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. September 13, 1979

Honorable Willis D. Gradison, M. C.
Federal Office Building
Cincinna+=i, Ohio 45202

Dear Bill:

Much controvaersy has developed over the nuclear power plant
on the Ohio River at Mcscow, Ohio. The concerns evidenced have
been mostly directed toward possible unexpected nuclear accidents
or fall-out., It appears to me that an area of perhaps even more
concern may be the possibility of damage to such a facility from
continued explosions from blasting for limestone on the Kentucky
side of the river directly acrecss from the Zimmer Power Plant,
which would create a situation that could lead to disaster.

I include a reprint on natural features of Indiana describing
limestone bedrock and Pleistocene glaciations in Southern Indiana
and their relationship to similar ard companion formations along
the Ohio River and into Kentucky.

Resource Development Corporation, which proposes to operate
limestone mines in the Mentor-California, Kentucky area has found
it necessary, apparently, recently to acsure residents whose homes
are on the hillsides adjacent to the proposed limestone mining
site that they need not be concerned that their homes may slip
because of vibrations from the blasting incident to the mining
operations.

1f a single home is lost, or even a few, that, indeed, would
be tragic for the occupants or owners of those homes. It seems
to me, however, that our greater concern should be the eZfect of
repeated and continuous vibrations the blasting would have on a
nuclear power plant. I suggest it may be very much in the
interest of the public in your district and indeed in the entire
area to investigate the potential for a serious incident if the
limestone mine proposed for Kentucky and the nuclear power plant
are both permitted to function.

I am inclined to believe that the decision of the Government
and/or +he people in the area must be whether our greatest need
is for a nuclear power plant which may benefit many, or a limestone
mine which will benefit few.

1747 198
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Page two

My personal opinion is that nuclear power is necessary in
the forseeable future, but utmost consideration for safe operation
must be our primary consideration.

The Paul I. Hoxworth Blood Center
Of The University of Cincinnati
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“Why Wasn’t 1 Told?""

“umes Richard chkma

Richard Dickman !snt upset over
his company being Aumped as
general manager for the Maln
development.

"'—x nan’ is upset tecause even

Strasse

though the executive committee of,

ne \’c,r'.h--n “entucky Convention
1-4 Visitors Bureay voted Tuesday
night to cancel the management
contract with his company, De\el-
opment Manag »rmm Assoclales,
they have yet lo C'J thim.
'i;b’q . »
y *I"NEVER -v-c-r'm o find out
;~_,r« igh the newspaper.” he said.
1oy DMA. received $2000 a month
Yym the Convention and Visitors
Shireau to manage construction on
:\ie project,
r:wd ';wmr‘g September 8 and 9.
),.; e work on Lhs project s wind-
: ], do g'\ Dickman said, he knew

Cam pbell Co \Ime Operahoﬁf

which will have It's ¢+

e

‘
’

the cancellation of the contract, a
budgetary move by the Convention
and Visitors Bureeu, was coming.

“l knew there was a termination
clause lir the contract,” Dickman
sald. “When the contract was rene-
gotlated In April I put It in mysell.”

Dickman sald he would check
the contract Monday Lo see If the
cancellation Is legal, but he added
he thinksitls

“l think all that was required s
written notice,” he sald.

The contract's cancellation wm
not end DMA's assoctation with the
convention and visitors bureau.

fain Strasse mannagement is only
one of four or {lve contracts DMA
has with the bureau, Dickman sald,
admng his company, among other
things, s pro-wq ly designing two.
parkmg lots for the bureau.

\ull 91/2 Y ears In Future
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will be over 2's years before the
ntroversinl !imestone mininy
erution In Campbell County Ls
ly operational, according to !

R

N
.’q

-~

\6

.'ﬁ"' Resource Development Corpo-
on, 'kn (‘ o114 )‘ ‘-’\. -_.\,,‘ p nz s.']f
’-h » -
'/A. The €157 million facility will be
‘Gwited hetween ,-’.... 8 and the Ohlo
Adver near Mentor
‘. '“ll‘t'\p received permission o
"‘ rt construction on the site Au-

st 7 afler five years of iegal squabd-,

Qkng over the project. The mine has
bden uupo 2d by Campbell County
-d."tc al!s and local property owners.

