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Introduction

In September of 1980 the USGS, (U.S. Geological Survey) conducted an
exploratory drilling program in western Powder River County, Montana. Figure
1 shows the general location of the project area and drill holes. Figures 2
through 19 show specific locations of the drill holes. The objectives of this
program were to gather data for evaluation of coal resources, coal quality,
and stratigraphic correlations. This drilling project is a continuation of
the study started in 1978 and reported by Hardie (1979), Kirschbaum, Correia,
and McPhillips (In Press).

Twenty-three holes were drilled (see Table 1) with selected coal
intervals cored at three locations (80-MB-A2b, 80-MB-B7, and 80-MB-E7)
resulting in a total footage drilled of 9,610 ft. All drilling was done by
USGS-operated drilling rigs and monitored by USGS personnel. Drill cuttings
were sampled and recorded every 5 feet whenever possible, though problems with
lost circulation and severe washout at some locations made it difficult to
maintain the sampling interval. Lithologic logs were prepared for each drill
hole and are presented with each geophysical log.

Geophysical logs were run at at twenty—-two drill sites with the log suite
generally including natural gamma, density, resistivity, and caliper. There
was no geophysical log run for drill hole 80-MB-E8. All geophysical logging
was done by private companies under contracts issued by the USGS.

Geologic Setting

The project area is located on the northeastern flank of the Powder River
Basin. The Powder River flows to the northeast through the project area,
which is characterized by rolling grasslands and dissected highlands.

The coal beds of interest in the project area occur in the Tongue River

Member of the Fort Union Formation of Paleocene age. The Tongue River Member



is characterized by interbedded light-yellow-gray sandstone, sandy shale, gray
shale, carbonaceous shale and coal (Bryson and Bass, 1973). Local stringers
of silty to sandy limestone are also present. Some of the thicker coal beds
have burned back from the outcrop and the resulting heat has baked overlying
rocks into a brittle, resistant red rock called clinker. These clinker beds
are prevalent throughout the project area where they cap many of the ridge
tops. The regional dip of the rock strata is generally less than 5° to the
southwest.

The coal beds present in the drill holes range in thickness from 1 to 25
feet. Previous studies by Matson and Blumer (1973) show that the qualities of
the coals in this region vary from lignite A to subbituminous C. Quality
analyses of the cores from drill holes 80-MB-E7 and 80-MB-A2b are shown in
Table 2 (R. G. Hobbs, unpub. data). The rank of the Cache coal bed increases
from lignite A in the eastern part of the project area (drill hole 80-MB-A2)
to subbituminous C in the western part (drill hole 80-MB-E7). Quality
analysis from drill hole 80-MB-B7 was not available for this report.

Drilling Equipment and Procedure

The drilling in the project area was completed by two truck-mounted
drilling rigs; a Gardner—-Denver 17W and a Portadrill 524. Air with water
injection was the primary circulation medium, although high viscosity mud with
drill additives was used at times to control lost circulation through poorly
consolidated rock. Twenty feet or more of 6-in. diameter plastic surface
casing was generally set at each location to prevent washout of surface
material.

Carbide drag bits yielded the best penetration rates for the rotary work,
though occasional limestone stringers required the use of rollercone bits.

The coring was done with a conventional 15-ft mining barrel producing a 3-in.



diameter core. Non-reusable carbide Chris drill bits were used for the coring
and produced good quality core of the coal beds with fast penetration rates.
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Table 1.--0rill Hole Data

Ele~- Total Cored
Hole vation depth intervals
No. Location Quadrangle (feet) (feet) (feet) Comments
Al NE I/, NE Y/, sec. 13, Bay Horse 3870 535 N/A
T. 9 S., R. 50 E.
A2a SE 1/4 SE 1/4 sec. 25, Bay Horse 3800 235 N/A Pilot
T. 8 S., R. 50 E.
A2b  SEl, SEY), sec. 25, Bay Horse 3800 95 68.4— 88.5
T. 8 S., R. 50 E.
B2  swl Wl sec. 27, Three Bar 3890 495 N/A
T. 9 S., R. 49 E. Ranch
B3 NW1/4NW1/4 sec. 7, Three Bar 3890 475 N/A
T. 9 S., R. 50 E. Ranch
B:  RW L, Nwl/ sec. 22, Baldy Peak 3850 435 N/A
T. 8 S., R. 50 E.
B5  NEl/, NWY, sec. 12, Baldy Peak 3620 395 N/A
T. 8 S., R. 50 E.
B6  NWY,NEY,SWwl,sec. 21, Bear Skull 3670 315 N/A
T. 7 S., R. 51 E. Mountain
B7  NEl, NWl, sec. 13, Bear Skull 3935 455  105.7-139.85
T. 7 S., R. 51 E. Mountain
cL swlswl sec. 34, Three Bar 3500 275 N/A )
T. 8 S., R. 49 E. Ranch
c2  NEV, sec. 33, Baldy Peak 3674 480 N/A
T. 7 S., R. 50 E.
c3 ctr. NY,s 1Y, sec. 23, Baldy Peak 3510 215 N/A
T. 7 S., R. 50 E.
c4  sWwl,NEl) sec. 7, Baldy Peak 3520 280 N/A
T. 7 S., R. 51 E.
Dl MWL, Nwl sec. 31. Lonesome 3320 155 N/A
T. 6 S., R. 50 E. Peak
E2 SW 1/4 NE 1/4 sec. 3, Lonesome 3250 235 N/A
TI 6 S., R. So EI Peak
E3 NW 1/, NE 1/, sec. 15, Yarger 3720 690 N/A
T. 6 S., R. 49 E. Butte
E4  NEY, swl/ sec. 24 Yarger 3380 575 N/A
T. 6 S., R. 49 E. Butte
E5 NE 1/4NE 1/4 sec. 25, Hodson 3615 575 N/A
T. 6 S., R. 48 E. Flats
E6 SE 1/4 SW 1/4 sec. 3, Huckins 3356 515 N/A
T. 7 S., R. 49 E. School
E7  NEY, SEY), sec. 35, Bloom Creek 3490 655 25.8- 60.0
T. 7 S., R. 48 E. 120.0-137.5
E8  SEY,swl, sec. 15 Bloom Creek 3340 95 N/A Abandoned and
T. 8 S., R. 48 E,. moved to E8a
E8a SWY, SEY/, sec. 16, Bloom Creek 3480 695 N/A
T. 8 S., R. 48 E.
E9 SW 1/4 NE 1/4 sec. 32, Moorhead 3470 735 N/A
T. 8 S., R. 48 E. 24
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Page 1 of 2z

