Underground Solution Canyong in the Central Kentucky
Kurst, U.S.A.

By Hrcmane Ao Warsowr!)

Fdth  figres in the fext

Intrmiuction

Sefution cangons are underground voids 1 1o 15 + meters wide, 3 to
45 4 meters high, and 30 to 300 - meters long. Their looes are nzoally
sleppad, with the ceiling remaining al appreoximalely one level while
the overall size and Leight generally increases downstreamn (Ggure 1),
Their conrses are slightly sinuons, with some angular turns ot joint
interzeetions. They ocour directly below or slightly offset from and
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Fig. 1. Bdealized Block Ddagram of Re-Enleanl YValley aml Unideelying
Selulion Canvon: Loongiladinal-Section, Areews imlicate concenleation of
surface and underground water flow,

Fig. 2. Idealined Block Diagram of e-Enleanl ¥alley and Underlyiog
Solutinn Canyon: Cross-Section. Arrows indicate concenteation of surface
and underground water flow,

Y Cave Research Foundation: Department of Philozophy, Washinglon
Cniversily, 5t Louis, Misanue B30, 12 AL
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ronghly parcallel Lo the thalwegs of overying re-entrant vallevs which
intersect the sandstone caprock of the ridges und are teibotary Lo the
major kaesl vallews, A seetion acrssz a re-cobrant valley and an
mnderlying solulion canvon would show a eoogh hour-glass shape
Higare 23 The walls of solulion canyons are geneeally vertically Tutid,

Hahitat of the Selution Canyims

The Central lentoeky Warst iz an area of abiood GO0 square kilo-
melers Iying on Mississippian rocks Insonth-cenlral Kenlucky along
the edge of the Cineinnati Arvelin the Interior Lowland Provionee, its
center 160 Lilometers sonth of Lowisville, T4 iz an integreal pael of a
Larsted limestone bell which extends e soulhern Indiana south
Lhrough Bentueky into Tenueszer along the entire wesl flank of the
Cineinnati Avel. The Central Beenlucky Kavst hosts a theongli-liowing
mazter karst stream, the Geeen Biver, aud is composed of three major
phvsiographic units separated by two major esearpments. Ino the
soulheast poetion is the low-lvieg Siakhole Plain ot oan average
elavation of 195 meters, 11 s separaled from the centeal Manimotl
Cave Plateau ab an average clevation of 255 meters by Lhe northeast
trending Deipping Springs Escarpment, Noeth ol the Geeen Hiver
whiel Mows along the north edee of the Plalean al an elevation of
1275 meteps, the Poltsville Escarpment alzo trends noetheast aml
separaties the Ploteau feom the Hilly Counley which has a maximum
clovation of nearly 2900 meters. Mammntl Cave National Park enclosces
portions of the Platean and the Fhlly Counley. bot unfortunately no
of the Sinlkhole Plain which lies in close phvsicgeaphie relation,

Field investigations vver the past 0 vears have been made in Lhe
central part of the Mammoth Cave Platean (iguee 3, Heree are fonund
three magor nerthwest-trending ridges — Joppa Hidee, Moammolh Cave
Hidge, and Flint Hidge - with ridge-Lop clevationz of approximalely
255 meters, The ridees are ovor 8 kilomelers long and vaey in width
Fronn 009 1o 14 Eilometers, The surface of these mesa-like ridges dips
geaduall tothe west, They are separated by Dao magor kuesh vallevs,
alse varying in width Trom 089 Ly LA kilomelers, wilh valley foor
clevations from LG5 to 210 meters. Eaton-1louching Valley sepuraties
Flint Ridge feom Mamooth Cave Hidge; Dovle Valley separates
Mammolh Cave Ridge from Joppa Ridge. Benealh Flint Radge i the
Flint Bidge Cave Syztem of which more Chan S58.5 nonfinueas kilo-
meters of pasages have so (ar heen mapped (Smith, 19693 Heneath
Mammotly Cave Bidge lies the Jomoos Mammalh Cove System of



Speleclogy 11 Watson A7

L)
T Glen Dean
13 =:.-:n-.-':\. —

Hardi=abiwr g

Gelesndn

Jevarens

L v - Faine Creek
Eim= int Cre

2y el

See, Geapvies e

J N 2 /M

KERTUE KT

Iz, i The Mammoth Cave Plateau on Mississippian Roclks.

