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RESULTS OF CORE DRILLING FOR URANIUM'-BEARING LIGNITE,

MENDENHALL AREA, HARDING COUNTY, SOUTH DAKOT A
By James R. Gill
ABSTRACT

Core drilling for data on uranium-bearing lignite in the Mendenhall
area, Harding County, S. Dak., was conducted by the U, S. Bureau of
Mines .dux‘;ing the period October 1952 to July 1953. Forty-two core
‘holes totaling 9,683 feet drilled in an area of about six square -miles
indicate a reserve of about 127,000,000 tons of lignite of which about
49,000,000 tons contain.an average of 0.005 percent uranium or more,
The Mendenhall area is near the center of the Slim Butfes, which are
about 30 miles long from north to south., The uranium-bearing lignite
.averag'es .5.4 feet in thickne ss and occurs in.the Ludlow member of the
Fort Union formation of Paleocene age.

Fuel analyses of about 130 samples indicate ‘that the lignite contains
‘about 15 percent ash, 36.7 percent moisture, 24-percent fixed carbon,
23.9 percént.volatile matter, and 1.5 percent sulfur and has heating
values of about 5,800 btu (as.received). Uranium analyses of about 700
samples of lignite core indicate that about 2, 790 tons of uranium are
pres-ént in the Mendenhall area. Inferred uranium re serves of 2,335
and 1,050 tons are indicated by grade cutoffs of 0,005 and 0.0l percent
uranium in the lignites, and'2, 065 and 1,355 tons are indicatedv.by grade

cutoffs of 0,03 and 0.05 percent uranium in the lignite ash.  The above



grade cutoffs have been incorporated on maps showing areal distribution’
and thickness of mineralized beds.

In the Slim Buttes both north and south of the Mendenhall area
approximately 60 square miles are underlain by uranium-bearing lignite
having an average thickness of five feet and an average uranium content
- of 0,007 percent or more. Thus, the Slim Buttes, exclusive of the
- Mendenhall area, has a potential reserve of 340,000, 000 tons of min-
eralized lignite containing 24, 000 tons- of uranium.

In the cores, only the stratigraphically highest lignite beneath the
unconformity at the base of the Chadron formation {(Oligocene) contains
appreciable quantities of uranium. The data suggest that the uranium
in the lignite is of secondary origin having been leached and transported
by ground water from the mildly radioactive tuffaceous rocks that uncon-

formably overlie the lignite-bearing strata.

INTRODUCTION

Core drilling for uranium-bearing lignite in the Mendenhall area,
Harding County, S. Dak., by the U. S. Bureau of Mines, began Oc¢tober 1,
1952, and ended July 6, 1953. Glen Wé,lk_er, Mine Examination and
Exploration Engineer, was in charge of the drilling, Forty-two holes
totaling about 9,683 féef-i.were drilled. Mineralized lignite was re-

covered in cores from 31 holes.

Liocation and accessibility

The Mendenhall area includes 9 square miles in the central part of



the Slim Buttes (fig. 1) about 18 airline miles éoutheast of Buffalo in
southeastern Hérdipg County, S.. Dak. The west part of the area may be
‘reached from Buffalo by traveling 12 miles east on State Highway 8, 7
»lmi__les, south..on a county road, and 4 miles -east >0n an unimproved road.

| .'I;he cem;ral.part of the Mendenhall area, occ@pﬁng the flat table land
“'a.t -t;he_top 6f the Slim Buttes, can best be reached from J. B. Pass by

a -F'érves;t. Service road that extends north .along the crest of the divide
for 4~rﬁ~i~1es. The ﬁearest rail-shipping points are Bowman, N. Dak.,

70 miles to the north, and Newell, S. Dak., 70 miles to the south.

Previous work

The ge.plogy and lignite deposits of the Slim Buttes area have been
described by jW:'mche_ste:n:’ and others (1916); the structural geologyi in
: -;relation..t{o oil and gas by Toepelman {(1923), and the g-eper.al "geology
by _Bak;erv'-(“1952‘)‘, In 1949, uraniferous lignite was.discovered by
: Be-roni‘? a.-hd B.auié-r \(19-52) in the vicinity of Reva Gap, located about 4
,mileé—-.north of the 'Mer;denhall. area. The follow.'ing,ye ar, Den-sor.l and
_oth_eré; (:l1950-)> -extended the area..of known .occ'q_rrence in the Slim Buttes
and _in the Dakoﬁ.as. As a resﬁ.lt of this work, an .e;xp].orai:ory,,dr.:‘illing‘" }
program ﬁasusfta.rted in .the- Slim Bu.t-tes- area. in 1951 (Zeller, 1952) ami k
: : contihuedvfin,.-1‘952 }‘(Zgllér,~_l953). o |
Concurrently with ,e-xplor_a-to‘r'y,.&riiiipg ,'a- petrog faphic examination -
,of_Av‘the r;'xingralized. ;ﬁgﬁit‘e.yvas undertakén by;S"chopf (Schbpf,_ 1952;

,'S_chopf;and_G}r'ay‘p 1954) and Koppe (Bates and others, 1952). The
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geochemistry of the lignites was investigated by Breger and Duel {1952).
-The investigation of the mineralized lignite was undertaken on behalf of

the Division of Raw Materials of the U..5. Atomic Energy Commission,
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particularly Vernon, William, and Esther Wammen, for the many courte-

sies extended.
.DRILLING OPERATIONS

1951-1952 drilling .

In the summer of 1951 the B. H. Mott Drilling ,,.C‘om_p_‘)any,of Hunting - -
ton, W. Va., uxicier contract with the U. S. Geological Survey, drilled
7 holes .totaling 1,464 feet in the Mendenhall area and 1 hole in the Bar H
aréa» (Zeller, 1952). Eigh’é additional holes were drilled in the spring of
1952 under the same contract in.the Bar H area in the northern :part of
the Slim Buttes (Zeller, 1953). Core data for the 7 holes.drsilled in.the

Mendenhall area have been incorporated in.this.report.

1952-1953 drilling

‘The infofmatio,n .obtained in previous investigations.and.exploratory -
drilling ;ir;dicated that the lignites.in .the Slim Buttes area .Were potential
sources-of uranium and fuels .resources. In.order to investigate-this
possibility further more-detailed exploration of the uraniferous-lignite in
the Mendenhall area (fig. 2) by drilling was begun October 1, 1952 by the
U. S. Bureau of Mines. in.cooperation with the U, S, Geological Survey,
on behalf of the Division of Raw Materials, of the U. S. Atomic Energy
Corhmiss:ion. |

-Under the-terms of the coo;aérative a-gre.em_ent between the Buregu .qf

Mines, the Atomic Energy Commission, and the Geological Survey, the



e SE

2 ks

¢ 5% /4 ///,./
.
T -

. e, /
Skl pT T
SO0 ¢ /

TH "é / ...\

eyl g ) N g |
e e .':::::':: ::::::':':::'::::[ & ..... @1/\&'\\/"\/ ‘7"\_,
s gl / o3 . N B ":Wb}rifiy'ii%- /
o .

TFl

s

: /....,:3:::gfé:.fffz'::::::::':':::::: , /’/
AL S ‘f‘ﬁ/ 3 % ////
O RES 5 X% LLEED L Ry ',//

¢ 2 S e ::::...__.....,::::::::'::::'.

SHOWING LOCATIONS OF CORE DRILL HOLES

7)) SN 17
N.

EXPLANATION

© &
L
S ) 2
-~ g ........... m
N =nQ s Y W
Swy Fhmoenn
a Q\; .......... |-<-
& q | Landslide material S
> { &
2 g AR
G ¢ o
(XTI RSN AE 1 v SR
S| Arikaree fm.
r
% :
¢ S| N K
S & | Brule fm. E
> 'Eﬁ w
22| vy =
Q| o Tc
X 2
L X | Chadron fm.
q’ ~
S
8{ Tfl
Y
S
o Ludlow member 4

of Ft. Union fm.

- —
—

Geologic contact
(Dashed where approximately located)

- whe
Radioactive lignite
(Dashed where approximately located)
C— —
Nonradioactive lignite
(Dashed where approximately located)

AN
Clinker

+-

Section corner recovered

Custer National Forest boundary

Core drill hole U.S.G.S. 1951
Core drill hole AEC 1952-53

s =
Strike and dip of beds

~3300—

Contours on Olesrud bed (upper bench);
contour interval 25'; datum mean sea level

Geologic mapping in 1953 by
J.R.Gill. Base map compiled
from aerial photographs.

0 5000
| it |

1 1 1 1

Scale in feet
GPO 832774



12

Bureau of Mines was to drill the holes, recover, pack, ship, and split
the core at its .laboratories. . The location and elevations of holes were
also to be determined. A report on the strippable and underground min-
ing reserves .of uraniferous lignite is to beprépared.

The Geological Survey was to advise the |l?m.re‘e-au.,of Mines on loca-
tion.of holes with respect to lignite beds. or drilling conditions, the need
for redrilling holes, and to.advise of areas.in which geologic .evidence
indicated core dr_illﬁing ‘would be unwarranted. Also,,the Geological Survey
was to determine when the drill hole -had reached its objective and to stop
drilling if it became apparent that the geologic objective could not be ob-
tained. The Geological Survey logged the holes, wrapped the lignite
core, and indicated intervals.to be analyzed for u.:c’a,n-ilul;zn_g and made
:adioéctivity logs of the holes. The Geological Su,r;réy retained the non-
lignite-bearing core from holes:SD-9A for h;ea\;y=minera1 and thin-section
-studies. The‘ligﬁite and enclosing strata from holes.SD-12, -16, and -23
were shipped to the Bureau of Mines testing laboratories at College Park,
Md., for roof and pil.laré_tudies,, The lignite from holesSD-8, .%10, and
=19 was. submitted for petrographic study to the Survey's .Coal Geology
Laboratory in.Columbus, Ohio,

-In this report.the description of the geology of the drilled area in-
cludes an interpretation of the geological signifticarfce of the distribution
of the uranium in the receptor beds, the structure and correlation of
the lignites and associated strata, the vertical and areal extent of

active aquifers, and estimates. of reserves of lignite, uranium-bearing
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lignite, and uranium.

