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GEOLOGIC, GEOTECHNICAL, AND GEOPHYSICAL PROPERTIES OF CORE FROM THE 
ACME FIRE-PIT-1 DRILL HOLE, SHERIDAN COUNTY, WYOMING

By

Donley S. Coll ins 

ABSTRACT

A preliminary core study from the Acme Fire-Pit-1 drill hole, Sheridan 
County, Wyoming, revealed that the upper portion of the core had been baked by 
a fire confined to the underlying Monarch coal bed. The baked (clinkered) 
sediment above the Monarch coal bed was determined to have higher point-load 
strength values (greater than 2 MPa) than the sediment under the burned coal 
bed which has strength values under 2 MPa.

INTRODUCTION

This report presents a detailed geologic log, and selected geotechnical, 
and geophysical data acquired from one core hole which was drilled by the U.S. 
Geological Survey (USGS) during August 1978. The drill site is in the SW 1/4 
sec. 3, T. 57 N., R. 39 E. of the 7 1/2-minute Acme Quadrangle in Sheridan 
County, Wyo. (fig. 1). Drilling of core began at the surface in surficial 
materials overlying beds near the top of the Tongue River Member of the Fort 
Union Formation (Paleocene age) (Kanizay, 1978) and reached total depth of 296 
feet at the base of the Carney coal bed (Barnum, 1975).

The hole was drilled and the core recovered by use of a truck-mounted 
Mobile B-52 auger/core drill. Shelby tubes operating through a hollow stem 
auger were used to sample the first 8.5 ft from the hole; the following 8.0 ft 
of sample required augering. Below 16.5 ft, the hole was advanced with an NX- 
size wire coring system to a maximum depth of 296 ft. Water circulation was 
lost between 40 and 65 feet and no core samples were obtained from that 
interval.

The core samples acquired from this project are used to determine the 
principal rock types and their associated geotechnical characteristics and to 
identify the coal beds involved in a fire burning in the abandoned Acme coal 
mine.
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Hayes of Peter Kiewit and Sons' Company who performed the downhole geophysics.

EXPERIMENTAL PROCEDURES

After each section of the core was drilled, it was removed from the core 
barrel, wiped with a damp cloth, scraped to remove drilling mud, logged, 
tested for effervescence with 10 percent HC1 and for strength by pocket
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Figure 1. Map of part of the Acme, Wyoming, 1:24,000 quadrangle 
showing location of the Acme Fire-Pit-1 drill hole which is 
located 2 miles north of the Acme coal mine. t



penetrometer, sealed in plastic-sleeve bags, and then sent to the laboratory 
in Denver, Colo., for detailed logging and geotechnical testing.

After reaching maximum drill depth, a continuous natural-gamma log was 
recorded through the drill string to a depth of 292 ft. The log was obtained 
by using the techniques described by Wyllie (1963) and Keys and MacCary (1971) 
and was used to cross check lithologic type and depth with that of the 
logger's lithologic descriptive log.

During the summer of 1980, the core was logged in detail at the U.S. 
Geological Survey laboratory and the following tests were performed on 
selected samples: slake durability, dry-bulk density, point load, and X-ray 
clay-mineral analysis. The slake durability test followed the procedures of 
Franklin and Chandra (1972). Point-load strength test procedures were done in 
accordance with the procedures described by Broch and Franklin (1972). X-ray 
techniques for clay mineralogy generally followed those suggested by Schultz 
(1964). The results for each sample are reported in four categories stating 
the relative abundance of each mineral group (fig. 2, in pocket). Figure 2 
summarizes the lithology in relationship to the natural-gamma log of the hole 
and to geotechnical properties that were measured on samples selected from the 
core. A detailed lithologic description and laboratory data are documented in 
the appendix.

PRINCIPAL ROCK TYPES AND THEIR GEOTECHNICAL CHARACTERISTICS

The upper 8 ft of the cored section (fig. 2) consists of a relatively 
weak regolith which has a pocket-penetrometer value (table 1) of less than 
0.44 MPa (Megapascals). The low strength is due to the loose packing of the 
material.

