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INTRODUCTION

Four quadrangles—from west to east, Pleasantdale, Scaper Reservoir, The Gap SW, and Saddle Horse Butte
(formerly Kicken Creek)—have been mapped by the U.S. Geological Survey as part of a project to classify and
evaluate Federal lands withdrawn for coal along the eastern edge of the Powder River Basin in Campbell Coun-
ty, Wyo. For convenience, the area is referred to herein as the Caballo Creek area. The text, tables 1-4, and
figure 1 apply to the entire Caballo Creek area and are identical for all four maps.

Rocks exposed in the Caballo Creek area are the Fort Union Formation of Paleocene age and the Wasatch
Formation of Eocene age. Quaternary deposits are terrace gravel of Pleistocene(?) age, and alluvium, landslide
and lag deposits of Holocene age.

5

FORT UNION FORMATION

About 400 feet (122 m) of the Fort Union Formation is exposed in the escarpment and the surrounding
lowlands in the Saddle Horse Butte quadrangle. The escarpment is capped by rock baked and fused by the
burning of the Wyodak coal and a badlands topography has developed on the underlying nonresistant Fort
Union Formation. The total thickness of the formation is about 2,100 feet (640 m) in the Saddle Horse Butte
quadrangle, but the thickness increases westward to about 2,700 feet (823 m) in the Pleasantdale quadrangle.
Greater thickening of the Fort Union Formation occurs farther west toward the basin center where the forma-
tion reaches a maximum thickness of 5,215 feet (1,590 m) (Curry, 1971, p. 52-56).

Exposed rocks of the Fort Union Formation lack lithologically distinct units and, consequently, the forma-
tion was not subdivided. The only bed sufficiently distinct and continuous to serve as a marker is the Wyodak
coal bed, the top of which is the top of the formation. Exposed rocks below this coal bed are characterized by
their light color, fine-grain size, and poor consolidation; but thin, discontinuous, dark, well-indurated interbeds
and coaly carbonaceous shale zones occur. The lighter colored rocks, which range from claystone through silt-
stone to fine-grained sandstone, are soft and poorly exposed. The dark, well-indurated beds consist of siltstone,
fine- to medium-grained sandstone, and zones of discontinuous ironstone concretions. The concretions weather
reddish brown and contain fractures commonly filled with yellow calcite. The numerous coaly or carbonaceous
zones are generally thin and poorly exposed; an exception is the W5 group of coal beds, which is a subzone of
the Wyodak coal bed. This subzone reaches a thickness of about 45 feet (13.7 m). The principal lithology is
dark-gray carbonaceous shale, but several coal beds commonly occur in the subzone.

The lack of lithologically distinct marker beds or stratigraphic intervals makes correlation difficult. The
weak induration of the lighter colored rocks results in poor exposures. The poor exposures, together with num-
erous facies changes, present great difficulty in attempting to correlate the light-colored rocks over any dis-
tance. Similar problems occur in correlating the thinner, coaly, carbonaceous shale beds although the W3 coal
subzone can be traced throughout its outcrop area in the Saddle Horse Butte quadrangle with some certainty.
The well-indurated siltstone and sandstone are easier to trace, but their use as marker beds is limited owing to
variations in the degree of induration of a particular bed. Furthermore, several such beds, each varying in de-
gree of induration along the outcrop, may occur within a thin stratigraphic interval.

Early workers in the Powder River Basin (Dobbin and Barnett, 1928), whose work preceded acceptance of
the Paleocene Series by the U.S. Geological Survey, assigned the Fort Union Formation to the Eocene. Since
1936, the formation has been considered to be Paleocene in age in this area (Olive, 1957, p. 10). Recent work
by R. H. Tschudy (written commun., 1973) demonstrates that on the basis of palynology the Wyodak coal
bed is of Paleocene age. Tschudy’s palynological study also indicates that several hundred feet of rock above
the Wyodak, but below the Felix coal bed (fig. 1), may be of Paleocene age. Additional work will be necessary
to properly select the Paleocene-Eocene boundary in this area (R. H. Tschudy, written commun., 1973).