Drilling was begun by the Bureau of Mines on October 14, 1952 with
-one .drill rig; a second vldr,i.ll. rig was placed . in operation on December 22,
Drilling operations.continued throughout the winter, each drill operating
from one to three 8-hour shifts per day. ~Forty-two holes totaling
19,682, 9 feet were-drilled. Table 1 shows the footage of core and solid -
bit drilling -done by the Bureau of Minés as well as é,,summary of the
Survey's drilling in the Mend-enl;all area during 1951-52. Drilling opera-
tions .were completed July 6, 1953.

. In drilling the uranium-bearing lignites, coring was started 20 feet
or r;nore a»b‘ove thé stratig‘raphicaily highest lignite and continued 60 feet
below its base. . The lignite c.ofe was.securély,wrapped in.waxed paper
and the sample intervals for uranium determination evaluated. The sam-
ple intervals were approximately a foot in length, All lignite beds, re-
gardless of stratigraphic position, were -sampled and analyzed.

The lignite core was Splz'xfat the Bureau of Mines Laboratory at
»G;r&nd..For‘k,s,A N. Dak. Half the-core was.forwarded to th;é« Geological
Survey's Trace Elements.laboratories in Washington for uranium deter-
mination; the-other half was sent by the Bureau for proximate and ulti-

mate fuel analysis. Only those lignite samples containing 0.003 .percent

equivalent uranjum or more were chemically analyzed for uranium.
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-Table 1, --Location, depth, and type of drilling for holes' drilled in

the Mendenhall area, Harding County, S. Dak., in 1951
by the U. S. Geological Survey, and in 1952-53 by the
U..S. Bureau of Mines,

.SD-26

~ Location Elevation Total Solid bit  Core
Hole {Sec., T., R.) (surface) depth drilling drilling
GS-1 SESW 1-17N-7E 3,301 50.0 15.0 35.0
GS-2 SWNE 1-17N-7E" 3,307 75.0 35.0 40.0
GS-3 SW SE 36-18N-7E 3,327 141.0  20.0 121.0
GS-4 NW SE 36-18N-7E 3,301 93.0  22.0 71.0
GS-16 SE NW 31-18N-8E 3,575 348,0 216.0 132.0
GS-17 SW SW 6-17N-8E 3,633 375.0 290.0 85.0
GS-18 SENE " 1-17N-7E - 3,613 382.0 300.0 82,0 .
SD-1 NE NW 12-17N-7E 3,324 106.2 3.0 103, 2
SD-2 SWSE 1-17N-7E 3,412 194.3  96.2 98.1
SD-3 .SESW 1-17N-7E 3,281 100.0  15.0 85.0
SD-3A SESW 1-17N-7E 3,312 82,0 23.0 59.0
SD-4 NW SE 1-17N-7E 3,308 135.9  41.0 94.0
SD-5 SWNE 1-17N-7E 3,304 - 114.1 21.0 93.1
.SD-66 NW NE 1-17N-7E 3,314 .93.0 13.0 80.0
SD-7 SE.SW 36-18N-7E 3,310 25.0- 15.0 10.0
.SD-7A SE.SW 36-18N-7E 3,310 143.0 13.0 130.0
SD-7B- SE SW 36-18N-7E 3,310 99.0 13.0 86.0
SD-8 .SE NW 36-18N-7E 3,327 163.0 13,0 150.0
SD-9 NW SW 7-17N-8E 3,595 270.0 270.0 -
SD-9A NW SW 7-17N-8E 3,595 342.0 5.7 336.3
SD-10 NE SE 12-17N-7E 3,635  391.5 260.0 131.5
.SD-11 NE NE 12-17N-7E 3,523 .290.0 173.0 117.0
SD-12 SW NW 7-17N-8E 3,495 321.0 130.0  191.0
SD-13 ‘SW.NE 7-17N-8E 3,461 220.5 120.0 .100.5
SD-14 SW SE 6-17N-8E 3,370 143.0  83.0 _60.0
SD-15 NW SW 6-17N-8E 3,616 . 413,0 291.0 122.0
SD-16 NW NE 6-17N-8E 3,604 397.0 270.0 127.0
SD-17 SENE 6-17N-8E 3,536 382.0 200.0 182.0
SD-17ASE NE 6-17N-8E 3,536 160.0 100.0 -
SD-18 SW NE 5-17N-8E  .3,359 183.0 :100.0 83.0
‘SD-18ASW NE 5-17N-8E 3,319 150.0 65.0 85.0
SD-19 .SW SW 31-18N-8E 3,606 420,0 310.0 110.0.
SD-20. SW.SE 31-18N-8E 3,610 378.2 292.0 86.2
SD-21 SESE 31-18N-8E 3,619 417.0 292.0 '125.0
.SD-22 SE NE 31-18N-8E 3,595 400.0 290.0 110.0
.SD-23 NE NW 31-18N-8E 3,568 372.0 232.0 140.0
SD-24 NW NW31-18N-8E 3,593 379.9 10.0 369.9
.SD-25 NE SE 36-18N-7E 3,602 405.0 292.0 113.0
NE SE 7-17N-8E 3,357 170.0  81.0 89.0
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Table 1. --Location, depth, and type of drilling for holes drilled in
the Mendenhall area, Harding County, S. Dak., in 1951
by the U. 5. Geological Survey, and in.1952-53 by the
U. S. Bureau of Mines, --Continued -

Location Elevation Total Solid bit Core

-Hole (Sec., T., R.) (surface) depth drilling drilling
SD-27 NE SW 8-17N-8E 3,293 - 103,0- 22,0 - 81,0
.SD-28 - SENE 7-17N-8E - 3,436 - - 228.7 - 143,0- 85.7
SD-29 SW NW 8-17N<8E- - 3,328 - 114.,0- 43,0~ 71.0
SD-30 SWSE 6-17TN-8E - 3,318 - 143,00 10,0---- 133,0
SD-31 SESE 6-17N-8E - 3,286 - - 99,0 10.0 89.0
.8D-32- —NE'SE* 6-17TN-8E -~ 3,307 - 149.0- 35,0 - 114.0
SD-33 SE NW 5-17N-8E - 3,297 - 100.0- 30,0-- 70.0
SD-35 - NE-SW 6-17N-8E 3,590 400.5 300.0 - 100.5
SD-36 SW NE 32-18N-8E 3,254 - 114.0 13:0-— 101, 0
SD-38 SE SW 32-18N-8E 3,317 135.0 13.0 122.0
SD-39 NW SE 7-17N-8E 3,516 296.5 182.0 114.5.
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STRATIGRAPHY

Lignite ;bea-ring strata in the Mendenhall area are of Pale--ocené age
and are unconformably overlain by bentonitic .clays and tuffaceous sand-
- stones of Oligocene’~and ‘Miocene age., The Paleocené conformably over-
lie Cretaceous strata. The rocks are all of continental origin, but condi-
tions of sedimentation ranged from those favoring the deposition.of lig-
nite 1;0 those favoring the deposition of volcanic ash. | The sequence of
sedimentation has been broken by at least two periods of uplift and
-erosion;, one- is-indicated by the unconformity at the base of rocks of
Oligocene agﬁe“and the other by the unconformity at the base of roéks of

Miocene age.

Tertiary rocks

-

, : Fort Union formation

-Ludlow member =-= ~The Luci_low member of the Fort Union formation
of Paleocene age cén.formably,ovévrlie-s the Hell Creek formation of Creta-
ceous age. The Ludl.ow member is the lowermost member of the Fort
Union for‘ma:tion and is the sole representative of rocks of Paleocene age
in the Mendenhall area.as it is unconformably overlain by rocks.of the
Chadron formation of Oligocene age. Elsev;here in,t.hev northern part of
'Harding :County the Ludlow grades into.the r.na,rine.-Cann,onball formation
-and is .conformably ovérlain by the Tongue River member of the Fort

Union formation,
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Rocks of the Ludlon member éons:ist of poorly indurated yéllowish,a
brown fine-grained sandstone and siltstone, gray clay shale, and beds of
lignite, some of which contain uranium. . In the Meéndenhall area .th_e.Lud-» f
low is estimated. to be about 200 feet-thick. . At the type locality near the

Ludlow Post Office (sec. 28, T. 22 N., R. 6 E,) its-thickness is. about

350 feet. | -

The rocks of the Ludlow member are covered at most places by
végetation and landslide debris.from the overlying White River and
Arikaree formations. The lignite beds.are traceable for only short
distances.along the face of the buttes, but core-hole data indicate :that

the lignites are the most persistent beds in the Ludlow. . They vary con-

siderably in thickness throughout the area and may diverge or come. to-

gether in short distances indicating that closely spaced surface sections

.or core holes.are necessary to avoid miscorrelation (fig. 3). The sand-

stones, siltstones, and shales-are denticular and are not reliable for
correlation (fig. 4-8).

Most of the sandstone .and siltstone is poorly consolidated, and

attempts.to core this material were not always successful because the
‘drilling water had a tendency to w&&h.away the core. The lignite was

- .cored with recovery except in shallow holes where it had been subjected

to weathering near the surface. The .designation of rock types lost in

coring wa{s— ,h-am-pelredlas; the water return was generally poor and cuttings

could not.be recovered. .In shallow holes, the rock types.lost in coring

.could generally be ascertained from nearby surface exposures .or adja-

cent core holes, Consistent loss. of water in uncased holes made the
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determination of aquifers in the Ludlow impgssible.

. The Ludlow member of the Fort Union formation is unconformably
overlain by the Chadron formation of Oligocene age. The contact between
the two formations is difficult to identify because of yellow staining -of the
uppermost beds. of the Ludlow and reworking of similar-colored materials

into the lower few. feet of the Chadron,
. White River group

The White River group of Oligocene age is.composed of the Chadron
and Brule formations. The Chadron formation unconformably overlies
.the Ludlow member. of the Fort Union formation.and is present throughout
thé area., The Brule formation is preserved only in downdropped blocks
(fig. 2) that represent the landslides.that took place prior to the deposi-

tion of the overlying Arikaree formation.

Chad_roh formgtion,=-The- Chadron ;formafion. of Oligocene age uncon-
formably overlies the Ludlow member of the Fort Union formation. In
normal succession the-Chadron is conformably overlain by the Brule
formation. H“ow_éver, at most places in the Mendenhall area, the Chadron
is unconformably overlain by the Arikaree formation. .The basal part of
the Chadron formatién consists of bright yellow to.dark yellowish-orange
sandsto‘ne-andl_siltstonevrew,orked.from the underlying rocks., The remain-
der of the formation is.composed.of white fine-grained to.coarse-grained

pebbly sandstone and light olive-gray bentonite. Lenticular beds of
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tuifac_g.ous.,.sands-tone and‘c;pa-lized vclay, are preseﬁt_ locally.