A fairly strong sequence of clinkered claystone, sandstone, and siltstone 
underlies the regolith and extends to a depth of approximately 55.5 ft. The 
relative strength of this sequence is indicated by the high point-load 
strength values of greater than 2 MPa. Resistance to air slaking, as 
indicated by the slake durability values (high percentages of weight loss 
indicate low resistance to air slaking), for the upper few feet of this 
portion of the section are moderate, but increase downward (fig. 2). Baking 
as a result of a burned underlying coal bed is probably the primary factor for 
the higher strength values. The carbonate cement (indicated by the weak to 
moderate HC1 reactions) is not as important to the strength of the material. 
Also, the low slake values may be due to the brittleness of the upper portion 
of the clinkered claystone.

From 55.5 ft to the bottom of the cored section, the rocks have 
relatively low strength and consist of unclinkered mudstones, claystones, 
sandstones, bone, coal, carbonaceous shales, and shales. Regardless of the 
sediment type, the point-load strengths are consistently low (below 2 MPa), 
and the generally high slake-durability values (greater than 40 percent) 
indicate low strength due to the fissility, looser packing, composition, and 
structure.

For instance, material with slake durability values below 45 percent 
includes well-packed mudstones, carbonaceous shales, and unslickensided 
claystones containing very little to no sand and (or) silt. Material with
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Table 1. -Detailed geotechnical log of core sanples taken from
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Table 1. Detailed tjeotechnical log of core samples taken from 
the Acme F1re-Pit-l drill hole Continued
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higher than 45 percent slake-durability values includes the following: highly 
fissile shales; claystones combining sand, silt, or high-shale content; 
loosely packed and poorly cemented sandstones, mudstones, and claystones; and 
carbonaceous shales with siickensides.

The material below 55.5 ft ranges from strongly calcareous to 
noncalcareous and suggests the degree of carbonate cement present. Logically, 
the more cement present the stronger the sediment. But in the present study, 
carbonate content does not seem to contribute significantly to the strength of 
the rocks, as indicated by point-load and slake-durability results.

Burned Coal Bed

The baked (clinkered) sediment within the 8.5- to 55.5-ft interval (see 
detailed lithologic description in appendix; fig. 2) is probably a result of a 
previous coal-bed fire. Unfortunately, the core from 65.7 to 55.5 ft above 
the coal bed is missing. The driller, D. Hayes, reported that the material 
from this interval was highly fractured and that he was unable to recover 
it. This suggests that the fire at one time was confined to the upper missing 
portion of the remaining coal bed at 65.7 ft. Megascopically this coal bed 
and the underlying sediments did not reveal any baked or burned material. 
Numerous clinker fragments in the overlying regolith, however, indicate that 
the reqolith is younger than the clinker, and therefore it was deposited or 
formed some time after the fire.

REFERENCES CITED

Barnum, B. E., 1975, Geologic map and coal resources of the Ranchester
quadrangle, Sheridan County, Wyoming, and Big Horn County, Montana: U.S.
Geological Survey Coal Investigations Map C-75, scale 1:24,000. 

Broch, E., and Franklin, J. A., 1972, The point-load strength test:
International Journal of Rock Mechanics and Mining Sciences, v. 9, no. 6,
p. 669-697. 

Franklin, J. A., and Chandra, R. H., 1972, The slake-durability test:
International Journal of Rock Mechanics and Mining Sciences, v. 9, no. 3,
p. 325-341. 

Kanizay, S. P., 1978 [1979], Preliminary geologic map of the Sheridan area,
northwestern Powder River Basin, Wyoming: U.S. Geological Survey
Miscellaneous Field Studies Map MF-1043, scale 1:50,000. 

Keys, W. S., and MacCary, L. M., 1971, Application of borehole geophysics to
water-resources investigations, Chapter El: U.S. Geological Survey
Techniques of Water-Resources Investigations TWI 2-E1, 126 p. 

Schultz, L. G., 1964, Quantitative interpretation of mineralogical composition
from X-ray and chemical data for the Pierre Shale: U.S. Geological
Survey Professional Paper 391-C, 31 p. 

U.S. Bureau of Reclamation, 1974, Earth Manual--A water resources technical
publication [2d ed.]: Washington, U.S. Government Printing Office,
p. 810. 

Wyllie, M. R. J., 1963, The fundamentals of well log interpretations [3d
ed.]: New York, Academic Press, 238 p.



