 feet down valle, ¢ TCSUWOENOe oocurs at 600 feet mean sca
level, After a surface flow of 50 foot, a final sink occurs at an
elevation of 600 feet mean sea level,

The valley orplex designated D containg six Spring origins
(sce Table 2 and Plate 12), The highest origins arc at the valley
head where Springs 2 and 3 eerge at an elevation of 760 feet above
sed lovel. Both of those springs are classifiod as having a moderate
flent to their confluence, below which the flow rust be classificd as
large. Sprirags 4 and 5 ervrge at 740 foet above sea level with flows
classifiocd as small, Springs 6 and 7 anerge at 720 feot above sea

level with a moderate and saall flow respectively.  All six springs

within this valley coplex originate from the Fort Payne formation

but the elevations of the origins decrease from 760 feot to 720

fuct, Theso docrcases trend north-north—west toward long Creek.




m ]

g
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SOURCE :

PLATE 12.




e separating val caplex i illey coep
s rerging from | slopos, It is the only ridae
i the study arca which is devoid of springs.

The valley complux C© (see Table 2) contains throe springs.
‘The primary one is Spring 8 which originatos at an clevation of
760 foot abowve sea level at the valley head, with a flow classified
as large, Spring 8 amerges from the Fort Payne formation. Springs
9 and 10 emerge at an elevation of about 660 feet from the contact
botween the New Providence shaie and the Chattancoga shale,

There are five springs within valley coplex D.  Springs
11 and 12 originate at 720 feet above sea lovel with small flows
from the Fort Payne formation, Springs 13, 14, and 15 cmorge at
an elevation of 680 feot above sea level from the contact between
New Providence shale and the Chattancoga shale, The contact betwoen
these two famations i5 alichtly hisher in this valley bocause it
is clogor o the structural high centersd about one half mile to the
aast,

Valley comal L {sec Table 3) exhitts similor character-
istics. With one omicoption sy 17}, the springs first crorge
fram the Fort Payne ation with origin elevations boing highost
at the valley head,  Spring 17 eriginates fram the contact between

the New Providence shale and the Chattancoga shale,

Spring flow is strongest in springs whose origin is at the

valley hoad and weakest at origins near the valley mouth, This is

true troughout the study arca,




ing Sinks

tione of the spring flows widiin the detailoed study arca
reaches Long Crock by a surficial route; all are pirated. There
1s consistency in the piracy within a valley complex but ecach
valley aooplex differs from the othors,

There are four levels of sinks within the valley coplexes
A through D {sce Table 2). Onme occurs at 710 feet above sea level
(Spring 5), which is about fifty feet above the base of thoe Fort
Payne formation. Two sinks occur ac 680 feet above sea level
(Spring 2 and B), which is about twenty feet above the base of the
fort Payne formation. Five sinks oocur at 640 feet above sea
level (Springs 1, 11, 12, 13, and 14), which is the contact of the
hattanooga shale and the Louisville limestone., These five sink
irmadiately upon oontact with the Louisville limestone. The fourth
level of sinks ia about 620 feet above sca level (Sprimgs 2, 7, 8,
14, and 15). This level is occupied by the Louisville limestone
although only the beds of Springs 2 and F have exposcd it to this
depth,

The highest level sinks of Springs 2 and B at 680 feot
above sca level deserve special note. The flow of both springs at
this point is large, and both are flowing through a qully about

four feot deep. At the point of sink, cach flow falls vertically

over a limestone precipice about four feet high into a gravel £illed

plunge pool (see Figure 26). The basin of the plunge pocl is about
five feot in diamoter and is filled with water to a centor depth of

about six inchos, No water escapes from these small basins but the




FIQURE 26. SPRING SINK




swillow noles which they must contain are not visible. These holes
are appacently filled with grawvel.

The sinks within valley camplex E (see Table 3) oocur at
levels corresponding to those in the other valleys except that the
structural high has raised all strata about twenty to thirty feet.
The highest sinks occur about fifty feet abowe the base of the Fort
Payne formation; another sink level is about twenty feet above the
Fort Payne formation; a third level is at the top of the Louisville
limestone; and th lowest sinks are within the Louisville limestone.
As in the other complexes, all flows sink immediately upon contact
with the Louisville limestone.

The valley camplex E differs in two respects from the other
complexes. First, all spring flows arc pirated before they reach
the primary valley, the head of which is marked by the ginks of

Springs 23, 26, and 27, whereas the primary valleys in camplex B

and C conlain flows (see Plate 12). Two factors appear to be in-
volved in this difference. The structural high has exposed the
Louisville limestones at higher elevations and the valley is more
decply incised. As a result, this formation is totally successful
in pirating the flows because of the increascd opportunity.

The socond difference noted in valley comples E is that
a drainage qully reaches Long Creck. This gully is in tho valley
of Spring 16 and is about eight foct deep below tho dam which stems

the flow of Spring 16. The qully is joined by one from the valley




occupiod by Spring 17 and continues to a conf o 7 Crock,
Within the detailed study area, this is the only drainage line which
has a gully which reaches the creek and is the only one which cven
roaches the Long Crock floodplain, This indicates that rain runoff
1s also pirated, except for this valley, throughout the detailed

study area,

Spring Resurgences

The resurgence of spring flow is primarily influenced by
the apparently impermeable Chattanooga shale. In ail cases whore
sinks cccurred above thesestrata, resurgence occurred at the try
of the Chattanooga shale. Some seepaie occurred fram the two to
three foot strata of the New Providence shale but the major resur-
gonce alvays emorgod at its contact with the Chattancoga shale,
Therefore, a perched water table can be said to exist above the
Chattanooga shale,

Spring flows ated by the Louisville limostonc do not
have a resurgence except for Springs 1 and 14,  In loth excoptions,
the resurgence is short-lived (sce Table 2), Tt is clear that
the Louisville limestone {5 so effective in piracy that resurgonce

is precluded.