U.5. Geological Survey
Branch of Coal Resourcas

Project Moorhead-Broadus

Bole No. 80 MB=A1 Geologist _Jrank Spepcer

Type log___Litholosic Elev. 3370 Total depch 5351
Locacion NELNEV Sec. 12 T. 9 g.R. 5o o
Nearast town DBroadus County Powder RiverState Mont. Quad, Bay Horse

Drilled by: U.S. Geological Survey

Driller(s): Arthur Clark

Drill: Gardner-Denver 17W Date scart 9/14/80 Complete 9/15/80
Nop~core intervals and size hole: 5 1/8"

Cored intervals and size: none

Remarks 20 ft. surface casing. Cemented in at 1217 hrs, Hit water 255 ft,
2pproXe 9 gpme Hq}g plugeced I.D. to surface cement,

LOG
From To Length Description
(in feer) : )
0 9 9 Alluvium, sandy silt with siltstone pieces 1}%" diam.
and windborn sand
9 13 L Siltstone, dark brown, sandy
13 35 22 Sandstone, medium to light yellowish brown, very fine
to fine grained
35 sk 19 Siltstone, medium grained, sandy
54 60 6 Shale, medium gray, interbedded with carbonaceous shale,
dark brown '
60 69 9 - ° Shale, black, carbonaceous
69 84 15 ~ Siltstone, dark brown, carbonaceous, interbedded with
carbonaceous shale dark brown
84 114 20 Siltstone, medium to dark gray, sandy
114 116 2 Carbonaceous shale, dark brown, interbedded with silt-
stone, medium gray
116 131 15 Siltstone, medium gray
131 150 19 Sandstone, medium brown gray, fine grained, quartz,
sub=angular to angular
150 167 17 Siltstone, medium dark gray to dark gray, sandy

26



Hole No. 80 MB-A1 Page 2 of =z
LOG
From To Length Description
’ (in feet)
167 184 17 Coal, with + 3' parting at 170', 2' parting at
1761
184 189 5 Carbonaceous shale with siltstone, dark brown
and sandy
189 193 b4 Siltstone, medium brown gray
194 219 25 Siltstone, medium gray, sandy, shale, medium gray
219 227 8 Sandstone, medium brown gray, very fine grained
227 256 29 Sandstone, light yellow brown to yellow brown,
fine grained to medium quartz, sub-rounded, much
black chert
256 263 7 Siltstone, medium gray, sandstone, medium gray,
very fine grained
263 267 b4 Coal, with + 1' parting at 265"
267 278 11 Sandstone, medium gray, very fine grained
278 281 3 Coal, with +,5' parting at 279'
281 293 12 Siltstone, mediﬁm to dark gray with carbonaceous
shale
293 310 17 Sandstone, medium gray, very fine grained, silty
310 312 2 Shale, medium gray green
312 317 5 Siltstone, medium gray green
317 324 7 Shale, medium gray green
324 345 21 Siltstone, medium to dark gray, shale, medium
green gray ‘
345 360 15 Siltstone, medium gray, sandstone medium gray
360 397 37 Sandstone, medium gray to dark gray, very fine
grained
397 399 2 Sandstone, medium gray, very fine grained with
interbedded shale, carbonaceous, dark gray
399 Lz7 38 Sandstone, medium gray, very fine grained, silt-
stone, medium gray
Total depth goephysical log 437!
Sample log to total depth
Lz Lio 3 Sandstone, medium gray, very fine grained
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Page 2 of __ 3

Hole No. 80 MB=A1

LOG
From To Length Description
(in feet)

440 445 5 Siltstone, medium gray, sandy

Lig 450 5 Sandstone, medium gray, very fine grained

450 Lss 5 Sandstone, medium gray, very fine grained

Lss Leo 5 Sandstone, medium gray, very fine grained

460 Lés 5 Sandstone, medium gray, very fine grained

465 470 5 Siltstone, medium gray, very fine grained

470 L9s 5 Siltstone, light to medium gray, interbedded with
shale, carbonaceous, dark brown

475 480 5 Siltstone, medium gray, interbedded with shale,

: carbonaceous, dark brown

480 485 5 ~ Shale, medium gray

485 490 5 Carbonaceous shale, dark brown with siltstione,
dark brown, carbonaceous

L9o Los 5 Coal (Drillers call)

4os 496 1 Coal

Lgg 500 L Siltstone, medium to dark gray, interbedded with
sandstone, medium gray, very fine grained, silty

500 505 5 Siltstone, medium to dark gray

505 510 5 Siltstone, medium to dark gray

510 515 5 Siltstone, medium to dark gray

515 520 5 Shale, medium gray

520 525 5 Shale, medium gray

525 535 10 No sample

T.D. 535 @ 1120
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UeS. Geological Survey
Georhysical loz, 1980 Drilling
Mocorhead-Broadus Area, Montana

Hole no. A1 Date logged 9/15/80 Surface elevation_ 3870

Location NEJNEWk sece 132, Te_9 g+y Re_50 j+ County_Powder River

Drilled depth 535! Logged depth 437! Fluid level 224!

Remarks 20' surface casing. Hole plugged TeD. to surface with cement.