_,.
b \l\\\ LOCAL property owners
the plant as being simiar o the
t' % Fiver \Mining Co. mine, also
wrcated on Ky. 8. across the river
*Len \oscow, Ohlo. That mine has
.c.u.' wen the source of complaints
S Moscow resicents because of
oL wice and due’ from e mine
<7 73t Ficke is quick o point out
wil ghile Campbdeil County is get-
SR ajymine, the jocal land owners
o ~.""av‘xt(.m'n.n-
s #1LN Lhe Black River factiity -
-.nvf ally In terms of dust emis-
;y-'—< »ire {naccurate, he said
<There are dust emission
"‘. _A"' e

.;‘:n'

l‘é-"-

ke, q»'\eul manager for Hilltop,

regutations that we are r2quired o
meet today,” Ficke sald. In bullding
a new facility under present laws,
“we are not permitted to do a lot of
things that were done with the
Black River mine ™

ricke said the Kentucky Envi-
ronmental Protection Agencywould
have o approve plans for the mine's

operations, In terms of dust emis-.

sions, before granting Hilltop a per-
mit W bulld.

HILLTOP OWNS 1200 acres In
the area butl pians W locate the
planl between the rallroad andg the
river. Ficke sald Ky. 8 provides a
natural buffer between the plant
and local landowners

One reason Hilltop chose the
site, Ficke satd, was because of
avallability of truck, rall and barge
wransport

A loading facility for barges will

be constructed on the site, Ficke |
irgest portion of the |

smd, as the U

ned Hmo (orlime products
'rmw. tured on the site) will be
'r'm-rv,rte-': by barge. A Chewe Sys-
tem rail line will cut through the

ninmne
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Ficke said landowners ilving on
the hillside above the mine have
nothing o fear as the limestone I3
removed. The mining, which wtll in-

page on the hiilside, he saic.

clude dlasting, will cause no slip- |
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1.0 NATURAL FEATURES OoF INVIANA

clogy 1 expanding from a fre'd of casual interest to peolopists,
biokgosts wnd hydrologists 1o one dominated by the speleol-
owist, an individual speeifically trained for rescarch on caverns
and related phoenomena,
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Caves

Speleology and Karst Hydrology

Ricuaro 1. PowELL
Indiana Geological Survey®

Introduction
Tales of endless caverns and of rivers swallowed by the
carth were part of the earhest fo'klore of southern Indiana.
Features now well known, such as Wyandotte Cave, were re-
ported in somewhat exigperated accounts by early visitors.
Wyandotte Cave was a source of nitrate for gunpowder dur-
ing the War of 1812, and nearby Harrison Spring, the larpest
in Indiana, was the site of a water mill owned by William
Henry Harrison, the first territorial governor of Indiana. As
of the present date, about 700 caves have been discovered in
southern Indiana, and several sinking streams have been
traced to their outlets from subterranean passages. The
caves and associated karst features of Indiana have become
known throughout the world. The longest mapped cave in
Indiana, Blue Springs Cave in Lawrence County, is the fifth
longest cavern in the United States and the eighth longest in
the world.
Cave and Karst Areas
Caverns, subterranean drainage, and associated karst fea-
tures, such as sinking streams, sinkholes, and cave sorings,
dre comnion in two areas of south-central Indiana: a glaciated
area where limestones of Silurian and Devonian age crop out
and a partly glaciated area where limestones of Mississippian
age are the surface rocks (Fig. 29). Limestone, which can
be dissolved by running water to form caves, underlies much
of the bedrock surface of Indiana, but five-sixths of the State,
including most of the limestone area, is veneered with glacial
drift which fills or obscures perhaps thousands of caverns
formed before the advance of ice sheets. Evidence of these
caverns is frequently found in drill holes and quarries.
There are some sinkholes, a few natural bridges, and about
30 known caves in the eastern karst in Indiana (Fig. 30).

