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LIflAMlT S AND FRACTURE TRACS, JENNINGS COtITY AND JEPPERSO3

-PROVING GROUND, INDIANA

By Theodore . Greeman.

ABSTRACT

Jennings and several adjacent •oUnties are ecoomi6a•y restricted 'by in-

adequate mater smpplies. ' The North Yernon Vater Utility, supplying pre than

25 percent of Jermines County's population, obtains its water from 'te Vernon

Pork Esoatatiuck River, although streamflow is lss ..thn the average -daily

vithdrawal 69 days of the yea~ro. The U.5S* Amy Jefer on rin~g around, :pipes
water mo"e than .5 miles and. lifts it..375 - t -feet f e fpr tectif.r. enother
.TenungsO Coaantyo Utloty ppe n tw a-era morethn2..im S to .z..ll doaitic "Con-.

ruer una'ble to locate sficinmW~~IVt upis

4 Two er2' hoi~ot2Sequ909e6 -of Pa3*osoic ietn d ~oie
4iertoet imarat d 1W a,2 -thin, 8aotmossae¶ie~~tt-h

pxtrmnia ui7a~ Nny~el apn hs qie r nbo~b~p
* 2A~~~IIpu . .... Z.. ~ .i.~..~. nwum 1e¶Buwt ~ . Ai

* ................- ..q- ...ai- prhbf~ 'a 1W

totogrted. for .. .1M

ejinegments.4md 'fracture-traces viep birdcam proanbcle oetim e:vr~
thlose mart serialy fzactuwpete a"r show on a zip., %la rl.5 a~ -awu~

avaiilab riet. se .r at#reas of sothfs -th -Cutyw e ' bie et -Vata'
*oeW'_ 1. -ao stea patnls

-ill -mini ize th chnc ofiAl driliga nja qut e~ati?@-tac mp il ntut gAhte' .8sffcutho gondwte

Ip
*1
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IITROUCTION

This report is the result of a 2-yr (year') study by the U.S. Geological

Survey in cooperation with the Indiana , Department of Natural Resources and a

0.5-yr study in cooperation with the U.S. Army Jefferson Proving -Ground (here-

after referred to us the proving ground). The pur-pose of these studies was to

map the locations of lineaments and fracture traces observed in Jennings

County and parts of Jefferson end Ripl.ey Counties within the proving ground

( ~(p1.- 1,).•

The study area. is underlain by a nearly hborisontal limestone-dlolomite aqui-

far. Water moves throuxgh the aquifer along I'nterconnecting-bedrook joints,,.-

fractures, and solution cbannels. Locations of mny bedrock fractures are

indicated by lineaments or fracture traces at the land surface. These features

are helpful I.n prospecting for ground water. The report also describes .Vater-

supply probles, geolog, and interpretation and ir-ili.ation of. lineaments and

fracture traces.

Lineamaints 'W 'fracture --traces, are' liert lghvtI7 -crvillnear ,"autural

features consisting of , topograic, -V8..tation, Soil -tons V. e, d , raa- a...-

maute 6y..•is. o eria I-**ýqographs .. d mosaics., ... 0ording to L.at'"= (1 58).

gn 'Aau, 6hras tiatr j too amar

less ýthan a .ei legh oe(i76~ p.I

are ompo .sedof *ob:',c dho i,. tmous aeepnts "and :that "the .bility .of the

izterttpeter 'to -fuse these sapfena . into a lineamenuk depend.oi t*e ..resolution,$

.scale,i :and .conr. t -of the phot~o gra~ph .. ... :'.: . >-.... .Y:,,.;.:?.'+!:: • '" -

ets-Asnd. Of~tur ae. offwev

* . tbAZ+ +in+ua ta #nd ractu traces: pr•o :e eppab.• pressi en. of iurt " .,al ++ i

AL1108 . U ,-.e . voids. .r eule,.:. .,e-

:+ . .+(.•vi mmd: D.+e+iest 1966+.p, ip.'58-3'.+ H-:.•owever, th•is.m,•+. +•

•,and is able o .move uni
rt. -.

fe the d atebegst ran r ,

:!Xoet - pel22adtr 'fs cis olte i :n w ter *ithfig taroids.h anor exam oil. 14w.-

e 
L ' . .