Depth
fr m NG ¢ D R
T10
-
50 — 2 ¥
120
100 —30 100
-u_AQ
0
150— /2
150
Teo | 200
2000
“ RESISTANCE
10
] 250
250 —
T80 p=
] o
|
29
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—180
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Page __ 1 __of _1

U.S. Geological Survey
Branch of Coal Rasourcas

Project Moorhead-Broadus

Zole No. 80 MB-A2a Geologist Frank Spencer

Type log lLithologic Elav. jégoot Total letq_gjﬁ;__
Locacion  SEVSE) Sec._25 T 8 S,Re__50 jol
Nearsst ctowa Broadus CountyPowder Riyer State Mont e Quad.__Bav Horse

Drilled by: U.S. Geological Survey .

Driller{s): Arthur Clark

Deill: Gardner-Denver 17U Date scart__o/15/80 Complete__ o/15/80
Nom-core intarvals and size hole:_ 0-235' 5 1/8" _ pilot Hole
Corad intarvals and siza:
Remarks Casing at 20!

LOG
From To Length ' Description
(in feet) : '
0 15 15 Alluvium, sand, unindurated, light to medium yellow
15 69 54 Shale, médium gray, sandstone, medium gray, very fine
grained, siltstone, medium to light gray
69 88 19 Coal, + 2' parting at 72', + 2' parting at 767, + o5
partlng at 79', + 1.5 partlng at 81, + 1.5 partlng
at 841
88 128 Lo Siltstone, medium gray, sandstone, dark gray,very fine
grained, carbonaceous shale, dark brown, + 3' at 113!
128 130 2 Coal
130 148 18 Siltstone, medium gray
148 152 L + Coal, with + 1' parting at 150"
152 171 19 Siltstone, medium gray
171 173 2 Coal
173 228 55 Siltstone, medium to light gray, shale, medium to light
gray, silty, sandstone, medium gray,very fine grained
Total depth geophysical log 228
Sample log to depth
228 230 2 Siltstone, light gray, sandy
230 2385 5 Siltstone, light gray, sandy
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LeSe Geological Survey
Geophysical loz. 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no. A2a Date logged 9/15 80 Surface elevation_3800!
Location SELSE) seco 25 , T._8 5., R._50 p. County_Powder River
Drilled depth  235'  Logged depth 228" Fluid level 167'

Remarks Pilot foJr core hole

~ Depth
fr m NG cC - D R

10
50 =
120 7]

" I v
s0* 50 ' '
] .
100 =30 S
-
150~ B = M
150 i
- N
20020
- v [ JTD2O -

-+70

W

—80
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Page _1 __of 1

U.5. Geaological Survey
Branch af Coal Resourcas

Project Moorhead-Broadus
Sole ¥o.__80 MB-A2b Geologist_Frank Spencer (R. G. Hobbs)

Type log__Core descri tion Elev. 3300 Total depth 05!
locacion  SEESEN Sec._25 T.__8 S.R.__20 E,
Nearust towm Broadus County Powder River Stace lont. Quad._Bay Horse

Drillad by: Us S, Geological Survey
Drillar(s): Arthur Clark

Drtll: Gardner-Denver 17V Data start__9/15/80 Complete  9/15/8Q
Soo—core iatarvals and size hole:_ 0-68.4' and 88,5-95' 5 1/8"
Corad iantarvals and siza: 68.,4-88.5" Lt x 3" (3" core)
Remarks
LOG
From To Length _ ' Description
(in feet) : ‘

Core description 68.4=88.5 Cache coal

68.4 69.3 0.9 Siltstoné, light to medium gray
69.3 ' 69.5 0.2 Shale, black, carbonaceous with coal spars
6945 88.3 18.8 Coal, black alternating dull and bright bands, abundant

pyrite nodules, pyrite coating fracture 87.0 to 88.3
(removed for separate analysis) minor gypsum rosettes
on fractures, bone coal 78,0 to 79.0 +

88.3 88.5 0.2 Siltstone, light to medium gray -
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UeSe Geological Survey
Geophysical loaz., 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no._ p2p Date logged 9/16/80 Surface elevation_ 3800
Location SE}SEk sece_25 , T. 8 g, R._50 . County_Powder River
Drilled depth 95! Logged depth 86! Fluid level 57

Remarks Cored 68.4 to 88.5' L¥%x3in. (3in. core)

Depth
fr m NG - D R
q- 0 N

—10

REMSTANCE

r_20

—80
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Page _1 of 2

U.5. Geological Survey
Branch of Coal Rascurcas

Project Moorhead~Broadus

Zole No. 80 MB-B2 ) Geologist  Janet Brown

Type log_ Lithologic Elav.__ 3390 Tocal depch 405!
location_ SWHNWH : Sec._27 T. Q*Lﬁ. 49 B
Nearest towm  DBroadus CountyPowder River Stace Mont, Quad._Threce Bar Ranch
Orillad by: U.S. Geolg ical Survg

Driller{s): Ste hen Ggant y

Drill: Portadrill 524 Data start  9/25/80 Complete___ 0/26/80

Nop=core intarvals and size hola: 0=-495t 5/1/8"
Corad intarvals and size:
Remarks Hole plugged surface to T.D.=- cement

LOG
From To Length Description
(in feer) : '
0 7 7. Claystone, (5YR=9/4)
7 8 1 Coal(?), Sand, gray(10YR~-7/4),fine grained
8 19 11 Clinker, light brown(5YR-6/4),100%
19 38 19 Claystone, medium gray(N-5) 50%, dark yellow brown(10YR-
L4/2)25%, sandstone, light olive gray(5Y-5/2), fine grained
25%
38 47 9 Coal, black(N-1) with carbonaceous shale partings; + 2'
: at 40", + 2' at 45 :
47 249 202 . . Sandstone, light olive gray(5Y=-6/1)14%, light olive gray
- (5Y~5/2)11%, Yellow gray(5Y-7/2)26%, medium yellow brown
(10YR-5/4)11%, olive gray(5Y-4/1)9%, gray orange(10YR=7/4)
6%, medium light gray(23%), fine grained, siltstone,
light olive gray(5Y-6/1), olive gray(5Y=4/1), claystone,
olive black(5Y~-2/1), medium gray(N-5)
249 251 2 Coal, brown black, bony
251 270 19 Sandstone, medium gray, coarse grained, shale, medium
light gray, hard, claystone, medium to olive gray
270 306 36 Shale and siltstone, medium to olive gray, some with
: carbonaceous material
306 308 2 Coal, bony, with pyrite
308 366 58 Claystone, medium gray to olive gray, siltstone, olive

gray to medium gray with carbonaceous material
35 )



Hole No. 80 MB-B2 Page 2 of 2

A LOG
From To Length Description
(in feet)

308 366 58 (cont.) shale, olive gray

366 368 2 Coal(?)