*Published with peonbmon of the Siae Geologist, lodiana Depaniment of Nawural
Resourars, Geologual Survey.
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Caves 17

The caves are mostly small and only a few have been mapped.
The cave streams are tributary to surface streams, primanly
the Muscatatuck, East Fork White, and Ohie Rivers, which are
westward-flowing meandering streams entrenched into the
carbonate strata, which dip to the west (Fig. 31). No sink-
ing streams are known, but water enters the caves through
sinkholes and groundwater from the glacial drift rather than
from direet surface runoff,

“Sauran ong Devonon
s Y
7 mestone %

'
Wiscons.n

glecial
Loungary |
-~

Hinowan

glecal wAreo of
buundor ‘._. . figure 2
m ‘ MiSSiSSpPIan
hmestone

Fig. 29 Map of Indiana showing the areas of limestone bedrock and
extent of Pleistocene glaciations.

The major cavern and karst region of Indiana, the area
which has gained the attent'c1 of most speleological research,
is in the south-central nonglaciated part of the State (Fig.
30.)* The karst features and most of Indiana’s caverns, n-
cluding the longest and largest ones, have been dissolved in
limestones of the Sanders and Blue River Groups of middle
Mississippian age. These rocks crop out in a belt extending
northwar the Ohio River in Harrison Cou

e Putnam County and soutbward inte the cave revion of
Kentucky, The northern third of the belt of limestone is
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118 NATUKRAL FEATURLS OF INIIANA

partly covered with glacial drift which has filled some caves
and sinkholes. Some caves, but very few sinkholes, are situated
in the thin limestones of the West Baden and Stephensport
Groups of late Mississippian age. The rocks of a!ll these yroups
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Fig. 30. Mup of south-central Indiana showing the location of lime-
stone caverns with respect to major druinsge routes, Modified from
Powell, 1961,

¢02 ¥/1

ALk ‘l'

Jip to the southwest at abots 30 Ject por mile, but Jocal varis-
tions of the rate of dip are comen i ¥y 31).
Origin of the Mitchell Plain

The area of outcrop of tne Sanders und Blue River Groups
is a westward-sloping sinkho o-pitted surface called the Miteh-
ol Plain® The Mitchell Plain s wally a low himestone pla-
teau crossed by several mzior deeply entrenched streams:
the Ohio, Blue, East Fori. White, and White Rivers. The
surface of the Mitchell Plain on the interfiuves is an crosional
and depositional surface beveled before the late Tertiary and
varly Pleistocene entrench.ront of the curface streams and
development of sinkholes ard other karst features. The upper
surfiace of the plateau is regionally inclined 1o the west and
Jocally toward the major Fireams. The general westward
slope of the Mitchell Plain is not as steep as the dip of hme-
stone bedrock, but the stracture of the bedrock has preatly
influenced the development o the surface and the confiyrura-
tion of the dramage routes Cross and beneath it (Fig. 200
Cavern development has been primarily down the dip of the
strata along joints in the limestone. The streams that shaped
the surface of the Mitchell Piain during Tertiary time headed
4 few miles east of the plain where the slope extends onto
a belt of shales and siltstones of the Borden Group. These
streams, with a few exceptions, had much the same drainage
Lasins as at present. The sinkholes on the Mitchell Plain were
formed after the streams cut below the level of the adiacent
limestone plateau. Blue Springs Cave in Lawrence County is a
good example (Fig. 32) of cavern development beneath the
Mitchell Plain.

Development of Karst Features

Although sinkholes and swallow holes are the primary open-
ings through which surface water enters subterranean chan-
nels, the bedrock surface is nearly evervwhere crisscrossed
with smaller openings developed by solutional wdening of
joints.® These vertical channels, or grikes, are usually filled
with soil, but they form a cubsoil drainage network that is
tributary to an underground solution channel or cave. Some
of the grikes extend into caves where they are seen as loosely
cemented cobbles and gravel in a clay matrix in the ceiling
of the passage. The irrepuler upw ard projections of the lime-
stone bedrock are Lo..acles or lapies.
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UL &Nl pLA&N uFkL AND
Nest Knobstone
Eaden Sulem L e EX argment
100G Crcup Bive River | ’/\/ il /
/< ~y R \
3[ \.J k‘\' ‘1/ 3 --‘.<“ ‘{‘."’ "J . \
00 i . — ——
60 ‘S - b,uJ?_“b‘.' - ()‘vuo ’ ”
goe M i per® gy art-=

