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RECONNAISSANCE FOR URANIUM IN THE INDIANA COAL FIELD

By John L. Snider
© ABSTRACT

A radioactivity of 0.001 or more percent equivalent uranjum was fcundl

‘in five Indiana coal bedss the Upper Block, Minshall, Gentryville, Coal V,

and Coal VII. The radioactive,coal is local and.the reserves are small.

' - The radidactiVity is in the’top part of the bed in the thick coals. Most

of the radioactlve coal has a hlgh percentage of ash The black carbonaceous

shale above Coal ' and ‘the Minshall coals contalns about O. 006 and O 003

' percent equlvalent uranium respectlvely, and the radioact1v1ty appears to

increase as the amount of organic matter increases in the shale. The black

shale above Coal V is widespread in Indiana and adjacent states and the

reserves of shale are large.

INTRODUCTION

A reconnaissance for radioactive coal beds and associated rocks in the

Indiana coal field was made by the U. S. Geological Survey for the Division

- of Raw Materials of the U. S. Atomic Energy'Commission° Preliminary field

work was done by John w Huddle -and Marlon J. Bergin in September and

-'Octobers l952° Field work was completed bvaohn L. Snider in February and
~ March, 195L. |

. The Indiana coal field is located in sixteen counties in the south-

western part of the state (fig. l);, It is part of‘the Eastern Interior coal ‘

prOVince which also includes adjacent parts of Illinois and Kentucky.

The writer wishes to'acknowledge the help of Charles E. Weir of the

Indlana Geological Survey who supplled information concernlng correlation-

" of coal beds and localltles where they could be sampled.
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GENERAL GEOLOGY.

The afea covered by this reconnaissance lies in the Tipton Till Plain
and Wabash Lowland, parts of the Central lowland physiographic province,
-and the Crawford Upland, a part of the Interior Loﬁ Flateaus province. The
Tipton 1ill Plain covers a large part of northern Indiana and extends into
the area under discussion in Vermillion, northern Parke, Fountain, Mont-
gomery, northern Putnam, Hendricks, and Boone Counties, Ind. It is a
}glacial till plain with a low relief that éxceeds 50 feet at few places.
iIn this area the coal beds are e#poéed only along the majof streams and in
excavations, elsewhere they are covered~with glacial drift ranging in
thicknéss from a few feet to 60 feet. The Wabash lowland is a generally
low aréa following the Wabash River along the boundary between Indiana and
Illinois. The lowland is characterized by wide, flat, agpraded valleys and
steep bed roék‘hills that rise from 100 to 150 feet above the valley floor.
Tt is within this area that most of the Indiana coq&ercial coal-bearing
rocks of Fennsylvanian age are located. The Crawford Upland, east of the'
Wabash Lowland and south of the -lipton 1ill Plein, is a belt of northward
'trending hills. ‘fThe upland covers Ferry and Crawford Counties and parts
of Dubois, Martin, Creene, ngn, and Futnam Counties in Indiana. The
uplénd is a matufely dissected area wilh a ragped eastern escarpment cut
 in the clastic rocks of Mississippian and lower Fennsylvanian age. The
;relief is moderate, about 350 feet, partly buried by glacial till in the
|

northern part. The Crawford Upland has very small coal reserves, because

the coals are thin and disconlinuous (Spencer, 1953, fip. 5).
CUnL GRECLIOCY

The Pennsylvanian coal-bearinpg rocks of Indiana dip 20 to 2l feet per



mile to the west into the Eastern Interior Coal Basin {Spencer, 1953, p. 15).
They 1ie unconformably on M1551531pp1an or Devonian rocks and 1nclude, from
bottom to top, rocks correlated with the Pottsv1lle, Allegheny, and Cone-
maugh series of the Appalachlan reglon \Welr, 1951). PennsyIVanlan rocks
are. overlain unconformably by unconsolldated materlal of Pleistocene or
Recent age, pr1n01pally glaclal till and alluv1al deposits. The lowest
Pennsylvanlan formatlon, the Mansfleld sandstone, is predomlnantly a sand-
stone that is conglomeratlc in the lower part. There are three coals in
~ the Mansfleld formatlon, but these are thin and dlscontlnuous, (See table
'1 ) The overlylng Brazil. formatlon is less sandy and contains four
commercial coalsuv Most of the commer01al coals in Indiana are above the
Brazil formatioﬁwin the Sfauntong Linton; and Dugger formations. The
Shelburn formatlon at the top of the Indlana Pennsylvanlan has thin dis-
vcontlnuous coal beds The rocks of these formatlons include sandstone,
siltstone, shale, llmestone; and clay. Only the dark colored shales above
some of bhe coals were found to be radioactive°

More than égiooal beds in Indiana locally attain a thickness of two
feet or more. Nlne ofsthese beds'that are widely mined, as well as some
of the less mportant beds9 were sampled on this reconnaissance.

All coal beds in Indlana are classified as high volatile bltumlnous '
\Spencer, 19539 ot 3) |

The stratlgraphy is summérized in table l, which shows the formations;

coal beds, and localities where they ﬁere.sampledo
PREVIOUS WCRK

Nelson and Stratton made a reconnaissance for uranium in coal and
‘shale in Indlana in October and November, 19L6. Radioactivity measure-

,ments were made of Coal I the Lower Block, Upper Block Mlnshall coals;
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Table 1.--Stratigraphic position and sample localities of some

coal beds of Pennsylvanian age in Indiana.