368 430 62 Claystone, medium gray to olive gray, sandstone,
olive gray, very fine grained, shale, olive gray,
medium yellow brown to brown black, carbonaceous,
siltstone, olive gray

430 435 5 Coal, black, silty with + .5' parting at 4330

435 Le2 27 Shale, gray black, brown gray to medium dark gray,
carbonaceous ‘

Total depth geophysical log 462!
Sample log to T.D.
462 L7o 8 Shale, brown gray, sandstone, olive gray
470 475 5 Shale, brown gray, sandstone, olive gray
47s 4os 20 Small samples, sandstone, olive gray, medium light

gray to medium gray, fine to very fine grained,
thinly laminated

T.D. 495
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LeSe Geological Survey
Georhysical los, 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no. B2 Date logged 9/26/80 Surface elevation_z8qq

Location SWiNWk secCe 27 y Te 9 Sey Re_U49o . County Powder River

Drilled depth 495! Logged depth 462! Fluid level 322

Remarks Hole plugged surface to T.De- cement

“Depth
fr m NG C - D
0 g O .
] 'S

-
-y

™10

-y

50 =

100 =30

=7 ()

—80
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‘Hole no.

B2

(continued)

Derth
ft m

NG

300" 90

— 100

4110

4 120

— 130

4= 140

<+-150

T1-160

=180

RESISTANCE

E‘Nﬂ IVL
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Page _ 1 of

U.S. Gaological Survey

3ranch of Coal Resourcas
Project Moorhead-~Broadus
Jole No.___ 80 MB-B3 Geologist___ Frank Spencer
Type log Lithologic Elev. 3899 Total depch 4751
Locacion NWiENWY Seec. 7 Te 9 S Re___50
Nearast towm Biddle County Powder River Sun Mont, Quad. Ibhree DBar Ranch
Orilled by: U.S. Geological Survey
Drillar{(s): Apthur Clark
Drill: Gardner-Denver 1 W Daca sctart__ 9/05/80 Completa 9/25/8Q

Nog=core intarvals and size hole:__ O0-475' 5 1/8

Carad intarvals and siza:

Remariks
LOG
‘From To Length ' Description
(in feet) - :
0 3 3 Silstone, medium gray to dark gray, oxide staining
3 5 2 Carbonacéous shale, dark brown
5 9 4 Coal, dark brown bloom
9 13 4 Coal and garbonaceous shale
13 20 7 Carbonaceous shale, shale, medium gray, siltstone, dark
brown '
20 36 16 Siltstone, light to medium gray
36 80 Ly . Sandstone, medium gray to medium brown, fine to very
© fine grained, siltstone, medium brown gray to light gray
80 116 36 - Sandstone, light gray, very fine grained, quartz angular
116 128 12 Sandstone, medium gray, very fine grained, silty
128 192 64 Sandstone, light to medium gray, fine grained, some
quartz subeangular
192 246 54 Sandstone, medium to light gray, fine to very fine
grained, silty, calcareous
2h6 260 14 Siltstone, medium gray
260 278 18 Sandstone, medium gray, very fine grained
278 288 10 Siltstone, medium gray, sandy
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Hole No. 80 MB-B3

Page 2 of 2

LOG
From To Length Description
(in feet)

288 290 2 Coal, (Driller call)

290 294 4 Carbonaceous shale with siltstone, dark gray

294 312 18 Sandstone, medium gray, very fine grained, siltstone,
medium gray

312 314 2 Coal

314 376 62 Siltstone, medium gray, sandstone, medium to dark
gray, very fine grained

376 379 3 Shale, light to medium gray

379 390 11 Coal, with + 1' parting at 388"

390 392 2 Shale, carbonaceous dark brown interbedded with
siltstone, medium olive gray

392 428 36 Sandstone, medium gray to medium brown gray, silt=
stone, medium gray, sandy

428 L4z2 L Carbonaceous shale, dark brown

432 L3k 2 Coal (Driller call)

L3l yho 13 Siltstone, light to medium gray

Ll Lig 2 Coal(Driller call)

LiLg 46s 16 Sandstone, light to medium gray, very flne grained,
Siltstone, medium gray, sandy
Total depth geophysical log 465!
Sample log to total depth

L6s 470 5 Siltstone, medium brown gray

470 475 5 Siltstone, medium brown gray

T.D. 475" € 1505 hrse
Circulate until steel out of hole, 1538 hrs.
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CeSe Geological Survey
Georhysical los, 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no._ B3 Date logged 9/25/80 Surface elevation_3890!'
Location NWpkNW)k sece 7 _, To_9 gy Re50 g . County_Powder River
Drilled depth 475' Logged depth 465 Fluid level 215!
Remarks R
3epth
fe n NG C D R
0 == 0
T10
50 = 50
120
100 ——30 100
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150— 150
150
] 200
200—'-.60 ——
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Hole no.__ B3 (continué@)

ft

Derth
m NG

300_f" 90

— 100

- 110

<4120

— 130

-+ 140

=150

160

—170

—+—180

42




Page 1__ of 2

G.5. Geological Survey
3ranch of Coal Resourcas

Project Moorhead-Broadus

Sole No.__ 80 MB-B4 Geologist__ Frank Spepcer

Type log Litholg ic Elaev. 38501 Total Qcp:h Lzt
Locacion__ NWANW Sec._22 T._8 S, R.__50  E,
Nearast towm Broadus Couney Powder R;vel'SQJ:l Mont o Quad._RBaldy Pealk