Solution Features

Although not related to sprugs and their flow, two loca-

tions exhibited solution features which lend support to the karstic

inclination of the study area, Thus, a description of these

features is included here.
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Within a dry qully in the valley occcupied by Spring 27 (sec
"late 12} and about one hundred feet down valley frum its final
sink, a dry sink exists, This sink i{s about five feet Jdeeper than
the floor of the dry qully. Louisville limestone can be seen
around the lower sides of the sink. The limestone shows distinet
solution features with many solution pockets visible. On the up-
stream side of the bottom of the sink, a small opening is visible;
it is about six inches high and about one foot wide. The down-
stream side of the sink is about three feet doop. The evidence
shows that this sink is a swallow hole for surficial runoff during
rains and that little flow continues downstream by a surface route.

The second karst festure cbserved is located on the slope
between the resurgences of Sprinos 2 and 5. Fort Payne limestone
is visible showing enlarged joints and mary solution pockets, At
the base of the exposure is a small opening about one foot wide
and about two feet high. No water flowsd fram it nor is there

evidence that it now serves as a swallow hole.

Summary
Within the detailed study area, thirty-four springs were
located, ALl spring flows are pirated at least onoe. A total
of thirty-tWo sinks were identifiad. This total is less than the
total member of springs because many sinks occur after the con-
fluence of two or rore springs. Eloven resurgonoes woere located
and all subsequently are pirated again., Mo spring flow reaches

Long Creek by a surficial route and only one qully reaches or

crosses the creck's floodplain.
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accamplish this, the eleven miles of Long Creek from its confluence
with Barren River to the upstoeam confluence with Doddy Branch and
Brma Cook Hollow were subjected to field survey., The results of
the survey were very samilar to that noted in the detailed study arca.
Along this eleven mile reach, there are thirty-two second or higher
order valleys which drain into Long Creek (sec Plate 13). Only the
flow from Calvert's Spring provides a major surficial input to Long
Creek. Valley 1 contains a moderate flow which reaches the creek
and Valleys 4 and 5 reach the creck with what could genetously bo
called a trickle. The other 29 valleys are dry and contribute no
surface flow to Long Creek under normal conditions.

The absence of surface flow from these vallays cannot be
attributed to the lack of springs at the valley heads. A previous
work on the water resources of this area iHopkins, 1963) confirms
the existence of a mumber of springs in this area although that
work clearly did not locate them all. In the detailed study area
alone, the Hopkins work identified only three of the 34 springs
located in this study.

One of the arcas having more complete spring data in the
Hoprins work was the drainage basin of Dry Creck, one of the major
valleys which open to Long Creek (see Plate 13). His work docu-

ments a total of 17 springs within the Dry Creek drainage basin

which have a combined flow of 242,640 gallons per day. None of

this water reaches long Creek by the Dry Creck channel which is,
in fact, dry. However, about 150 feet downstream from the con-
fluence of the dry Dry Creek and long Creek, a very large spring
(not identified by liopkins) emerges, filling a four feet wide

channel which flows into long Creck after a surface run of about







thirty feet (see Figurc 27). It seom likely that this spring is
the wet Dry Creck reappoaring.

This spring is not unique. Two other springs of similar

strong volume wore identified, as well as two smaller springs. All

emerge within thirty feet or less of the Long Creck channel and all
but one emorge essentially at the creek surface level.

In addition to the dry valleys and the tubular springs,
other karst features were discovered. One of these was an interesting
patch of dolines. In an area of about 150 by 100 feet, nine dolines
appear (see Plate 13 and Figure 28). One of these is open at the
bottom and it appears to capture sheet flow from the surrounding
slopes. The other dolines were closed at the bottom. They ranged
in size from four to fifteen feet in diameter. No evidence along the
near odje of Long Creek indicates an opening to the creek. Howover,
about 500 yards downstream one of the major springs discussed above
appears (see Figure 29) and just up slope from it another grall sink
occurs (see Figure 30). However, no correlation other than simple
proximity could be established with the doline patch.

Boetween the mouths of Valleoys 8 and 9, two small caves are
located about five feetup slope from Long Creck. Both caves are
blocked by sapped blocks, but air flow from cave exhalation can be
felt indicating that passageways arc developod to same extent.
Because of the blockage, the orlentation of the passagoways could
not be determinoed.

From the foregoing, it seems clear that the karst anomaly
extends along Long Creek upstroam to at least its confluence of

Doddy Brancii, and Bmma Cook Hollow, Although karst features appear




FIGUFE 28.
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FIGUFE 30.




wpstream from that confluence, they do not dominate. Both Doddy
Branch and Valley | provide a major flow to Long Creek. Thesce two
tributaries thorefore seom to mark to the end of the arca of pre=-
dominant karst features. Howewver, the sirking springs phenomena
oocur wherever the flows cross the louisville strata: for example,
B Cook Hollow has its large flow pirated twice. Spot checks of
valleys south of the study area confirmed that piracy occurs wherever

a flow encounters the Louisville limestone.