whicl seme Y25 continunus kilometers have been mapped. These are
the two longest cave svstems known on Lhe Noelh American continenl,
levenl exploration in the Flint Ridge System under Hooehing Yalley
has penetrated to within 100 meters of pazsages in the Mammoth
Cave Syslem, and it iz without question that the two zyztems will
one day he joined. No extensive cave syslem is known to exisl beneat])
Joppa Ridge, Lhough geologie and physiographic relations indicate
thal there must be one there,

The ridges are held up biv the capping Cypress Sandstone with
enclosed lavers of impermeable shale. This saodstone s up Lo 22,5
maeters Lhiek and averlios about 90 melees of cavernous Renaull-Paint
Clreel and Ste. Genevieve Limestone (iguree 390 The mast rocent strati-
graphie study iz Tound in Pohl and Cushman (18643 The foemations
dip genlly to the northwest, The hase of the Cypress Sandsione
approximately follows the 210 meler conloar, which thus is an m-
pertant. puideline in the interpretation of undergeonnd features. The
average annual rainfall foe the region is 115 to 130 contimelers, mean
aonual temperature s 122 Lo 13370, and the Platean 15 coverad
wilh o temperale deciducus forest ol vak-liickory and southern hued-
wands, typical of the Interior Low Plateans.

Throughout the cave systems, horizonlal paszages aee intepsected
by solutional vertical shalts that are genelically uorelated 1o the
pasanges, Vertival shafts are roofed | cxvlindrical voids of nearly uniform
dimnensions from top to bottom. They range in width Trom (K9 to over
15 meters, and in height from 3 Lo over 45 meters, Ceilings are usually
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flat, and often contain floorless ceiling channels 10 fo 30 centimeters
deep, The walls of vertical shafts are usually vertically fluted. Their
flowrs are often saucer-shaped, and all have small elliptical or canvon-
shaped draing which are seldom of dimensions large enough for o man
Lo enter. Shafts snmetimez form in coalescing groups, forming a void
with a zerrale plan, Since vertical shaftz occur aparcl [vom, or in-
diseriminately inlerseeting one or more levels of horizonlul cave
passages, Pohl (LU35, 1955 see also Mereill, 1960) has infereed that
presently existing vertical shafts are younger than, and genetically
unrelated Lo the major horizonlal passages. Vertical shafts ape found
to veeur ouly beneath the immediate vieinity where the impermeable
sandstone enprock has been breached on the surface. Nearly 100 have
Lieen mapped, all appearing on the map near the base of the Cypress
sandstone approximately alomg the 210 meter contour, Pohl reasoned
that as subsurlace water ows over the edge of the breached caprock,
it finds its most immedinte course Lo the base level down interaecting
Juints in the limestone. Down the line of interseclion the solutional
activily of verticully sseping water formz a vertioal shafl,

I s cortinin that in some pacts of the world vertical shafts are
formed by waterfallz, as a cave stream finds or nakes a breach sn
Lhat il can move verlically from one level to aoother. 1L is probable
that o lew of the verlical shalts beneath the Mammoth Cave Plateau
hive been enlarged, if not [oemed, by waterfall action. As a waterfall
retreatz, it leaves o recessional gorge, and sueh canvon-like fratures
have been identified wndeegeound in lowsn aod Missouri, Features
similar Lo recessional gorges are found beneath the Mammoth Cove
Platean. These gorge-like features seldom extend more than 30 metors
hiorizontally. Exeept for one or two doubliul cases, they are seen to
be the result of Lhe intersection of several vertical shafts along a
harizontal line, and not the result of Lhe releeat of a waterfall, Muoch
larger gorge-like zolution canvons, moerphologically and genetically
similar to solutional vertical shafts, are the subjecl ol the present
invesligalion.

Geenesis of Solotion Canyons

[t 15 evident Lhal salulion canyons are related genetically o solu-
tinnal vertical shaltts, forming where Lhe intersection of the imperme-
able sandstone caprock permits the vertical descent of waler theough
the juinted limestone. This breach in the caprock providing a vertical
comrzae for pronndwater which had been flowing horizontally on top of
the caprock iz the first of three conditions necessary 1o Lhe formation
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of solution canyons, and is one it sharves with vertical shafls. Shafts
Form at the mlersection of vertical joints, but the second condition
neceszary Lo the formation of aolution canyons is not the inkeraection
ol joinds, but the presence of one or more major veclical joints of
relatively greal length and depth, The third necessary condilion is the
presenee of some means by which to concenlrate a large quantily of
walep fairly unilornly along the joint, This condition is satistied
beneath the re-entrant yvallews (figores 1 and 21 Surface runofl is
eonducled to the valley thalweg where a large quantity of waler 15
lost nnderground, Ground water running off Lhe impermeable top of
the eaproek iz also concentrated for vertical deseent along the valley-
wall intersections of the caprock. I a major joinl s urienled near to,
heneath, und voughly parallel to the thalweg of the valley (and thus
alsn 1o the lines of intersection of the caprock by the twno valley
walls), then in 2eeking o verlical course to hase level, waler lost along
the thalweg and along the lines of caprock intersection will descend
fairly uniformly along the horvizontal line of Lhe vertical joint. Both
surface and undercround runodl is thus coneentrated wlong a horizontal
line. When an underlying major verlical joint 35 present 1o condoet
this water Lo base level, the solutional aclivity of the vertically seeping
waler forms a solulion canyvon. At least 10 solubion canvons aee
koown in the Central Kentucky Karst, theee of which will be deseribed.