e R =

2001._-4- - - S—————— _—— - - -

"'Ib( 31 ‘.u'lu'lft‘um’ prologne crots section thowing lt'!ulh-l."-lp of
|-h)‘3h:;{l--|l‘-lc units to bedrock pevlogy Line of sccuion indicated on
}oyrure S0

Sinkholes form m places where the descenaing surface witer
most rapid'y dissolves the bedrock. Some deep sinkholes in
bedrock appear to be shallow because they contain targe it
cumuliations of suil; others contain ponds because their out-
lets are plupged. Collapse sinkholes are formed where the
roofs of underlying caverns collapse to the surface. A large
collapse sinkhole of this type is called a gulf or a uvala. Wesley
Chape! Gulf near Lost River in Orange County covers 8 acres.?
Karst wandows, such as those at Twin and Bronson Caves in
Spring Mill State Park, are collapse sinkholes opening 1nto a
cave passaye from above or to the side to expose the upstream
and downstream segments of the cave passage.

Solution of the limestone leaves insoluble particles of clay
which accumulates in grikes and sinkholes or is washed into
cave passages. This insoluble residue is generally termed terra
rossa, although such material is yellow or brown us well as
red. Large tracts of upland on the Mitchell Plain, generally
remote from areas of entrenched surface drainage and cavern
development, lack sinkholes and are covered with thick clayey
s0ils. They are at least in part alluvial sediments derived from
pre-Pleistocene surface streams which flowed across the up-

land surface of the Mitchell Plain. The soils include thin beds
7 of chert gravel and cobbles and are overlain by loess of Pleis-
tocene age. The chert was derived from beds near the base
of the Sanders Group which cropped out to the east or from
lenses near the middle of the Blue River Group. Some of these
materials wash into the caves to form sedimentary deposits
in the passages.

The relative local relief of the Mitchell Plain is greatest near

P02 1971
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the major streams where it ranges from about 70 feet to as
much as 200 feet. Some sinkholes adjacent to the streams
are of comparable depth. Away from the major streams the
sinkholes are much shallower and local rehief is 50 feet per
square mile or less in areas underlain by thick seil. The num-
ber of deep sinkholes commonly is greater above large cav-
erns (Fig. 32).

Development of Cave Passages

Acidic water that enters the bedrock through open joints,
especially floodwater that fills the underground openings, drops
rapidly to the water table and then flows laterally toward a
surface outlet. The greater the velocity of the flowing water,
the greater the amount of limestone that will be dissolved
from the walls of the passage. The passage 18 enlarged most
rapidly during flood periods when the acidic water comes in
contact with the walls and ceiling of the solution channel or
embryonic cave. The rate of enlargement decreases as the
volume of floodwater becomes insufficient to fill the cavern.
Climatic changes during the Tertiary and Pleistocene Periods
have greatly influenced formation of caves in Indiana. Cold
winter precipitation contains more carbon dioxide than warm
summer precipitation and is therefore a more active solvent.
That solution of the limestone is more effective than mechan-
jcal erosion is indicated by the fact that caves are the result
of a stream piracy—that is, in limestone terraces many sur-
face streams cannot downcut their channels as rapidly as
subterranean channels can be formed beneath them by solu-
tion. Such easily eroded layers as thin shale beds project into
cave passages as resistant ledges. Analysis of water from
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caves shuws a high carbonate mineral content, an mdication holes, each of which receives the sarplus floodwaiers from

of the extent of solution involved. those upstream. Thus, rather than dow neutting their chan-

nels, the former curfuce Slreams of the Mitchell Plan dis-

- Fa P P} N solved subterranesn dramnaie routes as tributaries 1o the
S b P - W /1’ W lower surface streams. The cavern passiyes deviloped head-
AR - - =t e * 1 "\‘ I e } ward bLeneath the former suriace tributaries. Sgme of the
\ o o f."vll o Cavern Pitssapes are developaad at different levels and indicate
: -:,, - - Biue Springs ‘ " 4 TR \ that the downcutting of the surface streams was in proyres-
- 04y Y o sive stages.

