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ABSTRACT

The U.S. Geological Survey gave technical support to the U.S. Bureau of Mines during
drilling of three holes in the Piceance Creek Basin area southwest of Meeker, Colo. The
project as planned was to sample the Parachute Creek Member of the Green River Formation for
oil-shale content as well as for nahcolite and dawsonite content.

The first hole penetrated the Uinta Formation and nearly all of the Parachute Creek
Member. The second and third holes penetrated the Uinta Formation and were bottomed in
the Garden Gulch Member of the Green River Formation below the Parachute Creek Member. Core
samples were taken through most of the Parachute Creek Member.

Core index, a numerical representation of the engineering character of the rock, was
calculated for each drill hole using the following formula: ’

[(feet broken)+(feet core loss)+(1/4 joints),

CI (core index)= cored interval, in feet i

X 100
Core index numbers show that the rock best suited for mining extends downward from the top of
the R-5 zone of Donnell and Blair to the base of the Parachute Creek Member of the Green River
Formation.

An isopach map of nahcolite thickness and structure contour maps drawn on the bases of
the Mahogany zone and the R-4 zone of Donnell and Blair show a northwest-southeast-trending
depositional basin, which agrees with the regional maps of the area.

INTRODUCTION

The USGS (U.S. Geological Survey) gave the USBM (U.S. Bureau of Mines) technical support
in the drilling (coring) of three holes in the Piceance Creek Basin area southwest of Meeker,
Colo. The USBM was invoived in exploratory work in the area to determine the feasibility of
sinking a shaft, and to provide data for possible future mining, by various methods, of oil
shale, nahcolite (NaHC03. a sodium bicarbonate), and dawsonite (NaA](OH)2C03, an aluminum-
bearing mineral). The USGS furnished personnel to log core and cuttings obtained from this
operation.



Figure 1 shows location of the Piceance Creek Basin, Colorado. Figure 2 shows location
of sites for drill holes USBM-01, USBM-01A, and USBM-02A in relation to Piceance Creek, Ryan
Gulch, and Fault and Horse Draws. Figure 3 (in pocket) shows 1ithology, structure, secondary
features, and the CI (core index) log for these drill holes. Figure 4, a cross section, shows
altitudes above sea level for various marker beds and oil-shale zones. Table 1 shows depths
to these beds and zones in the drill holes, as determined from resistivity and density logs
used in conjunction with the core.

The first core hole, USBM-01, was drilled in Fault Draw, a tributary of Ryan Gulch, 2,333
feet (711.1 m) west of the east line and 64 feet (19.5 m) north of the south line of sec. 31,
T. 1S., R. 97 W., at a surface elevation of 6,254 feet (1,906.2 m) (J. E. Hawkins, USBM,
written commun., 1975). Indications of possible faults in the core and the highly fractured
condition of much of it prompted a move to a second site about 8,000 feet (2,438 m) north-
northeast of Fault Oraw.

At the second site, Horse Draw, two holes were drilled. The first hole, USBM-01A, is
located 2,124 feet (647.4 m) north of the south line and 549 feet (167.3 m) east of the west
line of sec. 29, T. 1 S., R. 97 W., at a surface elevation of 6,236 feet (1,900.7 m) (J. E.
Hawkins, USBM, written commun., 1975).

The second hole, USBM-02A, at the Horse Draw site is located at 2,393 feet (729.4 m)
north of the south 1ine and 1,088 feet (331.6 m) east of the west line of sec. 29, T. 1 S.,

R. 97 W., at an elevation of 6,224 feet (1,897.1 m) (J. E. Hawkins; USBM, written commun.,
1975).

The two holes at the Horse Draw site are 610 feet (185.9 m) apart. The close spacing was
necessary for hydrologic tests conducted by other USGS personnel. Hydrologic test results are
not contained in this report.

DRILL HOLE USBM-01

Drill hole USBM-01 is located in Fault Draw, a tributary of Ryan Guich near Piceance Creek,
Rio Blanco County, Colo. Drilling began on October 5, 1975, and reached the total depth of
2,382.5 feet (726.2 m) on October 27, 1975.

The hole was drilled with a rock bit to a depth of 750 feet (228.6 m). Casing 10 3/4
inches (27.3 cm) in diameter was set to a depth of about 160 feet (48.8 m). A 9 5/8-inch
(24.4-cm) hole was drilled from 160 to 750 faet (48.8 to 228.6 m). At 750 feet (228.6 m) con-
tinuous coring operations were begun using a 30-foot- (9.1-m-) Jong core barrel which cut a
4-inch- (10.2-cm-) diameter core. Continuous core was cut to the total depth of the hole.

Lithologic descriptions of rock from this hole are given in part A (cuttings) and part B
(core) on pages 18 and 22. Figure 3 shows rock type (by symbol)}, structure, secondary features,
and the CI log.

The top. of the Parachute Creek Member of the Green River Formation is at a depth of about
700 feet (213.4 m), or 5,554 feet (1,692.9 m) above sea level (fig. 4). This contact was
picked by matching density and resistivity logs of drill hole USBM-01 with logs of drill hole
USBM-02A in which the contact was actually cored. Birdwell Division of Seismograph Service

"Corp. did the downhole logging.
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Figure 2.--Location map of sites for drill holes USBM-01, USBM-01A, and USBM-02A in Piceance Creek Basin.
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The R- and L-zones are those of Donnell and Blair (1970). R-zones contain sections of
rich oil shale and L-zones contain sections of lean ojl shale. Depths of the zones were
obtained for drill holes USBM-01 and USBM-QTA from L. G. Trudell, ERDA (U.S. Energy Research
and Development Administration), Laramie, Wyo., and density logs were matched between USBM-OTA
and USBM-02A to obtain depths in the latter hole. The Laramie ERDA office is currently analyz-
ing the core for oil content by means of the modified Fischer assay method. Zone depths may
be changed slightly when data from these analyses become available (L. G. Trudell, oral commun.,
1976).

Surface pipe was set at a depth of 30 feet (9.1 m), and no cuttings were collected from
the alluvium in this interval. Drill cuttings from 30 to 750 feet (9.1 to 228.6 m) were
collected at 15-foot (4.6-m) intervals. Alluvium was drilled to a depth of about 60 feet (18.3
m). Between 60 and 540 feet (18.3 and 164.6 m) the drill encountered a thick sequence of inter-
bedded siltstone, marlstone, and sandstone; and from 540 to 750 feet (164.6 to 228.6 m), a
sequence of oil shale, marlstone, and minor siltstone.

The lithologic log and describtion, parts A and 8 (p. 18, 22) and figure 3 are self-explana-
tory and will not be discussed here. Clay(?) and brecciated rock were recovered in several
cores, suggesting possible fault zones. These zones, however, may be collapse breccias,
resulting from leaching of nahcolite vugs. Nevertheless, the drill site is close to a major
fault and some of the brecciated zones may be related to faulting. No thickening or thinning
of units is noticeable on the cross section (fig. 4) drawn between drill holes USBM-01 and
USBM-01A.

DRILL HOLE USBM-01A

Drill hole USBM-01A is located in Horse Draw about 1 mile (1.6 km) west of the Piceance
Creek road, and about 8,000 feet (2,438 m) north-northeast of drill hole USBM-01.

The hole was spudded on November 3, 1975. Casing was set at 184 feet (56.1 m), and the
hole was deepened to 830 feet (253.0 m) using a rock bit. Continuous 4-inch- (10.2-cm-)
diameter core was cut from 830 to 2,547.6 feet (253.0 to 776.5 m). The hole was deepened to
2,610 feet (795.5 m), again using a rock bit. Total depth was reached on November 23, 1975.

Lithologic descriptions of rock from this hole are given as part A (cuttings) and part B
(core) on pages 37 and 40. Figure 3 shows rock type (by symbol), structure, secondary
features, and the CI log.

The contact between the Uinta and Green River Formations is at an approximate depth of
720 feet (219.5 m). Table 1 1ists depths to various additional marker units. These markers
were picked using core descriptions as well as geophysical logs.