b=
- O
8 :;j - .
s g Coal bed Sample locality -
) 3 Coal VIII Not sampled
& = |
: 2
3 7
., | Coal VII 2, 9, 19, 38 -
9 (Millersburg) '
% | Coal VI 1L, 20, 21, 2k
a Coal Va 5, 10, 11
B0
2
o | CoalV 2, 5, 6, 8, 10, 11, 18,
> S0 28, L0, L5, L6, L7
g o
ol i
®
g :
o é Coal IV 75 23
| d { Coal IIIa
§ | coal III 27, 31, 32, 33, L1
e _ . |
& | Gentryville Coal L
0 ,
Coal II 12, 13, 39
s Minshall - 3, L2
o s Upper Block Coal 15, 16, 17, 22, 25, 29,
A & 30, 3k 35, 36
d Iower Block Coal 26
(5} -
2
b o Fulda Coal
A o E v
E’ v Upper Cannelton Not sampled
= Cannelton {Coal I)

 Modified from Weir (Spencer, 1953, fig. L)



and Coal III and associated shale beds. An unidentified coal near Gentry-

. ville in Spencer Couhty was found to have 0.003 peréent equivalent uranium
(Nelson and Stratténs 1949, p. 6). This coal will be called fhe Geﬁtryville

;cqal in this report. A black shgle above Coél'IiIa in_Cla& Cdunty3wés '
reported by Nelson and Stratton to have,00006 percent equivalent uraniurﬁ°
This repdrt could not be checked by the author because.exposufes of the

'IIIa coal or the overlying shale could not be found at one reported locality.
FIEID METHODS

Coal beds and rocks above and bélow were-measured and checked for
radioactivity with a portable scintillation meter. Rocks.other than coal
were not sampled unless a reading above 60005 miliiroentgens per hoﬁr was
-bbservédo Coal beds were sampled even though no readings of coai beds were
| above bé.ckground° 'Partings B/BW:or_thicker‘were not inéluded in the.sanple;.
Séﬁples were collected arbitrarily in intervals of one foot to find out if
uraniﬁm'oécurred in any part of the bed. All samples‘weré collectéd in
strip mines except the one of the Gentryville coal; which is expoéed in a -
road cut. |

The samples were crushed ;hd cheéked with a portable Scaler equipped
with én assay cup. The rédioacfivity'of the samples was estimated by
'compafing the readinés with thoéé of radioactivity standards. The radio-
bactivity'of the ccal samples ffém Localities 3 and L wefe measured by the

U. SovGeological Survey laboratory in Washingtbh, D. C.~
RADIOACTIVITY OF SAMPIES

Table 2 shows the localities where the samples were collected; name
-of the coal, position in the bed, and estimated radioactivity of the

samples. Almost all.coalsiwere sampled-in intervals: of: one foot, but ',



°n °g ‘uoj3utysey ‘Laaang TeOTIOT03) °S °q wﬂﬁmooz °y °g £q S3UsUBJIASEAW UOT}ETIPEY \N

cumTueln juaTeatnbs queoaad TOQ°0Q UBY} SSOT Sueau © .\M.

~pajou JSTMISYLO mmwﬁaw sdutpeaa dnd Aesse arqeraod Eonm.cmpmswpwm p:mohwg umtueIn pﬂwﬁmrwsvm. \ﬂ

TOO®
S
" €00°

®
£00°
oto°
300°
100°
500°0

\nNU . .m..

AuumopoQ/

/T untuesn
- quaTeATnby.

" feToaepup

€°0
TeOD TTeBYSUuULy - - - . L°E . . . - :
" y s T-0 o R *£yunoy gsousdg ‘efueapead peaursy 3y
°seq 2a0q8 °3F L°T-T = . S fem G g f°g § L ‘9T cves anNims
. aT®BYg B L°T *9T[LAAIIUIY JO 3SEaY3NosS saftu .
- . ‘mcovmosan o e L°€ sutw psuopueqe = Ssufy J%Iny . €
. feroxspup - - ‘1°0
_ A Teoy - SRR A
, . aTeyg 9°0 w
w o .w  uw. TI=0 o
.u " w- . ¢-L . o S e
v, N . . °Rqunon orauaey SsTdueapend STTTLA
mwmn o>onm °93 G°€=¢€ ’ n:oom ‘mg ‘Y °°s § °L ST °oes
: - 8TeyYs Yoelg G°€ S |3z|3m °*e[[TAUOOg JO }SaMylIou o
. .8u03s3TIS 1 o mmHHE 9° w [auTw °0) Te0D v:mﬁﬁusm 2
o o - ohpnsoo xuﬂgumz amﬁwzmhvmsc 3anqman
aTeygs R o aoz 3 °¥ ‘"L °I: ‘TT °99s Img¥ug
IIA Te0D - L°€ SR °uUMO}33jURL JO 1SEd seTTw -
aTeygs - : 4 € , 9°T SUTW S,WISH PU® USYIJIQG. - T
~ K3otoqpTI (3% : uoIae207 . | “ON ° 00T

SSaUNITYL

* | -seTdues jo £}TATI0OeOTPEZ pue ‘ABOTONATL ‘UOTHEOOT---Z OTAE].



mmh&mz £q wmwhﬂmcm TeoTURY)
smm pﬁmoumm T° @H sey aTdwes Hmoo Qow ayL

a'd o o

°pajou mwﬁzpmzpo ssoTun S°g °Qq ‘uojdutysey ‘Lsaang TeOTIOT09Y) °S °f) fxneaste(q

°aTdwes 8y} uTl umtuedn juddgad ¢oo°Q Pud ‘yse ur uwatuean 3uddoaad 9T10°0 -
osdﬂnmhz JusTeATNbS juadaad 800°0 2A®Y sotdues aTeys ayy /9