APPENDIX 

Detailed lithologic description

Interval 
Description in feet

Regolith, very dark grayish brown (10_YR_3/2), unconsolidated, 
silty with clinker and limestone fragments (less than 1 in. 
in size) increasing downward.................................... 0 - 4.6

Regolith, dark-brown to black (10YR 3/3-10YR_ 2/1), well- 
packed, rock fragments increase in size up to 1 in. in 
diameter; color changes to (5Y_7/1) at 6.0 ft................... 4.6- 6.0

Sand, dark-reddish-brown (5Y_3/4), unconsolidated, fine- to 
medium-grained, calcareous with carbonaceous material 
throughout; becomes black (5YR_2/1) with carbonate veinlets 
at 6.3-6.4 ft................................................... 6.0- 6.4

Mudstone, gray (5Y_ 7/1)........................................... 6.4- 6.9

Silt, gray (5Y_7/1), clayey, very calcareous to calcareous........ 6.9- 8.0

Silt, gray (5Y_7/1), calcareous, shows indication of being
baked by fire................................................... 8.0- 9.5

Core missing...................................................... 9.5- 16.6

Claystone, pinkish-gray to light-reddish-brown (7.SYR 7/2- 
2.5_YR_6/4), clinker, calcareous, and fossil plant 
fragments....................................................... 16.6- 26.3

Siltstone, reddish-yellow to red (7.SYR 6/8-2.SYR 5/6), 
clinker, calcareous to slightly calcareous with a 
2-ft-thick interbed of sandstone, dark-reddish-gray 
(5YR 4/2), clinker, very fine grained, silty, and 
slightly calcareous............................................. 26.3- 28.3

Siltstone, pinkish-gray (7.5YR^7/2), clinker, limy to 
slightly calcareous, plant fragments; fractures 
perpendicular to bedding........................................ 28.3- 44.0

Core missing...................................................... 44.0- 45.3

Same as at 28.3-44.0 ft, but also jointed ........................ 45.3- 46.0

Core missing...................................................... 46.0-48.0

Same as unit above, but color changes to reddish-brown 
(2.5YR 4/4) and color changes to red (2.5YR_4/6) at 
SO.T'Tt......................................................... 48.0- 52.0

Core missing...................................................... 52.0- 53.2



Detailed lithologic description Continued

Interval 
Description in feet

Siltstone, red (2.5YR_ 5/6), clinker, slightly calcareous.......... 53.2- 54.7

Shale, red (2.5YR 5/6), clinker, slightly calcareous
and abundant "pTant fossils...................................... 54.7- 55.5

Core missing...................................................... 55.5- 65.7

Coal, black (7.5R_2/0), noncalcareous with sulfur on core
surface (Monarch coal bed)...................................... 65.7- 66.7

Bony.............................................................. 66.7- 66.8

Mudstone, very dark gray (2.5_YF^ 3/0), noncalcareous with
carbonaceous fragments and selenite crystals; plant
carbonaceous film present....................................... 66.8- 69.7

Claystone, dark-gray (7.5YR_3/0), noncalcareous with plant 
carbonaceous film and sulfur on core surface; 
color changes to qray (7.SYR 4/0) at 70.8 ft, to 
dark gray (7.5YR 2/0) at 7273 ft, and to gray 
(7.5YR_4/0) at~T4.3 ft.......................................... 69.7- 74.4

Sandstone, light-gray (10_Yf^7/2), very fine grained to silty, 
noncalcareous with plant material and burrows; becomes 
crossbedded with silty clay and silt laminae at 76.7 ft; 
clay laminae is gray (2.5_YR_ 5/0)................................ 74.4- 78.4

Claystone, noncalcareous.......................................... 78.4- 79.9

Siltstone, white (2.5Y_8/0), clayey, with claystone fragments
and carbonaceous plant material................................. 79.9- 81.0

Shale, gray (7.5R 4/0), noncalcareous with abundant
carbonaceous pTant fragments.................................... 81.0- 82.6