WASATCH FORMATION

The Wasatch Formation was originally recognized in the Powder River Basin by Wegemann (1917) and the
name was extended into the map area by Dobbin and Barnett (1928, p. 11).

The Wasatch Formation, in the Caballo Creek area, reaches a maximum thickness of about 1,800 feet
(549 m) in the Pleasantdale quadrangle. The formation varies substantially in thickness, mainly as a result of
Quaternary and, possibly, late Tertiary erosion, but subsurface data also show substantial thinning eastward
during deposition of both the Wasatch and Fort Union Formations. This thinning indicates that the basin cen-
ter was west of the Caballo Creek area and that sediment accumulation decreased toward the eastern edge of
the basin.

Rocks of the Wasatch Formation are shades of gray, yellow, and brown and it is primarily this characteristic
which distinguishes the Wasatch from the underlying, lighter colored Fort Union Formation. Wasatch rocks
consist mostly of yellow to yellowish-orange siltstone and sandstone, gray shale, brown carbonaceous shale,
and three major coal zones (fig. 1).

Coarse-grained friable sandstone, containing pebbles of granite, chert, and quartzite as large as several centi-
meters in diameter,occurs in the Wasatch Formation. Sandstone that contains pebbles can be found within 40
feet (12.2 m) of the base of the formation in secs. 29 and 30, T. 48 N., R. 70 W., and secs. 18 and 19, T. 47
N., R. 70 W, in the Saddle Horse Butte quadrangle. Coarsening of sandstone, therefore, sporadically accom- ’
panies the general color change which characterizes the boundary between the Wasatch and Fort Union Forma-
tions.

An extensive colluvial cover (not shown on the maps) consists mainly of fine- to coarse-grained sand that
contains pebbles of granite, chert, and quartzite that is most apparent in The Gap SW quadrangle between the
Wyodak and Felix coal beds. This colluvial cover gives the impression that the underlying bedrock is sandstone
of the Wasatch Formation, but the predominance of claystone in drill cuttings from USGS coal test holes in
the Caballo Creek area does not support this impression.

The source of the detritus in lower Tertiary rocks in the Caballo Creek area is problematical. The total sand-
stone percentage of both the Wasatch and Fort Union Formations seemingly increases eastward, which suggests
an eastward source, but evidence is insufficient to warrant a firm conclusion. Field observations do, however,
indicate that sandstone is coarser grained in stratigraphically higher beds. This is interpreted as evidence that
stratigraphically higher sandstone units extend farther basinward than lower sandstone units and suggests that
the basin became more restricted as sedimentation continued.

Ironstone concretions, commonly found in the Fort Union Formation, occur in the Wasatch Formation
only at some places near its base. Well-indurated strata between the Wyodak and Felix coal beds are rare and,
consequently, the topography developed on these rocks is gentle. Above the Felix, well-indurated, dusty-
yellow siltstone beds occur and these commonly cap generally north-trending ridges separated by shallow,
gently sloping valleys.

Correlation of clastic units in both the Wasatch and Fort Union Formations is hampered by similar problems.
Exposures are poor; the rocks are commonly poorly indurated and covered by colluvium. Beds that are well
indurated and, therefore, tend to cap ridges vary in degree of induration along the outcrop and, as with other
clastic rocks in the Caballo Creek area, commonly change facies.

The coal beds tend to be laterally persistent and provide good marker beds. Exposures of the coal beds are
generally poor, but there are sufficient outcrops and drilling data to correlate these beds throughout most of
the Caballo Creek area.