Drillad by: U.S. Geological Survey

Driliacz{s): Arthur Clark

Deill: Gardner-Denver 17W Data scart 9/24/80 Completa 9/24/80
Nou-core intervals and size hola:_ O-435' 5 1/8n

Corad intervals and siza:

Remarks _ Surface caging in at 1535 hrg,- 20' cemented at 1540 Muge drilling at

LOG
From To  Length Description
(in feet) : '
¢} 32 32 Alluvium, sandy silt, silty sand, light yellow brown to
medium yellow brown, some cllnker
32 43 11 Sandstone, light red brown to light brown, fine grained
) with clinker, sandstone interbedded with siltstone, medium
gray
43 53 10 Coal, with brown blossom, + 1' parting at 49!
53 81 28 Siltstone, medium gray interbedded with carbonaceous
shale, sandstone, light to medium gray, fine to.very
fine grained
81 86 5~ Carbonaceous shale, dark brown
86 128 . 42 ~ Sandstone, medium gray, very fine grained with calcareous
interbeds or concretions, siltstone, medium gray, sandy,
carbonaceous shale + 2' at 114!
128 145 17 Coal with + .5' parting at 132', + 1' parting at 140"
145 150 5 Carbonaceous shale, dark brown
150 177 27 Siltstone, dark gray brown with carbonaceous shale inter=-
bedded
177 179 4 Coal(Driller call)
179 193 14 Siltstone, medium to dark gray interbedded with carbonaceous

shale, dark brown
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435

Hole No. 80 MB-Bh Page 2 of 2
LOG
From To Length Description
(in feet)

193 195 2 Carbonaceous shale, dark brown

195 260 65 Siltstone, medium to dark gray with carbonaceous
shale stringers, sandstone, medium to light gray,
very fine grained, shale, medium gray, silty

260 266 6 Coal with + 3' parting at 262

266 291 25 Carbonaceous shale, dark brown, interbedded with
siltstone, dark brown

291 338 Ly S3iltstone, medium to dark brown gray, sandstone,
medium gray, very fine grained, shale, carbonaceous,
dark brown interbedded with siltstone, dark gray

338 360 22 Coal with + .5' parting at 342', + 2' parting at
LA + 2' parting at 355

360 364 4 Carbonaceous::shale, dark brown

364 382 ‘18 Siltstone, greenish light gray

382 384 2 Coal(Driller call)

384 389 5 Carbonaceous shale, dark brown with siltstone,
dark brown gray

389 Lo6 17 Siltstone, medium to light gray

Lo6 L7 11 Shale, medium gray
Total depth geophysical log 417!
Sample log to depth

L7 430 13 Siltstone, medium gray

430 5 Siltstone,medium gray

T.D. 435" @ 1815 hrs.
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UeS. Geological Survey
Geophysical los, 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no._ Bk Date logged  9/24/80 Surface elevation 3850
Location NWANW sec. 22 , 7, 8 <. R, 50 g . CountyZFowder River
Drilled depthyzo: Logged depth CVA Fluid level

Remarks Dry hole

ipth
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Hole no._ Bk (continued)
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Page _ 1 of 2

U.5. Geological Survey
3ranch of Coal Resourcas

Project Moorhead=-Broadus

3ole No._ 80 MB-B5  ° Geologist M. McPhillips
Type log  Lithologic Elev. 3620' Total depth 395!
Lacacion__ NEVNW} See._12 _T.__8 S, R. ©S0F,
Nearast cowms  Broadus County Powder River Stacs lMont. Quad._Baldy Peak
Drilled by: UeS. Geological Survey

| Driliar(s): Ste hen Grant N
Drill: Portadrill 524 Daca scart  9/15/80 Complete 9/16/80

Noog=core intarvals and size hola: 0-395! 5 1/8"
Cared intervals and siza:

Remarks
LOG
From To Length ' Description
(in feet) * :
0 59 59 Alluvium, dark yellow brown, clayey with some clinker
and fine grained sand . .
59 63 4 Sandstone, medium yellow brown, fine to very fine
T grained
63 103 40 Claystone, medium light gray to medium dark gray, trace

carbonaceous material, clinker, sandstone, medium light
gray, very fine grained

103 107 4 Claystone, medium light gray, coal(?), black, dull

107 166 59 Claystone, medium light gray to medium blue gray with
shale, brown black, carbonaceous(134-136)

166 179 13 Shale, medium to medium dark gray, carbonaceous with
pyrite nodules + 177!

179 186 7 Coal, black, silky, + 1' parting at 183’

186 196 10 Claystone, medium light gray

196 199 3 Coal with shale, brown gray, carbonaceous

199 227 28 Claystone, medium blue gray

227 257 30 Siltstone, medium gray, shale, medium gray, silty,
sandstone, medium gray, very fine grained

257 262 5 Sandstone, medium gray, very fine grained
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Hole No. 80 MB=-BS Page 2 of _2
LOG
From To Length Description
(in feet)

262 291 29 Sandstone, medium gray, medium grained, silty in
places, pyrite nodules + 265', becomes fine grained
at 266', siltstone increases to 291!

291 322 31 Siltstone, medium light gray, sandy

322 328 6 Sandstone, medium light gray, very fine grained,

' some calcareous material, sandy at 328!

