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Preliminary Study of Geotechnical Properties of the.
Fort Union Formation near Recluse, Wyoming

By E. E. McGregor and J. K. Odum

Introduction

\This report contains the results of selected physiﬁa]-propertjes tests of
rocks from the Fort Union Formation near Recluse, Wyo. The rocks were
obtained from drill ho]es cored by a contractor for the U.S. Geo]ogicé] Survey
(see figs. 1, 2, and appendi% for locations and legal descriptions).‘ Testing
was done at the drill hole-sites by E. E. McGregor and J. Sébesta and in the
1aboratory by J. K. Odum‘énd J. Sebesta of the U.S. Geological Survey, Golden,
Colo. The purpose of this study is.to gather data on the physical properties
of the Fort Union Formation that relate to coal mining operatibns in this area
and to make these data public; this study is part of an engineering geologic
research program on rock properties in the Powder River Basin, and is part of
the Energy Lands Program.

Testing of the rock samples has followed ASTM (Am.  Soc. Testing and
Materials, 1964) procedures: wherever possible. Thé ASTM test designations are
discussed in section called "Explantory Notes." The other tests that are not
ASTM standards are included in this report as research and expefimenta]

information.
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Engineering Geology

Approximately 250 tests were performed on 72 samples of core, 82.6 mm in
dfameter, to determine geotechnical properties. An averagé of 14 rock samples
was taken from each drill hole for testing, both in the field and in the
lTaboratory. The results of these tests indicate weak rocks that can pose
engineering geologic problems associated with the in-place material and the
disturbed material. |

With only a few exceptions, compressive- and tensile-index tests

performed on the rock samples have low va]ﬁes similar to those test results
obtained on rock samples from drill holes at Ashland, Mont. (McGregor,
1975). These data and the physical-properties data,-Attekberg Timits, and
gradation (grain-size distribution) suggest the need for careful design in
slopes, open mine faces, and open-pit floors. Some of the rocks were so weak-
that they could not be tested as rocks and had to be consideréd as soils for
geotechnical testing;

Testing of rocks from other areas in the Powder River Basin, near
Quietus, Mont., Sheridan, Buffalo, and Monarch, Wyo., is in progress at this
writing. It is hoped that results from this testing, along with those in this
report, wi}] give more definitive answers to some of the engineering geo]bgic

" problems of the rocks in the Fort Union Formation.



Explanatory Notes
The Unified Soil Classification, gradation, and Atterberg limits are from
the "Earth manual--A water resources technical pub]ication"i(U.S. Bureau of

Reclamation, 1974):

1. Unified Soil Classification System.

2. Gradation (grain-size distribution)f ASTM designation D-422-63. Material
finer than a No. 200 sieve is subdivided as fo]iows--si]t, 0.074-0.004 mm;
clay-size is ]eés than 0.004 mm, according the Wentworth classification |
(1922). |

3. Atterbefg limits: ASTM designation D-423-66, liquid limit of soils. ASTM

desighation D-424-54T7, plastic and plasticity index of soils.



1.

2.

The following field index tests are described in Aufmuth (1974):

The Schmidt rebound hammer is'essentia11y a nondestructive, portable, and:

inexpehsive test device that expends a definite amount of energy stored in
a Spfing (apbroximately 0.54 ft/1b) in impe]]ihg a steel hammer of uniform
weight and cross-sectional area against the material's surface. The
amount.of‘rebound‘of the hammer after striking the surface is indicated on
a .graduated scale. This number has been designated as “R," and has been
correiated with the compressive strength of concrete and rock. Values
shown in the column are in "R's".

The slake durability test is a measurement of the resistance.of.a rock to
weakening and (or) disintegration resulting from cyclic wetting and
drying. Values shown in the co]umn.are the percentages of material larger
than 2 mm.remaining after the test. Ten rock specimens, each weighing 40-
60 g and ern-dried at 43°C to constant weight, are placed in a 2-mm
standard mesh cylinder. The cylinder is placed in a water tank containing
distilled water as the slaking fluid and is rotated at 20 r/min +1 r/min
by a motor assembly for 10 minutes. Then the mesh drum is removed from

the slaking fluid tank, and the remaining material is removed from the

~drum, dried to constant weight, and weighed. The slake durébi]ity index

is calculated as the percentage ratio of the final to initial dry-sample
weight. Data for one cycle are shown in this report.

7/



'3.