‘ °0 °Q ‘uocjdutyseM ¢Laalng Teordoroen m °n quwwvmm weaa« pue chﬁmow ,
Lxey hn vonhﬁm:m €2T100°0 a7dwes UT umTueBIn pcmogmn «mmoo o Ys® uT umtuean p:monwm ‘1°02 use pcmonmm \m

hmﬁohwncb
" u M =0
u u " =T
u " s €=¢

" W :s
mmmn anoqe °3J f°f=i]

@wﬁasmm q0u SaTeys gea=i{°n

e
200°

g00°

TOOo*

\: 200°0-T00°0

(Fuddaad)

umtuesn
jusTeaTnby

" wo o u 8°9-8°9

3Seq 2A0QE "°13 £°L-3°9
A T€0)

u m u 1-0

as®eq aAo0q® °3J 2-1

HeTq ‘aTeyS

au0} sauT]

Suo3siTIS

auo}spueg

SU0}SITTS

BA T®OD

3uo}siTIS

LeToaspun
- Teod aTTTakIquan

3U0}SpUEg

- KSotouaTT

°0

o
o o
o~

°

O O 1NN o~
o o -
OO~ NN

°

N~
O ~0O

(393}

SSaUNOTY],

°£qunog

. NOTaJaep . mmﬁmcmnvmsv s3utuadg
ma:owwm oM L g “°g i ° “6g coss
|3m43m COTTTAUUAT JO 3S®BaY3NoS

- S9TTW 9 SuTuw oahoo Teon yasumoa],

,hwnsoo asouadg ¢sT3uedipenb
s3utadg etuodaq ‘°M 9 ¥ ‘°S G °J
‘2T -03s Iugiwg -eTTTALajuUs)

JO Yy3nos soTTuW w °T 40O peoy.

U0T3BO0T

ovmp:wpcoow«mmHQEMm‘mm.hvﬂ>wpomowvmh pue “£30TOULTIT SUOT}IEOO0T--°g 9[qEBL

ooz oo&



e
€00°
100°
900°
€00°

®
g00°
100°0

AﬁawuhmmV
umTuBIn
juaTeaTuby

KeToaspup

. A T®OD

3U0}SYTIS
W e ~u =0
9seq 9Acq® “1F &-1

Leaz qwﬁmsm.

» 8 w -L=0
mmmﬂ wbonm &m L°I-1
joeIq “eT'YS

KLeTogepup
AT T®BOD
eTeus

3uU0}S3TTS

A Te0s
¥o®Iq ‘oTeys
Lexd Ssteyg

“K3oTourTT

NWNO

L°0

(3553
SSauNOTUY,

*£runo) o3rg ¢sT3usapend wp:pm&wpom
Semg ¥ °°s 2 °L °SE. °2es Tugiug
cany}Ly JO 3SeMy}nos moﬁns

qg°€ autu °0) dutumy TeO) soug

°Rauno) 8T “orTduex

-penb s3utadg etuodeq °Mm [ U
f°g €. °L ‘ST _°098 Iug Jo Jequsp
*aInY2JIY JC 1S€ayques SaTTw ) SuTw
°dIc) TBC) pPu® PUET 200J40BIg

°fsunoy oTaxeym Satdusapeunb
s3utadg eruodeq ‘°M L °¥ ‘°g €

°I ‘g2 °09s Zuy Jo J3jud)y °STTIA
-S9TBOG JO Ujdou SITTW g°T UL
°dIoj TeOD pue PUE] 300J32TTg

UOT1RIOOT

_ovmsumpzoouﬂmmmasmm Jo Aygatioeorpes pue SA30TOYITT ‘UOTIBOCT-=°Z a1qej,

°Of °207



10

9T0°
/9 Zoo*
1700°

B
£00°
010°
S00°0

(Fuadasd) -

ungue.n

..pnwﬂm>ﬁsom

-ardures uT umtuen quedasd T20°0 /9

~ Ketroaspup - | 7 1°0
- i A TeO) BT ||
g XoeTY ‘oT®US T
W i u-T=0
9s®eq 3A0Q® °1F ¢-1
Lea3d ‘oTeyg b
Tequouwdeay €suo}saur] Lo . , , L
aaTssew ‘auolsauTy L€ - - °£juno)y axrg ‘arduezpend
o - . ®TEUS .l - uadrep ‘ML Y ‘s T L ‘T¢ cQes
S 3u0sTIS - §°0 - §s¥ys cmolsuiM Jo 3seaylaou SoTTw
. '~ ®p TRO) 7 9°0 _ ¢ outw °daog mmahmdﬁﬁoo mnaamhh4 1T
ferozepug 7 1°0 .
ATed - 9
- fead qmﬂmsm. [ R
u u u -T=0
Amwmn aAaoQe AT L°T-1
-~ ¥o®Iq ‘eTeyg LT
- dUO}SaUTT e Bt e - £3UN0), 9K Tg amﬁmcwucmso‘
aTeyS € , :mmﬂm> ‘Mg g e oL fer coes
 KeToxapup . VAR «mm:zm SeJnyIIy JO Yjdou aTTu T o
BA T®0D T __,u sutw °dxon mmﬂhoﬂﬂﬁoo opdzmnh< 0t
‘ o ‘ w _. » xq.nhp::oo QOmQﬁw awﬁmﬁmhcmso wp:p.
= Leroxspup T 04m.w,m:s.-mpmpmm S°M 6 °u.f°g g °L ‘9¢ °oes
, . IIA T®OD : € _.«aszz °£3T1) PUBTHEQ JO 3SOMURNOS
auo1s31TTS C m : . mmﬁﬁs ¢ eutu °0) ﬁmoo :oaxmm‘ 6
fSotoyaty . . Avmmwv : .  m o . SOMpmoQH , . woz_quH.

