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Coal exploratory holes drilled in 1978-79 in
the Birney 1° x1/ © quadrangle, Big Horn and Rosebud Counties,
Montana, for coal beds in the Tongue River Member of the Paleocene
Fort Union Formation

by William C. Culbertson, Thresa M. Gaffke, and George Correia
Introduction

In late 1978 and early 1979, the U.S. Geological Survey conducted a
drilling program for the purpose of evaluating the quantity and quality of the
coal in the upper part of the Tongue River Member of the Fort Union Formation
in the Birney 1° foQo quadrangle, Big Horn and Rosebud Counties, Montana (see
Index map, fig.l). Twelve holes were rotary drilled to depths ranging from
217 to 906 feet (66 to 276 m), and 1 to 5 coal beds were cored in each of 5
offset holes. Samples of the cuttings were caught during rotary drilling to
determine the lithology of the coal-bearing rocks. A suite of geophysical
logs were run to determine the thickness and position of the coal beds; these
logs included gamma ray, density, resistivity and caliper. In the core holes,
only thick coal beds and adjacent floor and roof rocks were cored.

The original plan was to drill rotary holes at 7 sites, and run
geophysical logs to identify the coal beds. An offset hole would then be
drilled in which one or more coal beds more than 10 feet thick (3 m) would be
cored. Drilling began in August 1978, but in the first offset core hole,
Birney 3B, the coal recovery was poor, So a new core barrel was ordered by the
contractor. While waiting for delivery of the core barrel, rotary holes were
drilled at Birney 2A, 1A, 6A and 7A. After arrival of the new core barrel,
Birney holes 4A and 5A were drilled, and offset holes 4B and 5B were cored
with excellent core recovery. A rotary hole was drilled at a new locationm,
Birney 8A, but when this hole was lost at 247 feet, (75 m) a new hole was
drilled at Birney 8B.

At this time, the contractor moved his drilling rig to northeast Wyoming
to complete the Wyoming part of the contract. Drilling was resumed in the
Birney area January 10, 1979 by a subcontractor, the Navaho Drilling Co. A
road was cleared through deep snow to the Birney 1 site, and coal beds in
Birney 1B were cored to a depth of 506 (154 m) feet. The hole was then rotary
drilled to 800 feet (244 m) and logged. However, the sites at Birney 24, 6A
and 7A were inaccessible, so new sites were picked. Birney 2B was drilled and
logged, and the uppermost coal beds were cored in the offset hole at Birney
2C. Birnmey 9 and 10 were rotary drilled and logged, but no beds were cored.
The drilling program was completed on Jan. 25, 1979.

The drilling program was hampered in several ways. A variety of problems
caused the abandonment of several holes short of target depth--Birney 7A, 8A,
and 8B--because of lost circulation problems; Birney 2A because of surface
casing falling into the hole; Birney 4B and 5A because of excessive caving of
the hole. In addition, the coal-bearing sequence contained beds of sandy or
silty limestone, or limy siltstone and sandstone 1l to 6 feet thick that
required the use of rock bits and thus slowed drilling considerably.



Geologic Setting

The coal beds occur in the upper part of the Tongue River Member of the
Fort Union Formation of Paleocene age. The Tongue River Member consists of
interbedded sandstone, siltstone, shale, and coal, and many thin lenticular
beds of silty or sandy limestone. Most of these rocks are poorly consolidated
and weather to slopes, but the beds of limestone, or limy sandstone, locally
form resistant ledges and benches. Where the thick coal beds have burned back
from the outcrop, the overlying rocks have been baked or fused into a reddish
resistant rock called clinker, or locally "scoria'" or "red shale". Thick
masses of clinker cap many of the peaks and upland surfaces in this area.

The regional dip of the strata in this area is generally low, about 30 to
50 feet to the mile (5.7 to 9.3 m/km) in a southerly direction. The regional
dip is modified by a few low amplitude flexures, and is locally disrupted by
normal faults as much as several miles long, with displacements as much as 300
feet (91 m).
Coal beds

A total of 14 named beds were penetrated in the drill holes; from the top
down, the Smith, Anderson, Dietz, Cox, Dietz 3, Canyon, White, Cook, Otter,
Wall, Poker-Jim, Brewster-Arnold, King and Knobloch (See diagram figure 2).
Other thin beds were penetrated whose identity is unknown; they may be either
locally occurring beds, or splits from a named bed. (For a discussion of the
coal bed nomenclature, see Culbertson and others, 1979).

