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RESULTS OF ASSAYS OT THE NEW ALBANY OIL-SEALE.
By Joln R, Reeves, (Department of Geology, Indiana University).

This is the fourtk of a series of papers an an investigatim of Indiana
oil-shales conducted by Indiana Thiversity and the Department of Conser-
vation, State of Indiana, in cooperation with the U. S. Bureau of Mines,
under the direction of Martin J, Gavin, oil-shale technologist of the
Bureau,

Introduction.

The data presented in this paper form tie chief part of a general survey of
the oil-shale resources of Indiana. Other papers* have already been published which
contain data on various aspects of this resource. In combination, these papers
present data with reference to the following points; (1) distribdution of the New
Albany shale; (2) amount of shale available; (3) homogeneity and thiclmess of the
formation; (4) amount and quality of the oil obtained from the skale; (3) nitrogen
content of the shale; (6) extractibility of the shale and its amenity to treaking;
(7) some economic factors bearing upon the utilization of the shale; and (3) other
miscellaneous factors and data.

In the future, technical work on other phases of the general problem is ex-
pected to be done with the object of making a complete survey of this resource
.which 1s of much potential importance to the state and natiom.

Research and field work on the oil shales of Indiana have been conducted
by tke author since 1520, When the cooperative arrangement for the investigation
of the shales was made with the Department of the Interior, Bureaun of Mines, it was-
decided to make a systematic collection of samples from the outcrop district and
to study them afterwards in the laboratory. This systematic collection of samples
was made during the summer of 1522 by the author, assisted by Mr. Robert L, Kidd.

*"Rgeves, Jobtn R., Oillshales of Indiana, BEnz. and Win. J our., Nov. 13,71820;
The New Alvany shale of Indiana, Buceau of Mines, Reports of Investigatiams,
Serial No. 2390, August 1922, 8 pp.;
Preliminary report on the oil-shales of Indiana, Handbook of Indiana Geology,
Dept. of Cmservation, State of Indiana, 1522, pp. 1059-1120;
o A section through the New Albany shale, Bureau of Mines, Serial 2425, December
19 » O Pp.;
A Ecanomic Study of the New Albany shale, Bureau of Mines, Serial No. 2466,
April, 1¢23,



Methods _of Sampling.

Cnly the fresh wmweathered shale was taken in the collection of the samples
as it had been found by previous work, that there is a difference in the yield of
0il between partly weathered and unweathered shale. The fresh shale is also repres-
entative of the true value of the formatica.

The selection of each sample was made with reference to the following points;
1- the general areal distributicn; because it was desired to have the samples as
nearly as possible representative of the outerop district as a -whole; 2- the position
of the sample in the vertical section of the forzratwr', as it was desu’ed to sample
€ll parts of the formation; and 3- the ease mth wkick a proper sample could be
taken. _

For the following reazsons the numerous quarries in the formation from which
the shale is:talken for road building purposés wer: found to be the best points for
collectmg samples; (1) the very freshest -shale was. available; (2) the sample was
€asily collected, and (3) there was a better opportunity to studv the true physical
aspects of the rock. More than half the samples listed were taken from quarries.

When the samples were not tzken from quarries, the first step in the collec-
tion was the clearing away of the face. This was done with a shovel, pick, and
oftentimes dynamite. Af4er the face had been clicared off and the fresh shale exposed,
a trench was dug into the shale, from which equal portions of the section represented
were chipped off. The sampie qf shale was collected on a buriap blanket, halved, .
guartered, and then boxed.

§§D£§§§QaatL°Q_Q£_§h§.z mples .

Each sample collected represents a- certain vertical portion of the formation.
It has been the general practice in the oil-shale region of the mid-eastern States,
as probably in the west, to make selactive collections of samples; that is, a por-
tion of the richest part of an outcrop would be taken as a sample, the leaner pos-
tion of the outcrop not being ccllected. This practice is misleading as to ‘ue
value of the formation at the lccality at which it is sampied and 1s as impracticable
as using one piece of coal from a six foot vein for a representative sample. 'I’he
0il yields of several samples listed in this paper are low because of the presence
of very lean shale in the section of the formation where the -sample was collected.