The thickness. of the .Chadjron.formé.tion -ranges.from 60 feet in the
northeafstex;n part of the area to.over l50,fé_ét in the southwest. Imper-
vious.beds.of'; bentonite near or at the top.of the formation form the base
of a perched water table. Springs issue at.this horizon along the margins
-of the buttes. In the southern v_pa.,rt of the Slim Buttes carnotite-bearing
,sa;nds,t.ones ‘have been-found at this h.oriéon (Gill and Moore, 1954). ;he
sand_-stonés.and_.bentonites:-of the Chadron contain about 0. 001 percent
uranium, compared to the average for sands:fone-é.of 0.00012 (Rankama an

and Sahama, 1950), . Thé water from springsj that issue from this forma-

tion contains.from 10 to 200 parts per billion uranium.

Brule formation--The Brule formation of Oligocene age is exposed

m narrow northwest-trending JpreeA,rikaree landslide blocks. in the north-
east part of the Mendenhall. The formation is conﬁposed,of thin-bedded
to maséive—pink‘.to tan sandy tuffaceous.claystone and sandstone and is
similar in lithology and age to the Brule in the-Big Badlands.of Penning-
ton County, S. Dak. The th_ic.knéss of the Brule 'f'ormation.range s..ffom
2 0_ to.over 140 feet, with an unknown .thiékness having ,been‘;,erod‘e‘d,. I
Vallvey‘s moré than 300 feet deep were cut into the Brule,. Chadr'qn
and Ludlow rocks of this area prior to ,the-dépos.iti'on.o.f the Arikaree
formation. .Subséq‘uent to valley cutting, large scale landsliding took
fpl,a;ce with massive blocks of Brule and ._Cha‘d.ron rocks sliding into the

valleys, These landslide blocks.average about.300 yards in width and
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at many places have a linear extent of several miles. The trend of the
blocks .is.consistently northwest with dips-toward the plane of movement |
ranging from 5 to 30°, The Chadron rocks involved in slumping are gen-
erally highly contorted while the more indurated Brule rocks show little
evidence of movement other than having steep uniform dips.
Tuffaceous.claystone and sandstone of the Brule formation contain
.on the average about 0, 001 percent uranium, and vertebrate fossils from
.these rocks commonly contain more than 0.0l percent uranium. At many
places .the fossils are coated with a yellow nonfluorescent uranium miner-

al.
Arikaree formation

The Arikaree formation of Miocene age is composed dominantly of
yellowish-gray very fine-grained tuffaceous ,vsand,s.tone‘. In the Mendenhall
_ area it has a thickness.of about 200 feet. The basal 50 feet contains much
material reworked from the underlying ,Brulé -and . Chadron formations and
is thin-bedded in contrast with the more ma.s“sive upper part, Locally
one or more Eed& qf conglomerate occur at or near the base of the forma-
tion. These beds.of conglomerate are usualiy made up of claystone
pebbles and cobbles .averaging 2 inches in diameter, most of which appear
to have been derived from the Brule formatibn..

Tuffaceous. sandstone forms.the ca_prock‘,of the Arikaree formation
and the steep upper cliffs.at Slim Buttes. No fossils have been found. in
the Arikaree formation in the Slim Buttes region. A beaver of upper

Miocene age has been described by -Wood (1945) from similar rocks.in
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southeastern Montana which probably correlate with those in the Slim
Buttes,

Rocks of the Arikaree formation like those of the Chadron aﬁd Brule
formations .contain an average of.about 0. 001 percent uranium. It is
‘thought that this uranium was introduced with the volcanic material,

~which composes the greater part of the formation,

Quaternary deposits

Deposits of probable Pleistocene age consist of fans extending from
the bases of the cliffs, terraces along many of the stream valleys, and
landslide material. Many of these; deposits are similar in appearance
to the White River rocks, as much of the material of which they are com-
posed was derived from these rocks. The terrace deposits have flat
upper surfaces, and recent erosion has cut into these surfaces at many
places, leaving the deposits.as isolated ''tables’. These deposits were
not mapped. Landslides are extensive around the periphery,of,thé Slim
Buttes, . The'];a,ndslide blocks and masses.are made up largely of Arik-
aree and White River formations but at a few places may contain rocks

-of the Ludlow member of the Fort Union formation.
STRUCTURE

The broad regional structure of the Ludlow member of the Fort
Union formation is .that of a-gentle homocline that dips about 1° to the

northeast into the Williston Basin. Structure contours.on the top of the
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uppef bench of the Olesrud lignite in the Mendenhall area show the pres-
ence of minor structure-s-'that are alirned.normal to the regional dip (fig. 2).
These minor structures are samall%nticlinesahd synclines, . .the axes.of
which strike northeast. The Arikaree formation.is essentially horizontal
as-are the Chadron and Brule formations:except whcre they are landslide

blocks.

LIGNITE DEPOSITS

<

‘The Mendenhall area is underlain by four important lignite seams in
- the Ludlow member of the Fort Union.formation. From top to bottom
thesge -a..re the Mendenhall "rider'" bed, the Mendenhall bed, and.the upper
and lower berches. of the Olesrud bed. The lignite beds .dip gently to the
north and _afx;’e truncated.by_,rlocks. of the overlying Chadron formation.
Thus, the areal extent. of the;-atratigraphically'hig;heét.bedb the Menden- -
hall "rider', is confined in the northern one-third ,,of‘. the area, the
Meéndenhall bed (,@derliesAthe northern half of the area, and the upper and
lower benches of the Olesrud bed underlie all.‘of .the area (fig. 9). - Each |
bed is radioactive, however, only where the stratigraphically highest be'd
is not present., . Two bed,s~.~Strataig‘raphically;be-low the lower bench of the
Olesrud are here-designated the " Y" acnd "Z" beds (fig. 4-8). . They are
p;ese.nt throughout much .of the area, and at ~£ew,-;p»1acesfafe as much as
2.5 feet thick. In hole SD-6 (fig. 4) where the lignite beds are close

together, 30 feet of coal occurs.in a stratigraphic interval of. 34 feet,
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In connection with petrographic work on the l:ﬁ.gnite's, the staff of the
Coal Geology Laboratory made a ,préliminary investigation of the plant
microfossil assemblageé. Their work indicated ,the: presence of a dis-

tinctive group of plant spores and pollen in the lower bench of the Olesrud

which helped confirm _:_the correlations made in the field.
| Quality

~The lignite in the Mendenhall area is dark brown to black and has a

dull luster on a fresh surface. On exposure to air the lignite loses mois-
" ture and slacks in a short time. Weathering also results in a change in

luster from dull to vitreous. A detailed study of the various 1i‘gnite con-

stituents and their relationship to uranium is.being undertaken by the

-r~‘Surv~ey"s_-C.0a1 Geology Laboratory (Schopf, 1952; Schopf and Gray, 1954),

and by the School of Mineral Industries, Pennsylvania State Univ.ersity

(Bates and others, 1952). ' - |
~U..S. Bureau of Mines analyses show that the lignite samples of the

four beds in the Mendenhall area range in moisture content from .14 to 18

‘percent, 35.to 38 percent ash, 20 to.27 percent fixed carbon, and 1.4 to

.1.9 percent sulfur with heating values ranging from 4,480 to.5,930 Btu.

Thesé figures are based on .'as received'" condition (table. 2).
A total of 134 .samples of lignite from six beds.was submitted to the
U. S. Bureau of Mines for proximate fuel analyses {Appendix B), Ulti-

mate fuelanailyses were made for 111 of the 134 samples (Appendix B).

. Proximate and ultimate analyses . for each bed have been averaged and
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- -are summarized in table 2. Five samples -of-lignite from the Mendenhall

- rider" bed, E-32880, E-24658; E-24659, D-68859, and D-68860, were
-excluded from-these-averages-because the lignite in the cores obviously

- was weathered. - Analyses of this material show ash contents that are
‘higher tharfx unweathered -lignite- and Btu contents that are lower.

- ---Concurrently with drilling- operations“in»fhe- Mendenhall-area, the

: -Bureag of ~Mines~-c—ollected- five 5-ton bulk saz:mplesof lignite for ashing

-»a-nd~burning-experiment-s {U. S.- Bureau of Mines, ‘1954). - Location and

graphic-logs-of Bureau-of ‘Mines sample-pits-are-shown on figures 10 and

-11.--Table 3 shows the comparison between-analyses-of -weathered lignite

- from-sample pits with unweathered lignite rrom the same bed in nearby

core holes.

Lignite reserves

- In-estimating reserves -of lignite in thé Mendenhall area the author

-has used the coal-reserve estimation procedures:of the-U.-S. Geological

Survey {Averitt and Berryhill; 1950).  These are summarized below:
1. Thic-‘kness-s}:ate'gories; --Lignite reserves are calculated and’
.reportedlby}?'bed-s ‘in the following thickness’ Cat'e'gloriies'-:' o

- -more than 10
51to.10 feet’
- 2;5to 5feet -
-+ -Partings more than 0. 05 foot thick are omitted in d'etér‘m’;’.hih'g the
-thickness of individual beds. Béds and pafts of beds made up of

alternating layers of lignite and shale are omitted.if the shale partings |
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FIGURE 11.—GRAPHIC LOGS SHOWING URANIUM CONTENT AND THICKNESS OF LIGNITE IN USBM BULK SAMPLE PITS

A8 Received [umBlel|sc-1 usBi<2 | sp-d | U31-3] SD=8 |U33i=d |5D=35 JUSBM=5 |S 0m27
f[Hoisture | 4.5 [365 | 45e1 | 2.9 | 5.0 | 59.0[ 59.0 | 35.6| 15,8 | 35.8
I Vols Matter] 24.3 |23.6 | 25.5 | 26.0] 24.2 | 25.5] 9.0 | 24.0] 20.8 | 23.7
H| Fixed G 12.5 |30,0 | 14,5 | 35.L | 183 | 29.5] 16.0 | 25.4] 15.6 | 25.5
gfs.sh 16,9 |10.1 | 4.9 | 15.7)13.6 | 6.0]26.0 | 16.0]17.8 | 15.0
Hydrogen 6.1 | 6.2 | 6.2 | B3| 5.2 | &9 6.7 | 6.0| 6.3 | 6.2
x| Garvon 22,0 |36.7 | 23.8 | 43.8] 26.% [ 39.2]|232 | 33.9] 23.0 | 34.0
Eluitrogen | 0.4 | 0.4 ) 04 | 0,6] 0.5 G'Z 0.5 | 05 0.5 | 0.4
& | Oxygen | 50.7 Wb | 52,6 |34.6| 517 | 464|533 | 425 51.6 | 4346
£ | Sulphur- 1.9 | 2.2 2.1 | L8] 18| 10| O3 i.1] 0.8 0.8
=| ash 18.9 {10.1 | 1> |13.7 ] 13,0 | 6.0]16.0 | 16.0] 17.8 | 15.0
' Biu, 5110 |6120 | 370 7450 | 3920 | 6510 | 3480 | 5430 | 3420 | 5590

Table’ 3.- Oomparison of analytic values of weathered lignite from USBM
bull: sampleo pits with unweathered lignite from the.same bed

Ain neerby core holese
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make up more tiaan ,o_ne«aha]f of the total thickness.