.. .- o _ _p _ .'.

tone+.. I "t"6'.it -mo .t ., 'thei. -40idi ,n Mtba acd.. ,o, n. i . s.ii,-



08/02/2007 12:09 FAX 7179018101 SAIC HARRISBURG I]010

9
dissolution of the lbedrock by the acids enlarges the water-filled voids and

circulation paths. _hebrefore, upped lineaments and fracture 'traces are pre-

sumed to indicate the most prominent vertical 'bedrock fractures in Jmugs

County and the proving ground, amd water wells drilled an these mapped 2inea-

oents and fracture traces should offer The greatest likelihood of intersecting

vater-filled solution cvitie s.

BACXGROMD

Jennings County, with-'a population of 21,012, is it southeastern 'Indian0
(fig. 1). North Vernon, with a popalation of 4,601, is centrally located aind

the largest town in the county. The town of Vernon, which adjoins .orth

Vernon, in geographicall isolated by deeply eatrenched meanders of the Vernon

Pork Muscatatuck River. Vernon, the county .seat, has a _population of 472.

The populations are estimates for July i, 1977 (.s. bepatment of moe,

1979).

The pr;incpal source of water for -the ruril population ýof Jdng -county
.is the - t e . Yieldp fri this-4 . aufew . e,. h . Ise

most o6f At"a cu .tt l.y e.,h, are. ext.4.- variable f..tk.151..ae
6646ra117 -6 Sn 1p.:, i diinsier -.aid. are eupe.wt uurti lcrc

panisis operating , -in * , ennin.4 Coauaty .eoupplTol rural ..areas ,,small towns.,

Of•te c, m panie, t••o.re pipe .va*,tar -into the-, to. " su: y 4u.aers, .?some".
eth . :tho + ource . te ther -.. o.ai. theif ,o.. er fom .

the~ ~~q NotTenn-ater' Itility's itntake oi -the -.Vernn Poark Asat-ukier

.g...... -on .a.... ........:"per A.., f. om . . e ,r:- .. .non; . f . . -.atatu . .. .

the 16nnPok(scttc 'R 1.e,5 ~w temfiromte utUy$tie ni

daily ,.'tb "aval. • N ' .orth: .e.non -ate, Utili; - "p+.ie , tha'

2,00 cstoer, icluing3 the~r utltis tht mppliy ibout a) diinal.
Cuintones(3eSen~ tl¶ Sup~erintendent,. oral -_O; .'I7O

Surface-water deiiniswere acnutdb eo-oml#cptto
during -1940, 1.4,ad14.'-AB aL imul~t,).?rus Ore ese.viacnrle
Surface .qaiter iAmponun~ent', ws -.construce -in 1954. This -reTservoir:* sustains
flow As TeVernion.'ork Mu~scat'atuck -Rive:r .&ring nor alo*-flvpros

ýDurin extreme lo ~w-0 Z _iow lrus Creek W -Jeoi U. e ried- art of 12. 6
N W-fo* 2`10 -a0s -into Vie VTernon Pork -Muaoatatuo'k +vr prxiaey6

S upstream from the'lorth Vernon Water lUtility intake.'
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At Vernon, Indiana, in 1940, there were 31 consecutive days of zero flow in
the Vernon Pork Inaeatatuck River, followed by 6 days of flow that averaged
0.066 Igal/d and another 17 consecutive -days of zero flow. ' Dring similar
zero-flow periods, mich of the water diacharged from Brusb Creek Reservoir is
likely to enter the ground-water system tbrough bedrock fractures in the
etreambed before it can reach the North Yernon Water Utility intake.