The sectims of the forration represented by the samples collected, vary from
2 to 18 feet. The sum of the sections is about two and ane-half times the total
thickness of the formation which is approximately 100 feet. R

The position of the sample in the formation was determined wherever possible.
In many places,kowever, it was impossible to determine this because of the gentle
dip of the rocks, the thickness of the formatiom, and the lack of recognizable hori-
zoans within the forration.

The location of the samples are well distributed over the outcropidistrict.
Each sample represents an area of about 10 square miles.
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Experimental Procedure.

The apparatus and methods used in the examination of the oil shale and the
shale o0il are the same as those used by the Bureau of Mines in its various oil-
shale laboratories. The apparatus and methods are described in Bulletin 210 of the
Bureau of Mines.*

Distillations of the crude shale o0il were conducted at an averge barometric
pressure of 742 mm. ‘

The following tests were made ¢n each sample; oil yield, water yield,
specific gravity of crude oil, distillation of crude oil (atmospheric distillation
ending at 275 degrees C.), unsaturation of tops (fractiom boiling to 275 degrees C.),
carbon residue of residuum from atmospheric distillation, yield of scrubber naptha,
and percentage of nitrogen.

Previous experimental work bas shown that the quantity and guality of the
crude oil obtained from a given shale differs with the different rates of retorting.
Figure 1 shows these differences graphically for the New Albany shale. In this work
the time of retorting each sample was about one rour and fifteen minutes.

Summary _of Conclusigns.

The oil yield varies from 4.8 gallens per ton in sample R 14 and R 15 to
15.7 gallms per ta in sample R 40. The average yield for 2ll samples is 10.3
gallens per ton.

The specific gravity of the crude oil varies from 0.$24 in sample R 14 to
0.955 in sample R 44. The average for all samples is 0.9%43. The specific gravity
of the crude shale 0il changes almost directly with the change in temperature as it
does with natural petroleum. The specific gravity of a dozen or more samples was
determined as temperatures varying from 13.56 deg. C. to 30 deg. C. These specific
gravities were then plotted on a graph and the curve shown in Figure 2 drawn. By
the aid of this curve, the specific gravity of a sample of the New 41bany shale 0il
determined at ordinary temperatures may be reduced to standard (15.56 deg. C.) with
an error of not more then .00l. To use this curve the temperature at waich the
specific gravity determination is made is fomd on the left side of the graph. This
is followed on the horizontal line to the right wtil the curve is intersected, at
vhich point the vertical line is followed down to the base line, where the correc-
tin to be added to the observed specific gravity is fownd. For illustration, sup-
pose the specific gravity of a certain sample of o0il was fomd to be 0.931 at 24
deg. C. By following the 24 degree line to the right until the curve is intersected
and then down, the correction is found to be 0.007. The specific gravity at 15.56
deg. C., or standard, is then, 0.0931 plus 0.007, or 0.938.

The amownt of tops from the crude oil varies from 38.8 to 52.9 per cent and
the average of all samples is 44.1 per cent. Apparently the amount of tops varies
inversely with the o0il yield, tkat is, the less the oilyield, the greater the per-
centage of tops. The exact reasan for this is not clearly understood but it is be-
lieved that in retorting a lean shale, at the same rate as a rich shale, there is
less mechanical carrying over of the primary decomposition product of the shale

*Cavia, W, J0{1-sraie; an Bistorical, tecmical, and economic study. Bureau of
Mines, Bull. 210, 1923.
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kerogen, and coasequently the primary deccmposition product is more completely
brogen up, yielding & crude nil with a higher percentage of tops.*

The tops after standing a few days become iniensely red-black color, and if
ailowed to stand oper and evaporate slowly, a small quantity of resinous gum-like
material is deposited, Tris is & characteristic of cracked oils.

Vhen the crude o0il is run to coke the changes noted are given in the follovi-
ing tables. (retorting time i hr. 15 min.)