Drill cuttings from 210 to 725 feet (64.0 to 221.0 m) show a thick section of siltstone
and minor sandstones, marlstones, and 0il shales; from 725 to 830 feet (221.0 to 253.0 m)
there is a sequence of oil shale and minor maristone and siltstone. The base of the Parachute
Creek Member is at 2,322 feet (707.7 m). The R-zones (Donnell and Blair, 1970) are shown on
figure 4 and table 1.

The lithologic descriptions, part B, and figure 3 describe the continuous core in
considerable detail and no further discussion will be given here.



DRILL HOLE USBM-02A

Drill hole USBM-02A was spudded December 8, 1975. A 36-inch (91.4-cm) corrugated metal
pipe was set at 20 feet (6.1 m), and a 20-inch (50.8-cm) casing was set at 189.5 feet (57.8 m).
Coring began at 197.5 feet (60.2 m) and continued to 980 feet (298.7 m). Water tests were run
and the hole was reamed to a diameter of 17 1/2 inches (44.5 cm). A 13 3/8~inch (34.0-cm) casing
was set to a depth of 844 feet (257.3 m) and coring began again, continuing to 1,451 feet
(442.3 m). During the drilling out of the cement inside the casing, the bit drilled through
the casing and actually cut a new hole along the outside of the casing. For this reason, when
coring operations continued, the top of the cored interval was at 975 feet (297.2 m) instead
of at the expected depth of 980 feet (298.7 m). Water tests were again run, the hole was
reamed from 844 tg 1,451 feet (257.3 to 442.3 m) to a diameter of 12 1/4 inches (31.1 cm), and a
9 5/8-inch (24.4-cm) liner was hung inside the existing 13 3/8-inch (34.0-cm) casing. The
hole was deepened to 1,458 feet (444.4 m) with a rock bit, and was then cored to total depth
of 2,660 feet (810.8 m). This depth was reached on January 24, 1976.

A lithologic description of the rock core is given on p. 54 and figure 3 shows rock type
(by symbol), structure, secondary features, and the CI log. The base of the Uinta Formation is
at a depth of 720 feet (219.5 m) and the base of the Parachute Creek Member is at 2,300 feet
(701.0 m).

CORE RECOVERY, CONDITION, AND CORE INDEX

Core recovery and loss amounts are listed in tables 2, 3, and 4 for the three drill holes.
Also listed are footages of fractured rock. Broken core (0.3 ft or smaller) footages are also
listed, as is the number of open fractures per core run. The CI is a numerical representation
of the engineering character of the core per drilled interval. The equation used to calculate
the CI is:

CI,[(feet broken)+{feet core laoss)+({1/4 joints)

cored interval, in feet 1X 100

An increase in the CI value is indicative of a corresponding increase in joint frequency,
core loss, and amount of broken core, and therefore represents a decrease in the competency of
the rock. The CI value of 50 has been designated as the general division between competent and
incompetent rock (Terry and Cunningham, 1975). All three holes show a marked decrease of CI
when the unleached zone is encountered.

Total lengths cored and lengths of core recovered, lost, and fractured are listed in
table 5. Various zones, such as Uinta Formation, Mahogany zone (including A and B grooves),
and the R-zones are listed with their CI numbers on table 6. When a core interval includes a
zone boundary, the total core run that comes nearest to the contact is included. In all three
holes, the lowest CI numbers are between the top of the R-5 zone and the base of the L-0 zone.
This interval profides the best rock for mining.



820p junowe SYYJ

*21qel 9ayj ujy siaquau afejuadaad syl 3d9jje Jou

*g3T0Y TTTAP 991yl @Yl JO Yoed 103 I93J ¢ uwyl 889[ 03 sjunowe pue Sy1 [IIIp 243 Uo 193junod yjdep syl jo

g8uy31989a [R19A98 Lq pasned aae 983Y] -828e3003 Ppal0d pIjaodaa pue 58e3J00J PaIOD TENIOBR UIDMIA] ISTXI um«o:mmauom«f

0°0¢ (6°8%T) S°88Y% €°0C (@'t6 ) o0°61¢ €°2¢ (L°%01) 9°eve paanidveiy Teaidjuy Jelo]
0°91 (9°811) Z°'68¢ %8 @vw ) 67991 6°S (9°62) 1°L6 I80T TBAIDIUT TBIO]
0°%8 (9°v29) 1°6%0°C 9°16 (°6L%) LeLs'y 1°%6 (2°69%)  %°6eS‘1 Pa13Aa0d31 TeAIBIUT [BIO]
001 (ZT°evL) €°8€%°¢ 001 (S°€2S)  9°9TL'T 00t (L°86%)  €°9€9'Ty Pa102 TeAXIIUT TBIOL
jusoaad (saa3jsm) 3933 Juadiad  (saa3joum) 3093 Jusdaad (8a1930u) je93
YZ0-nisn Y10-R4SNn T0-REsn

YZo-RaSl pue ‘YI0~-WASA ‘TO-WESN SOTOY [ITIp ‘sjunome Yoox usyoxq

pue ‘ssor ‘fizrenoosy--°g 3{qe]



£1aeau 3jsom yoyym suni 3102 103 syidap Juypus pue Bujuuydaq asie STEAIIIUT PI10D 103 83anBf3 1amoy pue 1addn ayg

*sy3dap 3Iyun ayl yosjew
‘suni aiod afoym 10J a1e

89nfeA 1) PuE §31JEIUCD TeNIde 3YDelq SUNI 310D [ENPTATPUF ISNEIDq ‘83U0Z JO SWOII0q pue sdol 103 IJexs Jou 3lw §IanIF) [PAIIIUF PIX0D,

*S3TUN UEA] UFRIUOD SIUOZ 7T

‘STBYS TFO 3O SITUN YOFI UFEIUOD §IU0Z ¥ (ZL6T) TTuUOQ PUE uoTyse) pue (QL6T) AFETE Pue [[UUCQ JO ITOY3 dI® HIUOZ ] pue Y,

10

yadag 1e3I0}
ss (8°018-L°LIHL) 0°099°Z-1°€¢S%‘C 6 (S°9LL-T°8SL) 9°L%S°T-S"18Y T 03 x3naeR aduexp

QT crar rr gyt S EL |
Sv (L Lwl-T'ZEL)  T'ESY°Z-8°T0%°Z 6 (Z'BSL-9°€EL)  §°L8v°Z-6-90y'z ' (279TL-1700L)  $°TBET-0°862°2 s8ue1g 01 0-u
e (1-zeL-1-90L) 8°10%°2-9°91€°C (% (9°€EL-T°E1L) 6°90%°7-8°6£€°C 0-1+1-4
8T (1°90,-0°0L9) 9°91£°2-1°961°¢ 01 (Z°€1L-S"6(9) 8°6EE°Z-€°622°C 8T (%°00L~L'€99) 0°862°T~S"LLT'T 1-142-4
s  (0°0.9-7°¢£9) 1°861°Z-6"LL0'Z §  (S°6L9-€°%29) €°622'C-€°8%0°C 9 (L°€99-6°L19) S LLT'T-T"L20°T T-14E-4
Tt (Z2°€€9-€°9ES) STLL0°T-0°€ESL'T §  (€°%29-2°TLS) €°8%70°2-2°LL8°'T 6 (6°L19-0°LTS) 1°L20°2-0°62L'T €-1+9-4
ST (E°yE5-y°Z1Y) 0°€SL T-0°€SE'T €1 (T ZLS-L°L1Y) T8 1-c 0Le't €z (0°LZS-S°SO%) 0°6ZL T~£'0EL T P-146-4
SL (v Ziy-1'82%) 0°€SE T-%"9L0°T 29 (L°LTI%-0°0%EE) €°0LE T-L°280°T 0§ (S°S0%-8°0Z¢) £°0€€‘1-9°260°1 S-149-¥

ano0a8 ¢

Jo aseq 03 13quIY
79 (1°82¢-1°L12) Y°9L0°1~-2'21L L (0°0€€-0°€SZ) L°Z80°1-0"0¢€8 19 (8°02¢-9°822) 9°250°1- 0SLz %321y ainyoeaeg jo doy
8 (1°L1z-2°09 ) 1L ~-S L6l ~——— —— —— —— —— uotjvmiog eIUN