2, Areal extent, -=Limits of the areas @nderl-ai;n.-by lignite beds
included in reserve estimates are determined by core -hole and
.surface=-section.control, and the beds are not ext;ended'beyond_ half -
a mile from ,:the-last poin,t‘of control,

3. Weight of lignite, --Reserve éstimates are based on 1750 tons
of lignite per acre foot, l
4. Revserve-.categoriies. -=-The lignite reserves listed in this report
are classed as measured reserves because-the continuity of lignite
- beds and the close spacing of core holes indicate -that the computed
tonnage is probably accurate to within 20 pe-r.cént. ~~Maps .showing
thickness and distr:ibution of the four minable lignite beds in the

- Mendenhall arga are shown on figure 12. A surﬁmary of lignite

reserves for each of the four beds is given below.

: Average thickness . Area . Lignite
‘Bed - -~ (Feet) - - .(Acres) - (Short tons)
" Mendenhall "rider™ 5.3 - .- 540 7,883,000
Mendenhall bed 8.5 ' 2,135 .- 31,973,000
Olesrud bed - 6.8 3,885 46,944,000
(upper.bench) S
" Olesrud bed 5.7 4,025 40,494, 000

(lower.bench)

-Total measured reserve | 127,294,000
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Uranium reserves

- The Mendenhall area is underlain by three beds of uranium-bearing"
‘lignite, from top t§ bottom, the Mendenhall "rider", the Mendenhall,
and the upper bench of the Olesrud. With few exceptions the stra;tigr'aphiu
cally highest lignillte below the base of the Chadron formation is.the only

- lignite that contains much, ,llnfanium. {See cross sei:tiion,k fig, 12.) In
the' northern §a~rt of the area the Mendenhall "rider' is'the 'stratigraphi.a
cally highest 1:xign:lt'e; in the central part of the area the Mendenhall bed
is the highest lignite; and in the southern pa'rt-.the upper bench of the
Olesrud j,s.the- stratig raphi;:ally highest lignite. Although the upper

. bench of the Olesrud underlies all of the area, it is radioactive only
where the Mendenhall "ridev‘r" and Mendenhall bed have been removed
by erosion pfior to -the deposiﬁlon of the overlying Chadron formation,
-.Simila',..rlyvthe Mendenhall bed is radioactive oniy v;'rh‘ere the Mendenhall
. “rider" has.been removed by erosion. Correlation of the lignite beds
in the- driil holes and their relatnion'sh‘ip to the uncon_.,formity. at the base
of the Chadron are shown in.the accompanying,ché,rts (figs. 4-8) and

fence diagram (fig. 3).

Essentially the- same procedures used in .the calculation of lig’nite
reserves (p..' 28))5Were used in.calculating reserves of uranium in
lignite; the foll&Wing,u,ranium categories were established. -

. | 1. . T_Qtal reserves of uraniufn?be-aring;iignite irrespective of grade.

2. Reserves having a uranium content of 0. 005 percent or more.

1
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3. 'Reserve\.sf having a uranium content of 0.0l percent or more.
4, Reserves having a uranium content of 0. 03 percent or more
in the 1ignite ash.
5. Reserves having a uranium content of 0; 05 percent or more
in the lignite ash,
Reserves in the above categories are shown in table 4 and on maips
(fig. 13) showing thickness, grade, and areal distribution of the uranium--
bearing beds. The uranium reserves are classed as inferred.b,ecause of

the lack of confirming data on the variation in uranium content between

.core holes,

An overburden map of the Mendenhall area (fig. 14) shows that an

area of 680 acres is overlain by 60 feet or less of overburden.

The total uranium reserve for the Mendenhall area is 2,790 tons of
which 820 tons occurs in beds averaging 3.9 feet in thickness, 1,435 tons.

in beds averaging 6.8 feet in thickness, 80 tons in beds averaging 10,8

-feet in thickness, and 355 tons in beds less than 2.5 feet thick.

Sixty square miles in the Slim Buttes are conservatively estimated

to be underlain by uranium-bearing lignite having an average thickness

of 5 feet.and a uranium content of 0,007 percent. Therefore, the Slim
Buttes .exclusive of the Mendenhall area has a potential reserve of about
300,000, 000 tons of uranium-bearing lignite containing 26, 000 tons of

uranium.,
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Table 4. --Summary of inferred reserves of uranium in lignite in
the Mendenhall area, Harding County, South Dakota.

Total reserves .of uranium in lignite (no grade cutoff)

Area ' Percent U Percent

Uranium

Av. thick. ~ Lignite
(feet) (acres) (in lignite) ash (short tons) (short tons)
Mendenhall 7.5 585  0.010 “22.6 27,580,000 760
Mrider" '
Mendenhall 9.2 1,555 .003 ' 14,1 24,150,000 965
bed : ' . ' :
Olesrud bed 5.8 1,750 . 006 18.0 17,800,000 1,065
" {(Upper bench) ' B _
Total 3,890 49,530,000- .2,790
Minimum grade of 0.-005 percent uranium in lignite
“Mendenhall 4.9 585 0.012 5,046, 000 525
l‘lriderll : ' .
Mendenhall 6.1 1,150 ~ ,007 12,202,000 870
bed ' o . ‘
Olesrud bed - 5.2 1,405 . 007 12,823,000 940
(Upper bench) : ‘
Total 3,140 30,071,000 2,335
Minimum grade of 0,010 percent uranium in.lignite
| - i .
' Mendenhall ~ 5.6 115 .0,018 1,141,000 165
 "rider" ' o _ ‘

Mendenhall : 4.5 530 - .010 4,211,000 425
. bed ' : ‘ | 4
Olesrud bed 3.3 795 .010 4,591,000 460

(Upper bench) v ’ :
Total ‘ 1,440 .9, 943, 000

1,050

"Total .

Minﬁimumg;rade» of 0,03 percent ura.n—ium‘,in ».].ignitl;ez-ash

: . ‘ (in.ash) _
Mendenhall 6.1 340 .0.042 25.1 3,621,000 325
' Npider" ‘ . ‘ : .
Mendénhall 6.1 1,110 . 041 6.6 11,634,000 805
‘bed - ' '
Olesrud bed 5.0 1,330 .046 18,0 .11,588,000 1935
(Upper bench) '
2,780 26,843,000 @ 2,065
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Table 4. --Summary of inferred reserves of uranium in lignite in
the Mendenhall area, Harding County,.South Dakota--

Continued.

Minimum grade of 0. 05 percent uranium in lignite ash

- Av. thick. Area .Percent.U Percent Lignite Uranium
(feet) = (acres) (in lignite) ash . (short-tons) (short tons)
Mendenhall 4.0 190 0.065 25.5 1,335,000 195
Mpider" » ) o )
Meéndenhall 5.0 775 . 052 15.3 6,804,000 555
‘bed
Olesrud bed = 4.3 890 --. 058 15.9 6,660,000 605

(Upper bench)
1,855 14,799,000 1,355
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URAN IUM RESERVES

ARteo o!gsprneo-‘Aer;I'tpree' s;umpinq (tnrerrea) R Area of pre-Arikaree slumping
esery: imote Vinigun grade of 0.005 percent ursnium in lignite Reserves not estimoled
-
\, ' & » Bed Av.Thick., Area Percent Percent Lignite Uraniua
nMendmhull’Q X (Feet)  (Acres)  uranium ash  (Short tons)l/  (Short tons)2/ |
ed {In lignite)
I
\ ) .. Mendenhall "rider" 3.4 340 0.015 2,023,000 305 -
Forumsveas —(C 9 23 %07 2.837.000 200
.6 . 6 !
Subtotal 585 75,046,000 525 .
" Mendenhall bed 4.2 465 .005 3,418,000 170-
7.1 645 .008 8,014,000 640 ;
1.0 40 .008 770,000 .80 |
Subtotal 1,150 12,702,000 870
v H
0lesrud bed 3.9 635 .008 4,334,000 345 |
¢ (Upper bench) 6.3 770 .007 8,489,000 595 H
: Subfotal TIWOS 12,823,000 840 !
Grand total 3,140 30,071,000 2,335 {
¥iniaum grade of 0.0/ percent uranium in lignite \
" Mendenhall "rider" 3.1 60 . 025 325,000 80 !
goo B .
Subtotal TIs . 141,000 165 !
Mendenhall bed 3.5 390 .010 2,389,000 240 i
7.2 130 .010 1,638,000 185 !
10.5 10 .010 ___184.000 20
Subtotal 530 4,271,000 425 \ }
o;esm Zi" h) 3.3 795‘" ©oL00 4,591,000 460 [
Upper bencl . 2195 K B
Subtotal 795 4,591,000 460 :
Grand total 1,440 9,943,000 1,050 }

¥inimum grade of 0.03 percent uranium in lignite ash

H (in ash) i
: Mendenhall "rider” 3.3 140 .054 29.0 809,000 125

: 1 1% 030 3.0 2,627,000 180 |

. N X 20 ;

Subtotal 390 3,621,000 325 |
Mendenhall bed 4.0 370 .036 16.7 2,590,000 155
6.7 630 -0u3 16.6 8,030,000 580
10.9 50 J047 15.9 954,000 __70_
Subtotal  T,TI0 TT, 634,000 305
)-SR IR T R

pper benc! . . .