Chenges in the composition of crude
shale 6il when rm to ~oke. ‘

Table I
Once rwa  -iwice rwm
Cruade to coke tc coke
SanIfIG-gfa‘?ify ---------------------- |':g’43“""°-’""-":964-—--—-—:896‘—
Tops, per cent 45.6 #.3 1.6
tha.,urahm tops, per ceat 45.8 41.0

Onece mn Twice Tun

o e - o o o e e > e e . e B S S B
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Cil used, per cent

100.00 100.00
0i1 recovered per cant 91.47 96.05
Coke, per cent £.38 2.99
.:oss, per cent W15 .56

The wnsaturasion of toe Tops varies from 39.C der cent in sample R 2 to %45.0
per cent in sample R 41, the average of all samples being 42,1 per cent. Waen the
scrubber naptha is aflded to the t‘,ps (end point of scrubbsr naptha is 18:5 than the
end point of the tops) the unsaturation of the corbinaiion is from 4 to 5 per cent
less than that of the tops. The wnsaturatio cof the tops of sam:les R's 16, 19,

31, 33, 3§, 36, 45, 46, 47, 43, 51, and 52 Las been calCulated with the scrubber
nap’cha mcluded. '

The foll owing tatle shows the wmsaiuration of’ .,he various fractims of the

tops. (Retorting time 1 hour and 15 minutes).
Table II
Unsaturstiom of the various fractims of the tops.
First drop, 36 deg. C. Per cent -
_____________ N , fraction. Cnsaturation.
Us~€67130 dsg. Co "~~~ TTTTTTTT g fé """""" TTTTREICERY T T
" %2 " " " 1o 39,75
"otexm "o 4.6 55.50
n n 975 .“ ki l’)‘o \5/7’50
R < - Sttt ettty I S'é"ﬂx}'é'}';;é' ’’’’’’ 3378 T
*WSFE‘EEEEE“CT'IEIT """"""""""""""""""""""""""""" T T
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The carbm residue of the residwum from the atmospheric*distillation (end
point 275 deg. C.) varies from 4.95 per cent in sampie R 51 to 7.67 per cent in
sample R 7, the averaze of all sampl2s deing 6.3 per cent. Apparently the percen-
taze of carbon residue varies inversely with the yield of o0il, that is, the lowest
yields of o0il give the largest percentage of carbm residue and the largest yields
of o0il give the smallest mercentage of carbom residue. The cause for this relation
may be the same as that for tke large amount of tops occuring in the oil from tae
lean shales, which was mentioned in the paragraph am that subject.

The amownt of scrubber naptha, at the rate of retorting used in this work,
veries from 0.31 gallons to 1.83 gallons per ton. 4Apparently the yleld of naptha
varies directly witli the oil yield. Doubtless the rate of retorting will prove to
be an irpertant factor in the production of scrubber naptha. In one sample, R 34,
the scrubber naptha recovered is egual to 13.5 per cent of the oil yield. R

The following table indicates the boiling range and wmsaturatiom of the
scrubber naptha. (Retorting time 1 hourl5 minutes).

Table III

Boiling range and wnsaturatiom of scrubber naptha.

Specifie gravity .699
Unsaturation 28.00 per cent
__?grgggfgture, deg. C. Volume distilled, cc. Par cent distilled.
Flfstarep 35 T g
A 5 20
65 10 40
81 15 €0
e ivd 20 80
End point 131 24 96
Loss 1 4
""""""""""""" D 25 == B (0.0 A

As stated before, tre addition of tie scrubber naptha to the tops reduces
the msaturation of tke combinatian of tae two from 4 to 5 per cent. This addition
of scrubber naptia also increases the total amomt of motor fuel from 6 to 12 per
cent. TWaen tie scrubber naptha is taken into cansideratiam, tke index number of
t::).e 0il 1s increased from about 23 to 31. Tae index nuroers of certain samples in
tae list of data has been calculated after the addition of the scrubber naptha to
tie tops from tie distillation of the crude oil. Tae increase in the index number.
is illustrated in tke following table.



Table -_‘-'1'?