328 355 27 Claystone, medium blue gray to medium gray
Total depth geophysical log 355!
Sample log to total depth

355 360 5 Sandstone, medium light gray, very fine grained
with carbonaceous material

360 365 5 Small sample, sandstone, medium light gray, very
fine grained with carbonaceous material

365 370 5 Siltstone, medium light gray

370 375 5 Small sample=-poor

375 380 5 Siltstone, medium gray, sandstone medium gray

380 385 5 Siltstone, medium gray, sandstone, medium gray

385 390 5 Siltstone, light gray, sandstone, medium gray,
very fine grained

395 5 Sandstone, medium gray, fine grained

390
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leSe. Geological Survey
Geophysical loz, 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no. BS Date logged 9/16/80 Surface elevation 3620'

Location NEENWY. sec. 12 , T._8 gy R._50 p . CountyPowder River

Drilled depth_395! Logged depth 3551 Fluid level 129!

Remarks
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Hole no.__ BS (continued)
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Page _ 1 of 1

U.S. Geological Survey
3ranch of Coal Resocurcas

Project Moorhead-Broadus

Jole No._ 80 MB-B6 ' Geologist___ Janet Brown

Type log Lithologic Eev.  3670! Total depth 315!
locacion NWANEKSW Sec._ 21 Te__ 7 SR 5] E.
Nearast towm Broadus Councy Powder Rivex‘Sca:. Mont. Quad.Bear Skull Mt.
Drilled by: U.S. Geological Survey

Drillerz(s): _ Ste hen Grant y

Drill: Portadrill 524 Data scart  9/23/80 Complece__9/23/80

Noo=cors intarvals and size hole:  O-315' 5 1/8"
Corad intarvals and siza: Spud to 20! below Cache, burn,.

Remarks
. LOG
From To Length ' - Description
(in feert) : '
0 10 10 Alluvium, medium brown(5YR-4/6) with clinker(10YR-4/6)
10 101 91 Sandstone, light olive brown(5Y-5/6)31%, yellow gray
(5Y-7/2)25%, medium olive brown(5Y-4/4)19%, dusky yellow
(5Y-6/4)13%, dark yellow brown(10Y-4/2)6%, grayish
orange(10YR-7/4)6%, very fine grained, claystone, gray
101 103 2 gaiye (10¥R-4/2)
10% 272 171 . Sandstone, pale yellow brown(10YR-6/2), very fine grained,
siltstone, olive gray(5Y-4/1)
272 276 N Coal, olive gray(5Y-4/1)
276 310 34 Siltstone, olive gray(5Y-4/1)
Total depth geophysical log 310!
Sample log to total depth
310 315 5 10% 6" coal, friable, dull to silky, medium hardness in
siltstone, olive gray (5Y-4/1)
o T«.D. 315!
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UeSe. Geological Survey
Geophysical loz. 1980 Drilling
Moocrhead-Broadus Area, Montana

Hole no. B6 Date logged 9/23/80 Surface elevation__ 3670
Location NWjiNEJiSW SeCe_21 s Te_7 _Sey Re_5] E -« County__Powder River
Drilled depth__ 315' Logged derth__ 310! Fluid level

Remarks Dry Hole,
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Hole no. BG (continued)
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Page 1 _of 2

U.S. Gaological Survey
3ranch af Coal Resourcas

Project Moorhead-Broadus

Zole Ne. 80 MB-B? ] Geologist Frank S enger

Type log lithologic Elev.__3935! Total depch 455t
Lacacion NEKNWA Sec. 13 T. 7 s R. 51 o
Nearast towm Broadus County Powder RiverState Monte Quad. _Roor Skypll Mt

Orillad by: UeSe. Geological Survey

Drillaz(s):  Arthur Clark

Detll: Gardner-Denver 17W Dace scart  9/23/80 Complata 9/2%/80
Nom=core intarvals and size hole:  0-105', 140-455!, 5 1/8n

Corad {ntervals and siza:  105.,0-140,0 (3")
Remarks Beginrdrilling 0900 hrs. 20! casin set

LOG
From To Length Deseription
(in feet) : :
0 5 5 Alluvium, loose sand, light yellow
5 56 51 Sandstoné, light brown, fine grained quartz sub=-round
to sub-angular with black chert, very soft,some with clay
56 62 6 Sandstone, light blue gray to medium gray to dark gray,
fine to very fine grained, quartz sub-angular w1th black
silty or clayey material, black chert
62 105 43 Siltstone, medium gray to medium brown gray with thin
coal streaks, sandstone, medium brown gray, very fine
grained, silty
105 129 2k . Coal with + 2' parting at 107', + 1! partlng at 114,
+ 15! parting at 116', + 1' parfing at 120", + 1!
parting at 1241, + 1' parting at 126!
129 166 37 Siltstone, medium gray, sandy
166 170 L Shale, medium gray, interbedded with shale, carbonaceous,
' dark brown
170 173 3 Coal with + .5' parting at 172!
173 180 7 Siltstone, dark carbonaceous
180 182 2 Coal
182 204 22 Siltstone, medium gray, shale, medium gray
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Hole No.

80 MB-B7

Page 2 of 2

LOG
From To Length Description
(in feet)

204 217 13 Carbonaceous shale, dark brown, sandstone, medium
gray, very fine grained

217 233 16 Siltstone, medium gray, sandstone, medium gray,
very fine grained

233% 238 5 Coal with + 1' parting at 236'

238 307 69 Siltstone, medium gray to medium brown gray,
sandstone, medium gray, very fine grained, silty

307 313 6 Coal

313 337 2k Siltstone, medium gray, with thin (coal?) + 1'
gstreaks at 317 and 320!

337 339 2 Coal

339 356 17 Siltstone, medium gray to dark brown, carbonaceous,
sandstone, medium gray

356 436 80 Sandstone, medium gray, very fine grained, silt-
stone, medium gray, sandy
Total depth geophysical log 436!
Sample log to total depth

L34 L4 4 Shale, medium te dark gray

4Lo Lis 5 Sandstone, medium green gray, very fine grained,
very calcareous

Lis 450 5 Sandstone, medium green gray, very fine grained,
very caicareous

450 455 5 Sandstone, medium green gray, very fine grained,

very calcareous
TeDe 455' 1245 hrs,
Circulating until 1300 hrs.