Long Creek Drainage Area
Intvoduction
The analysis of the Long Creeck drainage area began with a
collection of data from the geologic maps of the area. The valleys

wore traced from their head, where contour lines first formod an

acute angle, to their confluence with Long Creek (see Plate 13).

From this resultant map, the valleys were assigned ondery using the
Strahler method; the number valleys in each order for each valley
camplex was calculated; the total length for each order for each
valloy complex was measured: the mean length was computed and cumi-
lated; the bifurcation ratios were determined:; and the azimuth
orientation of third order or higher valle wag measurcd (see
Tables 4, 5, and 6). A sumation of this data is shown in Table 7.
Valley Orders

within the study arca, valley numbers include one £ifth
order valley, seven fourth order valleys, 27 third order valleys,
132 sccond order valleys, and 575 first order vall A comparison

of the number of streame in each onder (see Figure 31) reveals that




TABLE 4

VALLEY DATA, VALLEYS I-1

Mean
Length Ratio Azimuth

Valley 1

-28 .28
22 .50
1.04 1.54

Valley 2

.02
.05

Valley 3

.28
.38
1.38

Valley 4

.16 .16
26 4d
1.25 1.67

Valley 5

+13 «13
.19 .32
.91 1.23




Cumula- Bifur-
Total Mean t cation
Length Length Means Ratio

Valley 6

07

W12

+ 26




TABLE 4-—Continued

Bifur-
cation
Ratio

Cunula=
tive
Maans

Total Moan
Length  Length

Moan
Bi fur-
cation

Ratio Azimuth

falley 11

14
10
.76

Valley 12

.09
-23




Moean
Omtila- Pifur- Bifur-
! Ve cation cation
Length  Means Ratio Hatio Aziruth

AU
«43
72

Valley

«24
«15

Valley

06
.08

Valley

.20
.68

Valley

14 14
o2l 38
L49 1.06




TAULE S==Cont inuexd

Mean
Cumula- Mfur- Rifur-
Total Total Liv cation cation
Order MNumber Length Lonpth  'loans Ratin Ratio

valley 18
«26

90

Vallev

.14
o

Gl




Moan
Qrula- | nifur-
Total Mean tive 3 cation
Order Number Length  Length Means c Ratio Azimuth

Valley 24

.17
o2
.83
3

«95

Valley 25




TABLE &

¢ DATA, VALLEYS 27-12

Cumula- Bifur- Bifur-
tive cation cation
Length Moans Ratio Ratio Azimuth

27

falloy
.19
.04

Valley 2

Valley 30

-14

.13
-37

«71
1.54
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9
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3
3
2
4
1
5
8
3
2
4
9
4
2
5
5
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5 i 3 2 1
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FIGURE 11. VALLEY NUMBERS VERSUS ORIER

VALLEY




this aspect of the Long Creck drainage area conforms to Horton's
Low of Stream Numbers., That law states that the numbers of stream
segments of successiwly lower orders in a given basin tend to form
a geometric series, beginning with a single segmont of the highest
order and increasing according to a oor stant bifurcation ratio

(Gregory and Walling, 1973).

Valley Lengths

Within the study areca, there are 148,29 miles of valleys
which drain into Loug Creek. The data for each valley complex
(see Tables 4, 5, and 6) provided a mean length for each order of
0.16 miles for first order, 0.28 miles for second order, 0.56 miles
for third order, 0.83 miles for fourth order, and 0.95 miles for
fifth order valleys. A camparison of the cumilative mean lengths
with the orders (sce Figure 32) reveals that Horton's law of stream
lengths applies. That law states that the cumilative mean lengths
of successive stream orders tend to form a geametric series beginning
with the average length of the firet order segnonts and increasing
according to a constant length ratio (Gregory and Walling, 1973).
The study arca conforms with this law, indicating that valley length
is not karst controlled.

A further comparison was made between the valleys cast of

long Crock with those to the west. This comparison was limited to

third order or higher valleys which are contiguous to the long Creek
floodplain. This limitation was imposcd because it encampasses

the Silurian cxposures which appear to be the karst development
area and generally excludes the younger strata which are not pre-

dominantly karstic. The results of the comparison of cumilative




FIGURE 12. VALLEY ORDER VERSUS CLUMULATIVE MEAN LENGTH




mean lengths of thind order or higher valleys east of Long Croek
with those west of Long Creck revealed no significant difference

at the t g5 level,

Bifurcation Ratios

The next analysis of the study area was the determination
of the bifurcation ratios of the valley networks using the method
discussed by Gregory and Walling (1973). The mean bifurcation
ratios varied from a low of 2.25 for valley complex 12 to a high
of 5,57 for valley complex 4 (see Tables 4, 5, and 6). However,
when; tha: tatals ot all wailey: seqments:were crmparad [tha remiliang
total mean bifurcation ratio of 5.03 resulted. This moans that, on
the average, there are five times as many segments in any order as
there are in the next higher onder. The moan bifurcaticn ratio of
5.03 is not significantly at variance with Horton's "normal" valley

bifurcation ratio of between three and five. This indicates that

bifurcation ratio has rot been affected by the karst develepment.