(saa32w) 3993 (sa1339m) 3993 (sa1213m) 3993
12 1ea13jut paio) 10 1eAxajuy paao) 19 TeAld3UY pP320) s3un
VZO-RiSn V10-RESN 10~-R4Sn orydexdyieass

[alqeireAe jou ejep djedipu} (----) saspea]
YZO~WESN pue ‘VIO-WASN ‘TO-NESN S8Toy [ITIP UT S9UOZ pPIOST[es I10J siequnu (xspur eiod) 1J--°9 3|qe|

\



STRUCTURE

The area of interest for further development by the USBM of experimental mining techniques
for 0il1 shale, nahcolite, and dawsonite covers parts of four townships. These four are: Ts. 1
and 2 S., Rs. 97 and 98 W. Structure contours in the area of interest, drawn on the base of
the Mahogany zone (fig. 5 and table 7), show a north-northwest-plunging structural Tow. The
configuration of this Tow is very similar to the configuration of a thick prism of nanhcolite
shown by isopachs (fig. 6 and table 7). An interrelationship must exist between the thickness
of nahcolite and the structural low defined by contours on the base of the Mahogany zone. The
low may be, in part, controlled by extensive leaching of nahcolite: where the nahcolite is
thickest, the low is deepest and the greatest leaching has occurred. This hypothesis is sup-
ported by structure contours drawn on the base of the R-4 zone of the Parachute Creek Member
(fig. 7 and table 7). This horizon 1ies within the zone of nahcolite deposits but below the
thickest parts. The low is considerably less sharp at this horizon (compare figs. 5 and 7),
but the structural gradient, nevertheless, is about the same at both horizons. The north-
northwest dip and the orientation of the Tow are compatible with regional isopach maps that
show an elongated basin trending northwest-southeast.

Geologic information acquired in the drilling and coring of USBM-01A and USBM-02A provides
extremely useful data for drilling or mining a shaft in the immediate vicinity of these two
holes.
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Figure 5.--Structure contours drawn on base of Mahogany zone. Contour

interval 100 feet.

Drill-hole designations explained in table 7.
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Table 7.--Explanation of drill-hole designations used on structure and isopach maps (figs.

5-7)

No. Designation
c-1 Irvin Nielson core hole 20-1, Wolf Ridge Minerals
c-2 John Dunn core hole 20-1, Wolf Ridge Minerals
c-5 Core hole 4-1, J. T. Juhan
c-7 Core hole Saterdal No. 1, Pan American Petroleum Corp.
C-13 Core hole Skyline No. 2, Sinclair Qil Corp.
C-153 Core hole Colorado Minerals 28-1, Wolf Ridge Minerals
C-154 Core hole Savage 24-1, Wolf Ridge Minerals
C-155 Core hole Colorado Minerals 14-1, Wolf Ridge Minerals
C-156 Core hole Nielson 17-1, Wolf Ridge Minerals
Cc-177 Core hole Shell and others, Tract 1, 22X-1, Shell 0i1 Co.
C-179 Core hole Shel1-TOSCO, Tract 1, 23X-2, Shell Qi1 Co.
c-197 Core hole 41X-9, Shell 0i1 Co.
0 USBM core hole 01, Fault Draw
02A USBM core hole 02A, Horse Draw
MT-1 Core hole Marathon 0i1 Co., Square S No. 1
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Figure 6.--Isopach map of nahcolite deposits. Contour interval
100 feet. Drili-hole designations explained in table 7.
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Figure 7.--Structure contours drawn on base of the R-4 zone of the Parachute Creek
Member of the Green River Formation. Contour interval 100 feet. Drill-hole

designations explained in table 7.
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LITHOLOGIC DESCRIPTIONS OF CUTTINGS AND CORES
FROM U.S. BUREAU OF MINES DRILL HOLES
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Lithologic description of cuttings (part A) from drill hole USBM-01,

Ryan Gulch
Depth interval
Description feet
(meters)
Quaternary
Alluvium, not cemented, moderate-yellowish-brown, very fine grained
(0.25 mm); grains mostly quartz; sparse biotite flakes 30-45

Alluvium, possible siltstone, moderate-yellowish-brown, very fine
grained, same as above; contains 4 mm fragments of siltstone and
sparse fragments of well-cemented sandstone (<2 mm) or quartzite(?)----

Tertiary
Uinta Formation
Siltstone, pale-yellowish-brown to dark-yellowish-brown, very fine
grained, very thinly laminated, well cemented with silica~e=e-c~cce-e-

Siltstone, predominately dark-yellowish-brown, very fine grained,
well-cemented; some laminae are grayish yellow; contains sparse
very thinly laminated kerogenous marlstone---- -

Siltstone, same as above, some dusky-yellowish-brown -

Siltstone, predominately dusky-yellowish-brown, well-cemented
(some silica and calcite); laminae are dark yellowish brown
and grayish yellow; contains sparse laminae of kerogenous
maristone; breaks with concoidal fracture

Siltstone, pale-yellowish-brown, massive ~90 percent, and dusky-
Yellowish-gray kerogenous marlstone; calcite cement-eececmceccccncaa.

Siltstone, same as above

Cement; interval at base of cemented casing

Siltstone, dark-yellowish-brown; laminated with dark-gray silt-
stone; scattered (0.25 mm) flakes of biotite that equal 1 per-
cent of rock; some parts have more dark-gray laminae; pyrite
present in discrete large masses

18

( 9.1-13.7)

45-60
(13.7-18.3)

60-75
(18.3-22.9)

75-90
(22.9-27.4)

90-105
(27.4-32.0)

105-120
(32.0-36.6)

120-135
(36.6-41.1)

135-150
(41.1-45.7)

150-165
(45.7-50.3)

165-180
(50.3-54.9)



Lithologic description of cuttings (part A) from drill hole USBM-01,
Ryan Gulch--Continued

. Depth interval
Description feet

{meters)

Tertiary--Continued
Uinta Formation--Continued
Sandstone, dark-gray, fine- to medium-grained, and minor amounts
of 1ight-brown, calcite-cemented siltstone; no calcite in
sandstone; 70 percent of the sample is sandstone; dusky-
yellowish-brown, fine- to medium-grained sandstone; contains
tiny reddish-brown hematite, minor amounts of biotite, and

scattered fine grains of rounded frosted quartZe---=ece-ccececcaccaa- 180-195
(54.9-59.4)

No sample-- eemmme e ————— —— - - 195-290
(59.4-88.4)

Siltstone, dusky-yellowish-brown, laminated with kerogenous
maristone; contains minor amount of quartzitic sandstone

and pyrite fragmentS-==-eea-cescmmmmmcacc e acccc e e em e 290-305
(88.4-93.0)

Sandstone, olive-gray to dusky-yellowish-brown, fine- to medium-
grained; contains fragments of siltstone and subrounded quartz,

minor biotite flakes, some kerogenous marlston@~e---—-=eeeeecmmeacaaaa- 305-330
(93.0-100.6)
Sandstone, same as above but with more angular quartz fragments-------- 330-345

(100.6-105.2)
Sandstone and some siltstone, light-olive-gray; sandstone is :
fine grained with minor calcite cement and contains 85-90
percent quartz, <5 percent pyrite; both are cemented (silica
cement and minor calcite); from cuttings, unit appears to be

very thin interbedding of siltstone and sandstone 345-360
(105.2-109.7)

Siltstone, dusky-yellowish-brown, well-cemented; contains
scattered subrounded quartz and minor (<5 percent) pyrite~-~-ecewce--e 360-375

(109.7-114.3)
Sandstone, dusky-yellowish-brown, fine- to medium-grained sub-
angular quartz; contains pyrite; some siltstone appears to
be poorly cemented 375-390
(114.3-118.9)

‘Siltstone, dark-yellowish-brown, very fine to fine-grained,
well-cemented; contains minor sandstone (90 percent quartz);

minor kerogenous marlstone stringers scattered throughout---e--ee~ce- 390-405
(118.9-123.4)
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Lithologic description of cuttings (part A) from drill hole USBM-01,
Ryan Gulch--Continued

Depth interval

Description feet
- {meters)