Penek Trail in the Flint Bidge Cave Svstem is a zeries of solubional
vertical shafts and solution eanvons which extend for ore Lhan
2000 meters under and parallel to, but ofzet from the thalweg of an
vverlying re-entrant valley {figure 48], Some of the shafts are coaleseed
along the horizantal line: other sections of Penck Trail have Lhe
features of solution canyons. Pencl Trail, Lhen, shows a form inter-
wediale between a seriez of vertical shafts and a long solution canvon.

Blark Canvon is a typical solution canvon in Lhe Tlinl Ridge Cave
Syatem [figure ALY Nearly 300 meters Iong and over 25 nelers high
with widlths np to 12 meters, Black Canvon extends parallel Lo and
directly below Lhe thalweg of the overlving re-entrant valley. Along
the same line downstrean, and integrally connected Lo the solintion
cany o, is Tound the Overlook solutional vertical shalt complex. Thus,
beneath the sama re-entrant thalweg overlying slightly different joint
ronditions, a mujor solution canven coalesees with a series of vertical
shafls.

One of the lengest solution canyons yet dizeovered in the Flint
Ridge GCave Syslem, Wow Canvon, Is alse imtinrately eelated to solu-
tiomal vertieal shalts (figure 4c), Shaft complexes oceur near both of
s ends, Tlhis solution canyon runs for nearly 300 meters beneath 1he
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Fig., 4. Maps ol Solulivn Canyons ond Solutional Vertical Shail Seeies,
[Traced Trom Lthe map of the Flint Lidge Cave Svslean, Smith, 1964,
a. Penck Teail. b Black Canyon, o Wow Canvon,

thalweg of the overlying re-entreant valley. At the upper end. the
canyon averages 1.5 10 2 melers in width and 3 to 4.5 metars in height,
The ceiling stavs al the same level oz the fooe drops down & number
of sleps downsteeam, unlil at the lower end the canvon 13 4.5 meters
wide and over 25 meters Togh, An idealized longitudinal section illus-
trative of these relations iz given i hgure L1 should be noted 1hat
the diagram iz somewhal deceptive, sinee neither the thalweg nor the
joinl plane 1s straight, The sinuous course of solution cunyons iz a
resilt of the simunzity of major joint planes, both along their horizontal
and their verlical extents, Wow Canvoen makes several angular turens,
suggesling that m osuch long solution canyons, nol one, hul several
sinilarly oriented major joints provide yeetical water courses leading
Lo the formation of the solntion canyon.

Solution canvons, like solutienal veetical shafls, can form only
where Lhere 15 a major vertical descant of water, Thus, both of Lhese
vertical featnres are concentraled Deneath the edges of the ridges
whare the impermeable caprock 15 beenched. Beneath the vidges under
the caprock, verlical [vatures are rare boravuse theee 12 no greal con-
centration of water at high lovals there seeking descend Lo base lovel,
Beneath the major karst valleys there are also few major verlical
features, since besides lacking neans for concentration, the water is
already near base level,

Like solutional vertical shafts, which enlarge vertically a2 well ne
horizentally as they evalve, zolubion canvons farm by salution down
their eomplete verticul extent contemporanecnsly, From Lhe wiliation