The Smith bed exceeds 10 feet (3 m) in thickness only near drill hole
Birney 5 and westward; it thins eastward to less than five feet thick (1.5 m)
at Hanging Woman Creek. The Anderson and Canyon beds are the thickest
persistent beds in this area, attaining thickness of 33 and 32 feet (10.1 and
9.8 m), respectively. The Canyon is interpreted to split into two beds at the
northernmost site, Birney 3.

The beds in the Anderson-Canyon interval are difficult to correlate.
West of Birney 4 in the East Decker Coal Mine, (fig. 1), thick Dietz 2 and
Dietz 3 coal beds are found in this interval. At Birney 4, (fig. 2), the 13
foot (4m) bed at 470 feet (143 m) is thought to be Dietz 3, but the other 3
beds in the Anderson-Canyon interval may be splits of the Dietz 2, Dietz 3, or
Anderson. From Birney 4 eastward to Hanging Woman Creek, coal beds in the
interval are thin and cannot be correlated with confidence with either Dietz 2
or Dietz 3. The Cox bed is one of several beds in this interval near Hanging
Woman Creek, but from Birney 10 eastward there is only one thick bed. This
bed is called Dietz without differentiating it as Dietz 2 or 3.

The sequence of coal beds below Canyon are also difficult to correlate
across the area because the intervals between beds change, new beds appear,
and others split or pinch out. The pair of beds called Cook and Otter are
correlative with the beds called Carney near Decker. They locally come
together to form a bed 22 feet (6.7 m) thick in Birney 9. The Wall bed, which
is 30 to 60 feet (9.1 to 18.3 m) thick in a large area northwest of Birney 6
and 7, abruptly thins from the vicinity of these holes eastward and
southward. It is uncertain what bed, if any, is correlative with the Wall bed
in Birney 9, 2B, and 3.
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The inferred position of the Poker Jim, Brewster—Arnold, King and
Knobloch beds are shown in Birney 2B.

Rank and quality of the coal

Coal from the 17 coal beds that were cored in the 5 core holes were sent
to the Coal Analysis Section of the U.S. Bureau of Mines in Pittsburgh,
Penna. A split of the core from 13 coal beds (excluding the 4 coal beds in
Birney 3B below the Anderson that had poor core recovery) were sent to the
Analytical Laboratories of the U.S. Geological Survey in Denver, Colo.

On the basis of the initial chemical analyses received, (tables 1 and 2),
the coal beds range in apparent rank from lignite A in the northeast to
subbituminous B in the southwest. Excluding the thin benches of coal above
and below the Smith bed in Birmey 4B, the heating value, on an "as received
basis", ranges from 7515 to 9530 Btu per 1b (4254 to 5394 kcal/kg), the sulfur
content from 0.3 to 1.5 percent, the ash content from 3.8 to 11.7 and the
moisture content from 23.1 to 32.8 percent.

Sample, core, and geophysical logs

The following pages contain the sample logs of the rotary drilled holes
nos. 1A, 2A, 2B, 3A, 4A, 5A, 6A, 7A, 8A, 8B, 9 and 10; a combination sample
and core log of Birney 1B; geophysical logs of all these holes except 2A; and
core descriptions of holes 2C, 3B, 4B and 5B.

Sample logs were made of all rotary drilled holes by examination of the
cuttings during drilling. These sample logs were later modified by
interpretation of the geophysical logs of the hole. For some intervals, no
samples or very poor samples were returned, so the sample log of these
intervals relies largely on interpretation of the geophysical logs.