Claystone, light-gray (2.5_YR_ 4/0), noncalcareous, with 
abundant carbonaceous plant material; becomes shaly 
and changes color to light gray (7.5R_5/0) at 84.2 ft; 
slickensides present; silty with carbonaceous laminae at 
85.4 ft; changes color to light gray (2.5Y_6/0); contains 
shale laminae^at 86.9 ft; at 87.1-87.3 ft~~a thin, gray 
(2.5Y_4/0) shale bed, noncalcareous with carbonaceous 
plant fragments................................................. 82.6- 88.7

Shale, black (7.5R 3/0), noncalcareous with carbonaceous plant 
material and suTfur; major joint between 90.5 and 91.5 ft; 
color changes to very dark gray (2.5Y 3/0) at 90.5 ft........... 88.7- 91.5



Detailed lithologic description Continued

Interval 
Description in feet

Siltstone, light-gray (7.5YR_ 7/0), noncalcareous with
carbonaceous plant fragments and sulfur......................... 91.5- 93.7

Sandstone, white (2.5Y_8/2), very fine grained, noncalcareous 
with 85 percent quartz, 13 percent feldspar, and 3 percent 
dark minerals................................................... 93.7- 94.2

Siltstone, gray (2.5_Y_6/0), noncalcareous with carbonaceous 
materi al........................................................ 94.2- 95.0

Claystone, gray (2.5Y_6/0), shaly, noncalcareous with
carbonaceous plant fragments.................................... 95.0- 96.4

Shale, gray (2.5Y_5/0), silty, noncalcareous, with coal
and carbonaceous plant fragments and sulfur..................... 96.4- 96.9

Sandstone, white (10YR_7/0), fine-grained, noncalcareous, 
with 40 percent quartz, 20 percent feldspar, and 20 
percent dark minerals; carbonaceous material also persent....... 96.9- 98.9

Siltstone, light-gray (7.5YR 7/0), noncalcareous; becomes 
clayey with carbonaceous^plant fragments and color changes 
to gray (2.5Y_6/0) at 99.6 ft................................... 98.9-100.4

Claystone, light-gray (2.5Y_7/0), noncalcareous with plant
fragments....................................................... 100.4-101.1

Siltstone, light-gray (2.5_Y_7/0), noncalcareous with plant
fragments....................................................... 101.1-102.2

Sandstone, white (2.5Y 8/0), very fine grained to silty, 
noncalcareous with 1T5 percent quartz, 40 percent silt 
and feldspar, and 5 percent dark minerals....................... 102.2-104.3

Claystone, gray (2.5Y_6/0), noncalcareous with plant
fragments....................................................... 104.3-105.2

Mudstone, gray (2.5Y_4/0), noncalcareous with slickensides,
some plant fragments and sulfur................................. 105.2-106.2

Core missing...................................................... 106.2-106.8

Mudstone, same as unit at 105.2-106.2 ft.......................... 106.8-107.3

Claystone, gray (2.5^R_6/0), silty, noncalcareous with
sulfur, coal, and carbonaceous plant fragments.................. 107.3-108.0

Siltstone, light-gray (2.5Y 7/0), clayey, noncalcareous........... 108.0-110.4

10



Petal 1 ed 1 i thol ogi c descri pti on Contl nued

Interval 
Description in feet

Claystone, very dark gray (2.5Y_3/0), noncalcareous with 

carbonaceous plant fragments and sulfur......................... 110.4-110.7

Siltstone, white (2.5Y_8/0), noncalcareous........................ 110.7-111.4

Sandstone, light-gray (5Y_7/1), very fine grained to silty, 
noncalcareous to calcareous near base; 80 percent quartz, 
18 percent feldspar and silt, and 2 percent dark 
minerals; from 113.1 to 116.0 ft becomes clayey, very 
fine grained, crossbedded with carbonaceous material 
present......................................................... 111.4-116.0

Siltstone, color varies downward from light-gray to white 
to very pale brown (2.5Y_ 7/2 to 2.5Y 8/0 to 10YR_7/3), 
noncalcareous to calcareous with carbonaceous material; 
between 118.6 and 118.8 ft is a sandstone laminae that 
cuts through the parallel Siltstone laminae..................... 116.0-118.8