An additional analysis was made between the valleys east
of Long Creck with those west of it. This computation revealed
that there is no significant difference at the t g5 level between

the bifurcation ratios of the valleys east and west of Long Creek.

Valley Orientation
1f joint control has been affecting the valley development
within the study area, there should be some correlat:on between the
valley orientation and the predominant joint orientation. To make
this comparison, it was neceasary to measure the orientation of the

primary valleys. The method chosen was to determine valley azimuth




measured from the point where such primary valleys bifurcate into
lower ordur valieys to the point of confluence with Long Creck.

The reciprocal of the azimuth was used for valleys west of long
Creek. Only thind order or higher valleys were accepled as being
erough developed to £h.ow a correlation with joint patterns if one
exists. Scventeen valleys were used for this analysis (see Table 8,
The mean azimuth orientation of these seventeen valleys was 302.7

dogrees. Using the same method, Long Creeck itself is criented 031

degrees in azimuth as measured from the Doddy Branch-Long Creek

confluence to the long Creek-Barren River confluence. The ninety
degree difference would seem to be evidence to joint control since,
as calculated by Piper (1932), the axis of the Nashville Dome is
oriented to an azimuth of 020-030 degrees from the apox. Long Creck's
orientation of 033 degrees thus confomms to the axial azimuth of the
Rashville Dome. However, the most prominent set of joints in Allen
County (Shaw and Mather, 1919) has an azimuth of 040-060 degrees.
Therefore the correlation between Long Creek's azimuth and the joint
pattern is unclear. The Shaw and Mather (1919} determination of the
joint erientation does not reveal the area from which their samples
were taken. It could be that their dats were weighted with jeints
from other parts of the county.

It was calculated by Miller (1919) that the orientation of
the dip in Allen County vuries from an azimuth of 296 to 333 degrees.
The mean orientation of the valleys in the study area is 102.7

dogrees, which correlates with the dip arientation.




Highest Order Orientation

Valleyn East of Long Creck

Vailoys West of Long Creck

rientation is Rociprocal True Orjentation




A final analysis of the orientation data was made comparing
the valleys cast and west of long Creck. In this analysis it was
found that a highly significant difference =xisted at the one
percent level between the orientation of the valleys east and west
of it. The mean azimuth of the castern valleys is 321,78 deqgrees
while the mean of the western valleys is 281.38 degrees. This may
indicate the effect of the local structure which is more pronounced
and varied on the castern side of Long Crock. Valleys 11, 12, and
13 are located over a local structure which dips to the north.
These three valleys are also oriented more to the north than all
others. When these three valleys were excluded from the computatics,
the ramiining ezstern valleys still showed a highly significant
difference from the western valleys at the one percent level. The
western valleys vary little in orientation but the eastern valleys
vary from 280 degrees to 003 degrees. Perhaps the more varied local

structure on the eastern side is the determinant.

Summary
The long Creek drainage area analysis revealed no unusual or
abnormal ratios of valiey orders, lengths, or bifurcation. These

aspects appear to be unaffected by the karst development in the long

Creck drainage area. On the other hand, the mean valley orientation

closely follows the dip of the underlying structures and conforms to
the axial and contour lines of the Nashville Dome. There is a signi-
ficant differonce between the valley orientation sast of the Long

Creck compared to that of the valleys to the west, The cause of this

difference could not be assuredly determined.




The most significant feature of the Long Creck drainage arca
iz the almost total iack of surface flow reaching Long Creek. When
one considers the over 149 miles of valleys draining the study area
of about 9,206 acres and the abundance of springs, this abscence of
surface flow near the Long Creek is amaring evidence of the efficiency
of the karst piracy. In addition to the volume of spring flow, rain-
fall within the study area produces an additional surface flow of
water during storms. Even so, a relatively small portion reaches
Long Creek by entirely surficial means as evidenced by the small num—
ber of drainage lines which show frequent use by surface flow. The
subsurface drainage network must be greater now than that of the

surface network.

Carpenter's Cave
Introduction

Carpaiter's Cave {8 a well developed cavern which, for the most
part, lies outsi ne study arca. However, the teminus of the major
passageway urdor lies the study area and is in other ways correlated
with it., The cave is almost wholly within the Louisville limestones
of Silurian ase and williin o structural high. It is within these
strata that the karst development within the study arca is most exten-
sive. The cave offers an opportunity to view this f.omation from

within and to deduce the cave's origin.

External Features
The cave entrance was found to be 365 feet fram Barren River
on the eastern flank of a tributary valley. The first effort of the

field work was to locale the top of the Chattanooga shale which is

mapped at 680 feet abowe sea lewel. From that, measurements of the
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FIGURE 33. PROFILE OF CAVE ENTRANCE SLOPE
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The cave was mapped (see Plate 14) and floor measuranonts
for elevation were made for a portion of it. No attompt was made
to profile the cave in detail. For case of discussion and because
of generalized differences, the cave has been divided into five
sections. The following paragraghs will discuss the firdings and

abservations made in those five sections.