SSaUXITY],

"PenuTIu0Y--s3Tdues Jo AITATIOROTPE pue AFOTOUITT ‘UOTIEOOT--°Z OTAE]



11

(2usoagad)

umtueIn

2usTeATNDY

-7 Teod ohamEH

Te00 Md0Tg Iaddp

aTRYg

-Te0d 3ootg -123ddp

aTeysS.

= . Keroaspup

= ‘Teod Xoorg addp

ST®YS

Ketrozepuy
IA T®0D
UM SITIS

hmﬁupmc:p
II Teo)
3Teus

aTeyg
II T®0)

W

3U0}S1TIS

KForoua Tl

1IN0 -
o

"TO0ONNO
-

9

!
T
o Ne

NU}:—‘
TWNO

0
=
Mmoo

160 e~
. [
mo o

Aamwwv

SSauXoTYJ,

,hﬁssoo susa.ay) ‘ar3ueapenb £31n-

Z3MG S°M 9 ¥ “°N L °1 fjg.°oes
YasiMs - ©£31D_23IMG Jo 3see SaTTu
L°T Sutw °ouy “S9TISTLTO) 33u0)

- £quno)y suesar ‘er3ureapend £31g

Z3IMG M 9 ‘Y “°N L °L ‘ge °9es.
Tan¥gs £3TD 23TMS JO 1S9MYINOS
SaTTW G°T 8uUTw °0) TeO) Moouwg

*£qunog  xouy SaT3ueapenb TToUNOTE
moz w um moz m o.H- QN.N oow.w. .

wmzmzw, °2J30dSpPIBMPYT :JO 1 SOMU}JIoU
saTTw 9°g autw °dio) Teo) BISEYUS

o ahpspooﬂmwow>mn
mcz m o.m ﬂoz‘ N .oB Mm © 098

ImgIun  c3anqsTouuR) JO Y3nos

.SaTTW §°g duTw °0) Teo) SHOTH

*£junog ssatAe(Qg

M S ¥ °°N ¢ "I °ST-°%9s Iggigg
*PTOTJIATUM JO 3SOMyjnos saTTu

G°2 sutw °0) TeO) ¥%00Tg 233003007

UO0T}3B00]

-panutquoy--sordues Jo L3TAT}OROTPRL @nm,whmoﬂosaﬁﬂ_anﬂpuoownmfm oTqeg

oot
P
nt

¢t

°ON °00T



12

i 200°

G I

omﬁmemm utT umtuean pnomnmm Noooo fyse ut Eﬁﬁnmns.acounvm Nwoooaqsww queoaad T°TT ,\m

_hmﬁouwvmb,

u " w =0
"u u- w ¢°1
u Ty W €=
u u w =€

M u W S=if
wwmn anoqe 37 f1°9=-9

(paTdues qou_ ‘aTeys)

B R N..m..:.,w_
i @ uw L°9=l°S

mmmn m>opm °qF 1°L=L"9

. A T®BOD
- @seq aaoq® °3JF T

T00° oﬁsvoc 91TIAd °9F 9°%9°

800°
/T 700°
€00°

¢00°0

(Fuddaad)
umtueIn

 jueTeatnby

T u u =0
u u &=L
mwmn aaoqe am £=2
’ Aoe1q ‘areys

‘Kead foteyg

BU0YSATTS

aTeyg
Hwoo yootg aaddp

o oTeus
KIotourer.

*o7dues uT umtuean quasiad woooo /I

4 T°0
:C‘
- hv::ou sueaay -
£ 4 o amﬁwnmhvmzd zopﬁﬁq oM Loy
T ..:z L °L ‘02 °99s IMNIMg cuojury JoO .
€ pmmz SeTTu € mqas °oo Hmoo °0°g’ i A 1 §
J;ahpnzoo onwwgc mmﬁm:mavmsv._ o
S S hﬁo 23TMG °M G ¥ N L °L ‘6T
R .u,"ﬂma °098 - «mqum ceprotTJuwoolg Jo 3sem
=T moﬁﬁs m € autw °0) Hmoo pnwapnsmq A
Awuuwv N R ._@ ..g noa¢moou o .mmzooz.ooQH

SSauNITYj,

*panuTjuo)--soTdues Jo £3TATIOROTPEL puR ‘A3OTOYITI fUOTIEOOT--°Z STEL



13

L ®

..szmoummv

untueIn

 jqueTeaTNDZ

KeToaspupn
AT T®0)D
- 8Teyg

_ AKeTdoaspup
Teoo xoolg <addp

aTeys

KLeToaepup

IA TR0D
aTeys

Hmoo‘mhaQEH
IA T®0)
aTeug

KeToxspup

IIA T®0D
3UMSITTS

K3otouzT

ey

ssauxotyg

° £aunog) eudadn SoTdueapend a[Tta
ﬂcom.mhv noz N. .o.m Moz .NW o.H GWNH ° 088 Mn.-g.z
JO J9quen °ST[TAUOSEp JO 3SE€3Y3NO0S
SOTTW §°g SUTW °0) SITISTTTO) SIUME)

°£yunoy ausaan faTduva
-pend pratjwoold ‘M § “¥ ‘°N g I
‘0¢ °99s IMGIMG. °UO3FUTYIIOM JO }SaM

-ynos STTul T 8utw °0) TeO)H JIYOT T¥

: ° £quno) sudduay
faT3ueapend uoUTT “°M L ¥ “°N.§ °L
€0 °o8s wzmwzz °J933n( Jo 3sesyzaou
saTtw §°g dutu °dio) Teo) °y pue °g

" *£3unon cmbwaﬂ:w_awﬂwzwhvmwd

UojuTI ‘°mg ¥ ‘°N L L °L

098 TINIMN °I9330Qq jJo 3S®SY3JIou
aTtu T autw °dIop ButuTy 93BIS-TIL

_,hp:#oo nw>ﬂﬂwzm fo13ueapenb
1933nq ‘°M g ‘¥ ‘°N L °Il ‘T
° 038 wzzwmw..ohowmza Jo 3ssmyjnos