The point-load strength test is intended to measure the strength of rock

'samples in the form‘of'specimens of regular geometry. Testing was done on

natural core in the fié]d and as received in the laboratory. Data
obtained consist of failure load in psi (pounds per square inch) at time
ofyfai]ure, and the core diameter and (or) cross-sectional area at initial
1oading; From this, the point-load tensile strength of the rock may be
calculated. Values shown in the column by the triangles are the tensile
strengths parallel to bedding, and, by the circles, normal to bedding.
These values are expressed in MN/m2 (meganewtons per square meter). The

test procedure was described in detail by Broch and Franklin (1972).

-



GCeologic sud Geotechnical Log

" Geologic and Geotechnical Log of Drill Hole RM-1

Powder River Basin
Recluse area .
Hele RM-1 - L (Description of’
Coliar elcvatioﬁ: 4204 57 1ithology. taken from As received Slake |
. i Hobbs and others, 1977) Fracture water content & .| Durabil
, ) spacing . Grain size Atterberg limits {ty index . . Aniso-
’ ' (cm) Unified distribution (percentage of (pct. of Schmidt Point-Toad| ¢rqny
Depth . R ' Soil (percentage of dry soil weight) dry soil hammeg _St?engsh jindex
& & Lithologic C]assifi— dry soil weight) e TR weight ‘index 1?d&?e§) A
< ¢ 4 ipt tion’ 5 fretained BN/m’ =
& S escriptjon 25 ca . Sand Silt Clay |10 30 50 70 90 | *CaC04[™® ned) 20 w loz 0.6 2
MﬁdstcneJ gray to dark gray, slightly
‘silty, some mottling
' ' CH ' 5 15 ’ +). - 1.2
M«:<:b~¢w Mudstone, as above
3 Shale, brown, numerous silty streaks,
highly carbonaceous, coal stroeaks CH 51 .49 N . () 88 - Q& 1.4
and stringers
Coal, cark brown, highly fractured 1
At 4 O . . . : i .
Lo —:ﬁgﬁ?z}fi,_.uudstone; dark brown to black, highly] o
1204 :;:};S  carbonaceous CH 32 68 b ! (T) 0.9
fer “S—’EE—E less carbonaceous, silty streaks,
jkﬁ:igﬁ becomes more grayish in color
S8 IR
ey TR : -
—Y 4N xXxE massive and hard .
150G RPN
‘ R G
F"'A-—:’\s.'" .
<. Shale, dark brown to black, some :
' sil;yvstreaks’ ' cH ' 41 59 N (1) 93 P 1.0
i 2 slightly laminated
140 A .
’ |45 becomes browner in color with depth
'yl carbonaceous streaks : MH 1 h6> 53 a i F__ﬁ ) 0. 18
=645 JCoal, dull, woody, shaly streaks
- -
Mudstone, brown grading to gray, siltﬂ
Sandstone, gray, very fine to fine o o 2.1
ENTE grained, some bedding 53 47 ) M 94 S0 0.62
{ .thin carbonaceous zones

Explanartory nores:
}Suc Geaphic Litholopy Key In Appendix
“Ascerisk, *, shows sample depth

o . "L o= plastic Nmit
3Symbols from Unified Soil 0 Tiq:id ‘1#Tt
Classification Chart (from P p]qécicity {ndex
- on. plas
U.s. Bureau of Reclamati - O = natural water

1974). content

]