Tertiary--Continued
Uinta Formation--Continued

Siltstone, dark-yellowish—brown to dusky yellowish-brown, mostly
quartz; contains minor sandstone (90 percent quartz), abundant
pyrite, and minor kerogenous maristone; all well cemented with

silica and minor caicite - 405-420
(123.4-128.0)

Siltstone and sandstone, pale-yellowish-brown to dusky-yellowish-
brown, very fine to fine-grained, well-cemented; contains minor
amounts of kerogenous maristone; sandstone contains pyrite------=----- 420-435

(128.0-132.6)
Interbedded sandstone and siltstone, dark-yellowish-brown; 70
percent sandstone, 30 percent siltstone; contains minor amounts
of kerogenous maristone and minor pyrite; unconsolidated-e--e-cceacca- 435-450
(132.6-137.2)

Interbedded siltstone, maristone, and sandstone, dark-yellowish-
brown to dusky-yellowish-brown; 40 percent siltstone, 40 per-
cent marlstone, 20 percent coarse-grained sandstone; some

kerogenous stringers; unconsolidated 450-465
(137.2-141.7)

Interbedded maristone and siltstone, dark-ye]Ipwish-brown; 50

percent maristone, 50 percent unconsolidated siltstone 465-495
(141.7-150.9)

Same as above; possibly >60 percent marlstone- 495-540
(150.9-164.6)

Laminated siltstone and kerogenous maristone; siltstone (~50
percent of sampie) is pale yellowish brown with minor amounts
of dark-yellowish-brown calcareous cement; kerogenous marl-
stone (w50 percent of sample) is dusky yellowish brown;

contains minor amounts of frosted quartz ——- 540-555
(164.6-169.2)

Same as above, with siltstone increasing to ~90 percent-==-=eee-ccccamas 555-570
(169.2-173.7)

Same as above, with siltstone.increasing to >95 percent-w—c-cceccmaccaws 570-585
(173.7-178.3)

Laminated siltstone and kerodenous maristone; siltstone (30 per-
cent) is mostly pale yellowish brown, some dark yellowish brown,
contains calcareous cement; maristone (20 percent) is medium

gray 585-600
(178.3-182.9)
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Lithologic description of cuttings (part A) from drill hole USBM-01,
Ryan Gulch--Continued

Depth interval
Description feet

(meters)

Tertiary--Continued
Uinta Formation--Continued
Laminated siltstone and kerogenous marlstone: siltstone (90 per-
cent) is dark yellowish brown, contains calcareous cement;
dusky-yellowish-brown marlstone---e-=cee-- B et 600-615

(182.9-187.

Laminated kerogenous maristone and siltstone; marlstone (90
percent) is grayish black to olive black; siltstone (~10 per-
cent) is pale yellowish brown and contains calcareous cement---------- 615-630

5)

(187.5-192.0)
Laminated kerogenous maristone and fine-grained sandstone with
kerogenous streaks; marlstone (95 percent) is grayish black
to olive black; sandstone (5 percent) is yellowish gray----e<-sescee-- 630-645
(192.0-196.6)
Laminated kerogenous marlistone and sandstone; marlstone, 90
percent; sandstone, 10 percent - 645-660
(196.6-201.2)

Laminated kerogenous marlstone and sandstone; marlstone (90
Percent) is dusky yellowish brown and pale yellowish brown;
sandstone (10 percent) is fine grained----=-=ceeececccccccmcacccceaee- 660-675

(201.2-205.7)
Kerogenous marlistone, dusky-yellowish-browne-s-ceececccacccnccnacccaacas 675-690
(205.7-210.3)
Kerogenous marlstone, dusky-yellowish-brown; calcite fills
fractures; trace of pale-yellowish-brown, fine-grained
sandstone -~ 690-700
(210.3-213.4)
Green River Formation
Maristone, kerogenous, dusky-yellowish-brown; trace of pale-
yellowish-brown, fine-grained sandstone with kerogenous streak§------- 700-720
’ (213.4-219.5)
Marlstone, kerogenous as above, with calcite coatings on fracture
surfaces cmeesvsecamnas 720-735
(219.5-224.0)
Maristone, kerogenous. as above, 90 percent; 10 percent grayish-
orange-pink, fine- to medium-grained sandstone with calcite
cement; contains streaks of kerogen and sparse flakes of
biotite 735-750
(224.0-228.6)

Bottom of rock-bit zone
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Lithologic description of core (part B) from drill hole USBM~01,

Ryan Gulch
Depth interval
Description feet
{meters)
Tertiary
Green River Formation
Parachute Creek Member
0i1 shale, dusky-yellowish-brown, interlaminated, minor amounts
of dark-gray and grayish-brown oil shale; calcite and nahcolite
crystals on open fracture surfaces and in healed fractures;
core ranges from competent to highly fractured----«e--cccecccmcoax 750-820.2
(228.6-250.0)
No sample- —————— 820.2-821.0

0i1 shale, dusky-brown to dusky-yellowish-brown; calcite and

) nahcolite crystals on open and healed fracture surfaces; a
breccia of clay and oil-shale fragments at 825.7-825.9 feet
(251.7-251.7+ m)- ———- ———- e

{250.0-250.2)

- 821.0-830.0

0i1 shale, grayish-black ————

0i1 shale, 1ike unit at 821.0-830.0 feet (250.2-253.0 m);

below 838 feet (255.4 m) the laminae feather out across core;

dusky yellowish brown is dominant color below 844 feet
(257.3 m)

Maristone, dusky-, dark-, and pale-yellowish-brown, very
thinly laminated; calcite in open and healed fractures;
pyrite crystals on fractures in Towest 1 foot (30 cm);

occasional vugs, some contain nahcolite

Siltstone, interlaminated and bedded with marlstone. A
Groove--- -

(250.2-253.0)

------ 830.0-831.0

(253.0-253.3)

---- 831.0-853.0

{253.3-260.0)

--- 853.0-860.0
(260.0-262.1)

- 860.0-868.0

0i1 shale, pale-yellowish-brown and dark- and dusky-yel1owish-’

brown, very thinly laminated; contains pyrite crystals
throughout unit

(262.1-264.6)

868.0-869.0

No sample

011 shale, Tike unit at 853.0-860.0 feet (260.0-262.1 m);
brecciated layer of oil shale in a silty matrix, with

pyrite crystals at 875.0-875.6 feet (266.7-266.9 m)=eeeeacea-a

2

(264.6-264.9)

--- 869.0-870.0
(264.9-265.2)

---- 870.0-886.3

(265.2-270.1)



Lithologic description of core (part B) from drill hole USBM-01,

Ryan Gulch--Continued

Depth interval

Description feet
(meters)
Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued

Siltstone, dark-yellowish-brown; contains streaks of kerogen--------- 886.3-886.5
(270.1-270.2)
011 shale, 1ike unit at 853.0-860.0 feet (260.0-262.1 m)ee=====ee--ee 886.5-889.3
(270.2-271.1)
0i1 shale, dusky-yellowish-brown, laminated------e-—cccccacacamcaaaa. 889.3-891.4
(271.1-271.7)

011 shale, like unit at 853.0-860.0 feet (260.0-262.1 m); pyrite
crystals in lower 1 foot (30 cM)e--eemeecescemcmm e e e e aaa 391.4-893.0
(271.7-272.2)
NO sampleccccccccmcm e cm e e e s e rr e e e s e e e e em e 893.0-895.0
(272.2-272.8)

0i1 shale, dusky-yellowish-brown, laminated with dark-yellowish-

brown o0il shale; pyrite and calcite crystals disseminated

throughout core; some discing of core -—— - ---- 895.0-904.0
(272.8-275.5)
Siltstone, dusky-yellowish-brown--eecececcecccmccccaccccccccccccccnnees 904.0-904.6
(275.5-275.7)
0i1 shale, like unit at 895.0-904.0 feet (272.8<275.5 M)=evmccccceaan 904.6-913.5
(275.7-278.4)
No sample--- - -- --- 913.5-915.0
(278.4-278.9)

0i1 shale, dusky-yellowish-brown, thinly laminated with pale-
yellowish-brown oil shale; calcite on healed fracturgs-------=-ee--