Sandstone, varies from light-gray to gray (2.5Y_ 7/0-5Y_6/1) 
and from calcareous to noncalcareous downward; also varies 
from very fine to fine-grained downward, composition of 
sand at 85-80 percent quartz, 11-16 percent feldspar and 
silt, and 2-4 percent dark minerals; carbonaceous plant 
fragments and crossbedding...................................... 118.8-122.6

Siltstone, gray (5Y_5/1), clayey, noncalcareous with
organic material and leaf fossils............................... 122.6-123.0

Claystone, gray (5Y_5/1), noncalcareous with carbonaceous 
materi al........................................................ 123.0-123.2

Siltstone, same as unit at 122.6-123.0 ft......................... 123.2-124.6

Core missing...................................................... 124.6-126.1

Siltstone, same as unit at 123.2-124.6 ft......................... 126.1-128.0

Core missing...................................................... 128.0-131.3

Claystone, black (2.5Y_2/0), noncalcareous with carbonaceous 
materi al........................................................ 131.3-131.5

Siltstone, light-gray (5Y_7/2), calcareous with carbonaceous 
pi ant materi al.................................................. 131.5-132.2

Shale, black (2.5Y_2/0), noncalcareous with carbonaceous 
material and sulfur............................................. 132.2-133.0
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Detailed llthologlc description Continued

Interval 
Description in feet

Claystone, gray (2.5Y^ 6/0-2.5Y_5/0), noncalcareous with
pi ant fragments................................................. 133.0-134.8

Siltstone, light-gray (5Y_7/2), calcareous with carbonaceous 
material; becomes sandy between 136.3 and 136.6 ft.............. 134.8-136.6

Sandstone, light-gray (2.5Y_7/0), silty, clayey, very 
fine qrained, calcareous with 85 percent quartz, 12 
percent feldspar and silt, and 3 percent dark minerals; 
joint at 136.0 ft............................................... 136.6-138.0

Core missing...................................................... 138.0-138.5

Sandstone, same as unit at 136.6-138.0 ft, but becomes fine- to very 
fine grained with 85 percent quartz, 11 percent feldspar, and 
4 percent dark minerals......................................... 138.5-140.9

Claystone, gray to light-gray (2.BY 5/0-2.5YR 6/0),
calcareous with carbonaceous material........................... 140.9-141.9

Siltstone, gray (2.5Y_7/0), clayey, calcareous with
carbonaceous plant fragment and siickensides.................... 141.9-142.4

Claystone, gray (2.5Y_6/Q), silty, noncalcareous with
carbonaceous plant fragments.................................... 142.4-143.4

Shale, very dark gray (2.5Y_3/0), noncalcareous with
siickensides.................................................... 143.4-143.6

Siltstone, gray (2.5Y_6/0), sandy and clayey, calcareous 
with carbonaceous plant fragments and crossbedding.............. 143.6-146.0

Sandstone, light-gray (2.5Y_7/0), silty, very fine to fine 
grained, very calcareous with 90 percent quartz, 
6 percent feldspar, 4 percent dark minerals, Claystone 
laminae, carbonaceous material, and crossbedding................ 146.0-149.0

Core missinq...................................................... 149.0-149.2

Sandstone, same as unit at 146.0-149.0 ft, but color changes to gray 
(5Y 6/1), well -cemented and calcareous; poorly cemented 
ancT color changes to light brownish gray (2.5Y_6/2) 
at 152.0 ft; composition change to 85 percent 
quartz, 10 percent feldspar, 5 percent dark minerals 
and color changes to light brownish qray (10YR 6/2) 
at 158.7 ft; limonitic nodules at 161.3 and T53.0 ft............ 149.2-163.9
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Detailed lithologic description Continued

Interval 
Description in feet

Sandstone, light-gray (7.5YR_7/0), well-cemented, very 
fine grained, calcareous with 90 percent quartz 
6 percent feldspar, 4 percent dark minerals and 
noncrossbedded; becomes gray (5Y_6/1), silty, very 
fine to fine grained with carbonaceous material 
and crossbedding at 164.7 ft.................................... 163.9-166.4

Siltstone, light-brownish-gray (2.5Y_6/2), calcareous and
noncrossbedded.................................................. 166.4-166.5