The U.S. Argy, Jefferson Proving Dround is an 86-35-mi2 (equa:re mile) area
(fig. 1) used for azitions testing. The proving ground, Wbich is• n adjoin-
ing parts of Jennings, Jefferson, end Ripley Counties, became operational in
the early 1940's. Most of its area, once cleared for farmWin, bag now revert-
ed to forest. Water for the proving ground is puaped from wells -in a gravel
aquifer along the Ohio River. This water supply =wt be piped more than 5 mi
and lifted 375 ft (feet) to reach the south boundary of the proving ground.
Water irom this supply is available only within +be soutk 3 mi of the 17-mi
lon'g proving ground.

In Jennings County, reocourring surface-water shortages In the Vernon Fork
liuscatatuck River and the need for rural water utilities emphasise the need for
adequate grouni-water supplies. Aerial photographs used in identifying linea-
merts end fracture traces ave been helpful in developing -moderately large
ground-wa4ter supplies in ot"er areas underlain uith limestone ..and dolomite

. (Lattuan and Par•sek, 1964.).. -Therefore, these -procedures would probably be'hellrful -in ulocating -water supplies within the study area.

l " OLOGIC S MING

The bedrock in Jennins County dad the proving ground is covered .. r an

has.*xposved the::bedroik in zany places, epiAll long -streams,. ' According to,
"vumkdl (1940, p. 1.), 'Ah. surface of -•he drift. slopes west-southwestat 16 ft/mi

(fot -per mile). Th rf .poorly drainsd wn to. Its lw rnface relief
a~d he mpevios slt dclay :that predoinate.

Pal~oooic -bedrock isnits Alp west-southwest -at -about -20 ft/*#, whvereas the'
-bedrock erosion u+ f~ -ip in -the. same 'direction :at 12- ft/mi (Sh de~r,1966,. p. .44)." The siiarty. in slope between the bedrock Alp -and be rock
surface -indicates estructurally controlled erosion of the :bedrok. surface.

A structural- high beigan developingi the.t~rio.-orner arjea of 7nd4ano Ohio,-
ad Itentucky Auring O:.rdoVician' -time :(Cincinnati .- Orb). -Upper Ordovician mld

.younper formations ýthin "as they 'approach' this uplifted area. During .the
and ~ ..it*i frit te =eaine of t e Nesbio .Era,_deep atrdatur-

aldpressi 'one developed in southern Ilios(liosi.teastern Ohio
(Appalachian Basin), and the lower Peninsula of NMichig -(.iehigan esin). l

Owing to the development of besgis to the asst and vest, the shape of the

"5-
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Cincinnati arch became elongated north-south. The curved axis of the

Cincinlnati arch les - approximately 60 mi east of the study area and trends

north to north-northwest in Indiana and Ohio.

Limestone and dolomite in Jennins County iad the proving pround can be

grouped into two -sequences, the upper and- the lover (fig. 2). A discontinuous

Silurian shale, as thick as 12 ft, separates the upper and the lower sequences

in •soe areas.

The lover limestone-dolomite sequence is of Silurian age and 50 -to 60 ft

thick, except where erosion' has thinned or removed it. A fine-grained, thick-

bedded' dolomite Unit, containing numerous ehert nodules, forms a reistant

protective cover for the lower sequence. In oatcrop, the. lower sequi'nce forms

a low relief plain that underlies the proving ground. This plain is traceable

northward in Indiana, until obscured y thickening till cover, and southward

into Kentucky for more than 50 mi. - eneath the lower limestone-dolomite

sequence are thin, interbedded, arxillaceous limestone and shale beds of

Ordovician age that crop out along several stream channels on the east side of

this area.,

Several periois of erosion, ayte affected -the A:istrbution of 'the Silurian

4 shale,. f ri . nse aes the upper a rA -lo-er osequens e .u -,some ae.e ..B efore'

the, e o bof 'Devo'nan rocks in the ... er..quene weo or. -me. lperiods t'Of

erosion &irn lae iura *. eoved --this, shl 6 e Ver"Llingluat

from -6 ux f the Area -at fNorth. aerson;- Ahr m afeed -yPre-,)vna

eroio, he .datibtio o te hale istbe same asn the daist iUdtioni of Ithe

upP .er.,.-e.s .ft, peint toesent- 
ayo-e.ro-•.. .

so.o~ ioica, i.w "U&Jqle, :" :7t ",d•U.!. ... ti-. .... .
o 

..
.e lower

* se~qtence, ib of secondary origin. Thsslc pob- rgn din-the Eiare

* and c~gad to its'present l6cation fturingf poupaction., Toehr h le*

and the chart nodules effectively Vreve~nt -circla~tion ef. .water be9tween 1he two

ISequences.