Siltstone, pale-yellowish-brown; contains thin wavy beds of
kerogenous materiale-e=cccoccmccmcmmccaa -

011 shale, 1ike unit at 915.0-928.2 feet (278.9-282.9 m);
core shattered and disced; vuggy R e

011 shale, dark-yellowish-brown, laminated with dusky-yellowish-
brown oil shale; pale yellowish brown in lowest 1 foot (30 cm);
some laminae are wavy, most are flat and horizontal; pyrite
and calcite crystals on open and healed fractures; minor
feathering of some lamind@e=~-=-cemccmcmcecmcc e e

Gilsonite(?), laminated with oil shale and a white micro-
crystalline mineral (noncalcareous) cemeecemccemm—e—am——

23

915.0-928.2
(278.9-282.9)

928.2-928.4
(282.9-283.0)

928.4-929.0
(283.0-283.2)

929.0-949.0
(283.2-289.3)

949.0-949.8
(289.3-289.5)



Lithologic description of core (part B) from drill hole USBM-01,
Ryan Gulch--Continued

Depth interval
Description feet

(meters)

Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued .
011 shale, 1ike unit at 929.0-949.0 feet (283.2-289.3 m)=-memmeeauu-m 949.8-951.7

(289.5-290.1)
Brecciated zone; o0il shale with silt- and sand-size matrix---—===e-- 951.7-951.9

(290.1-290.1+)
011 shale, Tike unit at 929.0-949.0 feet (283.2-289.3 m)=c=c-vc=aaa-a 951.9-980.0

(290.1+-298.7)
011 shale, dark-yellowish-brown; laminated with dusky-yellowish-
brown il shale; brecciated zones at 982 and 986 feet (299.3
and 300.5 m) each 0.5 foot (15 cm) thick; open and partially
open vugs first appear at 989.7 feet (301.7 m) with others at
994.0 and 996.0 feet (303.0 and 303.6 m); dusky-yellowish-brown
color predominates at 987.0 feet (300.8 m); pyrite and calcite

on fracture surfaces 980.0-997.0
(298.7-303.9)
Sandy-silty layer interbedded with thinly laminated o0il shale------- 997.0-997.8

(303.9-304.1)
011 shale, like unit at 980.0-997.0 feet (298.7-303.9 m);
discing of core between 1,000.0 and 1,006.0 feet (204.8
and 306.6 m); brecciated zones at 1,001.0-1,001.3 feet
(305.1-305.2 m) and 1,011.0-1,014.0 feet (308.2-309.1 m);
dusky-yellowish-brown color predominates below 1,007.5 feet

(307.1 m) === 997.8-1,013.0
(304.1-308.8)

Sandstone, medium-grained 1,013.0-1,013.2+
, (308.8-308.8+)

011 shale, 1ike unit at 980.0-997.0 feet (298.7-303.9 m)----- —————— 1,013.22-1,015.0
(308.8+-309.4)

0i1 shale, grayish-black to black - 1,015.0-1,015.5

(309.4-309.5)
011 shale, dark-yellowish-brown; interlaminated with dusky-
yellowish-brown oil shale; lenses, pods, and thin beds of
siltstone mainly between 1,016.0 and 1,019.1 feet (309.7-
310.6 m) and 1,022.0 and 1,023.0 feet (311.5-311.8 m);

fairly competent core - 1,015.5-1,023.0
(309.5-311.8)
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Lithologic description of core (part B) from drill hole USBM=-01,

Ryan Gulch--Continued

Depth interval

Description feet
(meters)
Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued
0i1 shale, dark-yellowish-brown; interlaminated with minor
amounts of very dusky red oil shale; contains several
brecciated zones of oil-shale fragments in a sandy-silty
matrix ——— - 1,023.0-1,039.0
(311.8-316.7)
No sample~--- --- -=a -- 1,039.0-1,039.2

0i1 shale and clay(?); upper 5 feet (1.5 m) is dark-
yellowish-brown 0il shale containing vugs partially
filled with nahcolite; lowest 4 feet (1.2 m) is pale-
yellowish-brown clay containing a few 2-inch {5-cm)
fragments of oil shale-

No sample

011 shale, 1light- to dusky-yellowish-brown; interlaminated
with light-yellowish-brown siltstone

0i1 shale, pale- to dusky-yellowish-brown, with minor beds
of pale-yellowish-brown tuff(?); leaching evident at 1,072
and 1,083 feet (326.7 and 330.1 m); nahcolite in vugs at
1,083 feet (330.1 m); core discs easily

No sample -

Like unit at 1,063.0-1,083.5 feet (324.0-330.3 m); tuff(?)
layers occur between 1,088.6 and 1,089.6 feet (331.8 and
332.1 m) ———

011 shale, pale- to dusky-yellowish-brown, thinly to very
thinly laminated; calcite on fracture surfaces; sparse
vugs as much as 2 inches (5 cm) in diameter contain minor
amounts of nahcolite -

0i1 shale, as above, interbedded with pale- to moderate-
yellowish-brown siltstone beds at 1,109-1,110, 1,112, 1,117,
1,120-1,121, and 1,125 feet (338.0-338.3, 338.9, 340.5, 341.4-
341.7, and 342.9 m)-- -

25

(316.7-316.7+)

1,063.0-1,083.5
(324.0-330.3)

1,083.5-1,087.0
(330.3-331.3)

1,087.0-1,093.0
(331.3-333.1)

1,093.0-1,109.0
(333.1-338.0)

1,109.0-1,125.0
(338.0-342.9)



Lithologic description of core (part B) from drill hole USBM-01,
Ryan Gulch~-Continued

] Depth interval
Description feet
{meters)

Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued
Qi1 shale, like unit at 1,093.0-1,109.0 feet (333.1-338.0 m), with
a very thin tuff(?) bed at 1,149 feet (350.2 m); collapse
breccia zone at 1,142.0-1,142.6 feet (348.1-348.3 m) may match
zone at 1,174-1,176.5 feet (357.8-358.6 m) in drill hole
USBM-02A; core-loss interval below may match collapse breccia

zone at 1,187 feet (361.8 m) in USBM-02A 1,125.0-1,152.2
(342.9-351.2)

No sample-- mmemcmcmeccncacaa-  1,152,2-1,1585.2
’ (351.2-352.1)

0i1 shale, pale-yellowish-brown, interiaminated with minor
very thin 1aminae of dark- and dusky-yellowish-brown to
olive-black 0i1 shale; contains a few scattered vugs as wide
as 0.75 inch (2 cm), some containing minor amounts of

nahcolite -— 1,155.2-1,167.0
(352.1-355.7)

0i1 shale, as above, interlaminated with thin-bedded,
moderate-yellowish-brown siltstone; possible thin tuff

bed at 1,167 feet (355.7 m)-- . 1,167.0-1,172.5
(355.7-357.4)

0i1 shale, 1like unit at 1,155.2-1,167.0 feet (352.1-355.7 m);
collapse breccias at 1,172.5-1,174.5 feet (355.7-358.0 m)
and 1,175.4-1,178.0 feet (358.3-359.1 m); a thin, medium-
light-gray pyritiferous siltstone at 1,174.5 feet (358.0 m);
zone at 1,172.5-1,174.5 feet (357.4-358.0 m) contains a
layer of white crystalline mineral; unit may correspond to
core-loss interval at 1,201.8-1,209.5 feet (366.3-368.7 m)

in drill hole USBM-02A 1,172.5-1,178.0
(357.4-359.1)

011 shale, dark-yellowish-brown, very thinly laminated; thin,
moderate-yellowish-brown siltstone layer at 1,181 feet
(360.0 m), moderately well cemented; dusky-yellowish-brown
to dusky-brown oil shale at 1,185-1,189 feet (361.2-362.4 m);
open vuygs, as much as 2 inches (5 cm) contain minor amounts
of nahcolite; evidence of leaching at 1,197.4-1,198.0 feet
(365.0-~365.2 m); minor amounts of calcite and pyrite on

fracture surfaces; unit is brittle and incompetent------vceececcaca 1,178.0-1,203.9
(359.1-366.9)
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Lithologic description of core (part B) from drill hole USBM-01,
Ryan Gulch-—-Continued