The base of the Wasatch Formation is here chosen at the top of the Wyodak coal bed following the prece-
dent set by Dobbin and Barnett (1928, p. 14-15), who called this coal bed D. Although this choice of contact
is arbitrary, it is a mappable horizon near a general lithologic change and, furthermore, there is no compelling
reason not to follow the precedent set by Dobbin and Barnett (1928). In the Caballo Creek area, the contact
here chosen lies near a change in heavy-mineral suites (N. M. Denson, written commun., 1974). This change
may indicate a significant event in the geologic history of the area (Denson and Chisholm, 1971, p. C123-
C124). Where the Wyodak coal bed splits, the top of the uppermost mappable split is chosen as the base of
the formation and, where burned, the base of the baked and fused rock is arbitrarily picked as the contact.
The Wyodak coal bed, as well as the uppermost mappable split, the W, coal subzone in the Saddle Horse Butte
quadrangle, is locally absent and there the contact is inferred to be at the stratigraphic horizon of the missing
coal bed.

The top of the Wasatch Formation is not exposed in the Caballo Creek area. Lag deposits of the overlying
White River Formation occur, but the underlying Wasatch Formation has been partially eroded.

WHITE RIVER FORMATION

The White River Formation of Oligocene age at one time extended over at least part of the Caballo Creek
area. Sandstone blocks, tentatively identified as remnants of the White River Formation on the basis of com-
parisons with Oligocene sandstone in the Pumpkin Buttes area (E. M. Schell and W. L. Rohrer, oral commun.,
1973), occur as lag deposits of Holocene age in the Pleasantdale quadrangle. In some areas in the Pleasantdale
quadrangle the deposits form a partial to complete surface covering that consists of medium- to coarse-grained
sandstone blocks as much as 10 feet (3.0 m) in diameter. They are well indurated, crossbedded, and very
dusky red due to iron staining; as indicated by cavities, they may have contained pebbles as much as 3 inches
(7.6 cm) in diameter. Cobbles and pebbles of this rock also constitute a large proportion of terrace gravels.

Reconnaissance of the area between the Pleasantdale quadrangle and the Pumpkin Buttes to the south re-
veals several deposits similar to the sandstone block deposits. Probably the White River deposits once blanketed
much of the basin, but preservation was dependent upon a high degree of induration, which occurred only lo-
cally.

TERRACE DEPOSITS

These deposits consist mostly of a thin layer of sand and gravel capping indistinct terraces and a few scat-
tered, distinct terraces. It is commonly difficult to differentiate the indistinct terraces from lag gravels which
may or may not represent former terraces. Criteria used to distinguish terrace from lag deposits included topo-
graphic expression, amount of allogenic gravels, geographic location, and distinguishable boundaries of the de-
posits. The terrace deposits occur only along the main drainages—the Belle Fourche River, Caballo, Horse, and
Hoe Creeks, and one unnamed creek.

The deposits consist of interstitial sand and pebbles, cobbles, and locally boulders as much as 1 foot (0.3 m)
in diameter of quartzite, chert, granite, and well-indurated sandstone. Thicknesses may be as much as 20 feet
(6.1 m) but are generally less than 5 feet (1.5 m). Probably most of these clastics are reworked from the Wa-
satch and White River Formations, but some of those along the Belle Fourche River may have been derived
directly from the Bighorn Mountains when the ancestral Belle Fourche had its headwaters there (Wegemann
and others, 1928, p. 3).

Dobbin and Barnett (1928, p. 11) recognized similar deposits and, on the basis of topographic position, re-
garded the highest ones as doubtfully of Tertiary age. In this report all these deposits are considered to be of
Quaternary age. Although downcutting was probably continuous throughout the Quaternary, the terraces re-
present a period of greater stream capacity than today and are, therefore, assigned a Pleistocene(?) age.

LANDSLIDE DEPOSITS
Most of the mappable landslide deposits are slump blocks. Typically, a clinker, or a well-indurated siltstone
or sandstone, forms a highly resistant caprock over soft sediments; consequently, undercutting and slumping
have occurred. A rockfall is present in sec. 32, T. 48 N., R. 70 W., in the Saddle Horse Butte quadrangle.