Subtotat T,330 T1,588,0 935

Grand totai 2,780 26,843,000 2,065

Winimum grade of 0.05 percent uranium in lignite ash l

THICKNESS MAP OF URANIUM-BEAR , Mendenhall “rider® 3. 165

33 63 '82% %g.g ?g:;,g% |Is<5> | THICKNESS MAP OF URANIUM-BEARING LIGNITE CONTAINING 0.0l PERCENT
URANIUM OR MORE e It 050 B 137000 12 URANIUM OR MORE
.8E. ) Subtotal 190 1,335,000 195 RTE.
| Meodenhall bed 4.0 565 .050 14.9 3,955,000 295 W N\ N\
e @B @ moame B[ PN N
: Subtotal 775 : ’ 6,804,000 555 Inmnugnxﬁm:%_—\\« 23 S a2
ol B B S B Y >
. pper hene Subtotal 890 : : ~6.560, 000 605 M"‘:ee':'“"’ﬂ 06 4
Grand total 1,855 14,799,000 1,355 . \—; (8)16
. | Rotesrug beds 7 /_,@‘7) (|.5)2
N‘- 1/ Calculations based on 1750 tons per acre foot - net result rounded to nearest 1,000 tons ' ) ‘/Z,ry

i 2/ Figures rounded to nearest 5 tons ~—={105) v¢
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FIGURE 13~ MAPS SHOWING THICKNESS, GRADE, AND DISTRIBUTION OF URANIUM-BEARING LIGNITE IN MENDENHALL AREA, HARDING COUNTY, SOUTH DAKOTA
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Geological significance of uranium in lignite

The origin of the uranium in the lignite should be considered briefly
to explain the limits placed on the reserve areas in the individual beds and
Athe" limits of mining that sh,ou.lld..b,e established in any developments of the
area as a source of .u;ra.nium.

The uranium in the lignites in the Mendenhall area is.believed to have
been introduced into the lignites long after their formation. En_r:_ichment
may, be going on today. Denson, Bachman, ‘and Zeller (1950) first sug-
gested that the uranjium was leached by ground water from the Oligocene
and Miocene tuffaceous rocks that unconformably overlie the lignite-
bearing strata of the Ludlow member of the Fort Union formation. The
ground water brought the uranium into coémtact with the lignite beds in
which the uranium combined with carbon ‘:;ci"ompounds to form a metalo-
organic complex (Breger and Deul, '1952);

The Chadron and Arikaree formations contain on the average about
0.001 percent uraﬁium, in comparison with the average uranium content
- of the ea_rth'sfc,r‘ust of 0.0004 percent (Mason, 1952) and in comparison
wif;h..the— average for sedimentary rocks.of 0. 00.012 {Rankama and.Sahama,
1950). These formations contain nearly 10.times the expectable amount
“of uranium, and these rocks seem to be logical source beds for the urani-
um. It.is ,e‘stimaté(.i that.a cubic mile of the Chadron.and Arikaree :formam‘
tions with a uranium content of 0.001 pe'rce«nt wouldcohtain about 130,000
tons .of uranium. Springs issuing from the Chadron and Arikaree forma-

_tions contain 10.t0.200 parts. per billion uranium compared to the average
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" uranium content of the ocean of 1.5 parts per billion (Rankama and Sahama,
1950). |

The distribution of uranium in uranium-bearing lignite beds (figs.4-8)
appears to be related to the accessibility of the beds gﬁiuraniumebea.ring
‘solutions coming from the overlying Oligocene and Miocene rocks .rather
than to such features as changes in physical éh_aracter of the lignite. The
observed distribution does not appear to correspond to any reasonable in-
terpretation of the conditions under which the lignites were deposited
(Schopf and Gray, 1954).

The geologic factors that appear to control the oc.c.urrence-of uranium
in the lignites in the Mendenhall area are the following (Denson, Bachman
and Zellexr, 1950):

1. Stratigraphic proximity of lignite to the base of the Chadron

.formation. The stratigraphically highest lignite beneath the
base of the Chadron formation is generally the only radioactive
lignite.

2. Permeability of rocks directly overlying the lignite. Where the
stratigraphically highest lignite is overlain by impervious shale |
and.ciay, the uranium content is lower than where the éame bed is
overlain by sandstone.

| 3. Ph.ysical character of the lignite-absorptive properties and porosi-
ties of the organic.constituents, Little information is -yet avail-
_able as.to the absorptive properties of the.l.jgnitic.c‘onstituents;

.but, in.areas where the lignites have weathered and have g_re.ater
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permeability, there appears to be an increase in the uranium con-

_ tent. The thickness map of uranium-bearing lignite containing

0.001 percent uranium or more (fig. 13) shows that the areas con-

taining lignite with the highest uranium content are generally in

the areas of the least overburden, This may indicate that these

areas are being enriched by uranium-bearing ground water drain-

ing from the Chadron and A_rik,axﬁee formations.,

Position of past an,d. present water tables. . Little is known about
past ground water conditions, but it is reasonable to expect that
major fluctuations have taken place in past geologic time. Aside
from the perched water table in .the upper pa,,rtvof»th‘e Chadron and
tﬁe lower part of the Arikaree formations the present water table

is below the mineralized lignite,

Data obtained during this project indicate-that the uranium in the lig-

nite is.secondary, having been introduced after coalification, and that the

q;anium has-been.and is being leached by ground water from the mildly

radioactive tuffaceous rocks of the Chadron and Arikaree formations.
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APPENDIX A

LITHOLOGIC DESCRIPTIONS. OF LIGNITE CORES-FROM
CORE-HOLES SD-8, SD-10, AND SD-19, MENDENHALL

AREA, HARDING .COUNTY, SOUTH DAKOTA,

By
James M. Schopf

Coal Geology Laboratory, Columbus, Ohio
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General notes

- Lithologic descriptions of lignite ?:ores and the selection for analysis
of Trace Elements (TE) and Bureau ,of:Mines_-‘(‘B»-M).'s-amples werg-made at
the U.. S Geological Survey Coal Geology Labo,rvat'qry,‘ Columbus, Ohio,
under the direction of James M. Schopf. Chemical determination of per- |
cent uranium (U) in the lignite waé made at the U, '<S~.»:G.eolog,icalﬂsurvey'
Trace Elements»Was-hington"'Eabor,atory,and_:the proximate and ultimate
analysis by the U. S. Bureau.of Mines, Pittsburgh, Pa.

Sampling procedures at the C,olurﬁbus-,Labo:ra,tory_;.are as follows: '
TE samples represent an accurately sawed cut, including about 1/4 of
the volume of the core. A similarly ‘smpo.th_;-cut‘ quadrant slice of aBout
5/8 i-ncfx on each of its radial sides was cut tﬁrough_ the coal thickness
. to constitute the Bp,reau of Mines analytic samples. of the lignite, . The
remainder of the core is Arersevrved_ﬁor preparation ~,.of..thin’.sections,and '
for more .de'tailed,.‘studyv of radioactive-material distribution in lignite

constituents.
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Hole SD-8
.DATES: Coal cored - 6/29/53 to 7/1/53
: Shipment received at Columbus - 7/7/53 and 7/13/53
Described and sampled at Coal Geology Laboratory - 7/14/53
and 7/17/53
Samples sent Bureau of Mines and Trace Elements Laboratory -
7/21/53 and 7/25/53

LOCATION: SE NW sec. 36-18N-7E SURFACE ELEVATION: 3,327

.36.05" (Top of box 1 and top of core sent to.Columbus Laboratory)
Sandstone, medwm grained, yellow-tan; top 0.16' clay, silty, light
ocher,

36.72°
Clay, silty, ocher and tan.

37.51° .

Clay, gray; impure coal below 37.74". Sample TE-1 (0.014U)

37.84' '

Coal, abundantly medium-banded. Sample TE-2 (0.092U)

37.95°
0.60° loss in drilling; coal, described at drill site,

38.55° ‘

4.45' loss in drilling; siltstone and sandstone, described at drill site.

43,00’ '

2.13" loss in drilling; lignite, described at drill site.

3 TR B e >
‘Coal, dominantly thick-banded. TE Sample 3 (0.011U)

45,63
Coal, abundantly thick- and medium-banded. TE Sample 4
(0.012U)

45.97° _ '

Coal, moderately thick-banded, with fusain lenses. TE Sample 5
(0.008U) '

46.26°
Coal, a.very thick wood band. TE Sample 6 (0.005U)

46.67'

Coal, sparsely thick-banded, with thin fusain lenses.
TE Sample 7 (0 008U)

47.17° ]

Coal, abundantly thick-banded, w1th fusain. lense s;. pyritic.
"TE Sample 8 (0.006U)

47.50°'

Coal, moderately thick-banded, with fusain lenses; pyritic.
‘TE Sample.9 (0.004U)

47.80°"

Coal, sparsely thick- and thin-banded; 0.10' wood band
below 48.07', TE Sample 10 (0, 0090)
48,25'-cccccccacccccocrccaacacncoooncoscocacsaccncccasccaaoaa= )
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Clay, light gray.
Clay, light gray.
Clay, silty, light gray.
Clay, silty, light gray.
Coal, moderately thick-banded; irregular fusain and wody lenses.

Coal, abundantly very thick-banded; non-banded portion approxi-
mately 75% fusain, '

52,86"

0.14' loss in coring accumulated below 43, 00°
53.00°' (Bottom ofbox 1 and top of box 2)
Clay, medium gray, carbonaceous; excluded from BM sample

53.38'

'mv

~—r

JO neaang

—

T sou

Coal, dominantly very thick-banded; 0. 06° fusain parting below
57.71",
53.77°
Coal, with sparse thick to thin irregular wood lenses; 0, 02°
fusain parting at base,
54.17°¢
Coal, sparsely medium-banded.
54,45
Coal, abundantly thick-banded; 0. 03' fusain parting at base.
54.74° ,
Coal, moderately thick- and thin-banded, with medium fusain lenses.
55,23
Coal, dominantly medium-banded; 0.02' fusain parting below
55.44',

(17 "8 ~*TpUsday) "6626T & ~ON SrEATETY K07ea0q

55.50°'
Coal, abundantly medium-banded, slightly pyritic; 0.10' wood band
.at top. .

55, 88!
Coal, impure; excluded from BM sample.