. e o .

“V’I.“ T mr ™ o ¢ Caverns Formed hy Subterranean Stream Piracy

A AT TN i Due west of the Mitcheil Poein is the rugped Crawford Up-
o B S T L e land, a dissected cuesta W ith an eastward-facing escarpment

broken in many places by trroagh-flowing streams.® The hills
of the upland are anderlatr uy beds of sandstune, shale, and
limestone of the West Baden and Stephensport Lo s, Lut
the streams along the eastert. <ide have cut into the himestones
of the Blue River Group (Fir 21). Caverns are common along
these valleys, especially  v-here they receive underground
drainage from the Mitchell Plain to the east. Generally the
. ' Y RE Tiye > o R g ' = ‘ larger streams of the eastern margin of the Crawford prl;md
et - 3 o ‘ are about 100 feet lower thin adjucent areas on the Mitchell

- . - v} ' | R 4 pi . . . . -
Fie. 52 T A Plain. Precipitation on the vestern part of the Mitchell Plain
e 52 Topopraphic map showing relationship of Mlue Springs Cave

to simkholes und local drainaye The pacsages ate developed aluni juints commonly is diverted westward through caverns wrending
i the Salem Limwstone, and the sinhholes are Tormed n the St Louts down the dip of the strata into the surface streams at lower
L hinestone. Modified from Palmer, 19460, . . :

C;.:a clevations. Many of the caverns have several levels which

correlute with stages of downcutting in the valleys of the
Crawford Upland. In places the cavern levels are superim-
posed and the cave passage 15 & high narrow subterranean
canyon. This process of subterranean stream piracy has en-
tirely diverted the headwaters of some ancient streams on
the surface of the Mitchell Plain* Sinkholes formed in the
ancient valleys while caverns were dissolved beneath them.
Similar streamless valleys in the Crawford Upland are situ-

@,5 Development of Subterranean Drainage

CT.’T-‘J Karst features formed on the upland surface of the Mitchell
£ Plain as the major stieams and their tributaries downeut their
( channels in several successive stages during late Tertiury and
" e Sy Pleistocene time. Some surface tributaries lost their
¢/ streams to interconnected joints which opened into the main
E‘i “ctreams at ower elevations. The open )joints became en- )

2 arped by solution as water continued to flow into them, and

= hecame swallow hol , . : ~ P ated at about the same level as the Mitchell Plain and are
= s alow holes or sinks in the old stream bed. Eventu- ~ l pitted with sinkholes. These karst valleys are a part of the
'é' _Dnlly these sinks took all but flood flows of the stream. These S former Tertiary drai. e ; trern "
571_1:\\‘;‘%“‘ holes are usually choked with debris and sediments Tl s i e NS posiare
[]"":}rom floods and generally lie several feet below the level of O Caverns Formed by Groundwater
the former surface channel or dry bed which carries surplus  © The thin dense limestones of the West Baden and Stephens-
floodwaters downstream. Lost River, a sinking stream in N port Groups are commonly overlain by a permeable sandstone