ALLUVIUM AND COLLUVIUM

Alluvium, which occurs along the major drainages, is most readily distinguished from the more extensive
colluvium by use of color aerial photographs. Sediment color, stream meander belts, and vegetation patterns
serve as criteria in distinguishing between the two. The alluvium consists primarily of clay, silt, and fine sand.
Pebbles and cobbles occur, but except during flash floods and possibly spring runoff, it is doubtful that any
streams in the area can transport coarse detritus. The colluvium, derived from creep, sheetwash, and related
processes, covers a major part of the area.

STRUCTURE

Tertiary beds in the Caballo Creek area have a westward regional dip of about 1°-3°. Subsurface informa-
tion and field observations reveal numerous anticlines and synclines. For the most part, these folds are very
small and probably originated from primary dip, differential compaction, mass wasting, and the burning of
underlying coal beds. One fold—in T. 47 N., R. 74 W., in the Pleasantdale quadrangle—can be inferred from
surface mapping, and others, plunging west to northwest, can be identified from subsurface data. The fold
observed in surface mapping is best seen west of the Caballo Creek area (Wegemann and others, 1928, p. 6).
None of the folds has structural relief exceeding 100 feet (30.5 m).

A small fault zone occurs in the Saddle Horse Butte quadrangle in sec. 20, T. 47 N., R. 70 W. The fault
trends about N. 45° W., and the downthrown side is to the southwest. The fault zone cannot be traced across
the Belle Fourche River to the northwest and, apparently, terminates along a monocline to the southeast.
About 50 feet (15.2 m) of displacement can be seen.

ECONOMIC GEOLOGY
COAL

Four zones containing coal beds more than 2.5 feet (0.8 m) thick crop out in the Caballo Creek area.
Thickest and currently of most economic importance is the Wyodak coal bed, and its splits or subzones, in the
Fort Union Formation. The Fort Union Formation also contains seven thick coal beds in the subsurface at
depths less than 1,000 feet (305 m) and three more at greater depth. Several thin coal beds crop out but were
not mapped, and several others occur locally in the subsurface. Other coal intervals are the lower, middle, and
upper zones of the Wasatch Formation. The lower zone in the Wasatch contains the C, C', and C"' coal beds in
an interval usually about 200 feet (61 m) thick. The middle zone, consisting of the Felix coal bed and its splits
or subzones (F;, F, ), reaches a maximum thickness of about 100 feet (30.5 m). The A, Lower Ulm, and Scott
coal beds are in the upper zone, which is generally about 150 feet (46) thick.

Names and letter designations used by previous workers have been given to those coals that crop out in the
Caballo Creek area. Correlations of some coal beds from the Caballo Creek area to their suspected type areas,
particularly the Spotted Horse field, are not certain; but, in the interest of conformity to common usage, some
names from that area are used. Arbitrary letter designations not corresponding to those used by earlier workers
are herein given to the subsurface coal beds.

The stratigraphic succession of coal beds in the area is shown in figure 1. Subsurface correlations are based
on all available mechanical logs from drill holes in, or from within about a mile (1.6 km) of, the Caballo Creek
area. Parts of the Saddle Horse Butte.quadrangle have small oil fields with numerous, closely spaced drill holes;
in those areas, only the more informative drill-hole logs were selected for use in this report.

Resource estimates made for coal beds exceeding 2.5 feet (0.8 m) in thickness are listed in table 1. Isopach
maps were drawn and division into measured, indicated, and inferred categories of coal resources was made ac-
cording to the method proposed by Averitt (1969, p. 25-26). The resources were further subdivided into the
following thickness-of-overburden categories: 0-50, 50-100, 100-200, 200-1,000, and more than 1,000 feet
(0-15.2, 15.2-30.5, 30.5-61.0, 61.0-305, and more than 305 m).