5+, positive
-, negative
T, trace

Cpimensionless

U5= value recorded harallel
.to- bedding R units

O = value rccorded perpendicular
to bedding



Ceologic and Geotechnical Leg

Powdor River Basin

Geologic and Ceotechnical Log of Drill Hole RM-2

Recluse ared / . .
Hole RM-2 , % (Description of _ Slake
Gollar elevation: 4238 ‘ é& lithology taken from - As rcuelveq . Duribil- .
' ' 7/ Hobbs and others, 1977) Fracture water content abi1 .
/ . spacing . Grain size Atterberg limits Lty index Schmi dt int-load Aniso-
. . (cm) Unified distribution (percentage of (pct. of ; mi Point-loa tropy
Pepth & ‘ Soil ~ (percentage of dry soil welght) dry sotl iar(l;meg ,Std'.”e"gf" index
< & Lithologic Classif’l‘- dry soil weight) pr. 1 " welght ndex ‘?M&;;'f) : A
& < ; j . b . ined
N description 15 25 catjon. sand Silt Clay 10 30 50 70 90 SCaC03 rerained) 20 w0 lo.z 0.6 o
55:“: H{udstone, brown to gray '
-1 “Sﬁi; _ '
T scattered sandstone laminae and
- 2 X beds
-
- ’andsione, brown to buff, s-ilty,
scattered carbonaceous flakes and CcL 53 47 gt (+)
- fragments
- 25 . .
friable
. CcL 51 49 L 6]
,..10..:-:}*1';: “Jludstone, yellowish brown, oxidized ) CcL 42 58 v ‘- +)
NSRS coloration changing to gray and ) :
11 55> X3 | brown
SERg ,
12 A
[ kEser )
PRRAR SRS o CH - 38 62 smusdBER ¢))
R AR . Ch 793 ()
=y - : ’
| ool 15 4535;,5:»; ] dark gray, slightly carbonaceous
T fractures common -
16 4= scattered siltstone zones :
k\ v =] o . CH 29 71 , ).
|17 oo hale, dark brown, highly carbonaceous )
: to coaly v cn 33 62 N %)
.18 1 {fudstone, gray to light gray, carbona-
% ceous streaks
. —lgT‘ EEandstone, medium to light gray, very ML 40 28 32 1 ()
fine to fine grained, subangular )
Explanacary notes: " pL o= plastic Limit

Ihee Craphic Lithology Key tn Appendix
“asterisk, *, shows sample depth

3symbols from Unified Soil
Classification Chart (from
U.S. Bureau of leclamation,
1974).

LL 11

pl

-~
-
]

quid limit -, negative
asticity index T, trace

O = natural water

content

5+. positive .

Spimensionless

A= value recorded parallel
.to bedding R unitls

O = value recorded perpendicular
to bedding



Cealogic and Geotechnical Log

Powder River Basirn

Geologic and Geotechnical Log of Drill Hole RM-2--Continued

Recluse area
Hole RM-2 &/ (Description of
Gellar elevation: 4238 /=7 Vithology taken from v As recelved 0518231_
' 7 Hobbs and others, 1977) Fracture water content & ura .
o ; spacing Grain size Atterberg limits ity index Schmidt . load Aniso-
&S (cm) Unified distribution (percentage of (pct. of hc mide Point-1oad} trqpy
l)e(\th - \'){’0\:"\4\\\ Soil (pe\-centage of dry soil wgigh:) dry soil ialgme:: 'strengsh index
4 Lithologic c1assifi3- dry soil weight) pL F—— Lt weight ndex "(':;l;:;) A
S N i ) i : 3 tal /
9 description 15 25 cation Sand Silt Clay 10 30 50 70 90 5CaCO3 retained) 20 w0 1oz 0.6 q
_ISandstone, light gray, becomes ’ .
= harder downward. . CH 33 67 . .
séattered mudstone laminae _
¥ cH .8 62 , 30 { -
Mudstone, light gray, alternating
bands of light and dark gray mud-
26 S stone and very fine grained sand-
5 1 DG _ stone : ) .
J CH 51 49 t 4
scattered shaly zones, carbona-
cenusypyritic
fossiliferous . .
CH 15 85 — —
~100 :
Siltstone, brown to gray, very hard '
Mudstone, gray to light gray, silty, A
. fractured
Sandstone, gray, very fine grained
*IMudstone, as above CL’ 68 32 H—t
scattered silty laminae
Siltstone, light gray to gray, sandy
laminae and zones
fractured .
light brown silty and sandy zones CH 35 65 ’ 4+
CH 57 43 ' o
fossiliferous

Evplanatery antes:
CHee Graphile Litholagy Koy in Appendix
“"Asterisk, *, shows sample depth

3ymbols from Unified Soil
Classification Chart {(fcom
U.S. Bureau of Reclamation,
1974).

“ PL = plastic limit
LL = Iiquid Limit
Pl'= plasticity index
O = natural water
content