Steel pulled at 1319 hrs.
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Page _1 of 1

0.5. Gaologicsl Survey
Branch of Coal Resourcas

Project Moorhead-Broadus

dole No. 80 MB-B7 Geologist Frank S encer

Type log  Core descri tion Elev. 3935! Tocal Qtp:h Lsst
Locacion  NEWNWY See. 13 T. 7 S. R 51 Eo
Nearsst cowm Broadus County FPowder Rive:Stace_Mont, Quad.Bear Skull Mt.

Drilled by: U.S. Geological Survey

| Drillaxz(s): Arthur Clark

Drill: Gardner-Denver 17W Data start_9/23/30 Complete o /o= /30
Nom=core intarvals and size hole:_ 0-105', 140=455' 5 1/8"

Corad intervals and size:  105,0-140,0 (3"0

Remarks
LOG
From To Length Description
(in feet) : ) ‘

Recovered first run 105.7=-120.0!

105.7  107.4 1.7 Siltstone, medium gray

107.4 7 117.7 12.h4 Coal, brown, woody

117.7  117.8 Oe1 Carbonaceous shaie

117.8 120.0 0.2 - Coal, brown

Recovered second run 120.0 to 130.0

120.0 124.8 4,8  Coal, dirty brown and ground up, éore barrel released
124.8  130.0 5.2 Lost

Recovered third run 130.0 to 13%39.85

130.0 131.65 1.65 Coal

131.65 139.85 8.2 Siltstone, sandy
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Hole no. B7?

TeS. Geological Survey
Geophysical log, 1980 Drilling
Moorhead-Broadus Area, Montana

Date logged 9/23/80 Surface elevation 3935t

Location__ NELNWK

secC._13 , T. 7 Ses Re_51 F - County _Powder River

Drilled depth 455¢ Logged depth 43260 Fluid level

Remarks Dry hole
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Hole no.__ B7 (continued)
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Page _ 1  of 3.

U.S. Gaological Survey
Branch of Coal Resourcas

Project Moorhead=-Broadus

dole Ne. 80 MB-C1 Geologist Frank Spencer

Type log__ lithologic Elev. 3500 Total depth 275!
Location  SWHSWY Sec. 34 T. 8 S. R. 49 E.

Nearsst cowm Broadus CountyPowder River Sca:a Mont. Quad. _Three Bar Ranch

Drilled by:__U.S, Geolo igml Surve vy
Deillaz(s): Arthur Clark

Drtll: Gardner-Denver 17W Data start 9/26/80 Complete  9/26/80
Noo=-core intarvals and size hole: 0-g75' 5 13" / |

Carad intarvals and size: Drilling at 1015 hrs. Casing set at 20!

Remarks

LOG
From To Length Description
(in feer) : . ‘
0 38 38 . Alluvium, light brown to medium brown, sandy, silty, and
clayey zone with clinker .
38 L3 5 Shale, light brown, gypsiferous, poorly indurated
Lz 49 6 Sandstone, medium brown, fine to very fine grained,
poorly indurated, siltstone, medium brown, sandy
L9 89 - 40 . Sandstone, dark gray, very fine grained with thin coal
bed (4-6"2) at + 63!
89 96 Vi Carbonaceous shale, dark brown
96 98 2. . Coal (Driller call)
98 106 8 Shale, medium gray
106 128 22 Siltstone, medium gray
128 132 4 Carbonaceous shale, dark brown
132 133 -1 Coal (Driller call)
133 146 13 Siltstone, dark brown to medium gray .
Total depth geophysical log 146!
Sample log to total depth

146 155 9 Coal (Driller call); Driller reports 15-20gpm water
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Hole No. 80_MB=C1 Page o of =

_ LOG
From To Length Description
(in feet)

155 160 5 Sandstone, medium to dark gray, very fine grained

160 165 5 Sandstone, medium to dark gray, very fine grained

165 170 5 Sandstone, medium to dark gray, very fine grained

170 175 5 Sandstone, medium to dark gray, very fine grained

175 180 5 Sandstone, light to medium gray, very fine grained

180 185 5 Sandstone, light to medium gray, very fine grained

185 190 5 Sandstone, light to medium gray, very fine graineeé

190 195 5 Sandstone, light to medium gray, very fine grained

195 200 5 Sandstone, dark gray, very fine grained

200 205 5 Siltstone, light gray, calcareous,interbedded with
sandstone, dark gray, very fine grained,calcareous
in part

205 210 5 Sandstone, medium to dark gray, very fine grained

210 215 5 Sandstone, medium to dark gray, very fine grained

215 220 5 Sandstone, medium to dark gray, very fine grained

220 225 5 Sandstone, medium to dark gray, very fine grained

225 230 5 Sandstone, medium to dark gray, very fine grained

230 235 5 Sandstone, medium to dark gray, very fine grained

235 240 5 Sandstone, medium gray, very fine grained, silty
with clinker from up hole

240 245 5 Siltstone, dark brown, sandy

2hs 250 5 Carbonaceous shale, dark brown, interbedded with
siltstone, dark gray

250 255 5 Carbonaceous shale, dark brown, interbedded with
siltstone, dark gray

255 260 5 Siltstone, medium gray, interbedded with sandstone,
dark gray, very fine grained

260 265 5 Siltstone, medium gray, interbedded with carbonaceous
shale, dark brown

265 270 5 Sandstone, light gray, very fine grained, calcareous
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Hole No. 80 MB-C1 Page 3z of

‘ LOG
From To Length Description
(in feet)
270 275 5 Siltstone, medium gray, interbedded with thin

sandstone, dark gray, very fine grained

T.D. 275" @ 1200 hrs.
Pulled steel, 1227 hrs.
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CeSe Geological Survey
Geophysical loz, 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no._ (1 Date logged 9/26/80 Surface elevation_ 3500!
Location_ Swliswk sec._ 34 , T._8 ge.4 R._49 g . CountyPowder River
Drilled depth__ 275' Logged depth__ 146! Fluid level 441