Geophysical logs were run on all rotary drilled holes except Birney 2A,
and on Birney 1B which is a combination core and rotary drilled hole. None
were run on the offset core holes Birney 2C, 3B, 4B and 5B. In general the
suite of logs included gamma ray, density, resistivity and caliper; but
because of equipment problems, the caliper log was not run in some holes. 1In
Birney 7A, the gamma ray and density log do not appear to show a normal
response from 0O to about 175 feet (0 to 53 m), but the sample log corroborates
the thicknesses shown for the coal beds. All logs were recorded at a linear
scale of 1 inch equals 10 feet (1 ecm = 1.2 m), but were reduced to a scale of
1 inch equals 50 feet (1 cm = 6m) for this report.

Core descriptions were made only of the actual rocks cored in the Birney
holes 2C, 3B, 4B, and 5B, and to a depth of 506 feet in 1B. Hole 1B, however,
was drilled deeper than the adjacent hole 1A, so a sample log of the interval
506 to 800 feet (154 to 244 m) is attached to the core description.
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U.S. GEOLOGICAL SURVEY
Birney 1° x1/9 quadrangle

Hole Birney 1A Elev. 3850 feet Total depth 578 feet
Location 500 ft FWL, 1400 ft FNL (SW 1/4 NW 1/4) Sec. 5 , T. 8 S., Re 44 E.
County Big Horn State Mont. Quadrangle Hamilton Draw

Drilled by Drane Drilling Service Driller Allen Drane Hole size 5 inches
Date Started 8/21/78 Date Completed  8/22/78 Geologist W. Culbertson & T. Gaffke

Remarks Sandstone at 413 to 431 may be water-bearing. Sample log modified by interpretation

of geophysical log

Depth interval (feet)
From To Thick-

ness Lithologic Description
0 20 20 Sandstone, and siltstone, clayey
20 41 21 Sandstone, fine-grained
41 51 10 Siltstone, gray; limy siltstone 45-46
51 64 13 Shale carbonaceous, silty from 51-53; silty limestone from 58-59
64 97 33 Coal - ANDERSON BED
97 102 5 Shale, gray; silty from 100-102
102 106 4 Sandstone, fine-grained, gray
106 142 36 Shale, silty, gray and siltstone gray; limy siltstone 140-141
142 145 3 Shale, gray
145 160 15 Coal - DIETZ BED
160 165 5 Siltstone, gray
165 176 11 Sandstone, very fine grained, light gray
176 179 3 Siltstone, limy
179 193 14 Shale, gray, with coal stringer at 182
193 202 9 Shale, carbonaceous
202 210 8 Shale, light gray
210 212 2 Limestone, silty and sandy, light gray
212 217 5 Sandstone, fine-grained, limy, gray
217 222 5 Shale, light gray
222 230 8 Sandstone, fine-grained, gray
230 242 12 Shale, gray to brown, carbonaceous in part;
contains coal stringers at 234 and 238
242 245 3 Shale, light gray
245 250 5 Siltstone, clayey, gray
250 253 3 Sandstone, fine-grained, gray
253 261 8 Siltstone, gray
261 270 9 Shale, gray and silty shale
270 308 38 Sandstone, very fine-grained, and light gray siltstone
308 335 27 Coal, with shale 311-312 - CANYON BED
335 344 9 Shale (?)
344 352 8 Sandy limestone
352 360 8 Shale, gray
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Depth interval (feet)
From To Thick-

ness Lithologic Description
360 365 5 Sandstone, fine grained, gray
365 368 3 Shale, gray
368 370 2 Coal
370 402 32 Shale, silty, and siltstone, gray
402 411 9 Sandstone, very fine grained, gray
411 413 2 Limestone, sandy, gray
413 431 18 Sandstone
431 439 8 Shale, carbonaceous, brown
439 442 3 Coal - WHITE BED
442 464 22 Shale, gray
464 473 9 Sandstone, very fine grained, and siltstone
473 483 10 Shale, carbonaceous
483 498 15 Coal - COOK BED
498 502 4 Shale, carbonaceous
502 507 5 Coal - OTTER BED
507 513 6 Shale, gray
513 526 13 Siltstone, gray, with limy siltstone beds at 513-516 and 524-526
526 544 18 Probably silty shale, carbonaceous from 540-544
544 547 3 Coal
547 578 31 Shale, silty shale, and siltstone
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