10

5+,qusitivc
-, negative

T,

trace

“pimensionless

A~ value recorded parallel
,to bedding R units

O = value recorded perpendicular
to bedding



Goolopie and Geotechnical Loy

Powder lkiver Basin

Hole

Geologic and Geotechnizal Log of Drill Hole RM-2--Contlinued

Recluse area .
RM-2 . (Oescription of
Gollar clevation: 4238 lithology taken from As recelved Slatcl Y
5 Hobbs and others, 1977) Fracture e e te oy Inded i
. spacing Grain size Atterberg limits ity index Schai . Aniso-
(cm) Unified distribution (percentage of (pct. of hChm‘dt Point-loag tropy
- Depth Soil (percentage of dry soil weight) dry soil ‘anmez .Stfe"gfh index
Lithologid Classifi- dry soil weight) pL F— 1L weight ndex \?a&§e§) A
. ) : . L, . tai m -
description 15 s cation Sand Silt Clay {10 30 50 70 90 | *caco, |retained) 20 w lo2 o6 | °
Siltstone, light gray to brown
_ . Mudstone, gray ’ ’
L Siltstone, as above CH 31 .69 -+
*l Mudstone, gray, very silty, numerous ; ) )
light gray brown calcareous sandy
streaks
scattered shell fragments
CH o 30 70 v +)
shaly, scattered carbonaceous |
flakes : '
CH. 33 67 ¢)
Siltstone, gray, shaly with some
sandy streaks
Mudstone,. gray to dark gray brown,
sandy,. carbonaceous ’ " CcH 27 73 [ 4 (-)
Shale, dark brown to black, grades
to coal
Mudstone, 'as above
‘CL 5 47 . 48 )
carbonaceous streaks and sandy
MH 51 49 4 )
Shale, dark grayish brown, carbona-
ccous, silty to sandy zones

Explanators noces:
CSee Uraphte Lithology Key in Appendix
“Asterisk, *, shows sample depth

" PL = plastic limit

Yiquid limit

PI = plasticity index

O = natural water
content

iSymbols from Unified Soil
Classification Chart (from
U.S. Bureau of Reclamation,
1974).

-
-
[]

1"

5+, positive
-, negative
T, trace

“Dlmens tonless

A= value recorded parallel
.to bedding R units

O = value recorded perpendicular
to bedding



Ceolosic and Gootechnical log

powder River Basin

Geologic and Geotechnical Log of Drill lole RM-2--Continued

Recluse area
tele RM-2 (Description of '
Collar cicvation: 4238° = lithology taken from - As recelved Slake .
" Hobbs and cthers, 1977) Fracture water content & Durabll- .
_ spacing Grain size Atterberg limits Ley index Schmi . Aniso-
: ’ (cm) Unified distribution (percentage of (pct. of hc midt Point-load tropy
Depch ) Soil - (percentage of dry soil welght) dry soil ‘agme: .Strengsh index
© L;thql?gic Clai§izi- dry 3911 weight) oL —— L wiiihcd) index \?aaiig) A
< escripti catio 5 s Jretaine . °
NP ption 15 25 . Sand Silt Clay 10 30 50 70 90 | >CaCOy 20 s lo.2 0.6
;2 shale, dark grayish browm, silty MH 58 42 J ()
-200-}-6]1 - { | carbonaceous and coal stringers
1% - .
; k Coal, bright to dull, semi-banded,
62 - A fractured and blocky ’
¥ : :
-03 “l
{
64 -4
; i highly pyritic
65 = ! : '
66
r—-(ﬂ
68 highly fractured zones
-2254
59
=70 Shale pérting, dark gray to black,
carbonaceous, grades to claystome
-71 Claystone, light gray to black,
] carbonaceous to coaly, grades to z
72 - 1. shale
! \ Coal, dark brown to black, silty
75 -
§ | fractured
7 2 W pyritic >
& shale parting as above
\
- 75 —i
H i . ’
2504 70 ¢ 4 some banding and occasional woody
: material
77 -
79 -,
_79_3
[»pumnyl,, less fractured
Expinuatory notes: ] isymbols from Unified Soil “ prL = plastic Mmlc S+, positive Spimens fonless
Seax Graphic Lithology Key in Appendix Classification Chart (from LL = liquid limit -, negative
“Ascerisk, *, shows sample depth . U.S. Bureau of Reclamation, PI = plasticity index g (race a= value recorded parallel

O '~ natural water
content

1974).