S9TTw T duTw °0) S3TJIOTLTO) 23umey

UOT}eO0T

‘ ovmzuwwcoonnmmﬁasmm Jo £3TAT3oBOTPRL pue SA£30TOYIIT ‘uUOTIBI0T--°2 SIqE]

€e

e

T¢

0¢

6T

ooz °D




1L

o10° a11d ajsen
. , woxy aTeys Jo atdueg
. KeToaapup
e - : - A Teop
101 K¢ R n u - T=0
-S00° - @s®Bq aa0Q® °1J 9°T1-T
aTeyg
auo} sauly

Avmﬁasmm jou) kumsammz III Hmoo

ateyg

L ,Pdaam Qop = IIT Teod
3T®BUS

_ KeToaspup

i - Teod 3yooTg Jamoy
: . eTeUS

o Ketoaxepun
TO0°0 Te0o ooTg Iaddp
: aTeyg

1e00 sandug

® . -~ Teod yoorg zaddp
‘ sT®uS
_ Lo ‘hmwonovcb
1A IA T®OD
: S aT®eyg
(3ua915d) XdotoyaTI
umtueIn

jusTeATnby

|

°panutiuoy--saTdues Jo L£}TAT1OBROIPEBI pue

°

HNO S e

o

‘ ) NG _
e N INO IO
. 0. ©

[
°

o

—HHO®© MO
-

0

....AP@OQV
mwngoﬂﬁﬁ

:ohpczoo owﬁ> mmﬁw:mhcwzv.

smMeT foM g ¥ “°N TT °L ‘2€ °oes
- Iug¥yg . csyney sauxd], Jo qsesyjnos
S8TTW 6 SUTW °0) SSTJISTITO) d3uUmey

*£yunoy Aer) ‘eTdueapend hpﬁu
TB0D ‘"M 9 ¥ “°N-OT °L ‘IE 998

nian  °A310 .£e1) JO 3seMyjnos

mHaE H [utw °0y ﬂmoo mﬁamwﬁﬁﬂm

hpazoo hmﬁo amﬁwcw&

u@m:c £310 TR0D “°M 9 °Y °°N 6 °I
‘0T "93s IggIun °£3TD T®OD Jo 3sS9M
mHﬂE T suTu. oahoo mmﬁhmﬁﬁdoo YBTIey

ohpzzoo Uamg mmﬁm:mhvmsd

h\.ﬂ..ﬁo H.moo Qoz 0 m aoz m .H. mmjﬁ oomm..
43mwmm *£3T)H TBO) JO 3SBAYINOS SITTIUW
S Amwdzmcﬂs oou SSTISTITOD Sduney -

- hpaﬁoo UBATTTNG mmﬁm:whvmsv
.N-H@E_hm mozm °yq aozw °L @H oowm..
Mm mz ceJewky JO Y3nos saTtw §°¢-

mcds ooo Hmoo sopmﬁmsmanvooshwnm

:owumooq

¢£30TOURTT SUOTIRO0T--°Z STqEL

82

u.m.. NN,

9%
52

:N

| O 00T



15

-(3uadaad)

untueIn

" queTeatnby

KeToaspup
TeOO ¥ooTg Iaddp
. aTeyg

KeToaapup
III T®0)
Suo3}s3TIS

KeToaapup

ITI T®0D

auo}spueg

371ds do} - IIT T®0D
' auo}spueg

‘ LeToaspup
- °93SBM Ul

. PaT®20u0d doy SITI T®O)

~ Keroaspup
Hmoo ¥oolg x=addp
Teod aanduy

.hmﬁo&mvzb
Teod xooTg aaddp
. - 9TEUg

=9

meo

sSeuNOTYJ

-fyunoy KeTO M 9 ¥
“°N €T °L ‘6T °0os Imsian
Jo yjaou SaTTWw £°g SUTW °S0Jg SA0]

£3unog o3Tp M g ¥ ‘°N €T "I ‘SE
098 Iyy¥yg °oTTTALT®9g JO YjJou
.mmﬁﬁE,mom auUTW °0) Te0) UOFITH

~

°Kqunoy LKery ‘ordueapend L4719
Letp “°m L ¥ ‘°N eT L ‘0T °v8s
xmmwmw ‘uojunels JO 1Sk 3TLlu
H auTwW moozH mmmﬁpmaﬂﬁoo pusag 31g

°£qunoy KerH awﬁmcmhcmav

K£y1p KeTp “°m L W “°N ¢T °L ‘02 <998
ZNEMg  cuojunelg Jo 3S8MUINOS SOTTW

© §°T sutw °dIo) SSTISTITO). SITYSIAY

ohpnsoo LeTo mmﬁm:mh@mzd

£910 AeTD ‘M 9 W °N.IT °I ‘Q
*09s 122¢mm *TTZBJIg JO Y3Nnos S3TTu
g eutu aoocH €S8TI3TTTO) pudg 3tg

_ omvcsoo LeTy amﬁwcw&vmsv
hpdo LeT) “°m 9 ¥ “°N IT °L ‘2€
0ss Tuyigs L3110 £BI) Jo yrdou

SaTTW G°S auTu °0) [BO) UMOJg

UoI1E207]

*panutjuo)--soTduies Jo A}TAT}OBOTPRI pue ¢AJOTOUITT mqowvmuoquaomvmﬂnma

"Trzeay

i3

19

49

159

ot

62

o1



(3usdaad)
unTuBRIN
quaTeaTnby

LeToaopup
u i u -0
u 0 w. o~1L
n i 1] MIN
0" [T H :lm
u ...@ Tl
u . w 97§
aseq. m>opm *2J7 9°9=9