: Ages ""u 7 tt"" dtikzess, 4bere. iuneroded.'?rtns n h pe

_sqec arethilnner bedd-n esresisan oeoio 'han io lo~s.: in.

the over ss denoe.: Wthin 0e4 ns-Cutth e to~op h pe

sequnce are n th noth end the ati alng th4i tea.i h

ya -- of. ft-e -~nt.Teupper _sequ~imce liarn bam roded -Along e

'a east :0i-boundsry jof -ý'Zeuiiu C.ounty a4nd from all th %oi:n goud UI

p -the upper -sequence .,Is" .anunult8 g Urae &.tas

entenhedin6: -steep "roca2-valled, ývalleys.: RerV on, h Vern :ý:on Y

cNsat:atuok ~ir is -entrenched' aout 1;Mf. eurteulndunas

Ovyligte pp Usies tone-dolomite Ilue i ~ %b ws alf -fthe

study'-area 'is A t1hick blank -shale vnit.,r -o Devonien and issipa ae

ber. 0 to fti sh- is pr se t atsome lo0cations. th wet*bon

*1 ry L!Jnig Cut.sotsrih aly '.th te lpsdiaL h

outcrop amU 'of thi.s -shiU.LW



08/02/2007 12:11 FAX 7179018101

150o8' 85°I0'

SAIC HARRISBURG 0014

a ane
$5030'852S

E ~ R 10E

T N

1 5 N

Ue1f5T

!S§%*c lieum 0.'. Silagi-tail Surwmi m.ooo qwsi~awgJsa
-W~~j~ymdl Ifl AGO If I. A. Bray 132

ind i., II. Ira. end, 0tlurg 11)
:4 1i -, I0El

- liii .boundary

sao.Detonisn) (flgwvattibf And I(S.4IU F I n
Itliuriact)

FigUre 2.--.Bedrock geology of Jennings Cotnty and 19fierson Proving Ground, Ind.
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Althougb Jointing is prominent it both the upper and lower limestone-dolo

mite sequences, Aissolution along .oints is •et pronounced at the top of the

upper sequence, as indicated by solution sinkholes and meallow holes near :the

top of the upper sequence. Symbols indicating simikboles can be seen on plate 1

along the VeTnon York hacatatuck liver from secs.. 18 and 19, T. 6 1., R. 8 E.

eastward for several miles; between. Cro6ked Creek and Otter Creek (formerly

South York, Vernon Pork) -in usee. 59, 6, d 1, T. 6 1., R. 9 E.; and along TdIg

Graham Creek between sees. 14 and 30, T. 6 W., . 9. E. A large mallow hole

is located in WAIS*, seec. 5, T. 6 1., R. 9 B.

Lithology and aquifer *cbaracteriatics of eaec geologic formation are given

in the generalized geologic colum (fig. 3)., which is based on data in S)aver

and others (1970), *Dewson (1941, p. 37-48), and veill records on file -with

Indiana Department of Natural 
Resources, Indianapolis.