Sandstone, gray (5Y 6/1), silty, very fine to fine-grained, 
calcareous with TO percent quartz, 5 percent feldspar, 
and 5 percent dark minerals; at 169.5 ft, 95 percent 
quartz, 2 percent feldspar, 3 percent dark minerals, 
and carbonaceous material....................................... 166.5-170.7

Siltstone, light-olive-brown (2.5_Y_5/4), calcareous and
noncrossbedded.................................................. 170.7-171.0

Sandstone, same as unit at 166.5-170.5 ft......................... 171.0-173.3

Sandstone, gray (5Y_6/1), silty, very fine grained, 
calcareous with 90 percent quartz, 7 percent feldsapr, 
3 percent dark minerals and crossbedding; changes 
downward to light gray (2.5_Y_7/2) and to 95 percent 
quartz, 4 percent feldspar, and 1 percent dark minerals......... 173.3-174.9

Siltstone, light-gray (2.5Y_7/0), sandy, calcareous, 
well-cemented and crossbedded................................... 174.9-175.5

Sandstone, light-gray (2.5_Y_7/2), silty, very fine grained, 
calcareous with 90 percent quartz, 7 percent feldspar, 
3 percent dark minerals and crossbedding........................ 175.5-176.8

Siltstone, light-gray (2.5Y_7/0), calcareous and
noncrossbedded.................................................. 176.8-177.0

Sandstone, light-gray (5Y_7/1), silty, very fine grained, 
calcareous with 85 percent quartz, 10 percent feldspar, 
5 percent dark minerals and crossbedded......................... 177.0-178.8

Siltstone, grayish-brown (2.5Y_5/2), sandy, calcareous 
with clay and carbonaceous laminae.............................. 178.8-179.2

Sandstone, gray (2.5Y_6/0), silty, very fine grained, 
calcareous with 85 percent quartz, 10 percent 
feldspar, 5 percent dark minerals, and crossbedding............. 179.2-181.5
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Petal1ed 11thologi c descri pti on -Continued

Interval 
Description in feet

Siltstone, pale-yellow (2.5Y_7/4), increasing clay 
downward, calcareous with plant fossils and 
crossbedding; color changes to light gray (2.5Y 7/0) 
at 182.7 ft. ................................. ~.. ............... 181.5-183.4

Sandstone, light-gray (2.5Y_7/2), silty, very fine
grained, calcareous with 90 percent quartz, 7 percent
feldspar, 3 percent dark minerals, and crossbedding............. 183.4-183.8

Siltstone, grayish-brown (2.5Y_5/2), calcareous with 
carbonaceous material, plant fragments and crossbedding; 
color changes to light gray (2.5Y_7/0) at 186.6 ft; 
between 188.1 and 190.0 ft, color changes to light 
brownish gray (2.5Y_6/2), and becomes noncalcareous 
and clay content increases downward............................. 183.8-190.0

Claystone, light-gray (2.SY 7/0), shaly, noncalcareous 
with carbonaceous plant Tragments............................... 190.0-191.1

Shale, qray (2.5_Y_6/0), noncalcareous with carbonaceous 
plant material and numerous siickensides; coal fragments 
at 192.7 ft....................................../.............. 191.1-192.7

Claystone, qray (2.5Y 6/0), shaly, noncalcareous with
fossil plant material and some carbonaceous material............ 192.7-193.9

Shale, gray (2.5Y_5/0), noncalcareous with carbonaceous
pi ant material.................................................. 193.9-194.1

Shale, black (2.5Y 2/0), carbonaceous, noncalcareous with
resin blebs and~~slickensides near coal contact below............ 194.1-194.7

Coal, black (7.5Y_2/0), noncalcareous, cleat perpendicular 
to bedding, resin blebs, conchoidal fractures with 
pyrite nodules and crusts on surfaces, and some sulfur; 
bony between 202.0 and 203.7 ft (Carney coal bed)............... 194.7-212.6

Bone, black (7.5Y_2/0) with resin blebs and conchoidal
fractures....................................................... 212.6-212.9

Shale, black (10YR_2/1), carbonaceous, noncalcareous 
with coal fragments and sulfur.................................. 212.9-213.8

Claystone, black (2.5_YR_ 2.0), shaly, noncalcareous with 
sulfur and siickensTdes; color changes to dark gray 
(2.5Y_4/0) and carbonaceous material is present; also 
mud content increases........................................... 213.8-216.9
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Detai 1 ed lithologic descri ption Conti nued