Illustration of the incresss of the index number of an
0il by the addition of serubber naptha to the tops.

Amount. of tops Unsaturation of

B per cent. tops, per cent. .  Index number.
ithout seruwbver CTTTTTTTTTTTTTTT
. naptha 41.2 42.75 23.58
With scrudbber '
naptha A7 39.25 . 33.23

Ty o B 0 e e e e S T S A T G e A e S e g B Y e o e o s e < 78 P O A e B s o s e e S W e e W = B0 G A P B > P P B e e g

The total nitrogen of the New Albany shale varies from 0.107 per cent in
sample R 43 to 0.777 per cent in sample R 27, the average for 15 samples being
0.381 per cent, equivalent to a theoretical yield of 35.89 pounds of ammonium sul-
rhate per ton. There is a generzl direct relation between o0il yield and nitrogen
content of the shale, that is, the greater the oil yield, the larger the percentage
of nitrogen. However, this relation does not hold well for several samples.

Location and Descriptim of the Samples given in Table V .

——— o ——— - — - ——
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R 1- Grant 44, Floyd Cowty, along the banks of Silver Creek. Fresh shale.

R 2. Weisman quarry, NE 1 Sec. 12, T 4 R '6. 13 miles northeast of Crothers-
ville. Six foot section. Fresh shale.

R 5-Basement of the First M. E. Church, North Vertnon. Three fobt:section
about 40 feet above the base of the formatian. Shale slightly weathered.

R 6- 01d Verbarg quarry, between North 4th. and 5th. streets, North Vernem.
Three foot section taken about 2 feet above the base of the formation. Fresh shale.

R 7. Opposite the Mus¢atuck Inn between North Vernon and Vernon, along
bank oi-‘ Muscatuck River. TFour foot section from 8 to 12 feet above base of the
forration. At least one-half of section is grey stale. Fairly fresh.

R 8- North center of Sec. 5, T 5 R'9, about 2 miles northwest of Dupont

along state road No. 26. Ten foot section from 5 to 15 feet avove the base of the
formation. Fairly fresh.

B G- East center Sec. 33, T 7 R 7, 1} miles north of Hayden, 200 yards west
of the bridge. Three foot sectitn. Fresh. ’

. R 10~ Che mile east of Hayden where the state road crosses Six Mile Creek.
Sectim, 6 feet of the base of the formation. Fresh shale.

R 11- Northwest corner of Sec. 8

T5R nown as Burning Hill,
Section 7 feet, Probably , T 527, lochlly

near base of the formation. Fresh sample.

. R 12- NOl-’_thwest 1 of Sec. 27, T 6 R 7, southwest of Hayden. Three foot sec-
tiom, Probably 25 fest above the base of the formation. Froma quarry. Fresh shale.

..

-6~



Table V .

sgyqdeu IeqqUIXOS U3I4 [I0 JO Joqumu Xapuj

*gyjaeu 13qQUIOS ANOY3TA TI0 JO Jequmu Xspul

‘qued Jod ‘uMIp1sal JO SMPTSed UOQIE]

-qua0 Jad ‘sdoy yo uworjeIN}BSUN

*qusd xad .umawpsco gyadeu zoqquxos puw sdoy,

*(sdog) 0 ,GL2 03 POTTITISTP 36D Jod:.

"0 o0G2 0% PAITTISIP JuUdd Iad
0 o002 ©3 POTIT3ISTP 3ued 18d

"0 o0GT 03 POTTTISTP 9UdD I19d

‘o *Sep ‘doxp g4satd

Results of the assays of forty-eight
samples of the New Albany Shale.