Section A

The first section of the cave (A-A' in Plato 14) is dominatod
by the spring water flowing in {rom the mouth. The floor of the cawe
for the first eighty feet is covered with pebbles and organic matter.
The size of the pebbles diminishes as the distance from the entrance
increases indicating that the spring water transported them trom the
cave entrance. At the eighty foot mark, the flowing water is pirated
to a lower level through an oponing on the west side of the passage.
Within the next 100 feet of passageway, there are two collapse pits
and one dane-pit. The dome is small, 4 to 5 feet in diameter and
has a small streem of water falling from it into a small pit below.
The two collapse pits are larger, the largest being at least ten
fver arross and abont elght feet deep. All three are presuned to

connect witi: the pirate passage, and all show signs of receiving

overflow from the roint where the spring flow is pirated. Beyond

these pits, the passagewny narrows and a thin coating of silt covers
the floor. There are a fow dripstone features on the ceiling. At
the point A', the passageway joins the section marked B-p'. This
juncture occurs about 25 feet above the floor of B-B', the drop

being essentially vertical. It would therefore seom probable that




PLATE 14. CARPENTER'S CAVE




these two sections of the cave formed under different controls.
Scction A-A' trends toward the northeast and slopes dowmward in
that direction as well. Ceiling heights vary from about four feet

to about 15 feet, being highest in the domo area,

Section B

Section B-B' of the cave is difterent from all other sec-
tions in that it is virtually filled with clay. At point B,
reddish-brown clay is packed with selenite crystals (see Plate 14).
The clay-crystal relation is much like that of a mud-ice occurronce.
Hzre the clay is within three feet of the ceiling, legend is that it
is in this area that saltpeter was extracted during the Civil War
poried, Imprints of wood planks can s:till be seen in the clay at
same places and isolated wood frogments remain, (r. the ceiting in
this arca, foasil coral Halysites—-catenularia (Shimer and Shrock,
1944) was found in abundanoce., This index fossil oonfims that this
portion of the cave is within Silurian lirestone, At the juncture
with section A-0\', the clay has beoen eroded away to a dopth of about
twenty feet oguosing large (four by cight by two feet) ceiling blocks

which fell before the cl 1 depositod,  In some places thoy are

still partially coverod with the clay. At the decpest part directly

wider the juncture, an opening to a lower level can be seen, One
would surmise, bocause of the clay's gqreater moisturc content bolow,
that it connects with the lower passage which pirated the spring
flow. fHiowover, the opening is too small to entor for verification.
Nevertinloes it is clear that the clyy has boon croded from below,

as evidenood by the presence of a smooth funnel-shaped clay area




arnxd the hole with no jenoe of 1ls, Approvimately 150 f
further along the passage D=I', another opening agypeears on the
wost side, leading down about oight feet to the | tod stream.
The sticam bexd 18 filled with gravel., Loeoves and secds could be
soen anmong the dobris, The opening leading down o this stroam
has the same funnel shape as that rentionad above. Again no rills
could be detectod in the clay.

The last half of B-B' has moander scars in the clay floor.
The meanders show no signa of above nomal modsture and therefore
appear to be abandoned. They are about four foot deep and vary
in width from six to ten feet. The sides ave smooth and no sand,
pebbles, or gravel exists, Some meander loops corplete an "S"
within a 15 by 15 feet area although most are not so comvoluted,

The meanders are disomtinuous, same ending at the side of the

passageway and others having what appear to be clogged openings.

Mpanders are found nowhere clse in the cave except in this rela-
tively level portion. The origin of the water which formad them
i5 a mystery. Perhaps they are relicts of the cave draining
period because the floor slopes dowmard toward the south-south-
cast.

Wear the peint B', a stream crosses the chamber almost
at right angles flowing toward the southcast. The stroam bod is
the decpest part of the =ave, at  least that which we could enter,
Phillip Parrish, who assisted in this portion of the field work,
had provicusly explored upstroam during o dry period. le reports

that a part of this flow can be traced to the pirated spring area




near the aitranoe.  He also found another st-ex jotning the spring
flow nearer to the point whewe it crosses the main [ERGERE Lo

1ts souroe is unlnown, n this exploration, the channel was fleoded
and no veatigation could be made, The stream bed as it crosses

the main passage is saw 40-60 feot docpor than the clay slope crests
on either slde. A core sample was taken near the bottom of the very
stocp clay slopo to a dopth of three foet. There were no signs of
varws, sand, gravel, or change of color or consistency,

The passageway B=3' throughout its length has been filled
with clay. Clay ramins trapped in ceiling pockets sixty foot abowe
the current stream. The source of this pebbleless, flowstone-free
clay is wnknoai. “he reddish-brown color is quite unlike that which
is presently found in the surface regolith, but is more like that

found on higher exgosures of the Fort Payme formation elsewhere in

the quadrangle. Similar color is found in the reqolith of Salom and

Warsaw limestone arcas which at some time rust have coverod the Fort
Payne in this arca. One can only conclude that the clay fill is not
recent,  The stream has attacked the clay from bolow rather than from
above and has not significantly enlarsed its cross PAsSsagEVay .
Throughout the length of B=D*', the coiling covered with pockets
ranging in size from a fow inches to a few foot. Ceiling height
varies from ten to fifteen foot except over the stream where heights
are estimated to be sixty feet. Ceiling slope: were not roasurad.
The passage trends northenorthwest and slopes ypward in that direc-
tion conforming to the structural high. At point B' the elay £ill

onds and the cave beyond takes on a different character.