Samples of the Wyodak coal from the Amax Belle Ayr mine in sec. 34, T. 48 N., R. 71 W., were analyzed
(table 2) and the results were compiled by V. E. Swanson of the U.S. Geological Survey (written commun.,
1973). In addition, core samples from USGS test holes were analyzed by U.S. Geological Survey and Montana
Bureau of Mines and Geology personnel (1974); these analyses are summarized in tables 3 and 4. Of the test
holes drilled, no core samples were taken from hole 7313 in The Gap SW quadrangle, hole 7317 in the Pleasant-
dale quadrangle, and holes 7318 and 7319 in the Scaper Reservoir quadrangle.

The coal beds are the most laterally persistent strata in the Caballo Creek area, but attempts to correlate the
coal beds, in some instances, are difficult. Correlation of the Wyodak coal bed and its subzones is complex and
considerably more subsurface data are needed to determine their relationships. The W5 coal subzone, for ex-
ample, contains several thin coal beds whose thickness reaches a maximum of 4.2 feet (1.3 m) but commonly
totals less than 2.5 feet (0.8 m). Although the W5 subzone seems continuous and can be correlated over many
miles, individual beds within it tend to be lenticular. Other workers have recognized the lenticularity of the
coal beds. Wegemann, in his report on the Barber coal field (1913, p. 272), stated: “The coal beds are the
most persistent strata of the formation, yet even they show considerable irregularity.*** It is not at all unusu-
al to find that a coal bed at one point several feet in thickness dwindles to a few inches in half a mile or perhaps
disappears altogether. In many places as one bed thins another bed comes in above or below it, the deposits
being lenticular in form and the ends overlapping.”

PLEASANTDALE, SCAPER RESERVOIR, THE GAP SW,

Thick coal beds may be more lenticular than thin beds. Drill-hole data reveal several areas of abrupt lateral
thinning of the Wyodak coal bed and in some places, particularly in the Saddle Horse Butte quadrangle, more
than 60 feet (18.3 m) of coal thins to 0 within a few hundred yards. (Note the apparent facies change of the
Wyodak coal bed to shale in Macpet 43-14 Federal and Macpet-Stroock-Federal 21-24 drill holes in secs. 14
and 24, T. 47 N., R. 71 W, in the Saddle Horse Butte quadrangle.) These abrupt changes can also be seen in
the field. For example, numerous unburned areas separate outcrops of baked and fused rock. Commonly, a
black, very lignitic shale occurs at such locations (for example, on the western side of the county road in the
SW¥% sec. 24, T. 47 N., R. 71 W., in the Saddle Horse Butte quadrangle) and apparently the lateral extent of
the burned area is controlled in these locations by the facies change of coal to black shale. The abrupt facies
changes and lithologic characteristics of the shale probably reflect the filling of contemporaneous channels,
backwaters, and ponds with sediment rich in organic matter.

In my opinion, the abrupt thickness variations of the coal beds are generally not due to erosional processes
after coal-bed deposition. Throughout the Caballo Creek area, bedding generally is conformable and chan-
neling, though present, seems to be insignificant; but note the excellent example of minor channeling in a
roadcut along the 4-J road (not shown on the map) in the Pleasantdale quadrangle in the NW% sec. 26, T.

47 N., R. 74 W., where a coarse-grained sandstone fills a channel cut into the Scott coal bed.

COAL BEDS

Subsurface coal beds. — The X, V, U, T, S, R, Q, P, N, M, their splits, and three local beds occur only in
the subsurface. Figure 1 and the well-log information depicted in the coal correlations supply pertinent infor-
mation concerning stratigraphic relationships, occurrence, and ranges in thickness and overburden.