IJTRR'2TI(X OP LIRAXEDT MI PEACTUE!M TRACES

The. probable locations of vertical.bedrOak 
-fracturesB inicated ion the liine-

maent and•f•rature-traceup(,. 
1) e Intrpr ted' 1n l.+,O24 oa.e, -blak-

aand -vite aerial pjhotogra Ua obtained -an Eao ,17,b nianae .Depa ftus

of laturtl bacurces, =d-d on *riil.197 y.&c r Aurveyss Ln.1 .o the

, 1id togMI.•I . 1iw• ierpr eaio- wer••e b rre -to

I ;24, 000 -sat~le topograpbic 2as

ýavailable -for inspection- ta.t thew &d tgc2 urrey o* fice iii Indiapls d

".Pleiatocee .. rift, ' .hic rages in. t"ickneess from 0 to t:81 ft,+ i . ot

inhibtit th6e mopping.,of unv~aenlim bed-rock. fratures.ý. kl-0houA:h the effect oMf

-fflft_.;Ames 
on Pah pea -denit of~ Uwne"Ments sad f-rictirse -trae iso

,..kno.wn , olatlar r1 ppa.!. a +M .,.

au.os•ti~on. and depth -4of .. ace u.. er0 .n 'w.ieh.they are expressed.

Xofl~atd. (15,p 6 loitrrtdfnaet hr he bedrock is covered

by twoe t..a•n ,50 ft of.+) co.o-d•Ad -t-n.a..+of . aeistoe.ie and H.ocene.

age. .nthi•e a. et t.tior.. .g..st tat neamts a ftue tformw "

'an nc.n procs tbt Wedroc ito velignonl-

Aated :.Iterials.

I a#i -factors Rfetth ing. -flinepot anOd fIractire- tracea n era

i-+..•o.~ ~ ~ ~ ~ ~ ~ ~ ~~:.D x++ ab;+--e'm irS)..••e :~ze+.ea.++-••:..*.. .,.16461.,• di-y
photoirpha. ~1ttuan 1958),,traine (167 c aafd toe" 497, p. 1628 di

cs esed t. etects • of .il. type, .hoto.grphic .sale, -Ime of year,. metbode of

eaminhAtion, .n- length of viewing time, per pboto.q+ph .on intoerpretati"as of

... aUbasnts add.facture tras. .laintai.ni'g a VniforIent Iof interpretation

fracture traces. mapped. ?or e xý le, 'in the "oth ed of the provixw poumd

.-8.-s
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(pl. 1), where additional lineanent and fracture-trace uapping was done, tiie
density of mapped fracture traces is mich greter than in adjacent areas.

Another factor affecting the density of *pped linesaents and fracture
traces is Uthology. Different bedrock litholoties develop different fract~ure
spacinp. Mhale -develops mumerous short .- joints, an shown by the napped frac-
ture traces in Abe vest a:blf of the study area (pl. i). Except along main
streams, where erosion has removed the thick black shale, a high density of.
short fracture traces U observed.

Limestone and dolomite develop a low density of long fracture traces imd
ineamsnts. Beddi thickness partly controale fracture spacing and length.
The iftlmonie Dolomite (local usage ), which is dense and thick-bedded, under-
lies the proving gmond, an area of widely speaed -lineaments and f1racturetrace (p1. i).

Althoug each Uthologic unit expresses -a characteristic fracture density,
relief can cause major variations in the mapped density of fraiture traces and
lineaments. Un1ef accentuates the effects of erosion on bedrock fractures
and thus enables the interpreter -to observe wnd ump a gmeater density of frac-
tr tracm and lineaments than would be possible without it.

Differences in land 'use alsoecn variations iAn -the density -of mapped
lineaments n fracture -traces. Many ofman. ciiistnt bcr. ,subtle rl f .es. I.n ub .a.as, mn changes fti- landscape byeo•... .a.-
neli drainage, .building roads and stracturesl, aend leveling undulating land so
that only lineaments 'can be recognized. Two Airport. iti the, #tu~y area

S1). O The oher,- Ism abandoned, is at the south.end of the proving pground (.
I), htene~ve •e=•i e=ar+- anddainag- e r....•+techs m 1 ,ng Aoscured nearly all
fracture trame and all but one lineament in these areas..