Section ©
Fasgageway C=C' docs not have the wor
seen throughout B-A', Instead, its cross-section is rarkedly
horizontal, being wic than nigh., It is dry and shows no eviderce
of rocent water flaw. The floor is covered + a relatively thin
covering of clay which is only a few inches thick in the immediate
arca of C'. Two pits are locatod in this area, one of which is an

estimabed thirty feet deep, Above it is a shallow dame., The pit

walls are rock but they do not show the grooves one would expect to

sec in such a typical pit. The bottrm is covered with rubble and
may indicate crunbling from the pit walls which in tum could esplain
the absence of grooves. Passagqoway C-C' trends toward the cast-
northeast. No slope measurements were trken but it appears that the

slopo is very slight., Ceiling heights vary frum S« to cight fect.

Section D

The juncture of passageways B-B', C=C' and D=D' {8 marked
by a large ocolum (see Plate 13). From this point, an up sloping
crawlway of about twenty feet leads to a high narrow cross-sectioned
passagoway. This oocurs at the juncture with passago C=E'. From
this point on to D', the cave width ramains fairly constant but
the height gradually inercases from about ten feet to about 40 feot.
The muddle third of this passagoway has a ceiling that is groatly
pitted, with clay remaining in many of the pits. There is a rock
sholf oxtonding fram both walls about three feet above the floor,
White powdery gypsun coats the undersides of these shelves and

selenite is plentiful in the hard clay floor below thom, Selenite




moat arc loss

than one half inc n sgmg gection, there is a sclution jo
in the ceiling about two foot 4 . Bix feoot long, and three foet
deep, The last thard of thus passageway 15 strown with fallen
slabs fram the cerling. The slabs are 2 to 3 foet thick and 8 to 10
feet long. The fracture surfaces are still sharp, indicating that
sapping ooowrred after this area had been drained. Otherwise, dis-
solution would have altered the fracture surfaces. At point D',
the passageway is filled to the ceiling with hreakdown slubs and no
route through them was found. Here the ceiling i1s estimated to be
40 feet high but it doos mot roach the Chattanooga shale. Therefore
when ampared to BE* it deduced that the passageway slopes down-
ward from D to D', The trend is north northwest and the passage is
dry throughout. Several piles of bat guano are found along this
passage, same up to six feet high. Although the age of the passage-

is not known, the lapje size indicates that a considerable lemgth
of time vas imolved in its formation. Some quano from Mammoth Cave

has been dated at 38,000 years old (Herak and Stringfield, 1972),

demonstrating the presence of an external opening in that cave during

Wisconsin glacial period.

Section &
Passagoway ' is a short low (£ive to six feet high) route
onling in a dawe which has pod into the Chattancosa shale, Beneath
the dome is a cone shaped pile of shale flakes alout six feet high
acarmlated from the sapping. Since shale is not visible in any other

part of the cave, the point E' rust be the highest point in the cave.




m the basis that the bottom of the shale is 640 feot above nea
level, the floor s determined to be ot about 630 fect. Therefore

the Sellersbwy limestone must house most of this short passage.

Surface [oline

Directly abowve the mapped teminal point of passageway D-D°,
a lamge doline can be soen, It is locatad at 790 feet above sca
level on a gentle slope atop the ridge separating Springs 26 and 27
{soe Plate 12). The doline is approximately forty feet in diameter
and about fifteon feet doop at its centor (see Figure 34). It is
not noticeably clongated but the southemn rim (up slope side) is
about five feet highor than the northern rim (down slope side).
The doline is ocoupied ly grass and snall trees and no hole exists.
The location of this doline coincides with location of the collapsed
end of the major passagaway of Carponter's Cave, It thercfore
appoars that the doline is a surficlal reflection of the cave

aollapse.

Surmary

Carponter's Cave was formad within the Silurian Louisville
limestone. It has more phreatic characteristics than vadose, al-
though both occour. The major passageways trond in two majer
directions at approximate right angles. Orientation conforms to
the local structure as doos the slope of the passageways. The

highest poiat in the cawe is near the intarsection of passagoways

B, C, D, and L. Passageways B and [ slope dowrward from this

intersection toward points P'and D', ‘The atructural high slopes in




FIGURE 4.




zates that the

1 has filled and to a lamgoe oxtent still

s the cawe is most interesting. Hrotz (1942) explains clay

as a record of a subterranean reservoir completely fille” with
very quict wator up to tho ceiling. Mo found cave clays to be
typically pebbleless and free of flowstone., Such was the case
in Carpenter's Cave. It is safe to say that the clay is youngor
than tho passagoways in vhich it is depositod and older than the
vadose flow which has partially remowved it.

The hattanooga shale appears impermeable bocausoe no

vadose water is entering the cave through it. There scoms to be

no reason to belicve that the Chattanooga shale was cver permeakble.

The cave also indicates the cxtent of solution within the Louisville

limestone. A network of similar size may produce the flow of

Calvert's Spring nearts.




CIAPTER VII
SIMMARY AND OONCLUSIONS

Sumary
Tis study of the lower reaches of Long Creek in Allen
County, Hentucky, fulfills its purpose of adding to the body of

knowledge from which karst concepts evolve. The review of

literature rewealed the extent of the @wolution of these concepts

and the variance in them. The literature associated with karst
processes, controls, and stages was reviewed in detail. It was
established that the generally accepted boundary of the Central
Kentucky Karst excludes the study area and, by that exclusion,
designates the arca as non-karst.