Interval 
Description in feet

Siltstone, light-gray (7.5_YR_ 7/0), noncalcareous with 
clay laminae, carbonaceous plant fragments, crossbedding, 
and an increase in sand content downward. ....................... 216.9-221.0

Sandstone, light-gray (5Y_7/1), noncalcareous with 
90 percent quartz, 5 percent feldspar, 5 percent 
dark minerals, clay and silt laminae, and crossbedding 221.0-221.8

Claystone, gray (2.5Y 6/0), silty, noncalcareous with 
silt laminae; slicTTensides present at 222.1 ft; at 
222.8 ft, color changes to dark gray (2.5Y_4/0) and 
becomes sandy; slickensides also present. ....................... 221.8-223.1

Siltstone, gray (2.5YR_6/0), sandy, noncalcareous with
clay laminae, carbonaceous material and crossbedding. ........... 223.1-224.2

Claystone, noncalcareous. . ........................................ 224.2-224.4

Siltstone, same as unit at 223.1-224.2 ft, but color
changes to gray (2.5YR_ 5/0) ..................................... 224.4-226.7

Claystone, dark-gray (2.5YR^4/0), silty, carbonaceous, 
noncalcareous showing crossbedded structure; at 
228.0 ft, becomes very dark gray (2.5YR 3/0) and 
has carbonaceous plant material and sTTt and sand 
laminae showing crossbedded structure; at 230.5 ft, 
becomes shaly, lacks sand and silt crossbedded laminae; 
sulfur is also present. ......................................... 226.7-231.1

Shale, black (2.5Y_2/0), carbonaceous, noncalcareous with 
coal fragments, sulfur and H2 S odor. ............................ 231.1-231.4

Claystone, gray (2.5Y 5/0), noncalcareous with
carbonaceous materTal and slickensides throughout. .............. 231.4-231.9

Siltstone, very dark gray (2.5YR_3/0), noncalcareous 
with sandstone and clay laminae; sandstone composition 
of 90 percent quartz, 7 percent feldspar, and 3 percent 
dark minerals; crossbedded. ..................................... 231.9-233.0

Sandstone, gray to dark-gray (2.5Y_ 5/0-2. 5Y_ 4/0), very 
fine grained, well -cemented, noncalcareous with 
carbonaceous plant material; clay and silt laminae; 
bioturbation and crossbeddinq. .................................. 233.0-234.4



Detailed lithologicdescription--Continued

Interval 
Description in feet

Claystone, dark-qray (7.5_YR_ 4/0), noncalcareous with
carbonaceous plant fragments, very fine grained sandstone
laminae and crossbedding; same as unit at 233.0-234.4 ft,
but at 235.3 ft, becomes very dark gray (2.5YR 3/0) and
both silt and sand laminae are present; at 2~3B~.9 ft,
color changes to dark gray (2.5YR 4/0); at 237.7 ft,
color changes to light gray (2/5TR 7/0) and burrows are
present; at 238.5 ft, color changes to dary gray
(2.5Y_4/0)...................................................... 234.4-239.3

Sandstone, light-gray (5^7/0), silty, fine-grained, 
calcareous with 90 percent quartz, 5 percent feldspar 
5 percent dark minerals, carbonaceous material and 
clay laminae; also crossbedded.................................. 239.3-239.7

Claystone, very dark gray (2.5^3/0), noncalcareous with 
both carbonaceous plant and coal fragments, and silt 
and sand laminae................................................ 239.7-242.4

Sandstone, noncalcareous.......................................... 242.4-242.7

Claystone, same as unit at 239.7-242.4 ft......................... 242.7-244.4

Claystone, very dark gray (2.5Y_3/0), noncalcareous with
carbonaceous plant fragments.................................... 244.4-246.1

Mudstone, gray (2.5Y 6/0), noncalcareous with carbonaceous 
material and slicTTensides throughout; also strong 
petroleum odor.................................................. 246.1-252.9

Bone, very dark gray (2.5Y_3/0), noncalcareous with
siickensides.................................................... 252.9-253.4