Orange County, has along its dry bed five major swallow and underlain by impermeable shale. The rocks of the Craw-
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pland are greatly dissected and most of the outcrops
varions strata are on hillsides well above the streams
deep valleys. Caves in the limestones have been dis-
s almost entirely along sets of Joints, In general the caves
parallel the outerap of the limestone. Only in a few
are sinkholes and other karst features found on the sur-
Love the caves.
Cipetation and runoft from the hillside above the sand-
is absorbed and becomes a perched water body above
vestone'® The release of the stored water is toward the
a4 or into open joints in the underlying limestone. The
ol volume of water release are controlled by the per-
lity of the sandstone and the size and location of upen
in the limestone. The joints are enlarged by solution
aportion to the amount of water which flows throupgh
Thus, those joints that reccive the greatest volume of
enlarge most rapidly and, consequently, release more
from the sandstone.
waler wilhin the joints in the limestone is also a
ed water body above the underlying impermeable shale.
arge of water in the joints or caverns is generally down
i of the rock to the outcrop. The cave passapes are com-
- developed Just above the leve! of the shale and extend
o overlying sandstone through high narrow fissures or
s that mark the points at which most groundwiter enters
ave. Speleothems are rare in these caves, apparently be-
the roundwater entering the passages has not passed
inth overlying limestone beds where it could obtain cal-
carbonate to carry in solution. Breakdown in the caves
monly contains sandstone cobbles and boulders. Blocks
mestone that fall into the cave stream from the ceiling
Jissolved by the flowing water.

Development of Pits and Domes
here the local relief and limestone thickness is suflicient,
r that enters the limestone bedrock may drop nearly ver-
v into a cave passape below. The water flowing down the
. of the open joints dissolves vertical channels or grooves
h ocoalesce as they are widened and deepened. Vertical
and domes in caves appear to have been formed below
i vely impermeable strata, such as shale or less soluble

CAVES 125

limestone beds. The insoluble strata may be overlain by per-
meable reservoir rock or expused at the surface. The water
above the cap rock tlows into a joint which permits its descent
to the top of the soluble limestone. The water then either
directly penetrates open Joints or lows laterally to enel open
joints which permic its rapid descent to a lower level. A per-
meable rock above acts as an infiltration bed and absorbs

water which would be lost as surface runoll, only to release
it into joints or domes as rapidly as rock permeability and
available openings allow. The presence of small waterfalls in
some domes indicates that they may be fed by groundwater
from overlying rocks and are not dependent entirely on direct
precipitation and runoff. Collapse or solution of the roof of a
dome may extend to the surface to form a pit or shaft, which
may permit entry into cave passages, depending upon the
amount of collapsed material or breakdown at the bottom of
the pit.

Cavern Collapse

The process of cavern development by solution creates a
potential for collapse of the strata overlying the cavity. The
occurrence and magnitude of roof and wall failure are mainly
determined by width of the cave passage, closeness of joint-
ing, and thickness and competence of the roof and wall strata.
The collapsed material or breakdown is primarily of two types,
blocks and slabs. Block breakdown is common in thick beds,
whereas slab breakdown is formed by collapse of thin-bedded
rock. Block breakdown is generally limited to the walls and
lowest ceiling bed, whereas slab breakdown tends to affect
numerous beds above the passage. Thin-bedded strata tend to
sag above the cave passage and shear off near the walls to
form slab breakdown. Each succeeding higher bed is better
supported, so that the unsupported sagging layers over a cave
passage form a tension dome. Collapse of the sagging layers
usually results in a domed roof containing a mountain of
breakdown, such as Rothrock’s Cathedral and Monument
Mountain in Wyandotte Cave. Obviously there are situations
and conditions where the types are indistinguishable or mixed,
particularly in wide passages where the failure may include
numerous beds above the passage.

In some places roof failure extends to the bedrock surface
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Cave Deposits

Deposits in caves fall into two distinet gvoups, e hanic)
codimetits and chennica) winera! deposits, Mechanics! deposats
it caves incude Lreakdown and allovia’, colluvia), or lacus-
trone soediments The bedvock floors of few Indianae caves are
expised, for muost of the vaves are ;-;:r!l\' filled with ¢lavs,
s ts, sad, pravels, and cobbles deposited by the streams which
fowed through then, Most of these materials appear to have
Veen washed into the eave and hmestone fraogments are not
dominant, nor common, as a constituent, Limestone that falls
into the cave i< easily removed by solution. The stream de-
pesite e grenerally woarregular beds, although silts and clays
oy also be plastered onto the cave walls. Charcoun! lavers,
perhaps derived from ancient forest fives, and finds of animal
bones and plant remanns are rare. Evidence from a few caves
indieates that severa! feet of sediments hove accomulated
owing to erosion and slope wash that have resulted from poor
Land-use practices during the past 150 years. Most eave de-
posits, however, are of Tertiury or Pleistocene aye. Many of
the vallevs to which caves are tributary are partly filled with
deposits of Pleistocene age. Pleistocene lacustrine clays, includ-
iny varved olay concretions, were deposited by placial lakes
which backed up into cave passages where contemporaneous
cediments were deposited. Colluvial deposits, consisting of
sotl and rubble, are common in sinkholes that enter cave pas-
sapes. Dreakdown may rest on, be buned by, or be mixed
with the sedimentary cave deposits or cavern fill materials.