Agricultural activity •tends to obscure some fracture traces bu seldom44
- ~bne aPalds ag.ptes..hu.1ec.-apclue-o te m ed -

denit o lneaments - via mor. Veeain ee loved 'to` e~sW blihuau
ral garoth, yields thmaost plete lnsaent.and..rac,.re-,rse .tzp.ta-

tio. 1(sto~th -roin-goud area, vhi ci..a bee ._ unaffeted by 171n 8inc
-the early 1940 5 i part- a sligtl hdigher de .Iinsityouped inoamnen, ts ,d
fracture traces than :adaceint -area's of JeningCont (p.-C )

?raoture , traces* • .andlineasent ay •i t+• o1 ed. with surfcei .ralh-

age. paths. ant • 'Mi+ tributaries, .:.equ4lly .. pacid -.:almost
paralel, drain 'the sidy 'area And IflOW .southwest towo the..egional bsdrook
. s•lo .". ShOti:.nor~i..butariets arain geerally. nortwh~et .Or !southnest :.*and,descend '*p*43 ..+om .re• s • •m the zZ•u~~s.+• Z++zo+p. •' n2). In Ahe stud area (p1. IX te -at prLnent fau-trae rid eea-

decn rpdy ote i the.mos t fr mo the t level ulad tracu~e -in -1ie, p
usut se•-rienation upped -;re conjugate and • a•re..rinted northeast-southwesti -and

promin.nt fracture-tracea 'and lineamet 'orientati*on 4aMe pped north -south and
ea.ost-west. l'.iost 6" these emss.prominent Orientations ae +in the outcrop area

tof.the New AlbamS Shale, south -and sest of Worth Vernon.
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The orientation of streams drainng the study rea is not mdom. Rather,
gurface-drainage patbs are octrolled by. fractures in the bedrock. Further

indication of fracture-controlled drainage is the near richt-angle swanders of
the streams, vhe•eas segment s in between are vt•vaigb.

SOURCES OP VATS TO MIROCK WHILS

The principal bedrock aquifer in Jennvns County and the provi-g ground
conist*e of the upper end lower limestone-dolomite sequences. Veil records for
Jennings County indicate that the yield from the 3.umestone-dolomite aquifer
ranges from 0 to 150 gal/min (gallon per uzite). The greater the mmber and
the sze of interconnecting vater-filld openings intersected by the 4ell bare
the greatse the yield.

Vork in other areas (Slddiqui, 1969; LaRiccia sad au.ch, 1976) indicate.
-that vells on or near vertical bedrock fractures sapped as lineaments and frac-
ture traces have -significantly -i:er yields han Velit in in.terfracture areas.
The *-ork -of , these investigateors also .indicates AAt a siwgPniticetly highr
percentage of adequate iella-have been dildw ±sun rfatr-rc

stoo than on vandomly chose stes. Vofting'with -thick dvolouite. and litiestone
formationa,. lattu .. d Parsek "(.1964) reported that ,-wVelu on -a fracture traoe
(Olt linc. ,nt)p~tzmset . a ueter. number of.0 cavernous oeig hnvisi
interfraot~v-trace areas. A1. .these sau .. . .
lineruments overUlie vertical. sane of .advanced solen ativity and, - herefore,
are useful ýproapectin'g gides'for -locating the. highieroeabfility--- ne8 Tithin a
liestone or -dolomite -aquifer.

-~na .f.bih s lit .within t -elimestone' and Aolomitie aquifer have
deelpe snc dpoition,.:cwing to ierziir.-4T f.trn du~e n -4WaV.4t_

acti.. on. Steses rithin the bid-rock a ,bean , ueaeet.-,by. m ousvetica

fractures -•oIints). 'Due ro.essee .,of .chemloal"-andmec ical , ierosion 4",
acceleratqd by tbhe w:.ater. -that infi.trates ",Ae frdctures .. d pentrate. the
;aquiýfer -surace. dResUltn differential .-erosion. T-aten induce .ipief 4at.i . .
-development, f urfabe drainage routes...a•ln factures. Vertical :bedrock ftre-

turs delingý lzineaments .aznd fraetul'e trýaces. ame widesto a tehe -gron
surface, "-here. gw0=un6-ater .volocities and s8iolvent ýaction .are g.reatest.'.o0u-
tion eizkholes aedýjient to several major drage routes are,.urter evidence
of the 5ubsurface d .rainage na" the streams.