IIA T®OD

aTeyg

(A T®OD

w>onm ‘areys-Arqegoad)

agtﬁgmw%ﬁ

Keroaspup
Teoo ooTg <addp
“ToA®I3 pPa2EPIIOSUODU(

KeToaspup
Teoo YooTg Jaddp
Taa®I3 pajepTrOSUODU(

KBoTous Tt

AR

—(3993)
SSaUYOTY],

° £quno)

UOTTTTWISA **M OT *¥ N MTcL ‘ge
°09s8 ¢Szvam ‘UORUTT) JO 3som saltu
q mcﬁE oahoo SOTJISTTTO) mhdzwnh<

> £qunon :oﬂﬂawshm>.

el 6 ™ ‘N MT °L fle 99 Imnias
*UORUIT) JO Ynos SaTTu g duiw
pauopueqe °o0) Teo) TTTH PUB I9pPasdy

"fyunoy 8xIed ‘M 9 ¥ ‘°N ML °I ‘ef

T ‘zz@mz ‘uoqJe) JO yjdou SoTTW
€ H autw °0j hmﬂo R TeO) Jauan]

- fqun0p KeTy “03 L ¥, ﬁoz €T °1
£2 °08s 132¢mz ocoppmo Jo 3soM
mwﬁﬁs 9° N autw °0) Teo) aoaado

UoOT3BO0T

°panuTluo)--satdues Jo h@ﬁbﬂwoMOvah csm.ahMUHoszﬁ\AROﬂpmooquuow Wﬂnmav

g€
LE
9€

1%

_;ooz,owoq



17

200°
200°
200°
200°

L00°0

(Fusoaad)

umtueIn
quaTeatnby

Leroaspup
u " w TI-0
" n m ¢-1
8seq 2a0q® °1J 9°2-2
Teod TTeysuLy

" " w -0
" w  w ol
aseq aaoqe °3J €-2
aTeUS
suo}saul]
Teod auog
TeOD TTBYSUTK
aTeys
" LeToaspUp
IIT T®0)
aTeus
KeToaspup
- A T®O)
aseq aaoq® °3J T-0
aTeug
KeToaspup
IT T®D
8TeusS

9°¢

Bi
-

~HNO

(3557
SSauxoTY]

*Aquno) pmoﬁmam

. awﬂmzmhﬁasv peautsy °3S ‘°M 9 °¥
€e5 G L ‘NE 998 FYgIyg °oTTTAUOIMON
Jo uzaou SOTTW g auTW s s Aeq uexog

* £puno) utBUnOg om L9 ‘"N 8T L ‘02
°09s IggImg . cuBwWAUTY . JO 3SBAYIJIOU
mmﬁds L°¢ @utw °o) Teo) uedaoy

°*£3unoy QOAHﬁHE#w> moz 0T %m,a°z IT
"1 GE cdes FgyIMg cqaodmey Jo 3som
solTu G° m mcas °0n TeO) STIJIBH

: . hpnsoo noaﬂﬂHEhw>
SoM g oty oy GT. "I €€ -o8s IMs Zmn

onopaﬁﬁo JO 3SeayjJaou SSTTW £
sutw °0) TeO) SJdY0ag JSZTUEY

: °£qunog
auaed ‘°M L ¥ °°N NT °I ‘¢ °des
TgNEAS OTTTAO0Y JO 3SBAY3NOS
saTTu / "0D Hmoo mbonm mﬁadz

ToT3e00T.

avuﬁcﬂpnooaummﬁnsmm Jo A3TATIOBOTpPRI pue ahMOHonpwH.acOﬁpwooanom mﬂnma4

M

g

ot

o 6€

‘oy °°

€N

o1



18

¢c00°

300°
100°

TOO°
¢00°
¢00°
¢00°
¢00°0

(3usouad)

unmtueIN
quarTeaInby

LeToaapup
u u u =0
“ " u ¢~ 1
3s®eq B8A04® °13 €-¢
(patdures jou ‘ateys)
m u w Loi=€
" w LoG=Lei
wmmn aAoqe pw : 9-1°9
A T®OD
uo u u =0
2s®eq 3a0Qq® °3J S°T-T
_8Teyg
3u0}SaUTT

-KAetoaspupn
Te00 TTeysuly
u W s -0
u u n &=L
1] i uw €=2
w =€
mmmp mbopm °3F G-
: aTeyg
auolsauky

-panurquog--soTdues Jo K}TAT10EOTPRI puE

T°0

]
5°0

(39931

SSAUNOTY],

*Auno) MOTJIIem

foT3ueapend s3dutadg eTUOdS(]

‘M L ¥ “°g T °L ‘ST 095 Imglian
*@T[TASSTBOG JO 3SEeaylnos saftu
G°g autu °dIio) Te0) YISumo3l],

*£junoy g9ouadg ‘aT3ueapend
PRIUTOl °38 "M G H ‘°S § °L

‘€¢ co9s Ignigs AausTay) Jo 9see
=(}Jou SSTTW € °f SUTW SAUT ISZTNY

UoT}'00T

SA30Toy3}TT uUoT3BO0T--°¢ 3TqE]

s

m

*ON °907



19

¢oo°
L0oo*
- L00°
800°

£00°

.m N
- 600°

. -M00°0

Aﬁzmo&mQJ
umtueRIn

vnmﬁm>HSGm.;

.A.;.v,‘.a

1)
i

1]

12
113
L3

u-

KeTogepup

Leds faTeyS

u
0
u
u

A Teo)

-0
¢-1
MU
_..n.

mmmn asoqe °3F f°f-1 -
© Mo®Iq ‘eTeUS
auo}sauTy

1)