Coal, black (7.5R_2/0), two-direction cleat--both 90° 
to bedding, conchoidal fractures and siickensides in 
upper 0.1* ft of coal............................................ 253.4-259.0

Core missing...................................................... 259.0-259.5

Claystone, black (10YR_2/1), noncalcareous with coal 
fragments and sulfur in last 2 ft; also numerous 
siickensides.................................................... 259.5-260.5

Shale, very dark gray (7.5_YR_ 3/0), noncalcareous with 
sulfur and plant fragments; also strong petroleum 
and H 2S odor.................................................... 260.5-262.0

Bone, black (7.5_YR^2/0), noncalcareous with some
coal present and slickensides at base........................... 262.0-263.3
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Detailed lithologic description Contlnued

Interval 
Description in feet

Shale, black (7.5YR_2/0), carbonaceous, noncalcareous with 
sulfur on core surface and numerous siickensides................ 263.3-265.0

Coal, black (7.5YR 2/0), cleat perpendicular to bedding 
and conchoidal~Tractures; at 265.7 ft, sulfur on coal 
surface......................................................... 265.0-268.2

Core missing...................................................... 268.2-268.9

Shale, black (7.5^YR_2/0), noncalcareous with sulfur and
siickensides throughout......................................... 268.9-270.1

Coal, black (7.5YR 2/0), noncalcareous with two-directional 
cleat perpendmTlar to bedding; conchoidal fractures and 
vitrain......................................................... 270.1-271.2

Shale, black (7.5YR 2/0), carbonaceous, noncalcareous with
sulfur and slicl<ensides throughout.............................. 271.2-272.5

Coal, black (7.5_YR_ 2/0), cleat perpendicular to bedding, 
resin blebs, and numerous conchoidal fractures and 
siickensides.................................................... 272.5-273.3

Shale, black (7.5_YR_ 2/0), noncalcareous with sulfur............... 273.3-273.9

Bone, black (7.5YR^ 2/0) with cleat perpendicular to bedding....... 273.9-274.5

Shale, black (2.5YR_2/0), carbonaceous, noncalcareous with 
siickensides between 275.1 and 275.5 ft; sulfur at 
276.3 ft........................................................ 274.5-277.0

Coal, black (7.5_YF^ 2/0), noncalcareous with two sets 
of cleat that are perpendicular to each other and 
to bedding; conchoidal fractures also present................... 277.0-278.0

Claystone, very dark gray (7.5R_3/0), noncalcareous with 
carbonaceous plant material and siickensides throughout......... 278.0-279.8

Mudstone, gray (7.5YR 5/0), silty, noncalcareous 
with carbonaceous~Tragments, burrows, and 
siickensides near the top and bottom of unit.................... 279.8-281.2

Claystone, gray to very dark gray (7.5Y£ 5/0-7.5YR 3/0), 
noncalcareous with carbonaceous material; slicTcehsides 
at 282.2-282.9 ft and at 283.3 ft; at 283.9 ft, color 
changes to gray (10_YR_6/1), well compacted and becomes 
silty; at 284.9 ft, color changes to gray (7.5_YR_ 5/0) 
with sii ckensi des............................................... 281.2-285.2
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Detailed lithologlc description Contlnued

Interval 
Description in feet

Mudstone, very dark gray (7.5^3/0), noncalcareous with
sii ckensi des.................................................... 285.2-285.6

Shale, black (7.5YR 2/0), carbonaceous, noncalcareous,
sulfur, and sli~cFensides at top of bed.......................... 285.6-286.4

Bone and coal, black (7.5YR_2/0).................................. 286.4-287.2

Shale, carbonaceous, same as unit at 285.6-286.4 ft............... 287.2-287.7

Claystone, dark-gray to gray (7.SYR 4/0-7.SYR 6/0), 
noncalcareous and carbonaceous material; slickensides 
at 288.5, 289.3, 289.7, 290.3, and 290.7 ft..................... 287.7-291.7

Core missing...................................................... 291.7-293.5

Claystone, same as unit at 287.7-291.4 ft, but color changes to gray 
(5Y_5/1); at 295.0 ft, color changes to gray (7.5YR_5/0); 
slTckensides throughout the interval at 293.5 to 
295.0 ft........................................................ 293.5-296.0

Total depth............ 296.0
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