56.22' .
Coal, sparsely medium-banded with a few thick.and medium woody
lenses.

56.T2" =ccccccccancanccnccnccacncaccaa=- B e
Coal, impure.

57.16"
Coal, impure.

57.55°"
Coal, impure.

57.93°

Coal, impure.

-~
e
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58.41"
Coal, impure.

58.72!

Coal, impure, badly broken in coring.
59, 12" ’
Coal, impure, pulverized in coring.
59.48°'
Coal, impure, .badly broken in coring.
59. 86"
Coal, impure,. badly broken in coring,
60.30° (Pull at this depth)
Clay, light gray; 0.10' black clay at top.
61.29°
Clay, light gray, with.a few carbonaceous streaks.
62,50* (Measured at drill site; bottom of box 2)
15.25" core not received at Columbus Laboratory.
77.75' (Measured at drill site; top of box 3)

Clay, light gray, slightly carbonaceous; more. carbonaceous ‘with’

occasional coaly streaks below 77.98".
78.21° A

Clay, gray, with medium and thick coal bands.
78,54 '

Coal, 0.10' impure coal at-top; 0.06' pyritic bands below 78.64".

and 78.94°'; 0.24"' solid-wood band between pyrite zones.
79.00' :

Coal, impure; clay, light gray and slightly carbonaceous. below

79.18',
79.40' (Measured at drill site)

26.50" core not sent to Columbus Laboratory.
105. 90! |

Clay, light gray, grading into clay, black.
106.48'

-Coal, impure, pyritic.

106.83" coccccmmeccccccmcoonoac oo neon e e ——————— oo o
: .

Coal, abundantly thick- to medium-banded.
107.32'
Coal, abundantly thick- and thin-banded. .
107.73° '
Coal, impure, excluded from BM sample.
108.27°
Coal, dominantly thick-banded; 0.03' fusain parting at base,
108.56'

Coal, abundantly thin=banded§ 0 07' wood band below 108,62"';

.0.06' impure coal at-top excluded from BM sample,.

.108,93°

Coal, abundantly thin=baLnded., pulverized in.coring.

@
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109.21° ‘
Coal, moderately thin- and thick-banded.

109.57"
Coal, abundantly thin- to thick-banded; pyritic, with
‘thick fusain lens.below 109, 78", '

110.07" ‘
Coal, abundantly thin- and medium-banded, with fusain
partings.

110.53"
Coal, dominantly thick- and medium-banded, with thick
fusain partings. '

110, 88!
Coal, abundantly thick- and medium-banded.

111.38"

Coal, abundantly thick- and medium-banded; 0.02"' fusain:

parting below 111 541
111.84°
Coal, moderately thick-banded; pyritic.
112,13° -
Coal, sparsely thick-banded.
112.52¢ '
Coal, sparsely thick-banded.
112.77°
Clay, light gray, with plant fragments.
113. 00" (Bottom of box 3 and top of box 4)
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Clay, medmm gray with plant fragments; 0.03' coaly at bottom.

113.28" cc mocccomcmcaccnccncecmcnecocmccre e ————————

Coal, dominantly th1n=-banded
113,55 :
Coal, dominantly thin-banded; 0.11°' impure coal at.top;
;excluded from BM sample,
.113.89°
Coal, dominantly thin-banded, with a few small fusain
lenses; 0.03' impure coal below 113,98,
114.12°
Coal, impure. Excluded from BM sample.
114.52°

Coal, impure. -do-
114.90°

Coal, impure. -do-
115.30°

Coal, impure. =do-
115,75°

Coal, dominantly very thick-banded,. ‘badly broken in
coring below 115,93°,

116.19°
Coal, crushed in coring.

116,58 ,
Coal, impure; 0.16' black clay below 116. 83!, . Excluded
from BM sample.
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-117.20° S
Coal, abundantly medium- and thick-banded, probably high in ash,

117.51°
Coal, abundantly very thick-banded, with 0,05' fusain parting
below 117,.55°

117.84° :
Coal, abundantly very thick-banded, with thin fusain lenses in
upper 0,05°.

118.18* -
Coal, dominantly very thick-banded; pyritic.

118,40°
Coal, attrital.

118.95' ‘
Coal, dominantly thick-banded.

119.24* -
Coal, abundantly thick-banded.

119.61°
Coal, moderately woody, 1rregu1ar lenses; 0.08' irregular zone
of impure coal, hght gray clay. 'and thick wood lenses below
119.72°,

119,98°
Coal, attrital, broken in coring, sparsely medium-banded
below 120,23°,

120.34'
Coal, sparsely medium-banded; irregular fusain lenses at
-120,45°,

120,76
Coal, abundantly thick- banded Sample CGL 83.

121 10! cecccncccnnas me-eeeccccc-mmscsccaceseneascsccmescomoooa )
~Impure coal and clay. ’ ‘
121_.4_4“_
- Clay, dark gray, coaly.
121,83"
Clay, snlty, light gray.
122,56

0.44" loss in coring accumulated below 113, 00.
123.00' (Bottom of box 4 and bottom of core received in.Columbus
-Laboratory).
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‘Hole SD-10

DATES: . Coal cored - 2/21 to 2/28/53
" Shipments received at Columbus - 3/6 and 3/18/53
Described and sampled at Coal Geology Laboratory - 3/12
and 13 and 3/18 and 19/53
Samples sent to BM and TE Laboratoryes 3/23 and 24/53

LOCATION: NESE sec. 12, T17 N, R7E SURFACE ELEVATION: 3, 635

000.00 :
No core taken to depth of 260°'., Solid bit drilling penetrated 230'
of Arikaree and the upper part of the Chadron formation.
260°
21.7' of sandstone and.clay core in the Chadron not sent to Columbus.
281.70' (Top of box 1 and top of core sent to Columbus Laboratory)
Shale, silty, light gray and sandstone, buff, fine-grained, soft.
282,25" '
Clay, black, bedded with a few light buff sandy lenses. Sample
TE-1. (0.0025U) ’
282,50'
Siltstone, light gray, bedded, moderately soft.
283.35" (Bottom of box 1)
27.85" of core not sent to.Columbus, Field log shows clay, sand-
stone and siltstone of the Chadron formation.
311.20" (Top of box 2)
Clay, light buff, irregularly fragmented, with some light gray
interstitial clay; light buff angular fragments larger in the lower
part with claiy matrix more abundant, Sample TE-2 (0.0001U)
311.93°
Shale and clay, silty, gray to slightly limonitic., Sample TE-3,
(0.007U)
312.94°
Clay, light gray, with abundant limonitic bands in upper part, less
limonitic below. Sample TE-4 {0.0048U) ‘
313.42° '
Clay medium gray to black, grading to coal below the top 2 inches;
.coal, impure, attrital., Sample TE-5 (0. 002U)
314, 04° '
Clay, silty, brown in upper part, becoming somewhat more drab
below; very thin coaly streaks and 1/8" limonitic band near the
bottom. Sample TE-6 (0,0004U)
316.00° ' ,
Clay conglomerate; clay pebbles light tan to gray and characteristic
of Chadron lithology; one lignitic fragment occurs near the middle
and larger more angular clay pieces at the bottom. Regarded as lowest
part of Chadron formation, Sample TE-7. (0.0003U) '
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316.27¢

Clay, brown, with a scattering of thin woody streaks. Regarded as
the topmost part of the Ludlow member of Fort Union formation.

Sample TE-8. (0.0005U)
317.40 -- ) .
Coal, top inch and a half attrital, dominantly woody below. )
Sample TE-9, (0.003U) )
317.78° : )
Pyritic layer, coherent but somewhat earthy in appearance.)

.Excluded from BM and TE Samples, )
317.82¢ ' )
Coal, abundantly woody, Sample TE-10 (0, 002U) )
318,08 ' )
Coal, moderately woody; two quarter-inch fusain lenticles )
near the middle. Sample TE-ll', (0.002U) )
318.66° . )
Coal, most attrital or very thin banded; one-inch woody )
band below 318.84', Sample TE-12. (0.002U) )
319.21° )
Coal, sparsely woody., 1/4" fusain layer at base, .Sample )
TE-13. (0.002U) )
319.42¢ )
One -fourth inch, thin pyritic laminae. Excluded from )
BM and TE Samples. )
319.44° )
Coal, sparsely woody. Sample TE-14, (0,004u) )
319.71° )
Coal, sparsely woody. .Sample TE-15. (0.005U) )
319.93° )
Coal, nearly all attrital. Sample TE-16. (0.038U) )
320.17° ‘ )
Clay, coaly and black above 320,29', grading to dark gray )
clay, black with thin woody streaks below 320.37'. ° )
Excluded from BM-Sample. Sample TE=-17. (0.0010U) )
320.61° | ‘ )
Coal, moderately woody. Sample TE-18. (0.005U) )
320.79° | )
Shale, black, clayey, with 1/4" hard siltstone band below )
320.89'. Excluded from BM Sample. Sample TE=19. )
(0.0007U) ' )
321.10% )
Coal, impure, grading below 321.28' to carbonaceous clay.)
Excluded from BM Sample., Sample TE-20, (0.003W) )
321.36° | | ' )
Coal, abundantly woody, .thick bands, with.1/8" fusain )
parting below 321.49'. Sample TE-21. (0.005U) )
321.58' ' ' )
Coal, abundantly woody, thick bands. Sample TE=22. )
(0. 002U) )
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321.91°
Coal, nearly solid wood. Sample TE-23-+0, 003U)
322,19' '
Clay, shaley, brown with c.oaly fragments, Excluded from BM
Sample and omitted from TE Samples,
322,37 '
Coal, attrital, except for th1ck woody band in mlddle. Sample
TE-24. (0.014U) - o o
322,56 cecmccecocercomcccscionecccnocm oo caa oo a e oo a )
Shale, brown, clayey. Sample TE-25, (0,0015U)"
323,54° '
Siltstone, gray, clayey with few .thin coaly streaks in lower
part. Sample TE-26. (0,0002U)
325,82 (B,ottom. of box 3)
Shale, siltstone and core losses; footage of 54.58' not sent
to Columbus.
326.50' (Pull)
380.40' (Top of box 4} :
Clay, silty, light buff, soft; 1/4" carbonaceous streak at the
base, Sample TE-27 (0.0001U) :
381,07 ---=ecccccccccconecrnucrococanasacacecmcacoocneonmco
Coal, moderately woody. Sample TE-28. (0. 006U)
381.29' :
Coal, moderately,woody, Sample TE=-29. (0.0040U)
381.50° .
Coal, abundantly woody {one 2-inch.band); 1/4' pyritic
rosettes at base of layer. Sample TE=-30. (0.009U)
381.78° ,
Coal, mostly attrital,. 1-1/2" woody band at base.
- Sample TE-31. (0.016U)
382.07°
Coal, abundantly woody. Sample TE-32. (0.003U)
382.30° '
Coal, moderately woody, 1/4" pyritic lenticle at.the'tog .
three-fourths. inch carbonaceocus clay parting at the bottom of
this layer is excluded from BM Sample. Whole sample
included as TE-33. (0.008U) '
382,927
- Coal, abundantly woody. Sample TE-34. (0.001U)
383,24 ~
Coal, sparsely banded above, moderately woody below 383,50,
Sample TE=35, (0.004U) ' :
383,831
Coal, abundantly woody, in bands 1" to 2" thick. Sample
TE-36. (0.002U)
384.30'
Coal, moderately woody above, moderately thin banded. below
384.6'. Sample TE-37. (0.002U)
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384.79°
Coal, moderately woody, thin and thlck bands. Sample
TE-38. (0.003U)

385.37"

Coal, moderately woody; 1/4" p‘yrltlc rosette above 385.69".
Sample TE-39, (0. OOSU)_

386.00°
Coal, moderately woody. Sample TE-40. (a) .