"

LeToaspug

u

A Teod
-0

958q 280q® 93 §°T-T

_aTEYS

maopwvﬂﬁ

NmOﬂosvdH

o AP@O.HV

SSaUNOTY],

_ . °£quno) suesay ‘sy3ueapend
uoyutTT ‘°M L W-°N L L S0€ -9°s
WiNZIS UOIUTT JO ISOMUINOS SaTTu

"L°€ BsuTW °0) SITISTTTO) 23umey

: *£quao) 9qTd
mmﬁw:mhwmsu mwnﬁaam mﬁnowma,

_aoz L "W €8 € L LT cos
wzm uoadandg Jo 35€8 SaTLu
m autw °0y JuTUTy TRO) soug

- UOT3®00T

:.ncmsnﬁaqoouummwmawm mo,hvﬁwﬁpomownmh.cnw thOHosaﬂﬁ ‘UoT3IBOOT-="°g 3TqE]

4N

o

ooz oOQ.H



20

the radiocactivity of the one-=foot intervals is not listed unless one or more

samples had 0,001 percent or more equivalent uranium.
RADIOACTIVE DEPOSITS

Locally the shale beds above the Number V and Minshall coals contain
an average of about 0.006 percent equivalent uranium. The following are

descriptions of these deposits.
Shale above Coal V

Sections were measured7and samples collected of the-shale.above Coal V -'
at Localities 2, 5, 6, &, .10, il, 18, 28, L0, L5, L6, and L7. The general-
ized section given below shows the association of the radiocactive black
shale to the adjacent rocks. Units 3, h, and 5 are radioactive at many
localities° 

The‘beds numbered 1; 25 3,‘5, 6, and 7, in the section described
belowg are nissing at many localities; units 3,.h on S may lie directly
.on.the coal, and the limestone may lie directly on unit L or 5 as at
| Localities 55 6, 11, 28, L5, and L7. At Locality 6, unit thas anundant
stem 1mpr1nts which were observed for a dlstance of 300 feet along the
hlghwallo' ThlS type shale contalns pyrltlzed brachlopod shells at
localltles 8 119 18, and L7. |

The black shale unlts 3; b and S range in thlckness from 1 to S L feet :
and averages 3.1 feet The radloact1v1ty ranges from ovoog to 0,016 |
percent equivalent uranium and averages O. 006 percent° A sample of the
. shale from a dump at an abandoned mine at Locallty 37 has O 006 percent f-.

equlvalent uram,um°
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Generalized section.of beds above Coal V

‘ Alum Cave limestone

Limestone, dark gray, massive, hard, finely
crystalline, spheroidal weathering,: brachiopod
shells and crinoid stems . o o « o ¢« o o o o o o o

Iimestone, light gray, mass1ve,‘softg fragments
.01-,05 foot long, abundant cr1n01d stems and
shell fragments o0 o o o o o o e o o s o 0 o o o

Mudstone;, dark gray, massive; .1 by .3 foot 11mestone
nodules -] .0‘0 o o o o o © ° ° o [ ° 0 o ° o o ovo

Siltstone, dark gray, irregular fracture, pyritic,
-includes limestone lenses .1 foot thick containing

brachiopod shells o ° < ! ° o ° o o ° o o ° o 0. o o ° ° ‘

.Shaie9 dark to medium dark gray, irrégular fissility
on weathered surface, blocky when fresh, dull luster,
abundant pyritized invertebrate fossils or stem

imprints, stringers of limestone \1ocally radloactive)'

Shale; graylsh black to black, well developed flss111ty :
on weathered surface; massive with conchoidal fracture-

‘when fresh, satiny 1uster9 .01 foot thick vitrain
bands; pyritic nodules \locally radioactive) . . . .

‘Shale,; dark to medium dark gray; 1rregu1ar fissility
to blocky, dull luster, abundant pyrltlzed
invertebrate fossils and pyrite flakes {locally

I‘adloactlve) © o o ©o o o o o o o o o © o 9o o, 0o ‘e o o '

: Siltstone, medium gray9 irregular fissility . . . . . &

Shale9 greenlsh blacks plant imprints on base, pyrlte
' nodules o © o o o o o N 0. 0 o O ] o o o ’ o o o ] ° o o - .

fTop of Coal V

Thickness
(feet)

0-5.9

0-1.3

| 0-.8

0-1h
0=2‘
1-k. b
0-1.7

.vo"lOo 8

0-.6
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There appears to be a relatlonshlp between radloact1v1ty and 11th0=_ .
Jogic type of shale, which is shown in table 3, rather than to position.

in relatlon to}the underlying coal or overlylng llmestone° |

Table 3°=wRelation of lithology of shale above Coal V to radioactivity,

Lithologyt' ' S ' 'Radioactivity
Grayleh black to- black, hard,. ' ' Ranges from 0.003 to 0.016
very fissile when weathered; - ‘ . percent equivalent uranium,

conchoidal fracture when fresh, o ‘averages 0,006 percent.
satiny luster; vitrain bands, few ' .
pyritic nodules. Typical of

unit L.
Dark to medium dark gray,. irregular ' Rangeslfrom 0,002 to 0.00L
shale fracture when weathered, o ' percent equivalent uranium,

blocky when fresh, dull luster; - averages, 0.003 percent.
abundant pyritic flaxes and either o E

pyritized brachiopod shells or =

stem imprints. Typical of shale

found in units 3 and 5.