Depth interval
Description feet
(meters)

Tertiary--Continued
Green River Formation--Continued

Parachute Creek Member--Continued

NO Samplewe—c—=cmcccm e cm e e e e e e m s e e 1,203.9-1,207.2
(366.9-368.0)

Siltstone, pale-yellowish-brown and yellowish-gray, very thinly
laminated; some is thin bedded; contains minor amounts of
dark- to dusky-yellowish-brown, very finely laminated oil
shale and maristone(?); faults at 1,218 and 1,230 feet
(371.2 and 374.9 m)--the lower one has abundant calcite

dispersed throughout Zonge---eececerecnccccemcccccccmcccccccccecceas 1,207.2-1,230.0
(368.0-374.9)

Maristone, pale-yellowish-brown, yellowish-gray, and dark-
Yellowish-brown, very thinly laminated to thin-bedded;
contains minor amounts of dusky-yellowish-brown oil-shale
laminae and thin siltstone stringers; vugs, 1/4 inch ( 1 )
cm) in diameter, filled with calcite and minor amounts of
nahcolite; calcite and pyrite on fracture surfaces; base

of R-6 zone at 1,240 feet (378.0 m) ——— 1,230.0-1,287.7
(374.9-392.5)
No sample ----- 1,287.7-1,292.7

{392.5-394.0)
Siltstone, pale-yellowish-brown, yellowish-gray, and medium-
gray, thinly bedded; contains minor amounts of marlstone
and oil shale; vugs (as wide as 3 in.) contain calcite and
nahcolite; pyrite and calcite on fracture surfaces;
collapse breccia or fault zone at 1,318-1,320.8 feet

(401.7-402.6 m) ———— 1,292.7-1,320.8
(394.0-402.6)

No sample; base of L-5 zone at 1,327 feet (403.6 m) 1,320.8-1,330.3
(402.6-405.5)

0i1 shale, dusky-yellowish-brown and dusky-brown, very
thinly laminated; contains minor amounts of siltstone
and marlstone; evidence of leaching at 1,330.3-1,331.3
feet (405.5-405.8 m); small blebs of nahcolite at

1,330.3-1,332.7 feet (405.5-406.2 m) - - 1,330.3-1,335.1
(405.5-406.9)

No sample------ 1,335.1-1,335.9
(406.9-407.2)
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Lithologic description of core (part B) from drill hole USBM-01,
Ryan Gulch--Continued

Depth interval
Description feet
(meters)

Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued
011 shale, pale-yellowish-brown and yellowish-gray, very
thinly laminated, platy; interlaminated with nahcolite

and halite--- SO 1,335.9-1,353.4
(407.2-412.5)
No sample-- -- cmememmememme-a= 1,353.4-1,363.8

_ (412.5-415.7)
0i1 shale, nahcolite, and halite, like unit at 1,335.9-

1,353.4 feet (407.2-412.5 m)-=vc-coeea- 1,363.8-1,370.5
(415.7-417.7)

0i1 shale, brownish-black and dusky-yellowish-brown, very
thinly laminated; contains rosettes of nahcolite -

]
—
-
W
3
Q

.5-1,371.4
(417.7-418.0)

0i1 shale, pale-yellowish-brown and yellowish-gray, very
thinly laminated; interlaminated with pale-brown nahcolite
and minor amounts of halite; crystalline zone at 1,373.1-
1,379.1 feet (418.5-420.3 m); pitting along laminae in this

crystalline zone; calcite on some fracture surfaces----=-ececoceace 1,371.4-1,385.5
(418.0-422.3)

0i1 shale, dusky-yellow-brown and brownish-black, very
thinly laminated; light-brown transparent nahcolite
rosettes scattered throughout rock-e---------ecccccccccccccccaa—a- 1,385.5-1,393.8

(422.3-424.8)
0i1 shale, moderate-brown, dark-yellowish-brown, and dusky-
brown, very thinly laminated; minor laminae of marlistone;
contains 1ight-brown nahcolite rosettes as much as 6 inches
(15.2 cm) in diameter and minor halite beds e -~ 1,393.8-1,421.2
(424.8-433.2)
0i1 shale, moderate-brown, moderate-yellowish-brown and dark-
yellowish-brown, very thinly laminated; intervals between
1,430.0-1,448.0, 1,451.0-1,477.0, 1,484.0-1,486.0, and
1,487.5-1,489.0 feet (435.9-441.4, 442.3-450.2, 452.8-
452.9, and 353.3-453.8 m) contain nahcolite rosettes as
much as 6 inches (15.2 cm) in diameter 1,421.2-1,489.0
(433.2-453.8)
Halite, white, translucent 1,489.0-1,492.0
{(453.8-454.8)
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Lithologic description of core (part B) from drill hole USBM-01,
Ryan Gulch--Continued

Depth interval
Description feet
{meters)

Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued
0i1 shale, dark- and dusky-yellowish-brown, very thinly
laminated; with minor amounts of yellowish-gray and
dusky-brown o0il shale; moderate-brown translucent
crystalline nahcolite in beds, rosettes, and pods

scattered through unit ———— ———— -- 1,492.0-1,510.8
. . (454.8-460.5)
Nahcolite, moderate-brown, translucent, and pale-yellow-
ish-brown, opaque- ———— —— 1,510.8-1,515.0
(460.5-461.8)

0i1 shale, like unit at 1,492.0-1,510.8 feet (454.8-
460.5 m); contains small amounts of olive-black oil

shale -- — covcmmmmemmmeemeeemmeeee= 1,515.0-1,524.0
(461.8-464.5)

Nahcolite, 1ike unit at 1,510.8-1,515.0 feet (460.5-

461.8 m) 1,524.0-1,534.0
(464.5-467.6)

011 shale, dusky- to dark-yellowish-brown, very thinly
laminated; contains pods and irreqgular lenses of

moderate-brown, translucent, crystalline nahcolite 1,534.0-1,549.0
(467.6-472.1)

Nahcolite, pale-yellowish-brown, opaque, crystaliine~-eececcccce-aeaa 1,549.0-1,554.0

(472.1-473.7)
0i1 shale, dusky-yellowish-brown, dusky-brown, brownish-
black, and minor dark-yellowish-brown, very thinly
laminated; contains a 0.8-foot-thick (24-cm) nahcolite
bed at 1,575.0 feet (480.1 m) 1,554.0-1,587.0
(473.7-483.7)
Nahcolite, white to pale-yellowish-brown, bedded, opaque,
crystalline; interbedded with laminae of 0il shale 1,587.0-1,598.3
(483.7-487.2)
011 shale, like unit at 1,554-1,587 feet (473.7-483.7 M)emccemereex 1,598.3-1,599.3
(487.2-487.5)
No sample ———— 1,599.3-1,600.8
(487.5-487.9)
0i1 shale, 1ike unit at 1,554-1,587 feet (473.7-483.7 M)-erececca-= 1,600.8-1,603.8

(487.9-488.8)
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Lithologic description of core (part B) from drill hole USBM-0l,
Ryan Gulch--Continued

Depth interval

Description feet
(meters)

Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued

Halite, bedded emememcmaceceaeccee=e--  1,603.8-1,604.3
(488.8-489.0)
Nahcolite and oil shale, interbedded - 1,604.3-1,610.0
(489.0-490.1)
011 shale, 1like unit at 1,554-1,587 feet (473.7-483.7 M)-~wee=eecem- 1,610.0-1,616.0
(490.1-492.6)
Nahcolite and oil shale, interbedded 1,616.0-1,620.5
(492.6-493.9)
011 shale, like unit at 1,554-1,587 feet (473.7-483.7 M)~=<e==eee=e= 1,620.5-1,622.6
(493.9-494.6)
Nahcolite and o011 shale, interbedded 1,622.6-1,629.0
(494.6-496.5)
Halite, bedded - 1,629.0-1,629.5
(496.5-496.7)
Nahcolite and o7l shale, interbedded 1,629.5-1,632.0
(496.7-497.4)
No sample (loss due to solubility of salts)~- 1,632.0-1,639.0