386. 56*g=aa-==saa-@aa_na,a»=aa~u==s===~=-=u-4;-=' ========== )
Shale, carbonaceous.clayey, grading from 2 " impure coal at
top. Sample TE-41l. (0.0001U)

387.10'

Coal, moderately woody. Sample TE-42, (0.003U)

387.27"

Coal, moderately woody. Sample TE-43. (0.015U)

387.48'

Shale, brown clayey, numerous . 1/8 to. 1/2" woody streaks.-
Sample TE~44. (0.004U) :

:388.01° _

Shale, coaly streaks, ,muc:h as above. Sample TE-45, (0.001U)

388.27! ' o
Coal, moderately woody. - Sample TE 46. (0,0020)

388.58!

Shale, brown, coaly and woody}fragments. Sample TE=47 (a)
389.16°

Shale,. black to gray and dark brown, with coaly streaks.

. Bottom half inch appears.to .contain buff clayey pellets

.somewhat resembling fragments.of the White River clay.

Sample TE-48. (0.0013U)

389.63"' ' , :
1.92° loss .in coring apparently accumulated down to the total
depth of drilling,

391.55°,
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Hole SD-19

DATES: Coal cored - 4/2 to 4/4/53
Shipments received at Columbus - 4/13/53
Described and sampled at Coal Geology Laboratory 4/13
to 4/16/53
Samples sent to BM and TE Laboratories 4/21/53 and
4/23/53 :

LOCATION: SW SW sec. 31, 18N-8E SURFACE ELEVATION: 3,606

No core taken to depth of 310'. Solid bit drilling penetrated

Arikaree and upper- part of Chadron formations.

310° :
Sandstone and siltstone with 0.15' limonitic streak beneath
319.70°'. Described at drill site and not sent.to.Columbus,

320¢
Loss in drilling, 6.4"; clay, 2.6'; siltstone, 0.15' to base of
Chadron.formation at 329,15' and top of Ludlow formation,
Limonite 0.2°, siltstone, limonitic and pyritic in the top part;
.3.65', Described and interpreted at dr111 snte, core not sent
to Columbus. :

332,00' {(Top of box l.and top of core sent.to Columbus Laboratory)
Siltstone, gray with a few 1/8" pyritic lenticles in upper
‘portion; below 332,94' very fine siltstone with coarser silty
‘bands stained dark brown, possnbly limonitic, Sample TE 1.

(0. 0055U) : : ,
333.41° : ‘ ‘

Siltstone, clayey, gray, dip about 8°. Sarnple TE.Z. (0.0039U)
333.72¢ | | _

Clay, carbonaceous, dark- brown and black; not coaly. .Sample

TE 3. (0.0285U)

333.83" (Top.of first BM Sample ==c-cc-cscccannae cocmcconnen )
Coal, mostly attrital with.1/2" woody band below 333.91% no )
apparent dip in coal. . Sample TE 4. -(0.026U)

334,08’ ,

Coal, .predominantly attrital, Sample TE 5. (0.016U)
334,.42° _ '
Coal; sparsely thin-banded. .Sample TE 6. (0.014U)

334,75" :

Coal, sparsely banded. Sample TE 7 3(0.,006U)

335,09
Coal, dominantly attrital, two 1/2" woody lenses in lower part)
thin pyritic facing on joint in upper part.Sample TE 8. (0. 006U))

335.71° )
Coal, mederately medium-banded. Sample TE 9. (0.006U) = )

336.35" )
Coal, abundantly medium-and thin-banded. .Sample TE 10. )
(0.010U) )

~— ' =

169 *d ‘g xrpueddy) 61971 @ 'ON'

sisA[euy Axojexoqer] SOUIN JO neoang



55

336,64
Coal, one solid woody band. Sample TE 11, {0.015U)
336.82° '

Coal, 1/2'" woody band at top; includes several irregular pyritic

rosettes 1/4" to 1/8" thick, and one 1/8" fusain lentlcl/

336, 94° Sample TE 12 (0, 006U )~
Coal, mestly woody9 core slightly broken., Sample TE 13.
(0.015U)

337.12°

Coal, moderately woody. Sample TE 14, (0.007U)
337,34

Coal, dominantly woody; core slightly broken., Sample TE 15,

(0.006U)

337.54° :
Coal, moderately thin- and med1um=banded .Sample TE 16.
{0.006U)

338,10°'
Coal, moderately thin-, medium-, and thick-banded,; includ-
ing 3 /4" woody band at 338,2', Sample TE 17. (0.004U)

338.67' | |
Coal, moderately medium-banded; core somewhat broken,
Sample TE 18, (0,003U)

338.86°

Coal, mederately thin-banded; core somewhat broken. Sample

TE 19, (0.005U)

339,12' {Bottom of first BM Sample) mccecemrecncmecocccamanacc-

Clay, shaly, brown and gray, with a scattering of thin coaly
plant fragments in middle portion., Sample TE 20, (0.0008U)

340.92' (Top of second BM Sample) «=ccvcccccccccccccmaccccco-

. Coal, perhaps.slightly impure or broken by thin partings;
core badly broken (pieces.less than 1/2"). Sample TE 21.
(0.004U)

341.37°
Loss.in coring, 0.63', accumulated below 332,00’
342.00° (Core barrel pull; bottom of box .1 and top. of box.2)
© Coal, dominantly woody, one piece 1-1 /4” thick, apparently
, dipping about 6°.  Sample TE 22, (0.005U)
342.21° :
Coal, sparsely thin- and medium-banded; core slightly

‘broken. Sample TE 23. (0.003U)

342,517 '
Coal, dominantly woody;. one band 2-1/2" thick below 342.63%
. 1/8" fusain below 342.56'; a few .quarter-inch pyritic blebs
in lower portion. .Sample TE 24.

. 343,48 o
Coal, dominantly woody with some very thick pieces. Sample
TE 25,

344.08° -
Coal, abundant woody bands, core slightly broken; white
clayey specks appear in one woody band. Sample TE 26.
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344.31°'

Coal, nearly all attrital above, moderately woody in lower half,
1/16" of fusinized material in a woody band near the base. Sample
TE 27.

344,81
Coal, moderately thin-, medium-; and thick-banded, 1/4“ fusam
band below 345,01', and 3/16" fusain below 345,70, Sample TE 28,

345,89°
Coa], sparsely thin- and medmm=banded woody band with white
clayey specks in middle part. Sample TE 29,

346.89'

Coal, moderately medium- and thin-banded, core somewhat
broken in the middle and possibly somewhat more impure, largely
attrital in lower four inches. Sample TE 30.

347.92' (Bottom of second BM Sample)ccecccconcncccccncccnmcencas
Clay, light gray, with vein-like vertical black clay filling in upper
portion; sparse to moderate frequency of woody streaks in lower
5-1/2'" of this clay interval. Sample TE 31. (0.0002U)

349.05° i
Coal more or less impure, with 0,11° of coaly clay at top,
lower three inches woody. Sample TE 32.

349.63°
Shale, clayey, dark brown with sparse and very thin coaly streaks;
lower 2 inches of interval dark brown to black. Sample TE 33,
(0.0003U)

350,70" (Top of third BM Sample) -~-=- mesicmccscocmcomsscmccemanna
Coal, dominantly attrital; core somewhat broken but thickness
mostly represented in large fragments. Sample TE 34,

350,98’

Coal, sparsely thﬁ; -and’ med\ume-banded ((thlcker banded below. )
Sample TE 35,  *

351,571
Loss in drilling, 0.43', accumulated below 342°',

352.00" (Pull, depth, bottom of box 2, top of box 3)

Loss in drilling, 1,52°, apparently at the top of this drill run,

353,52 ,

Coal, sparsely thin- and medium-banded; 1/2" pyritic rosette

below 353.70'; core shghtly broken in upper part. Sample TE 36.
354,52°

Coal, dominantly woody; tiny white clay lenses appear within

the 1" woody band below 354,.55'., Sample TE 37.

354, 81" '

Coal, sparsely thin-banded; 1/4" pyritic lens below 355,32";
core somewhat broken at top (large pieces). Sample TE 38.

355,36"

Coal, moderately thin- to medium- and thick-banded (1" woody
‘bandy below 356.85' and 1-1/2" band below 357.1%): 1/4" fusain
band below 356.34"; core slightly broken at top (large pieces).
Sample TE 39,
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357.32°
Coal, abundantly thick-banded; 1/4'" fusain below 357, 84'; bedding
of coal apparently is dipping about 11°. Sample TE 40.