T2

.to bedding R units
O = value¢ recourded perpendicular
to bedding



Cootopic aud Geotechuical Log

Powider River Basin

Geologic and Geotechnicsl Log of Drill

Hole RM-2--Contlinued

Recluse area
Mole RM-2° ) & {Description of
tollar elovation:4238 - /=7 lithology taken from As received Slake .
7 Hobbs and others, 1977) Fracture water content & Durab 1~ - .
= spacing Grain size Atterberg limits ity indey Schmid . Aniso-
(cm) Unified distribution (percentage of (pct. of hc mi dt Point-load tropy
. Soil (percentage of dry soil welght) dry soil i:EZiE 'SSTengsh indax
1 ifi- ight igl indices
“doseription iens fysonwetshd |t | Leeatne (m’) | 8
scrip 15 25 Sand Silt Clay 10 30 50 70 90 | "CaCO4 20 40 0.2 0.6
Coal, dull to shiny )
¥iMudstone, light gray, coaly streaks CL 8 58 34 4 (-)
Sandstone, gray fine grained
4Siltstone, gray, shaly and coaly : 9 57 34 ]
Sandstone, as above cL ' ©
-1
2754 g, _j
55 -
; * Y |Sandstone, as above ]
1-37 1 .
L)
.—88 ~4
-89 N
90 A
| gy o %] Sandstone, as above cL ' 2 sl 47 ()
AR e T ’
~-Z00
; 192 '
|
i : Sandstong, petroliferous cL 3 50 47 (-)
: e Shale, dark gray to brown, carbona-
‘ 95 7§ \ ceous .
\ 4 \ JCoal, dark brown, clayey
96 !
& : pyritic
! 07 _%' , fractures
i
: o8 {, j low grade - poor quality ’
1
o [ }
32599 -
A
e N e .. :
Fxplasatory noves: 3¢, < P Fi i PL = plastic Limit 54, positive ‘pimensionless
P N Yone Symbols from Unified Soil LL = liquid limir » P

see Graphle Litholoeygy Key in Appendix
ZAsueriﬁk, *, shows sample depth

Classification Chart (from
“y.S. Bureau of fleclamation,
1974).

13

PI = plasticity index T,

-, negative
trace

O = natural water °

content

A= value recorded parallel
to bedding R units
O-= value recorded perpendicular
to bedding



Ceologic and Geotcchnlcal Log

Pawder River bBasin
Recluse area

Geologic and Geotechnical Log of Drill Hole RM~2--Continued

Hole RM-2 , 8 (Descriptfbn of Slak
ollar clevation: 4238 27" lithology taken from As recelved .abc '
Hobbs and others, 1977) Fracture water content & Dura l]f .
spacing Crain. size Atterberg limits ity index Schmid . 1 Aniso-
' (cm) Unified dlstribution (percentage of (pct. of haam! t Point-load] .y,
Depth Soil (percentage of dry soll weight) dry soil 'aﬂme: .S‘Te“?Eh index
Lithologic Classifi- dry soil welght) oL F—1 Wt welght ndex ”{g;&;ﬂ A
i - A i s Jretained
description 15 25 cation Sand Silt Clay 10 30 50 70 90 | Scaco, [reraine ) 20 s lo.2 0.6 °
Coal, dark brown, clayey, poor ' A
. quality :
Mudstone and shale, dark brown to .
black, carbonaceous ch 5 95 (-)
Sandstone, gray, very fine to fine
grained, carbonaceous, shows 2 81 17 (-)
turbidity structures )
24 Mudstone, light gray, abundant plant CH 16 84 - ~t ()
. fragments
- .
3
L]
-
]
- -t
- p
L [ng J (
i 3

e,
e

T PN T NN

L et R PR SISty L onl e B 6 WP A 8

at pata 908 wesaesy

) v



Geologic and Geotechnical log

Powder River Basin

Geologic and Geotechunical Log of Drill Hole RM-3

Recluse area
fiole RM-3 , </ (Description of
Collar elevation:4195 <7 Vithology taken from ) As received Slake .
Hobbs and others, 1977) Fracture water content & Durabil-
spacing . Grain size Atterberg limits ity index s h"d i - Aniso-
(em) Unified distribution "(percentage of (pct. of chmidt P91nt-10ad tropy
S6il (percentage of dry soil weight) dry soil ﬁamme: 'strenggh index
Lithologic C]assifi- dry soil weight) pL F— L weight index 1?d&59§) A
d ipei catjon 3 {retained C AMN/m* o
escription s 15 25 ! Sand S5ilt Clay 10 30 50 70 90 5CaCO3 atne ? 20 40 0.2 0.6 ¢
Siltstone, light yellow brown ] )
cH 51 69 o L y (M 1o]o 0.51
Mudstone, reddish brown ‘
Mudstone, bluish gray, carbonaceous . a
stirngers .
Mudstone, light brown, scattered _ ’ Al
laminae of silt CH 50 50 - ' () © 0.57
Shale, gray, carbonaceous and sandy | :
stringers .
L i Shale, gray, silty and sandy CH 4 51 45 ® N A
- 18 — : , 16)) o 0.59
—60 - . o ]
g -} Siltstone, light gray, very calcar- i
i‘* eous . i8] ¥l 1. 46
Shale,'gfay slightly carbonaceous
Coal, silty stringérs .
‘Mudstone, gray brown, scattered sandy :
laminae CH 12 53 35 . (1) o
Shale, bfown, slightly carbonaceous,
fractured zones
CH-MH 19 - 81 ' (1)
very sandy streaks
Mudstone, light gray
increasingly more silty with depth
Siltstone, light .gray, fraétured cL 30 70 (T)
Expl rory notes: 3symbols from Unified Soil PL = plastic limlt 5+, positive.. Ggimcusionlvsﬁ