4,09 ‘110 spuio Jo A3tavxd o1Jtosdg

*qusd Iod ‘sTeys utl usFox}IN

-uoy xad suorte® ‘euzdeu xsqquaog

‘uo} lod suolie?‘xeqey

‘uog Jad Suo{reF ‘110

*Iaqumu oTdues

27.84
30,04

400 MINNNCNO W AU\D C cJ [1eN e S Te Wa U oVl o]
[AUR @ NaV] Mot M O W, a\oe P~ ~00 Dy
........... - - - - - - - . .
MOV NUMNAUNNUANNOMA [aUN e [V oV N o Ul o RN q Vi oY)

o AN ~O N O S QNP0 W ~ Q) o
0876910378909089\42 (Ve Vg [aV}
.................. A

OO N~ IDN0 IO WO NI~ N~ _F\O0 W00 O ™~ \O
[T [TalTal. " MTeY [Ta) w0 NN w [TaY e
SO AUWMMSMMMMOMONMNOINMS~ NN NN~
- . - > - - ® ® e a ® 3 B 4 A& @« * 5 ®w & 5 1 e
o0 O ~N Myt MO N H\D w0 O P~ ~ O
YRR E= DO RTa ¥~ 5 - JE= JB- 5. g~ B - e 4 szan.sm% B =

NF AF et WA O S MO £ NG
XTI AT SIS F DS T T S A T

oooooooooooooooo
3352521198\407332 337)\|_.21
MNAUNAUNNMAMNMAUMMNANAUNNNUNAUNNMAUNNNNA

[T9
NONAOWVWITVOHAOINAUMO OO OWAW
00000000 L ) - - - - - - - . » . . . .
NN~ T A OOV O MG N ot (OO
ot e e~ ~t e i e B e B o B B B I o B B
v IOV ON ~t L0 =10 FP~00 o DAL B0 N
M~ONSO M NN OYVH S A0 T \O M~ P
LAY S A DAY @A AR EI VLAV A A DA- & & R g Ala)
o\oONOYONOYONOYOYONOYONONONONONON O OYONOROY OOV O

ooooooooooooooooooooooooo

46
43
50

4,8

o W
COO0ONNOOW A OV~WWVAUNNANUW I OO OO

tttttttttttttttttttttttt

8192589011 uvhvnulssgzle O
.q..

ooy WO I~ 10 GhO QU MV OO
12567891113“111114%20&2%22

L SR R G s s e N N S o A W WA






-~ (con“inued)

Table V

*BY4QTU ISQQUIOS Y3TA [T0 JO Joqumlu Xepdl

‘eyqdeu Io2qQnids 3nOULTM TTO JO Jaqumu ¥opul

‘queo Iad ‘umipised JO SNPISAaI uUOqIe)

‘quad xad *sdog Jo uotrlreINgyESUn

*quoo Jad ‘paurTquod evYjdeu Jsqqurds pue sdog,

-(sdog) "0 GL2 0% PATITISTP 3Ued Ieg

0 o0GZ 0% TOTTTISTP jJUad I3g

‘0 5002 ©3 POTITASTP 3Ued 134

‘0 o041 03 PRTTTISTY JUBD Xod

‘0 *Jop ‘doIp 3ISITLI:

I 5,09 ‘110 epnId jo £31aeX? O1310°dg

-quso Jad ‘aTeYs Uy usBoilIN

‘uog Xod suofle?® ‘eyzdeu Jaqqurog

‘uoy Jad suoiTed ‘Iojepn

‘uoq 18d suoite? ‘110

*Joqumu apdures

0 O O M VDA RS > D
O W -~ QO Jh.oo\u. [Fa8 2 )
. - - - - -~ » - -
M0 — N SO~ MO
MM NN AN Y oV oY [aYaY

w0 ¥ T e 0 [AY] o [l

ALY R S28R3%RK 29

- - - .- Ld - - - - L 4 L] [ ]

M MY ON W (Y] MAD QU MWD P—- "o

[V EVIIs VY] o (<Y IV INAVI 4 VI aV I o VI aV] [aVl sV}

O " = o QO —~ DY ™~ N O INO

O~d981308370u83169 N ~O IO

000000000000000000

w0y un 0w [ToY @]
~ -0 N0 55227550005552520%%

........................