357,93°
Coal, dominantly thin-, medium-,~and thick-banded, with about
3/4" fusain in several thin- to medium layers below 358,63";
apparent dip about 6°. Sample TE 41,

359.15°
Coal, predominantly woody, including two bands.exceeding 3"
thickness; apparent dip varies from 5° to 9°. Sample TE 42,

360.45" (Bottom of third BM Sample) ---cccccccccccccccccccnaccao

Shale, clayey, carbonaceous; dark to black in upper four inches,
grading to medium gray clayey shale below; two .3 /4" pyritic
‘rosettes occur between 361,70' and 361, 80'; silty layer 1'" thick
below 361,06°'. Sample TE 43, (0.0003U)
362.00' (Bottom of box 3)
Loss in driiling, 1.00', siltstone. Described at drill site,.
363,00' - '
‘Siltstone.  Described at drill site and not sent to Columbus.
372.00°
Loss in drilling, 0.75'. Siltstone described at drill site.

372.75°

Shale, lower 0.30' carbonaceous, described at drill site and
not sent to Columbus.

382.00' (Top of box 4 sent to.Columbus Laboratory)
. Shale, black, carbonaceous and coaly; 0.08' coal stringer
below 382.00'; becomes clayey at base. Sample TE 44.

.383.08" (Top of fourth BM Sample)-cccccccccceccrcccncncncccnana

Coal, sparsely banded to attrital, with very thick -wood ba.nds
below 383,38 and 383.62"', 0.02' fusain parting with sand blebs
below 383.68°, and thin fusain parting with large pyrite nodule
-below 383.35'; 0.03° clay parting below-383.46' excluded from
Bureau of Mines sample., Sample TE 45, ‘
383,81° ‘
Coal, dominantly -attrital with 0.25' wood band below 384,.68";
. 0.04" coaly clay parting below 384.50' excluded from BM Sample.
. Sample TE 46.
384.96!
Coal, impure with thin lens.of sand blebs below 385, 03',
Excluded from BM Sample, Sample TE 47,
385,15 '
Coal, abundantly thick-banded with irregular medium to thick
bands of wood in the more attrital portions; upper 0.20' con-
tains .clay blebs and fusain. Sample TE 48,
386.59°'
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Clay, black, carbonaceous, excluded. from BM Sample., Sample TE 49

386.69°
- Coal, mederately thick- to thin-banded. Sample TE 50.
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387.83° :
Coal, dominantlyvery thick-banded. Sample TE 51,

388.93' (Bottom of fourth BM Sample)-c-ccccocececnccccaan-a e

Siltstone, carbonaceous, medium gray. Upper 0.12' clay,
black, carbonaceous. Sample TE 52, (0,.0003U)

391.39° 4
Sandstone, fine-grained, light gray with carbonaceous streaks;
omitted from TE samples,

- 391,74

Loss in drilling 0.26', accumulated below 382, 00',
392.00' (Bottom of box 4 and top of box 5)
- Loss in drilling 0.38'; siltstone (described at drill site).
392.38°
Siltstone, brownish-gray with carbonaceous streaks and
occasional lenses of light tan sand; 0.27' medium gray, fine-
grained sandstone below 392,38"; 0, 03' woody coal bands below
393.23" and below 394, 75', Sample TE 53 (0.0002U)
394,78'
Coal, moderately thin- and thick-banded. Sample TE 54,
395. 06"
Coal, impure with very thick woody bands below 395,31'
and below 395,71"', Sample TE 55,
395. 86!

Clay, black to dark gray, highly carbonaceous. Sample TE 56.

396.37°
Siltstone, medium gray and carbonaceous with very thin coaly
streaks, Sample TE 57, (0.0003U)
398.97°¢
Siltstone, as above. Sample TE 58. (0.0003U)
400.59" ‘
Sandstone, fine-grained, medium gray with irregular medium-
grained light gray sand lenses. Sample TE 59. (0.0002U)
401, 80" _ :
Shale, clayey, light gray with thin coaly streaks; included with
shale below as Sample TE 60, (0.0003U)
402.00' (Bottom of box .5 and top of box 6)
~Shale, clayey, light gray with occasional very thin coal
_streaks, becomes black and mere coaly towards. bottom.
Sample TE 60, (0.0003U)
402, 85°
Coal, dominantly medium-banded. Sample TE 61,
403,89"
Shale, black with a few thin coal streaks. Sample TE 62.
405,59°
Shale, black and light gray with 0.28' impure coal at base.
Sample TE 63,

)
)
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407.51' (Top of fifth BM Sample) -c-c-- cmcmecceameneaaa 9 >
Coal, moderately thick-banded, with 0,03° fusaln parting ) O
below 408,42', Core slightly broken in .drilling, .Sample ) g
TE 64. : ) &%

409.32' (Bottom of fifth BM Sample)e-c-cccccccccncnccncan )
Shale, clayey, light to medium gray with very 11ght gray
sand lenses in middle portmn, .Sample TE 65. (0. OOO_SU) 83

411,37'
Shale, silty and fine-grained sandstone, hght gray Omztted
from TE Samples.
411,91° '
Loss in drilling, 0.09', accumulated below 402.00".
412.00' (Bottom of box 6, total depth)
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APPENDIX B

PROXIMATE AND ULTIMATE ANALYSES OF LIGNITE CORES
FROM THE MENDENHALL AREA

HARDING COUNTY, SOUTH DAKOTA

ANALYSES BY U, S.- BUREAU OF MINES

PITTSBURGH, PENNSYLVANIA
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4.5

39.3 0.5-44.4.1.'0 6500 2140

62.7 0.8 18.0 1.5 10390

72,7 0.9 19.6 2.3 12100
72.4 0.9 20.6 1.8 11980

1 37.4 24.2 30.1.-8.3-6.5
43.0 13.3 3.7

E-32871-

7.85

38.7

4.3

55.3

44,7
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23.2
40,0

47,1
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39.7
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Hole no.

43.5 0.5 39.8 1.1

9.1 6.0

33.3

27.5

-1

4.60 ‘E+32383-

SD-1

7230 2140

30,1

62.3 0.7.18,5 1.6 10350
71.6 0.8 21.4 1.8 11910

3.8
4.4

47.6 13.1
54.8

39.3
45,2

e

40.7 0.5 41.8 1.0 6770 2140 .

59.7 0.7 19.8 1.5 9920

9.9 601
14.5 3.8

31.9
46,7

26.4

31.8

1

4,05

E-32384

38.8

0.8-23.3 1.7 11610

4.4 69.8

& -

54.7

45.3

41.0 0.5 34.3 1.4 6760 2150

54,8 0.7 15.8 1.9 9020

“31.4 17.5 5.3
41.9 23.4 3.4

- E=32389 1 25,1 26,0
54,7

3.55

'SD-=2

34,7

11780

71.5.0.9 20.7 2.5

4.4

45.3

5840 2210

48.7 0.6 17.3 1.8 8050

35.3 0.4 37.0 1.3

27.4 20.7 5.3

24,5
33.8

47.3

1 27.4

E-32390

37.7 28.5 3.1

52.7

68.1 0.8 24,2 2.6 11260

4.3

= o

39.0 0.5 41.1 1.5 6440 2100

56.8 0.7 19.2 2.2 9380

30.3 12.0 5.9
44,1 17.5 3.6

E-32394 1 31.3  26.4

5.95

..SD-=3

38.4

11370

.9:0.8 23.3 2.7

/0
0o

4.3

3.4

46.6

'39.6 0.5 45.3 0.9 6440 2150

7.3 6.4.

48.9 11.06
55.4

30.9

E-32398 1 36.9 24.9

2.65

3.7 62.8 0.7 19.8 1.4 10210

4.2

39.5

71.0 0.8 22,4 1,6 11550

44,6

moisture and ash free.

3 =

moisture free;

2 .=

as received
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ANALYSES OF SAMPLES OF THE OLESRUD BED (UPPER BENCH)
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ANALYSES OF SAMPLES OF THE OLESRUD BED (LOWER BENCH)
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APPENDIX C

SEMI-QUANTATIVE SPECTROGRAPHIC ANALYSES AND
CHEMICAL ANALYSES ON ASH FROM LIGNITE CORES FROM
CORE HOLES SD-8, SD-10, AND SD-19,
AND
U. S. BUREAU OF MINES BULK SAMPLE PITS 1-5,
MENDENHALL AREA, HARDING COUNTY,

SOUTH DAKOTA

Spectrographic and chemical analyses by Washington and Denver
Trace Elements Laboratories '

‘Spectrographic analysts: Mona Frank
Katherine E. Valentine
C. L. Waring

Chemical analysts: Joseph Budinsky
Alice Caemmerer
Irving May.
Thomas Murphy
Alice Padgett
Audrey-Smith
Joan Smith
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Threshold . Values of Elements Included in the Semi-
Quantitative Spectrographic Method ’
Revised June 4, 1951

Percent - : Percent
Ag 0,001 Mg - 0.0001
Al - 0,000l Mo - 0.001
As - 0,1 Mn- - 0.001
Au - 0.01 Na* - 0.001 (0.1)
B - 0.001 - Nd - 0.0l
Ba - 0.0001 Ni - 0.001
Be - 0.0001 P - 0.1
Bi - 0,001 Pb - 0.01
Ca - 0.001 Pr - 0.01
Cb 0,01 Pt - 0.01
Cd - 0.01 - Rb - 10.0
Ce - 0.1 Re - 0.1
Co - 0,01 Sb - 0.001
Cr - 0.001 Sc - 0.1
Cs = 1,0 Si - 0.0001
Cu - 0,0001 Sm - 0.1
Dy - 0,01 Sn - 0.01
Eu - 0.01 Sr - 0,01
Er - 0,01 Ta - 0.1
F - 0, 1% Tb - 0.1
Fe - 0.001 ' Te - 0.1
Ga - 0,01 . "Th - 0.1
Gd - 0.01 Ti - 0.001
Ge - 0,001 TLT - 0.1
Hf --0.1 Tm - 0.01
Hg - 0.1 . : U - 0.1
Ho - 0.01 V. - 0.0l
In - 0.001 w - 0.1
K* - 0,01(1.0) Y - 0.001
La - 0.01 ‘ Yb - 0.0001
Li* - 0,0001 (0.1) Zn - 0.01
Lu - 0.01 Zr - 0.001

* A second exposure is required for the high sensitivity
test, ]

**% A third exposure is required for the fluorine esti-
mation,
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lyses of lignite ash,
H

C - 0,1-1.0%;.D - 0,01-0.1%

Semi-quantitative spectrographic ana

A - over 10%; B - 1-10%;

E - 0.001-0,01%; F - 0,0001-0.001%
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Olesrud bed (Lower bench)
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Mendenhall area, S1
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