¢ Graphic Lithology Xey in Appcnﬁix

zﬁu:erlsk,=h siiows sample depth

Classification Chart (from
U.S. Bureauy of Reclamslion,

1974).
15

LL = liquid limit

PI = plasticity index T,

Q = natural water
content

-, negative

trace

712* value recorded parallel

.to bedding R units

Ov= value reccorded perpendicular
to bedding




Geoloygic and Geotechnical lLog

Powder Rivee Basin

Geologic and Geotechnical Log of Drill Hole RM-4

Recluse area
Hole RM-4 (D s .
. . . s escription of
(ollar elevation: 4142, Vithology taken from As rccelved Slake .
- Hobbs and others, 1977) Fracture water content & Durabil-
. spacing L Grain size Attéerberg limits ity indey ) - Aniso-
Depth (cm) U“\f‘Ed distribution (percentage of (pct. of Schuidt Point-load tropy
) Soil . (percentage of dry soil weight) dry sofl ﬁammer strength | 403
& . Lithologic Classifi- dry soil weight) e welight index® indices’ T
Ay g : description cation 'l o . B L
B 15 25 Sand Silt Clay 10 30 50 70 90 SCZICOJ retained) 20 20 1o éMN/'S % C
fasasnd sarsmtoinm
- 8.4 X . .
ggfgfgifjjg Mudstone, gray, fractured CH : )
Sandstone, light grdy, mediumgrained
numerous carbonaceous stringers
Mudstone, light gray brown
CH -
Sandstone, light gray, fine to 42 58 )
medium grained, numerous carbona-
L 4 ceous streaks ‘ °
Siltstone, light gray, clayey, i '
fissile . i ' 58 42 +)
. Mudstone, gray to dark gray, silty .
and sandy partings, fissile
Siltstone, light gray, very calcar- cH ’ .
cous and hard B 45 55 S0
Mudstone, black, carbonaceous,
shaly CH -MH 29 71 ' ' (1)
Mudstone, gray, silty CH 36 70 )
carbonaceous streaks -
. CL 51 49 ' N (-)
Mudstone, dark brown to black,
- shaly, carbonaceous
200 A S o :
TR I siltstone laminae and zones CH-:g 12 16 gg - Y (T) '
NS .\\*—\} : . (-)
BFEI R N e
62 DAy {S‘ .CL 8 42 50 > (1)
nECNE CH 24 16 ) M
Saplaadtory notes: . i PL = plascie 1iml 5
1 \ S 3 om Unified Soil “lo= plastic 1imlt + siti Shimensi .
See Graphic Litholugy Key in Appendix S%ngl?fgzation Chart ( from LL = liquid Vimit - Ez;atizi Dimensionles
Astueris * shows sample n . = auricit . ’
erisk, %, shows sample depth U.S. Bureau of leclamation, l’ol = p.l‘?hr.“{“y Index ¢ trace A= value recorded parallel
]974). = nalur: zater to bedding R units
16 conten O = value recorded perpendicular

to bedding



Geologic and Geotechnical log Geologic and Geotechnical Log of Drill Hole RM-4~-Contlinued