W LVA WO 0 M~ OYMNO o OO MM M~ OO —\0
a4 g NN S S MM N S N
(o]
O.l \u.vl LatadiaYel ~ M~
- - - - .
86 08 oW ~ Y [3Y]
=\0 [Ya¥=2 = - i TaVlaY Sm.._/

186085u020\4‘42h¢762h..88062u

TR RK a A S Ot et al ol el WG
FARF NI I I I I T I I I AT I T I AT

= NFTOOOO0OO0 AN OO O WV\OLW W NN\ N

..................
" O M A4 OMI VA ONA H M MO O 1O
N A RTATA R IR RV AR RO AT BN I A A

(oNe; 00960“8.3.6887.096560006
L] e & ¢ e & » a ¢ - - - 9 & ® e« @ o - e
[\ g MOt OOONO~NTOOO 12.&.\42
(AR Y 212222222222222 SRS IV VRS Y
(@ 3= ¢ 682h.h.0u\u,230560.47’8h.600
- » ® 9 e ® ® e ®» o & @ o &6 & © & » > o L ]
i ~ 0 ~ — ~t OV 040009 (o Ul 4 VKoV
Qo OA¥ZSR22RCONATR33 gaaia

WO MO HOH MAHW MMM IOMOVOVLT O O\

oy O o DO M S MO QO OO QN

%%9999\%99999999999999999

....... - [ J - > . o - L] . . . . L] . - -
r~ w 0 ~
™~ o ~ (@]
~ el —~ —

L 4

~ N B0 N O\ N~ Q win

A DA Do o 3 ~r~00m S«

L) - a &« & & e o o -

] - e - ~

(@) [sNeoNoNsRoRe RO a. nuusoen/mdoamsnvo.

e @€ ® @ ® e e & ®» e & & » e & o & o

K\ WOW OO0 h WO\ o IS S T

M =
LVOWVFOOTUNNWVWO~NO 82\4320\422
..............

~ o~ el A OO~
EEMRW_..-HUIIOJOSOJO mllllll ~

r~ — WO OO H A MM UWWD -0 01O 2 O
o % m_i...uzt,..nﬂ\mﬁ?i.; MM o 3 o g N
= N

.RR.iRRRRRHRBRRRRRRRRRRv






R 13- Southwest 5 Sec. 19, T 5 R 8, two miles west of Commiskey. Three
foot section from a guarry. About 25 feet above the base of the formatim. Fresh
shale.

R 14- Southeast ¥ Sec. 2, T 5R 8. In the northwest corner of the tom of
Comriskey. Three foot section about 20 feet above the base of the formation. Fair-
ly fresh shale from an 0l1d guarry.

R 15- Southwest % Sec. 9‘, T 6 R 7, one mile southwest of Hayden along state
road number 4. Four foot section.

R 16~ Center of Sec. 23, T 6 R 8, on the road between Lovett and Vemen.
Three foot section about ten feet above the dase of the formatiem.

R 17~ West center Sec. 23, T 5 R 7, one-half mile west of Slate. The fol-
lowing sectim is representative of this sample.

6 inches black shale.

1" sandstone.
6 " black shale.
% " P éaﬂdﬂtme .
5 " black shale.
. 1" sandstae.
3 feet 0 " black shale.
2 "o " grey shale.
4" 0 __"____vlack_sbale.._
10 " 74 ™  total section.

R 18- Northeast i Sec. 2, T 5 R 6, six miles southeast of Seymour where the
state road crosses the Musc¢atuck River. Sectiamn 3 feet. Weathered.

f 19- Southwest = Sec. 16, T 6 B 9, southeast of Vemon 3 miles, am state
road number 26. Section represents the lower six feet of the formation.

R 20- Northwest % Sec. 16, T 3 R 7, 1% miles northeast of Scottsburg, Jim
Maggard quarry. Section 6 feet. Fresh shale.

R 21- Center Sec. 17, T 3 R 7, from an old quarry. Sectiam 3 feet. Slight-
1y weathered.

R 22. Northeast % Sec. 8, T 3 R 7, Allen Maggard quarry. Six foot section.
Fresh shale.

e

R 23- Northwest 3 Sec. 34, T 4 R 7, guarry. This sample is represented by
the following section.