Coal V crops out.from the Kentucky-Indiana boundary to Vermillion
County, Ind. It is correlated with Coal 5 of Illinois and Coal 9 of the
western Kentucky coal fleld, both of which are w1despread coalso The |
shale unlt \beds 3, b, and 5) is present at all the localltles where Coal '
was sampled on thls reconnalssance, and is reported to- overlle the coal
at most places in Indlana although replaced by sandstone at a few localitles
{Cumings, 1922, . 529) |

The shale above'the Kentucky No.-9 ooal has 0.006 peréent equivalent -
uranium in Hopkins County, Ky., where it is three feet thick (Nelson and

Brill, 19L8).
Shale above the Minshall coal

Samples of the shale above the Minshall coal were collected because

of ite lithologic similarity to the black»ehale above the Coal V, and
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because field readings were above 0,005 mr/nr.
A generalized section of beds above the Minshall coal in Spencer

County, Ind., is as follows:

Thickness
{feet)

shale y grayish olive o o © o Qo o o o e o o o o ° o o o L] o ° 20 %
Siltstone, medium dark gray, irregular fissility . . « « « .  1.5-5
Minshall limestone ‘ . ,

Limestone, medium gray, clastic, contains shell - _

fragﬂents 0 o o o o o o o o o ° vo °o o o o o © o o o o o o2='05

Limestone, medium dark gray, massive, finely

crystalline, hard, forms ledge, contains

Dictyoclostus, Chonetes sp., MArglnlfera sp.y and

CranId Stemo 6 o o o o o © o o o o o o o o o o o o o o 07"2
Shale, black to dark gray, massive when fresh, well

developed fissility dhen weathered, v1tra1n streaks, ' :

py‘l‘lte LlakeS © o o © o o o © e © o0 o0 o0. ¢ ©0 o0 ©° o o o o 5“105

Top of Minshall coal

The shale was not as radiocactive as that above Coal V, The radio-
activity of the shale ranged from 0.001 to 0,003 percent equivalent uranium

and averaged 0.002 percent.
Origin of radioactivity of coal deposits .

Results of chemical analyseéiof the Gentryvilie:coal,'the upper benchv
of Coal V and the shale above Coal V at Locality 5; tﬁe shaie above Coal V
at Locélity 11, and the upper bench of Coal V and the shale above the coal
at LocalityAlB indicate that the radioactivity of theéé,samples is due to
uranium. | |
| The uranium in coal may have been dep031ted contemporaneously w1th.
the coal; may have accumulated in the plants whlch formed the coal, or

. may have been deposited in the coal after it was formed. Conclu51ve
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evidence concerning the timé of éccumulation of ﬁhé_uranium was not found

in this study. | |
Four radioactive coal samp;es-includingvcoal V at Localities 5518,

‘and LS, and the Minshail coal at Locoiity L3 are of‘the top of the.bedo

" The occurrence of the rad10act1v1ty at the top of these beds may indicate -

.that the radloactlve matter was depos1ted by ground water after the coal

was formed. Ground water could have dlssolved radioactive materlal from

the shale beds above the coal, movedialong joints and cracks in the shale

or along the contact between the coal and shale; and deposited the material

at the top of the coal bed. However; the coal is very well jointed and

the shale ié impermeablevat many places. The'radioactive sampie of-Coél VII
was from the interval from 0.6 to 1.6 feet below the top of fhe bed. The
rodioactive'matier'could have been concentrated at the top~of the coal b&

ground waters then leached down to thls interval through cracks and joints

-o1n the coalo_ The uranlum in the Gentryv111e coal could have been dep031ted ,

_'bylgroundﬁwater_mov1ng down through the~sandstone_aboveothe ooal9 The
source of_fhe uranium could have been beds above the sandstone or'ihe;
.séndstone itselfoi | | | | | |

| ~ The rad10act1v1ty at the top of. Coal V probably is at least partly '
1nd1genous to the coal 1nstead of derived from the shale above the coal.

' The radioactlve shale,was above the coal at all_localltles sampled, but

the coal'was'fadioactivé only at Localities 55 18, and U5. The coal has

" a high ash content at Localities 5 and hS; and uranium or other radioactive

" substances may be inherent in the fine grained detrital sediments, which

~were deposited contemporaneously with the coal, rather than in the organic

' matté’r.;
Coal Va and the Upper Block coal at Localitles 5 and 36 are both

. dull and impure, and probably have a high ash content
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Deposition of radicactive material =~

The fact that the radioactive matterIWas deposited contemporaneously’
‘with the shale is indicated by the wide areal extent of the radioactivity
in a stratigraphically limited shale unit. Ths soufce of the radibactivity
could be uranium in sea water {McKelvey and Nelson, 1950, p. Lki). The
very dark gray shale containing abundant organic matter is moré radioactive
thanvthe iighter colored shale contain;ng less-brgahic matter {table 3,
5p?‘22)° The vitrain stringers indicate that the organic matter is, in part,
plant remainso"The plant debris may have adsorbed'radioactivé elements
from the séa'water° This possibility was not tested by sémpling the
vitrain Stringei's o
Invertebrate fossils are abundant in the lighter colored members of
shale unit {beds 3, L, and 5), but wefe.not observed in tﬂe darker colored,
more_radioaétive members. The plant debris may have increased the acidity
of the water so as to diséblvé invertebrafe shells, or made the water

toxic to animals during the period of uranium accumulation.
SUMMARY

- Most Indiana coal beds have less than 00001‘percent equivalent
uranium, Radioactive zones do not persist over wide lateral areas; and
intthick coals are 1imited to the top of the bed. Mbs£ of ﬁhe‘radioaétiVify
ié associated with high ash coai. The origin and time'of éccumulation of
.radioactivebmatter was not determined.. ‘A carbonaceous shale above Coal V
averaged 0,006 percent equivalent uranium. The radioagtifity increases with :
the amount of ofganic matter in the shale. A dark shale ébove the Minshall

coal is not unusually radioactive.
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