(497.4-499.6)
0i1 shale, dusky-yellowish-brown, dark-yellowish-brown and
minor 1ight-brown, very thinly laminated; interbedded with
halite zones, as much as 0.5 foot (15 cm) thick, and
moderate-brown, crystalline, translucent nahcolite beds

and rosettes; some nahcolite is pale yellowish brown-e--eceeccaee-- 1,639.0-1,660.0
(499.6-506.0)

0i1 shale, as above 1,660.0-1,667.7
(506.0-508.3)

No sample- 1,667.7-1,669.0

(508.3-508.7)
011 shale, 1ike unit at 1,639.0-1,660.0 feet (499.6-506.0 m);
contains scattered nahcolite rosettes; base of R-5 zone at

1,680.9 feet (512.3 m) 1,669.0-1,680.9
(508.7-512.3)

Nahcolite, dusky- to dark-yellowish-brown; contains a halite

stringer at 1,682 feet (512.7 m) - 1,680.9-1,686.9
(512.3-514.2)

No sample . - 1,686.9-1,699.0
(514.2-517.9)

Nahcolite, 1ike unit at 1,680.9-1,686.9 feet (512.3-514.2 m)=ceem=aa 1,699.0-1,702.5

(517.9-518.9)
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Lithologic description of core (part B) from drill hole USBM-0l,

Ryan Gulch--Continued

Depth interval

Description feet
(meters)
Tertiary--Continued
Green River Fromation--Continued
Parachute Creek Member--Continued

0i1 shale, dusky-yellowish~brown, with minor amounts of pale-
yellowish-brown, very thinly laminated 0il shale; moderate-
brown, translucent crystalline nahcolite rosettes as much
as 3 inches (8 cm) in diameter scattered throughout core---------- 1,702.5-1,715.0

Nahcolite, pale-yellowish-brown, oapque, crystalline,
thin-bedded - -

0i1 shale, like unit at 1,702.5-1,715.0 feet (518.9-522.7 m);
contains some brownish-black 011 shale-<~wececcecccccmccenccccaaan

No sample-~=<=emcecaccaaa- - -
0i1 shale, 1ike unit at 1,717.0-1,727.9 feet (523.3-526.7)~===w==o=-

Nahcolite, moderate-brown, translucent, crystalline, thin-
bedded; with minor amounts of o1l shale-

0i1 shale, 1ike unit at 1,717.0-1,727.9 feet (523.3-526.7 M)====ww==

Nahcolite, 1ike unit at 1,734.5-1,737.0 feet (528.7-529.4 m);
base of L-4 zone at 1,742 feet (531.0 m)

0il shale, 1ike unit at 1,717.0-1,727.9 feet (523.3~526.7 m);
contains a 4-inch-thick (10-cm) bed of nahcolite and halite
at 1,750.9 feet (533.7 m) -

Nahcolite, pale-yellowish-brown and moderate-brown, opaque to
translucent, thin-bedded; with minor oil shale - -

0i1 shale, dark-yellowish-brown and dusky-yellowish-brown,
very thinly laminated-~-=ecemccna~-

Nahcolite, 1ike unit at 1,759.0-1,768.5 feet (536.1-539.0 m)e=weeeux

0i1 shale, 1ike unit at 1,768.5-1,777.5 feet (539.0-541.8 m)======e=
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(518.9-522.7)

1,715.0-1,717.0
(522.7-523.3)

1,717.0-1,727.9
(523.3-526.7)

1,727.9-1,729.0
(526.7-527.0)

1,729.0-1,734.5
(527.0-528.7)

1,734.5-1,737.0
(528.7-529.4)

1,737.0-1,739.0
{529.4-530.0)

1,739.0-1,742.0
(530.0-531.0)

1,742.0-1,759.0
(531.0-536.1)

1,759.0-1,768.5
{536.1-539.0)

1,768.5-1,777.5
(539.0-541.8)

1,777.5-1,779.5
(541.8-542.4)

1,779.5-1,783.0
(542.4-543.5)



Lithologic description of core (part B) from drill hole USBM-01,
Ryan Gulch--Continued

Depth interval

Description feet
(meters)

Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued

Nahcoiite, 1ike unit at 1,759.0-1,768.5 feet (536.1-539.0 m)~=c==um- 1,783.0-1,788.2
(543.5-545.0)

No sample 1,788.2-1,789.0
(545.0-545.3)

011 shale, 1ike unit at 1,768.5-1,777.5 feet (539.0-541.8 m);
nahcolite rosettes, as wide as 4 inches (10 cm), and nahco-

lite beds scattered throughout interval - 1,789.0-1,818.9
(545.3-554.4)
No sampie-- — eewmeeeeewe--- 1,818.9-1,819.4
(554.4-554.6)
0i1 shale, dusky-yellowish-brown, contains rosettes of nahco-
lite as much as 9 inches (23 cm) in diameter-- 1,819.4-1,828.4
(554.6-557.3)
Nahcolite, bedded and rosettes 1,828.4-1,830.0
(557.3-557.8)

011 shale, nahcolite, and minor marlstone, interbedded and
laminated, pale-yellowish-brown to dusky-yellowish-brown;
rosettes as much as 10 inches (25 cm) in diameter; halite
fills vertical fractures at 1,834 and 1,846 feet (559.0

and 562.7 m) : -- 1,830.0-1,850.0
(557.8-563.9)

Qi1 shale, dusky-yellowish-brown, laminated with dusky- to dark-
yellowish-brown marlistone; nahcolite rosettes as much as 6
inches (15 cm) in diameter every foot or two; fine- to
medium-grained nahcolite bed at 1,873-1,873.5 feet (570.9-
571.0 m), and a 0.1-foot-thick (3-cm) bed at 1,853.8 feet

(565.0 m) 1,850.0-1,874.0
(563.9-571.2)

No sampie -- 1,874.0-1,879.0
(571.2-572.7)

Nahcolite, interbedded with dark-yellowish-brown and minor
dusky-yellowish-brown marlstone(?); nahcolite beds range
from 0.3 to 1.0 foot (8 to 30 cm) thick; dark-gray silt-
stone layer at 1,887.5-1,887.7 feet (575.3-575.4 m); nah-
colite rosettes scattered throughout Tower half of unit

(1,893-1,907.4 feet (577.0-581.4 m)) - 1,879.0-1,907.4
(572.7-581.4)
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Lithologic description of core (part B) from drill hole USBM-01,

Ryan Gulch--Continued

Description

Depth interval
feet
(meters)

Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued

011 shale, dark-yellowish-brown, thinly laminated; minor laminae
are dusky yellowish brown; bedded opaque nahcolite at 1,908.2-
1,908.4 and 1,921.3-1,921.5 feet (581.6-581.7 and 585.6-585.7
m); nahcolite rosettes as much as 7 inches (18 cm) in diameter,
most are 3-5 inches (8-15 cm); eroded rosettes cause core to

break in 0.5-to 2-foot (15- to 60-cm) lengths-- -—-- 1,907.4-1,937.2
: (581.4-590.5)
No sampie cemresnnec e —-—— 1,937.2-1,937.4
{590.5-590.5+)
Qi1 shale, dark- to dusky-yellowish-brown, thinly laminated;
thin interbeds of nahcolite at 1,943, 1,960, 1,961.5, 1,969.8-
1,970.2, and 1,972.3-1,972.9 feet (592.2, 597.4, 597.8, 600.4-
600.5, and 601.2-601.3 m); nahcolite rosettes between 1,946
and 1,967 feet (593.1 and 599.5 m) and scattered between
1,968 and 1,997 feet (599.8 and 608.7 m); abundant dolomite
lenses as long as 1 inch (3 cm) and as high as 1/8 inch
(0.3 cm) throughout oil shale; "60 bed" at 1,988-1,992 feet
(605.9-607.2 m); base of R-4 zone at 1,997 feet (608.7 m)-meceamax 1,937.4-1,997.0
(590.5+-608.7)

Maristone(?), dark-yellowish-brown, laminated with minor
amounts of dusky-yellowish-brown oil shale; unit contains
thin-bedded nahcolite at 2,002.0,2,004.6, 2,017.6, and
2,020.6 feet (610.2, 611.0, 615.0, and 615.9 m); nahcolite
rosettes 1-3 inches (3-8 cm) in diameter below 2,015 feet