Powder River Basin
Recluse area i
Hole RM-4 . .S/ (Description of )
Grllar clevation: 4142 =’ Vithology taken from As recelved . Slake .
Hobbs and others, 1977) Fracture ) . . water content & Durabil-
o - spacing . _ Grain size Atterberg limfits fey indey Schmi , Aniso-
\\2\‘ S (cm) Unified distribution (percentage of (pct. of chmidt Point-load tropy
g \.&\\\'4" : Soil (percentage of dry soil weight) dry soil '?al:jlme: _ Ssrengsh index
£ ) fEi . index indices
5 el Qassifl dovsotdvetshe) | G ey wetane L ey |8
& . .
7 eseriprion 515 25 c sand sile Clay .|10 30 s0 70 90 | *caCO4 2w o lo2 o6 | ©
Mudstone, dark gray, carbonaceous
— ’ .
Mudstone, as above CL 12 49 39 4 (T)
Siltstone, gray, sandy .
Mudstone, as above '
silty CL 6 54 40 +—4 . (1)
Sandstone, medium gray, fine grained cL 2, 40 58 (T)
Mudstone, &ark gray, silty, carbona-
ceous
VA : . .
LY iy ‘ cH ,
kn 2tl;}i~{ i , 42 58 : (1) .
DRENAY ] ¢
72 3y .
333%3 coaly stringers
q ~ e P
240173 IR I A CH 2 10 88 ol ()
3 E Siltstone, gray, very hard ’
—{ Mudstone, medium to dark gray,
carbonaceous CL-CH . 30 70 » (T)
R ] K
=77 ":‘.\%’\?Q:; :
X
o coaly streaks 4 ' . cH 3 16 8l L (T)
ML 1 8 91 T (T)
h et 1 ;P
lixpl:u\ie{mr,\: notes: ’ 3symbols from Unified Soil E}‘ : ‘;:“":;"l:i':tc 5y, positive "Dimensionless
/Sze Graphic Lithology Key {n Appendix Classification Chart (from S I‘f]‘.‘ iet m {nde -, negative ’ )
“Asterisk, *, shows sample depth . U.S. Bureau of Reclamation, Pl = plasticicy in X f, trace A= value recorded parallel
]§7"” O = natural water to bedding R units
content . O = value recorddd perpendicular

17
. to bedding-



Geologic and Ceotechnical log

rowder River Basin

Geologic and Geotechnical Log of Drill llole RM-4-~Continued

Recluse area
Hole RM 4 -, v (Descripti
. °C, ription of
Collar clcrvntion.4142 5 lithology taken from As received slake .
Hobbs and others, 1977) Fracture water content & Durabil-|
: spacing i Grain size Atterberg limits ity index . Aniso-
‘Ikwwln (cm) Unifled distribution (percentape of (pct. of Schmidt pPoint-load tropy
7 . ) SO”_ . (perccatage of dry soil welght) dry sofl l}ammw strength | .45
. & A Lithologic C]ass1f§~ dry soil weight) pi. } oL welght index® indices” A‘
&% description cation g L . , . ° =
~ 15 25 Sand silt Clay |10 30 50 70 90 | *caco, fretained) 20 w o é“"/‘g f).) o
Mudstone, dark gray, carbonaceous )
_ CH 29 11 t (T)
- 2801
CH 13 317 4 (T)
~
.-.88—‘:\\'_\' x"rk
g
R Y )
|- €9 X '\é 1
B
‘\\‘-1‘.‘\\1‘\\} ¥ . .
90 ——\Ci\:;" IL-ML 29 71 - (1)
K £ -
91 'Jv“w;\..gfz;
-~ 300 02 E Coal, black, cleat fractures ’
o —‘[--'v-....‘,v-""ﬂ
S
SN - . n
Fxplanatory notes: * PL = plascic 1imit [

:See Craphic Lithology Key in Appendix
“Asterisk, *, shows sample depth

3Symbols from Uniiied Soil
Classification Chart {from
U.S. Bureau of Reclamation,
1974). ) :

18

+, positive

LL = 11

. quid !.imi.t -, negative
Pi = plasticity index T. trace

O = natural water '