, ost. reports of inadequate bedrock :e1Is.. are from areas vWhere erosion bhas
rpmove~d.,the0 -tpp li1mettone-dolomite ýsequence-, leavig -only -the dense .thick-
bedded, lower- -seq.ence.. ,ereabiLity "ithe "wer s;eqpuence is l• .because'.the
siliceotie dolomnite c•ppin•g the l..over sequence Is .e xtremely reseistant "to .-
solution along vertical fractures and. borizontal bedding planes . -Vells o•n
lineaments U&'d fracture traoss associated with surface rame"utes have the
bedt -possibility'for, producing domestic .*ater auppliesý from the lower sequimce.
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Yields of as mach as 50 gal/min mqy be obtained from the lower sequence along
lineaments and fracture traces in the zone of high permeability associated with
most perennial streami in the study area.

In the upper-sequence outcrop area, well Vecords indicate that -drillers
commonly obtain adequate domestic supplies of water above the lower sequence,
even' in areas where erosion reduces the upper-sequence thickness to 10 ft.
Perennial streams draining the upper-sequence outcrop area flow in narrov,
fracture-controlled channels that are deeply entrenched in the high-permeabil-
ity zones adjacent to these streams.

Shale of varying thickness overlies most of the upper limestone-dolomite
sequence in the west half of the area. Narrow, entrenched stream &hannels,
common upstream, broaden and become alluvium-filled valleys in this area.
These valleys are widest where the top of the upper sequence has diped to
stream level and 'eanders have out laterally into the oaverlying eredible shale.
The bedrock permeability in Jennings County is highest in these valleys.
Yields of 150 pal/min or more my -be possible from' bedrock wells drilled on
lineaments and fracture traces -in the wide valleys. - The shale unit that forms
the upland surrounding the valleys greatly restricts recharge to the underlying
limestone and dolomite. aquifer. Some wells drilled through the -shale to reach
the underlying. aquifer are unable to produce more than domestic ý upplies.
Hydrogen iUlfide, which indicates a restricted ground-water '.iroulation, is
detected In ua of. the wells -penetrating the shale. .

* DUILLIIG WELLS ON L•MhAJM~T AND 7RkCTUM TRACES

Placement of the well is the most important step in developin. a .usable

tU.ed lidoestone or 4olomite produce from i:4ater-,filled -- orifizdontal ny .en : in

along .bedding pl.anes end interconnected wateir-flled v*oids penerated " -the
wellbore Ezeplifingthia situation are wel3.s in. in:terfractures- areas,'hr

yields '-p'. generall~y -salInterftactuie -wells 1.A 'the * thih-ýbeddad uspper:- ljime-
stone-dol6mite sequence penetrate rous ýbedding pln5 '.and -generally• have
small-to-moderate yields.. Similar wells in the -dowes,' thick-bedded .:lover

* seuence are commonly abandoned because of low yields.

•owever, .wells -in a vertical bedrock fracture .or in the intersection of two
or more fractures produce from vertical water-ftilled openings, as well+ as -from
horitontal .-bedding planes and interconnected water-filled voids penetrated by
the well bore.' Vertical 'bedrock .-fractures transmit a large part -Ost he -water
that is. moving through the limestone-dolomite aquifer, and wells "in the frac-

*turs Beneraly: yield,:sufficient s-upplies'-for 'domestic -needs. ..-Because linea-
=Mten ;and fraciit'r traces indicate : derlyiag vertical -bedrock' fractures :amd

'flow. throuah the .-limestone-dolomite aquifer is generally toward"the lowest
* surface daiinage routes, the Most proAubtive vwel .sites will -be at the inter-

section of two or more linesuents or frictuze traces, at the lowest local
altitude.