Apelealogy [l Watson 375

of the sulutional activity, water dezeends down the complete depth of
the jeint, and also along 118 entire horizontal extent. Enlargement of
a solotion eanyon, then, is provarily through veetical solution down
Lhee walls, widening the snlution canvon, The widening cecurs first in
the higher and perbaps less Light parl of the jeint. The increasing
downsleeam width and height of a solution canyon iz fuether related
e general to the inereasing downsteeam width and depth of the ovee-
leing re-entrant velley, Along any segment of the valley, mope water
g coneenlrated downsteeam an the thalweg than upstream, As The
valley erodes headward, the upstream sogments have been waler
conrses [or progressively shorter periods of Lime. Thusz, nnderneath the
downstream segments progressively more water over Jonger periods
of time has been concentrated Lo seep down the majoer verlical joiul,
dizsolving a deeper canvon theee Lhan beneath the npateeam segments,
This results in a selution canyon which is stepped downstream, and
laeger 1 width and height downsteeam, suoch as Wow Canyon, Thos,
thongh a stepped solulion canyon may appear to have been the result
af ordinaey canvon pntting by the small steean which may fow along
ils floar, the major depth and width of the solulisn canyon iz doae to
the solutional wetivity of water seeping down s walls, In Wow
Canyon there hag undoubledly besn some Towering of the fooe due Lo
waler flowing along il The inereased downsteean widlh and height,
however, 15 primarily related to the overlving valley which coneen-
trates Lhe wabter, T also may be that the original depth of the major
Wowe Canvon joind s shollower opstream, conteilioting to the lesser
heaghl of the canyon there. Black Canyon, for example, Uhough slightly
stepped upstream, s nearly wniform in height along its horizontal
exbeat.

Conclusion

Solntion eanyons are mujor aodergeound featuves Toemed by the
zolition of verlically seeping walee down majoe joint planes. Thedr
frormation beneath the Mammoth Cave Plateau depends apon theee
necessary comdibions: (13 A breached impermeable coproek which
permits the vertical descenl of waler through Lhe jointed linestone,
{2y Ome o more miajor vertical joints of relatively geeat lenglh and
deptl, 03] The presence of recentrant vallevs which eoncenleate surfane
andd subsurface ruoolf along the thabwey parallel to the undeclying
major jeint. Water coneentruted along Uhis line will seck the qiickest
erurze to baze bevel, which will e the magor joint. The selutional
activity of water seeping relatively uniformly down sueh o joint
resulla in the formation of o selution canyon,
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SUMMARY

sofuiton sapgens are undergeound voids 1o 10+ meters wide, 3 to 45 -

meters high, and 30 to 300 |- meters long. Floors are stepped, ceilings level.
Siee iervases lownsleean, Their conrse s sinnows, wilh somes angualoeiy,
They oceur paeallel to and directly under or slightly offzet from the thalwees
of re-entrant valleys teibulary Lo major karst wvallevs, A section across o
re-enbrant aml wleelving solulion canyan shows a rongh hoae-glass shape,
Sodotion conyvons are eelated penetically to solulional vertical shafls, forming
where removal of the impermenbls sandstone caprock permits the vertical
descenl of waler through jeinted looestone. Sueface cunodl concenleales
alimg re-pntrant thabwegs wheee a lovge quantity of water goes underground.
This water, plus subsurfoce water flowing over the caproclk breached by {he
valleva, fallows the easiest route to baselsvel down major vertical joints
nrienled parallel fo Lhe thalwegs solution by waler seeping down these
Joinl planes forms salulion canyons,

AUSAMMENTASSUNG

Liaungzkonyons sind unterirdizche Hahlen, 1-15 oder mehre Meter weit,
A=45 oder mehe Meter hoele und 30-200 pder mehe Meter lang, Der Boden
sk pesluft, und die Decke st eben. The Geolle echaobt sich in der Tlofi-
richlung, Sie sind in der Liogseichlung gewunden mit einiger Sehoarfeckip-
keit, Bie kommen vor parallel 2o und direki unter oder elwas gur Seite von
Talwegen surickMiheonder Seitentaler, die o gealere karsttiler minden,
T Sehniet dorel ein o zueickfihrendes Tal ond einen daronteelivgendsn
Lisungskanyon Mhrend, weisen sie die Porm ebwa eines Sandubrelases auf,
Ioiheer Elevkundt aeigen Liosungskonyons au senkrechien Lozsungszchichten
Bewivhungen, i geformd weeden, wenn ot feenong ales dariibeclivgenden
undurchdringlichen Sandsteines den vertikalen Abloud von Wasser dureh
den verbundenen halkstein maglich macht. Oberllichenwasser sammelt gich
Fangs rackfbesnder Talsolilen, wao grobie Meongen von Wasser aden Do ler-
grund gehen. Dheses Wasser und auch das, das unlechally der Gherfliche
iiber den von Tilern durchbhrochenen undurchdringlichen Sandstein Dieit,
Falgd dlem Ieichtesten Weg oo oedrigsten Niveao alwairts duech grihere
senkrechte Fugen, die parallel su den Talsohlen veelaufen, Auflisung durch
Wasser, welches dorch dicse Fugenebenen sickert, formt die Losungz-
kunyons,
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