content

©pimensionless

A= valuo recorded parallel
to bedding R units

O = value rccorded perpendicular
to bedding

Lo



Ceulupic and Geotechinical lLog

Powder River Basin

Geologic and Ceotechnical Log of Drill Hole RM-6

Recluse area N
Hole RM-6 , (Description of T
llar clevaclion:a106 57 1ithology taken from As received Slake .
Hobbs and others, 1977) Fracture water content & Durabil-} .
spacing Crain size Atterberg limits ity index Schmi ' Aniso-
(cm) Unified "distribution (percentage of (pct. of chmidt Point-load tropy
Soil (percentage of dry soil welght) dry soil hammez 'sﬁrengsh indax
Lithologic Classifi- . dry soil weight) pL F——1 L welght index '?a&;e§) 4
. 3 . . - - —_
¥ ion” . ; tained) m
description 15 25 gat. Sand Silt Clay 0 30 50 70 90 | %caco. |*® ; 2 w loz 0.6 o}
c - ’ ’
I Sandstone, gray, fine grained,
massive, faint carbonaceous
streaks SM 56 8 - 36 —t (n
Mudstone, gray to dark gray, carbona-
ceous .
CH 4 20 76. + 4 (-)
scattered slickensides
. CH 35 65 ¥ 1 (T)
scattered fractured zones
MH 23 77 v t (T)
Mudstone, as above, scattered plant
fragments . CH 5 10 8s + (T)
impure coaly streaks and zones
coal with pyritic laminae; impure
cH 2 4 94 G t (1)
Mudstone, as above CL 13 87 k (T)
Sandstone, medium gray, very fine to
fine grained, silty, coaly streaks
crossbedding near base
Mudstone, gray, carbonaceous and
pyritic . J
Siltstone, light gray, sandy g

U0y porea:
'See Craphie Lithology Key in Appendix

Asteri:r, *, shows sample dopeh

3symbols from Unified Soil
Classification Chart {from
U.S. Burrau of Reclamaiion,
1974).

L

“ PL = plascic limit
LI =
P - oplasodetey
O~ matas vl waten

Tiquid Timit

tndoes

PERETY AU §

s+, pusitive

‘e

NG T

Nimensicnie

S

o

[N

to bedsteg b

.

DR I

o

NI e

PO SN

e el

. 57_;_:,-,.; e



Geologic and Ceatechnleal ng

pPowder River Basin

Geologic and CGegteclnical Log of Hril) lole RM=-b--Cont inued

Recluse aved .
Nole RM-6 ) (Description of Lak
Collar elevat lon:4106 =7 Vitholagy taken from As recelved DS db;, )
Hobbs and others, 1977) Fracture Grain si water C"“;‘i": & iturindev Ani
spacing e n sze Atterbcrg_ imits y ) Schmidt Point-load n1so-
(cm) Unified distribution (percentdge of (pct. of b tropy
Soil (percentage of dry soil weight) dry soil .ammez _Stfengsh index
Lithologic C]assifg- dry soil welght) pL F—— 11 welght Tndex ‘?ﬂ&;e§) A
& s i : - ~ ined m o
< description 15 25 cation®. ¢ 4 Silc Clay 10 30 50 70 90 SCaCOJ retained) 20 w loz 0.6 ) .
Sandstone, light gray, very fine to CcL 1 20 79 4 )
fine grained, silty, scattered . )
. coaly streaks and pyritic nodules
-160-
Sandstone, as above
ML-CL 1 65 34 T )
.70
Siltstone, light gray, irregular
bedding, pyritic, scattered plant ML-CL - : - ]
fragments and calcareous fassils . ¢ 33 §7 : )
1894
L- '
e
S
A |
’ -,
L]
W T o lactle
rxp)qﬁqau?y notes: dsymbols from Unified Soil IL ; plastic limit 54, positive §pimensionless

See Graphic Litholowy Key inAAppendix
2\sterisk, *, shows sample depth

LL liquid limit

Classification Chart (from -
U.S. Burcau of Reclamation,-
- 1974).

Q = natural water
content

20

-, negative

PI = plasticity index T,

trace

A= value reénrdnd parallel
to bedding R units

O = value recorded perpendicular
to bedding

<%

v
e

NSRS

R Rt
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. Legal Descriptions of Drill Holes
CRM-1 SE1/4 SW1/4 NW1/4 sec. 33, T. 56 N., R. 72 W..
RM-2  SW1/4 SW1/4 NE1/4 sec. 32, T. 56 N., R. 72 W.
RM-3  NE1/4 NW1/4 NW1/4 sec. 25, T. 56 N., R. 73 W.
RM-4  NE1/4 SW1/4 SW1/4 sec. 25, T. 56 N., R. 73 W.
RM-6  NE1/4 NW1/4 NE1/4 sec. 21, T. 56 N., R. 73 W.

23



§§§§§§_Shé1e-

:€ Siltstone

CTaystone

[~ ~<3 Mudstone-

"ﬁ: Coal

& Sandstone-

LITHOLOGIC SYMBOLS

Soil hori
(| $ot horizons

23

Calcareous

#Plant. fragments .

Pyritic

‘Slickensides

Washed-out zones,

core loss