The study area was delincated and described in tomms of
physiography, geology, geamorphology, and climate. It was deter-
mined that the study area properly belongs to the Highland Rim of
the Nashville Basin, The influence of the Nashville Dome on the
substructure of the study area was established, and the regional
dip and joint oricntation was discussed. The stratigrapghy of the
study area was described in detail, drawing from prior available
studies of Allen County and its environs, The relation between the
stratigraphy and the ground water was discussed. The goomorphic
foatures of the study were described and the more prominent karst

landforms wero identifiod,




The cbjectives of this study were to establish the karst
character of the iower reaches of Long Creck and to offer some
explanation of this anomaly in a non-karst area. To achieve
these objectives, several hypotheses were developed. Each of
these hypotheses concerned the karst characteristics which the
study area exhibits,

To test the hypotheses, data were collected primarily by
field survey, and an analysis was made. The analysis focused on
the piracy of Long Creek, the sinking springs phenomena, the Long
Creck drainage area, and Carpenter's Cave. Each of these focal
subjects was described in detail and the results of the analysis

wore sumarized for each.

Conclusions

From the analysis of the data collected and in concert
with the literature review, it is possible to draw conclusions
about the processes, controls, and stages of develomment of the
karst anomaly in the lower reaches of the Long Creek area. The
analysis also provides the test for the hypotheses which were
formulated. Finally, inferences can be drawn as to the origin
and the time of development of the karst features found in the
study arca. 'The following paragraphs present the conclusions

drown from this study.

First Hypothesis Considered
The firast hypothesis was that karst features within the

study area are stratigraphically controlled. Analysis of the data




collectod prosonts the Louisville linestone as the primary forma-
tion within which karst features develop and the lower portion of
the Fort Payne as the secondary. The Silurian age Louisville 1lime-
stone contains all the swallow holes and resurgence points of the
Long Creek piracy. These strata also contain do’ ines and eshibit
severe effects of solution where exposed in the arca of the Long
Creck piracy. The Louisville limestone also houses Carpenter's
Cave and is the formation which contains Calvert's Spring. These
o features indicate an extensive and greatly enlarged network of
subtorranean passages within the Louisville strata.

Within the detailed study area, thirty-four Springs were
investisated. None of these springs escape capture by the Louisville
Limestone pirate. The capture is sufficiently effective to include
surface runoff in addition to spring flow. This is indicated by the
almost complete absence of surface flow lines which roach the Long
Croek.,

The analysis revealed that for the length of Long Croeck

from Barren River to Doddy Branch, spring flows rarely totally

escape capture by the Louisville limestone although two valleys pro-

duce a trickle which reaches Long Creex under normal flow condditions.
The rare exceptions are the springs which originate initially from
*he louisville limestone. Calvert's Spring and a few others omerge
from the strata with large flows that escape capture before entering
Long Creck. Of these, cnly Calvert's Spring is located more than
fifty feet from the banks of Long Creck.




The doline patch near the southern end of the study arca
occurs within the Louisville limestone. While the field survey did
ot locate othor arcas of doline development, it seams likely that
a comprehensive search would reveal additional ones.

The large doline associated with the distal end of Carpen-
ter's Cave is formed within the Fort Payne formation. However,
the asscciation suggests that the doline is a collapse of the strata
below rather than a solution feature.

Within the detailed study area, most springs were first
pirated by the lower strata of the Fort Payne. This indicates the

develogment by solution of jointe and bedding planes at this level.

Other studies, Branson (1966) inter alia, have noted that this lower

portion of the Fort Payne is porous and sas known as the "Beaver®
formation of oil production in the northern part of the country.

Yo karst features were discovered in any strata other than
the louisville limestone and the Fort Payne chert. Conversely, the
louisville limestone was characteristically karst wherever exposed
and the Fort Payne's lower strata showed occasional xarst tendencies.

Based on the foregoing results of analysis, the hypothesis
that karst features within the study area are stratigraphically con-
trolled is accepted. Further, the Louisville limestone is concluded

to be the predominant parent of karst features within the study area.

Second Hypothesis Considered
The second hypothesis was that the major karst features within

the study area are phreatic in origin. The testing of this hypothesis




hinges upon when the karst features were [irst developed, Several
possibilities are considered.

The Chattancoga shale is considered to be impermeable in
all the literature reviewsd, This view was substantiated by the
analysis of the data collected in this study. Exploration of
Carpenter 's Cave revealed no percolation of water into the cavern
other than very near the entrance. Even in one passageway where the
Chattancoga shale is exposad in the ceiling, no sespage is visible.
Additionally, all springs which were pirated upslope from the
Chattancoga shale resurged at the top of the shale. No cxcoptions wore
noted. Further, no springs emerged from within the Chattanooga shale
and more importantly none were captured by it. From these facts, it
is clear that in this study area the Chattancoga shale is im eoneahle
and little, if any, ground water percolates through it.

Accepting that the Chattanooga shale is impermeable and that
a perched water table is above it, one must conclude that the forma-
tion of karst features within the Louisville limestone below could

not have been from vadose solution if the Chattanocoga shale wore

present at the time the solution of the limestone took place. On the

other hand, phreatic solution would have boen at best slow, since no
replenishment of carbonic acid needed for phreatic solution could
penetrate the shale layer. Such replenishment would have had to oome
from lateral sources where the shale had been breached by streams or
faulting. Local breaching of the shale occurred when Barren River

incised through it, After that time, phreatic flow could have begun




the solution process. This process could have continued until
Rarren River incised about five to ten feot at which time it would
have truncaed Carpenter's Cove's ceiling. Vadose action would
then have prevailed antil the river incised through the cawe floor.
Thereafter, the cave would havwe boen drainad and enlargament would
have coased, The total elapsed time in the foregoing scenario
aquals the time required for Barren River to incise through about
five feet of Sellersburg limestone and about ten feet of Loulsville
limestone. It seems highly unlikely that & conduit the size of
Carpenter's Cave could have developed during such a short time.