Most chemical mineral deposits or speleothems in caves are
accumulations of calcium carbonate as aragonite or calcite
formed owing to a loss of carbon dioxide from calcium bicar-
bomate laden water that enters the ar-filled cave passages.

100d

]
/l‘@J

1)

e
{Q

2=
Fﬂ

L BLRY % b

The ultimate canse of deposition may have been a change
tempaerature, a loss of hvdrostatic pressure, the presence of
trace elements or oryanic arents, or a combination of these.
Although most spelectnems in Indiana caves are alternately
banded caleite and araponile or caleite peendomorphs after
araronite, suggesting cyelie deposition, no method bas been
devised to interpret the deposition of speleothems. The cause
of slteration of aragonite to calcite also is unknown. Although
comparisons with Tertiary and Pleistocene chimatic condi-
tions would be desirable, the complicated mode of origin and
unknown rate of growth have hindered any basis for such a
<tudy. But the deposiuon of speleothems s a preal aid n
the interpretation of the sequence of tvents in determunng
the depositional history of @ cave, which in turn may be cor-
relited with other known evenis in geomorphie history. Flow-
stone lavers and stalagmites are in plices buried by later mud
deposits or suspended from the cetling or wall where the un-
consolidated fill has been eroded from beneath them.

Indiana’s Largest Caves and Cave Streams

When Indiana became a state 150 years ago, Wyandotte
Cave was considered the largest cave in the State (Fig. 33).
Additional passages discovered in 1851 led to the claim that
the cave was the second largest cave in the United States.
Although the size of the cave has been exaggerated, it is
indeed a large cave.® Some of the passages in Wyandotte are
the largest in Indiana, including the Jlargest room, Rothrock’s
Cathedra), which contains Monument Mountain, the lurgest
known pile of breakdown in an Indiana cavern. A remarkable
feature of Wyandotte Cave is the dryness of its passages, for
very little water or mud is found in them. Wyandotte Cave
contains only one very small stream which flows for a very
short distance through a side passage. A few seeps account
for the other wet places. The stream that dissolved the pas-
sages of Wyandotte was probably diverted from Blue River
about 2 miles to the northeast. Blue River, then flowing at
4 much higher level than now, was captured through joints
in the limestone. After passing through an underground
route that was substantially shorter than the surface route,
the stream reentered the lower Blue River valley at a much
lower altitude. This large stream, of late Tertiary and early
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Pleistocene are, was probably Tongper than that flowing through
the Lost River Cave System in Ovange County at the present
time. Many of the passayes of Wyandotte terminate at hill-

cides or salleys that postdate cavern development.
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Fig. 33. Topopraphic map showing the mapped extent of Wyandotte
Cave and its relationship to valleys i the Crawford Upland. The pass-

apes ure developed in the Ste. Genevieve Limestone (Blue River Group).
Base from Lesvenworth Quadrangle, 1947,
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Lost River is in direct contrast to Wyandotte Cave. Most
of the passages are small and those that may be entered are
wet and muddy.” The underground passayes of Lost River
are several times the length of Wyandotte, but most of them
are flooded all of the time and the remainder flood with every
Yight rain in the area. The parts of underground Lost River
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that may be entered indicate that the subterrancan drainage
route consists of a series of nearly parallel passages in a
general east to west direction over a distance of about 7 miles.
The surface channel or dry bed, which carries surplus flood-
waters, 1s about 21 miles long Letween the uppermost swallow
hole and the rise or artesian spring which discharges the
cave stream back to the surface. The rise of Lost River, about
1 mile south of Orungeville, is & cave outlet which has been
diammed by alluvial and lacusinne sediments of late Pleisto-
cene ape This cavern network was probubly open during the
late Tert'ary when the major surface streams were down-
cutting their channel:. Sinkholes and s_w:sllmv holes developed
simultancously on the Mitchell Plain,