-13-
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i Wel_-site selection based On lineament and fracture-trace Napping enables

the planer -to detdrmiie the probable locations O Prominent bedrock frac-

tures., The Use 'of linesoant jnd fr~eture-trace Rappingz does not s~uarattee 'MI

adequate groun•d-fater supply because this depends on the needs of the Indi-

vidual -veil user. However, the use of lineament and fracture-trace mPping

should allow the planner to determine where the best vell yield in the ijedi-

ate vicinity can be obtained,

Locating suitable vell sites from lineament and fMa•ture-trace Saps Way

create several problems and expenses not ordinarily experienced in develoPing

a grouna-vater ..sys*e6.. Secause the most desirable l.nemnt and fracture-

.traoe-aites aremeneally located.. in -surface drzaiges, access for drilling

equipiment is frequently difficult vithout road construction. Another problem

ýis that iay lineameo% atnd Iracture-trace sites are severail hundred •eet from'

the vell-draiued soils -used for house end building construction. Rowever,

costs due to site, pre pration and piping distane should be balanced by the

savings obtained from driling- feer. inadequate wells, especially In the east

third -of the study., area, where the incidence obf inadequate vweln i-s hilqhest.

Sri • lng.-into .-vertioal bedrock fraetures and their intersections uiy also

mpoee .some diffic•.t•ies o=.Ithe d--iller. lflecti6n of a drill bit -b 0anular

surfqcoes -and. -lose. rVoks inU. vertical .freaotures. may rpsult 'iu. crooked "rell

* ~~bores. -.that a-re ns abe ft%. bc asl, sreater. lengths a aigthnnra

•are 'needed~~ o .seeal o",at iodd ' Adtbat bas.luped into l .ti on. lay l"he .

drii _M ..le.._hese difficulies' iwy be aVided by Aiilling iuedi`

at'AU adeacen",, to t bedroc. openings, and,, ot dre tl itothe. Lcal .veil

~.;~~c '-4t " Wghs well yiilds mziy be obtained within ý100 It -of -a.

a urro-u g .bedrok pemait h maents. -.%erefore, 
A;beilli 

.on. frac-

tureý-t'•aoe locatiow s"hould not lie avoided.

-. Athugh.*~emai- enfit~fomdrilling onlneamants and 'fracture traces

-4 ~thnar gnmly 'otaxitable, IM athi r so

sibia~~~~er -bnei ts -hloe Uaii~~~ eeafraI27 p 1i~lUu

. ". er suit.ble ,qna"tities of .. ter. .avk been .obtai6ed.-In..' In •As.o o.i e.d,

-drillrs -ý . p e . w to"et...dd-ds

+ . !demands .. • De ta' ""o+ the3e"nin• .+-ut . +ea indioste" -tb,- • r 'iin.. "eo 12-.-..

.. •ids .U~ . 7ý 
.* Le 

"" • -'U 
:.-o 

.+m 
e

1 .. ft .ba i•nceae - '.l1i ld at, pn a .... -site..
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SUMMURT OID CONCLUSIONS i

This "~port is intended -to aid utility planners. industrial and domestic
use=s, ad .41l1ers in locating water supgies. The scale of the lineament and
fracture trce map of Jennings County and the Jefferson Proving Ground is
t1:48,000 or 1 ina - 0.76 ui. This scale way make a=site determinations diffi-
=uIt. However, it allows the 467_-,2 area to..be viewed on- one sheet, a per-
apective that is needed when marching for the -largest lineament and frac-
ture-trace well yields in an area. Naps and the original aerial photogaphs,
both at a scale of 1-24,000, are available for inspection at the Geological
Survey office in Indianapolis.

Jennings County and adjaoent counties to the'north and east are economic-
all7 restricted ty inadequate water supplies. .Ezsmination of drillers ' well
records and field inspection of 141 yell sites indicate that such of the water
shortage in Jennings County my be due to drilling *wells in hYtrogeologically
unfavorable 'locations. Data from areas that tare ydrogeologically similar to
southeast Indiana suggest that the probability of locating domestic and larger
supplies of water is greatest at well sites on or near bedrock .frac-
tures. These -fractitres are- , presumed ;to correspond with' the li~neaments 'and
fracture traces that can be seen on aerial photographs.

.. . . .. .

- 4 -. " .'.
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