Mne possible explanation is that the downcutting by Barren
River was interrupted or significantly slowed thereby increasing
the time available for karstification. If this ocowrred after the
truncation of the cave, vadose features should dominate. The extensive
clay fill remaining in the cave indicates that the vadose flow was

too short lived to totally romowe it. Thus, if an interruption

oocurred, it must have been after the breaching of the Chattancoga

shale but before the truncation of the cave. In this case, the time
involved is the time pequired to cut through five feet of Sellersburg
linostone. The extensive karstificatiorn requires a long period of
dovelogment and an interruption of downcutting would have to have
been comparably long. The exposures of the Sellersburg limestone
jprovide no evidence to support such an extended interruption.

This dichotomy is rmore casily resolved if the karst features
originsted before the Chattanooga shale was laid down. In this case,
develogment could have boen by either vidose ur phreatic water or

fram a carbination of both. After the Chattancoga shale was laid




down and the water Lable subsoquently lowered, the enlargament
of the already existing solutional openings by laterally flowing
vadose water would have been possible.

The analysis of Carpenter's Cave points toward the latter
scenario. The phreatic features of the cave, such as joints aligned
with the passageways, ceiling pockets, partitions, pillars, and the
clay £ill, are predaminant, Further, the extent of karstification
of the area as revealcd by the sinking springs and dolines and the
apparent extent of the Calvert's Spring network indicate a relatively
long pericd of developmont.

In Allen County, all of the large springs of the Louisville
format lon emerge fram twenty to forty feet below the top of the forma-
tion. This may indicate that this was the level to which large scale
solution had progressed before the Chattanooga shale was laid down
(Hopkins, 1963). This view agrees with Jillson (1920) anc Miller
11919). Acoording to Miller (1919), the Cincinnati Arch had been
clevatod and eroded after the deposition of the Louisville and before
the deposition of the Sellersburg limestone. Hopkins (1963) considers
that the conrate saline water contained in the Louisville fermation
of the northwestern portion of the county is evidence that the
openings which contain them are pre-Chattanooga in age. He states

that these openings were probably formoed before the last submersion

of the area beneath the sea and probably during the erosional inter-

val between the Sellersburg and Chattanooga time. Of interest in
the context of this paper is the indicated arcal extent of these

saline water filled openings. Same explanation other than the




breaching of the shale is required because the shale has not been
breached by surface streams in the northwestern part of the county.

No literature reviewed disputoed the fact that the Sellers-

burg formation was subjected to erpsion prior to the deposition

of the Chattancoga shale. Within the study area, ne more than a
five foot thickness of tho Sellersburg formation remains and in
most of the arca it is missing altogether. It is therefore clear
that the underlying Louisville limestone was at or very necar the
surface while the extensive erosion of the Sellersburg limestone
was cocurring. One must conclude that the opportunity for karstifi-
cation then existed. It is improbable that karstification would
rot have occurred during this relatively long period but would have
formed later during the short period required for Barren River to
incise fifteen foet.

Fram the foregoing, it is concluded that the evidence
points to the development of solutional openings within the Louis-
ville limestone before the Chattanooga shale was laid down. The
hypothesis that the major karst features within the study area are

of phreatic origin is accepted.

Third Hypothesis Considered
The third hypothesis was that the primary surface drainage
valleys in the study area are joint controlled in their orientation.
The analysis demonstratod that there was a positive correlation
between the mean orientation of Long Crork and its primary tributary
valleys and the joint pattern associated with the Nashville Dome.
Further, the right angle difference between the Long Creek oricnta=

tion and its tributary valley mean orientation supports the joint
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ot reveal recognition of such an occurrence in this area. Neverthe-
less, the thought of new karstification of a paleckarst surface is

an intriguing one.

Final Thoughts
The lower reaches of long Creek are a most interesting area

and this study has been an enjoyable endeavor. As with most studies,
this one creates as many new questions as it answers old ones, For
example, there are undoubtedly subfluvial springs in Lomny Creek.

Where are they and how much contribution do they make? Likewise, it
seems likely that there are underwater sinks. Where are they and how
much do they capture? Is there a subterranean connection between

Long Creek and Fhoden's Creek to the north? There are enough questions
arising from the results of this study to provide the basis for a new

study. It is to be hoped that such a study will be attempted in the

future.

Literally hundrads of oil wells have been drilled into and
through the Louisville limestone in Allen County. Perhaps same future
researcher will review the well logs to determine the froquency of
oencounters with cavemns within the formation. Such a study could
provide additional information on the age of the karstification of
the Louisville limestone and on the areal extent of it. A direct
application of such a study might result in further oil exploration
within the county.

Finally, it must be noted that the swallow holes and resur-
gence points of Long Creck are under water for a considerable part

of the year. This cccurs as the water of Barren River Reservoir




extends up Long Creck nparly a third of the lemgth of the study arca

What long tem effect this will have upon the geororphic ancmalies
described in this study romains to be seen. A re-study of the area

in the future may provide the answer.
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