(614.2 m); bottom of L-3 zone at 2,026 feet (617.5 M)-e~e—ewmeeae= 1,997.0-2,025.9

No sample--- e mmmeemceemme—cees—————————————

0il1 shale, dark-yellowish-brown, interlaminated and inter-
bedded with bedded nahcolite, ranging from laminae to 3
inches (8 cm) thick; unit contains pale-yellowish-brown
lenses of dolomite as much as 2 inches {5 cm) Tong (most
are 1/4-1 in. (1-3 cm)); rock is S0 percent or more nah-
colite; rosettes of nahcolite as much as 1.5 feet (45 cm)
in diameter - -
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(608.7-617.5)

-~ 2,025.9-2,027.1
(617.5-617.9)

2,027.1-2,085.7
(617.9-635.7)



Lithologic description of core (part B) from drill hole USBM-01,

Ryan Gulch--Continued

Depth interval

Description feet
(meters)
Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued
No sample 2,085.7-2,087.0
(635.7-636.1)

0i1 shale, like unit at 2,027.1-2,085.7 feet (617.9-635.7 m),
with nahcolite beds as much as 6 inches (15 cm) thicke-e=-cecceea-

011 shale, dark- to dusky-yellowish-brown, containing

nahcolite rosettes
No sample -——-
Nahcolite, dark-yellowish-brown, bedded ——-

0i1 shale, dusky- to dark-yellowish-brown; unit contains opaque
and translucent brown nahcolite rosettes as much as 1 foot
(30 cm) in diameter (most are 3-5 in. (8-15 cm)); pale-
yellow-brown lenses of dolomite below 2,137 feet (651.4 m)-==caa--

No sample

011 shale, dusky-yellowish-brown, interlaminated with minor
dark-yellowish-brown marlstone; upper 3 feet (90 cm) is
interbedded marlstone, nahcolite, and nahcolite rosettes;
base of R-3 zone

Maristone(?) dark-yellowish-brown, thinly laminatede-=ecescecaaacaae

No sample -— -

Maristone(?), like unit at 2,163-2,175.5 feet (659.3-
663.1 m)

011 shale, dusky- and dark-yellowish-brown, thinly laminated-~-ee-e-

Nahcolite, bedded
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2,087.0-2,094.0
(636.1-638.3)

2,094.0-2,116.3
{638.3-645.0)

2,116.3-2,117.0
(645.3-647.1)

2,117.0-2,123.0
(645.3-647.1)

2,123.0-2,146.5
(647.1-654.3)

2,146.5-2,147.5
(654.3-654.6)

2,147.5-2,163.0
(654.6-659.3)

2,163.0-2,175.5
(659.3-663.1)

2,175.5-2,177.5
(663.1-663.7)

2,177.5-2,180.5
(663.7-664.6)

2,180.5-2,189.0
(664.6-667.2)

2,189.0-2,195.0
{667.2-669.0)



Lithologic description of core (part B) from drill hole USBM-01,

Ryan Gulch-~Continued

Depth interval

Description feet
(meters)
Tertiary--Continued
Green River Formation--Continued
Parachute Creek Member--Continued
0i1 shale, dark- to dusky-yellowish-brown, laminated; contains
minor amounts of marlstone(?) and bedded nahcolite; nahcolite
rosettes as large as 8 inches (20 cm) (most are 2-4 in. (5-8
cm) scattered throughout core; dolomite lenses in upper 32
feet (9.8 cm)ememen= e es s e e ————— 2,195.0-2,245.0
(669.0-684.3)
Maristone(?), dark-yellowish-brown, laminated; contains minor
amounts of nahcolitese=em=mmmemmcm e eeee 2,245.0-2,254.3
(684.3-687.1)
No sample ——— e P L P 2,254,.3-2,258.0
(637.1-688.2)
0il1 shale, dusky- to dark-yellowish-brown, laminated=-=-=-=eceeecaeax 2,258.0-2,268.0
(688.2-691.3)
011 shale(?), dark-yellowish-brown, laminated; contains
dolomite lenses 1/8-1/2 inch (0.3-1 cm) long -- 2,268.0-2,281.0
(691.3-695.2)
Garden Gulch Member
No sample. Blue marker at 2,284 feet (696.2 m); base of R-2
zone e ee e e e ———————— 2,281.0-2,286.0
(695.2-696.8)
011 shale, dusky- to dark-yellowish-brown, laminated; dolo-
mite lenses- B e L L 2,286.9-2,290.5
(696.8-698.1)
0i1 shale, dusky-yellow-brown, laminated; unit has what appear
to be slickensides on horizontal fracture surfaces====m—e-ecemee--- 2,290.5-2,299.0
(698.1-700.7)
Interbedded shale, marlstone, and a white bedded material;
shale is bluish gray from 2,305 to 2,310 feet (702.6-704.1
m); marlstone is dusky yellowish brown, laminated to thin
bedded; white material between 2,299 and 2,305 feet (700.7
and 702.6 m) is in layers less than 0.1 foot (3 cm) thick;
core discs easily; base of L-1 zone -~-- 2,299.0-2,310.0
(700.7-704.1)
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Lithologic description of core (part B) from drill hole USBM-01,
Ryan Gulch--Continued

Depth interval
Description feet
. (meters)

Tertiary--Continued
Green River Formation--Continued
Garden Gulch Member--Continued
Maristone, 0i1 shale, and shale, interlaminated and inter-
bedded, dark- to dusky-yellowish-brown; whitish-gray,
very thin beds between 2,344.5-2,346.0 feet (714.6-
715.1 m); fossils in 2,326-2,327-foot (709.0-709.3-m)
interval may be fish vertabrae; core discs easily,

shattered in many places 2,310.0-2,382.0
(704.1-726.0)

" No sample, drilled with rock bit---- 2,382.0-2,382.5
(726.0-726.2)

Total depthe=mceccecccacaaa 2,382.5 (726.2)
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Lithologic description of cuttings (part A) from drill hole USBM-01lA

Horse Draw

Depth interval

Description feet
(meters)
Tertiary
Uinta Formation
Siltstone, dusky-yellowish-brown (wet); grains mostly smoky
quartz; trace of clear quartz and tiny pyrite fragments; no
calcaraous cement=---e=ooeeeccmmmc e cmmemm e 210-225
(64.0-68.6)
Siltstone, as above, with trace of magnetite-----ec-cemccccamccaccaaaao 225-240
(68.6-73.2)
Siltstone, as above, with maore magnetite and pyrite; pyrite
occurs in clumps of tiny crystals; trace of laminated siit-
stone and oil shale; very thin laminae--==-=ccceececcccccacaaa- —————— 240-255
(73.2-77.7)
Same as above; no Taminated material---e=-eeeecceccmcccccccccaccceceaee 255-279
(77.7-82.3)
Siltstone, as above; trace of very fine grained quartzitic
sandstone; contains smoky quartz grains; no laminated
material-emecmccccccmaccccccccn e aeae R L L PR 270-295

Same as above; contains trace of oil shale as <1 mm fragments;
trace of siltstone with calcite cement, subangular smoky
quartz, and trace of clear quartz grains--- B

Siltstone and very fine grained quartzitic sandstone; silt-
stone as above; traces of pyrite and magnetite; very thin
laminae or lenses of yellawish-brown to dusky-yellowish-
brown shale B T

Marlstone and siltstone; marlstone is very thinly laminated,
pale yellowish brown and dark yellowish brown; siltstone is
light gray to pale yellowish brown; minor amount of very
fine grained sandstone of quartz grains, no calcareous

cement; cuttings very fine R — -
Marlstone, as above; trace of siltstone, no sandston@-=-==cec-ccccaaeaa
No sample e e mmmemc e memmmem—m e a————mem—————————

Marlstone, as above, 95 percent of samples; dusk-yellowish-
brawn oil shale, 5 percent; trace pyrite-------e—-ccccaccacccacccaa--
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(82.3-89.9)

295-310
(89.9-94.5)

310-365
(94.5-111.3)

365-380
(111.3-115.8)

380-425
(115.8-129.5)

425-440
(129.5-134.1)

440-470
(134.1-143.3)
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