Remarks Casing set at 20!
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Page _ 1 of 2

U.5. Geological Survey
3ranch of Coal Rescurcas

Project  lMoorhead-Broadus

Zole Ne. 80 MB-C2 ) Geologist Janet Brown

Type log Lithologic Eev. 36741 Total dept.h 4301
Locacion NEV Sec._33 T. 7 S. ~R. DZ0E.
Nearast towm Broadus Couney Powder River State Mont. Quad. Baldy Peak

Drilled by: U.S. Geological Survey

Driller{s):_Stephen Grant
Drill: Portadrill 524 Date start__O/24/80 Complete __O/24/80
Non=cors intarvals and size hole: O0-480' 5 1/8"

Carad intarvals and size:

Remarks
LOG
From To Length ’ Description
(in feet) - :

0 21 21 Clay, yellow brown(10YR-5/4)64%, to dark yellow brown
(10YR=-1/2)20%, with clinker, red orange(10R=~6/6)11%,
sandstone, yellow brown(10YR-5/4)5%, fine grained

21 © 96 75 Siltstone, olive gray(5Y-4/1)50%, to light olive gray
(5Y-6/1)28%, to olive black(5Y-2/1)14%, sandstone,
yellow brown(10YR-5/4)4%, fine grained, carbonaceous
shale, dusky brown(5YR-2/2)4% at + 22¢

96 97 1 Coal(?)

97 103 4 Siltstone, olive gray(5Y-4/1)

103 123 20. . Coal, black(N-1), silky, with +3' parting at 111', +1!

- parting at 115', +3' parting at 120! ’

123 199 76 - Sandstone, very light gray(N-8) to medium gray(N-5),
fine grained, siltstone, light gray(N-7)

199 201 2 Limestone, very hard

201 314 113 Claystone, medium gray(N-5) to medium dark gray(N-4),
gray black(N-2), olive gray(5YR-4/1), Sandstone, medium
dark gray(N-4) to brown gray(5YR-4/1) to olive gray
(5Y-4/1), fine grained

314 315 1 Coal, black(N=1)

315 350 35 Claystone, medium gray(N-5) to medium dark gray(N-4) to

Gark gray(N-3)
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Hole No. 80 MB=C2 Page 2 of _
LOG
From To Length Description
(in feet)

350 356 6 Coal, black(N=-1),silky with +e5' parting at 353',
+1' parting at 354!

356 Lo2 L6 Siltstone, brown gray(5YR=4/1) to medium dark
gray(N-4)
Total depth geophysical log 402!
Sample log to total depth

402 Los 3 Siltstone, medium dark gray(N-4)

405 410 5 Siltstone, medium dark gray(N-4)

410 415 5 Siltstone, medium dark gray(N-4)

415 480 65 Poor samples-no log to total depth
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UeSe. Geological Survey
Geophysical los, 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no.__ C2 Date logged 9/25/80 Surface elevation_3674!

Location NEW sece 332, Te_7 gSey Re_50 FE - Countypowder River

Drilled depthigor Logged derth 402! Fluid level 257!

Remarks
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Hole no. G2 (continued)
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Page _1 of 1

U.S. Gaological Survey
Branch of Coal Rasscurcas

Project Moorhead-Broadus

dole No. 80 MB-C3 ) Geologist M. McPhillips

Type log Lithologic Elev. 3510 Total depch 215!
location  Ctr N¥Sk Sec._23 T._ 75, _R._ S0@
Nearast towm Broadus CountyPowder River Stace Mont, .Quld-_ﬁaw_

Drilled bYy: U.8. Geolo gcal Surve y

Drillaz(s): Stephen Grant

Drdll: _Portaddrill 524 Date starz_Q/16/80 Complete  0/16/80
Noo-cors latarvals and size hole:__ 0-215' 5 1/8"

Corad intsrvals and siza:
Remarks  Casing run; Geophysical research hole for Frank Sentfle, U,S.G.S.,

Reston, Vae

LOG
From To Length Description
(in feet) : ' '
0 2k 2k Alluvium, moderate yellow brown to pale yellow brown
with clinker
2L 111 87 Sandstone, dark yellow orange to lightnolive to light
) gray, fine to very fine grained, some claystone, medium
light gray to medium blue gray, shale, brown gray carbona~.c
aceous
111 115 L - Coal, black, dull to silky with +1' parting at 113!
115 165 50 Sandstone, light olive gray to medium gray, fine to-very
: fine grained, siltstone, green gray, claystone,medlum
blue gray to medium light gray
165 177 12 Coal, shaley zone, brown black
177 210 33 + Sandstone, light olive gray to medium gray, fine to very
fine grained
Total depth geophysical log 210!
210 215 5 No sample

T.D. 215!
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CeS. Geological Survey
Georhysical loz, 1980 Drilling
Moorhead-Broadus Area, Montana

Hole no. C3 Date logged  9/16/80 Surface elevation_3510!

Location_CTR,N}S)% sec._23 , T. 7 __Se+y Re_50 g« County_Powder River

Drilled depth_ 215! Logged depth 210! Fluid level 130
Remarks Hole cased R

Depth
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Page 1 _of 2

U.S. Gaological Survey
3ranch of Coal Resourcas

Project  loorhead-Broadus

3ole No._380 MB-C4 Geologist_Jaopet Brown

Type log_Litholo icg Elev.___3520! Total depch o801,
locacion SWHNEJ Sec. 7 T. 73 R.___51E
‘Nearast cowan Broadus CountyPowder River Sta:q_lgugt. Qaad. B21dv Peak

Orillad by: UeSa Geo%ggical Survey
Driller{s): Stephen Grant
Drill: Portadrill 5 24 . Data start 2@4‘&9 Complets 9/25/80
Non=cors intarvals and size <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>