Blue Springs Cave, on the south side of the East Fork of
White River acar Bedford (Fig. 32), contains over 12.1 miles
of mapped Hassages on cevera! levels.* The downstream exit
of the cav’ .ream is a cave spring, but the dam ucross the
East Fork at Williams has backed water up into the passage
for a Jong distance. This cave stream is a small river which
requires a beat to traverse the cave passage containing it.
Side passages contain smaller streams and some at higher
levels are dryer. The passages of this cave are fed entirely
by drainage from sinkholes and a few short sinking streams
on the overlying Mitchell Plain. Several deep sinkholes lie
immediately adjacent to the cave passages, but no dry bed
or surface channels are prominent. The cave stream is under
heavy hydrostatic pressure when the passages are completely
flooded, for water is known to fill some of the surface sinkholes
to a level of about 100 feet above the adjacent river level. In
spite of the dangers of exploring and surveying this cavern
with its subterranean river, plans to map an estimated 5 miles
of additional passages have been made.

Future Studies

Spelunkers and speleologists in Indiana will search for
longer and larger caverns, not merely to establish new records
of size, but also to better understand how caves are formed
and how they are related to local hydrology and geology. Caves
will be studied in greater detail with respect to their geo-
chemistry, meteorology, and biology to determine their effect
on water supply, pollution, and engineering problems. Spele-
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Nov 25 s Distrpution
i 'y Docket File (50-358) J. Stolz
NRC PDR E. Hylton
Local PDR J. Yore, ASLB
EDO Reading IE (3)
NRR Reading W. Houston
LWR 1 File V. Stello
H. Denton J. Cook 4,//’/
E. Case H. Berkow
D. Vassallo D. Muller
Attorney, ELD R. Mattsen
The Yongrable i1l Gradison CA (3) D. Eisenhut
inite] States ''ouse of "epresentatives G. Ertter (07621) W. Russell
gchinnsun, U Cs 20515 M. Groff S. Varga
E. Hughes
‘car Ceonyressian Oradison: B. Moore

-

ank you for your letter of October 16, 1779 addressed to Mr. John Stolz,
ronsrding the concern from your cons‘!;ucnt Or. Gecorge W, Geisen. Your
Intter enclosed "r. feisen's letter to vou datc4 September 13, 1979, where
be eaxrressed concern over the possihility of damage to the Zinmer Muclear
‘over Tlant fro proposed limestone mining operations along the Xentucky

{

sare of the Ohio Tiver close to the Ziwner Plant.

“uring our sa3fety review of the Zimmer Plant, the staff considered quarry
T o a1 the Mlack Niver “ining Compeny and the Pickney Greuer Company
tocztedd ten and tue and one half miles, respectively, from the reactor site
feofaty Yvalygation Deport related to operation of Ym. He Zirmer Nuclear
“tatinn, Unit 1 - MURCRL0523 - Section 2,2, Page 2-5)., S%oth of these
prarations use explosives. The staff evaluated the use of explosives at
cistances areater than two riles from the Zinmer site and concluded that
thig «will nnt affect plant safety. The propeosed limestone mines in the

YortareTalifarnia, Kentucky area are ahout three to five miles fron the
-4 v CcYt
theuh it ddees net appear that the proposed operations will present a
safety procles at the Tioner site, ue plan to verify the effect of these
wratines on the Ziumer plant,

bore this inforaation satisfies your and Or, Geisen's concerns,

Sincerely,

e e 1781 210

Sy

(t N
C\G§Y3> \\;/,-‘“‘J i Lee V., Gossick
XS?Q!)QJ\QS Executive Director for Operations
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