--9‘
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weathered black shale.
weathered orown shale.
black shale.
weatherecd brown shale.
weathered brown shale.
pyrite lensa.

soft red-brown shale.
pyrite lense.

massive black shale.
sandstone.

m3ssive black shale.
blue shale.

black shale.

blue shale.

black shale.

blue. shale.
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16 . total sectiwn.

]

R 24. Southwest cornes Sec. 1}, T 3 R 7, 11 miles southwest of Frankfort.
Six foet section. From quarry. Fresh shale.

hal B 25~ East center Sec. 23, T 4 R 7, three foot sectian of fairly fresh
shale. -

R 26- Southwest corner Sec. 35, T4 R 7, from a guarry just norttwest of
Frankfort. Fresh shale. Sectmn 5 feet.

pa1 'R 27. East center Sec. 4, T 3R 7. Five foot sectiomn of slightly weatrered
shale. '

R 28- Northeast corner Sec. 35, T 3 R 7, Coleman S quarry. One-half mile
southeast of Goshen. Four foot section of fresh shale. A

R 26- Center Sec. 7, T 3 R 8, % mile southwest of Blocher. Five ad me-
balf foot section of fresh shale from a guarry.

R 30- South center Sec. 34, T 3 R 7, Bridgewater quarry. Nine foot sec-
tin of fresh shale.

R 31. Nortnwest & Sec. 11, T 2 R 7, Elljot guarry. Six foot section of
fresh shale. '

R 32- One-fourth mile west of Lexington alang the road. Two foot section
of fresh shale. ' |

R 33- Grant 263, 3 .mile west of Nabbs, Campbell quarry. Ten foot sectim
of fresh shale.

R 34- Northeast Center Grant 256, Rankin quarry, 2 miles northeast of
Henryville. Fairly fresh sample. Five foot section from 5 to 10 feet below the
top of the formation.
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R 35- Southwest center Grant 271, e mile northeast of Henryville. Fresh
seven foot section near top of formation.

R 35- Soutu corner Grant 227, Cummings quarry, 23 miles east of Henryville.
Twelve foot section of, resh shale.

R 37~ Cenver Crant 280, Mank quarry, southeast of Henryville. Ten foot
section of fresk skale.

R 38- Center Grant 253. Four foot sectim of fresh shale.

R 39~ Center Grant 246, 1L miles southwest of Marysville. Eight foot sec-
tion of fresh sh2i¢ from a yuaiTy.

R 40- Scutlw=c<t center Grant 223. Three foot sectim of slightly weatiered
shale from ean old quarry.

R 41- Norsh covaer Grant 186, % mile scutteast of Memphis. Two and one-
balf foot secticn of frwush shale from an 0ld quarry.

R 42- North corner Grant 120. Four foot section of fairly fresh shale.

R 43- Boutheast comer Grant 208, 2 miles southwest of Otisco. Five foot
section of fairly fresh skale.

R 44. West corner Grant 210, 3 mile soutiwest of Otisco. Five and one-half
foot sectim of fairly frecl shaie.

R 45« One-third mi‘e moatheast of Henryville. Six foobt section of fairly
fresh shale from 15 to 2! feef bulow itue top of the formation.

R 46- Center Grart 125, one mile northwest of Charlestomn from a guarry.
Four foot section of fruch chale.

R 47- West corner Grant 131, one mile north of Speeds along the interurban
track. Two and one-hal® foot sestion of fairly fresh shale from 1 to 3% feet
above the base of the formatiocn.

R 48- East corner Grant 239, 13 miles sout:zeast of Henryville. Four foot
section of fresh shale from a quarry.

R 49~ Center of Grant 184 between Speeds and Memphis. Three foot section
of slightly weathered shale. '

R 50~ East corner of Grant 86. Turee and one-half foot sectim of .fresh
shale from a gquarry. :

R 51- One-half mile south of Sellersburg. Weathered.

R 52. Bast corner Grant 62. Three foot section of fresh shale.---
Degpartment of the Interior,Bureau of Mines, Reports of Investigatimms.
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