Wyodak coal bed and its subzones. — The Wyodak coal bed occurs from about 135 to 415 feet (41.4 to
126 m) below the C bed. This interval, which thickens from east to west, fluctuates markedly in the Pleasant-
dale quadrangle. The coal ranges in thickness from 0 to about 100 feet (0 to 30.5 m), but thicknesses of
60-70 feet (18.3-21.3 m) occur consistently. Generally the Wyodak has less than 200 feet (61.0 m) of over-
burden, but locally it does lie at depths as great as 1,800 feet (549 m). Near its outcrop in the Saddle Horse
Butte quadrangle, the Wyodak coal bed is extensively mined at the Amax Coal Co. Belle Ayr mine.

The coal bed is named for the Wyodak mine in T. 50 N., R. 71 W., and the designation has been used in-
formally by previous workers. Dobbin and Barnett (1928, p. 14) labeled it coal bed D, but also referred to it
as the Roland coal, evidently on the basis of correlations of this coal with the Roland coal of the Sheridan coal
field by Stone and Lupton (1910, p. 121-122) and Davis (1912, p. 428). Subsequently, other correlations
have been proposed. The local name is used in this report because correlation of the Wyodak coal bed with
beds outside the Gillette area is problematical.

This coal bed crops out in the Saddle Horse Butte quadrangle, where it splits into three subzones (W, W5,
and W3 ) and thins over most of the outcrop area. The W, split, the highest in a series of three sequentially
numbered from top to bottom, is probably not present in the Caballo Creek area. It may be represented in
places by a zone consisting principally of carbonaceous shale overlying the W, split. This shale zone often
contains coals less than 15 inches (0.4 m) thick, but in sec. 31, T. 47 N., R. 70 W. (Saddle Horse Butte quad-
rangle), a 2.0-foot (0.60-m) coal occurs.

The W, coal is the thickest of the splits on the eastern edge of the Caballo Creek area. Available evidence
indicates it to be generally 20-25 feet (6.1-7.6 m) thick, but there are few outcrops where it has not burned.
In addition, the lateral limit of the W, clinker often marks the lateral extent of the W, coal along the outcrop.
Unburned areas are commonly where the W, coal subzone undergoes a facies change to a carbonaceous shale.
West of the outcrop the W, and W5 splits merge and the unit is designated the Wyodak coal bed. Thus, there
are few, if any, sizable areas where the W, split alone could be economically mined. The lowest split of the
Wyodak coal in this area, the W3 subzone, contains several coals of variable thickness.

The Wyodak coal bed splits in the Pleasantdale quadrangle and may pinch out a short distance west of the
Caballo Creek area. At several places within the area the Wyodak zone cannot be positively identified, evi-
dently because of lithologic changes. (Probably the coal grades into a shale.)

C, C', and C" coal beds (lower coal zone). — The next coal zone beneath the Felix coal bed contains the
(G5 C', and C"' coal bed which were collectively named bed C by Dobbin and Barnett (1928, p. 15), who
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Table 2.--Analyses of tipple samples of the Wyodak coal bed from the Amax Coal Co., Belle Ayr mine, Gillette, Wyo.

[NW4NE% sec. 34, T. 48 N., R. 71 W., Saddle Horse Butte quadrangle.
and E. J. McKay (V. E. Swanson, written commun., 1973).

Samples collected by E. R. Landis, P. T. Hayes,
Standard coal analysis (USBM lab. No. K-12883) by

U.S. Bureau of Mines, Pittsburgh, Pa.; all other analyses (USGS lab. No. D-160988) by U.S. Geological Survey,
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ness in these four quadrangles is 42 feet (12.8 m); subsurface data (logs from Davis Oil-Chorney-Federal No. 1, gﬁgiz::::::: 35'2 17'2 18'5 LBl ees Bl I i o B e
sec. 12, T. 47 N, R. 75 W., and Superior Oil-Cook-Government No. 14-13, sec. 13, T. 47 N., R. 75 W.) show AR 5.3 R N ] P,0g====== L o 2000 |NBr=—memee— s 20
it to be about 75 feet (22.9 m) thick a short distance west of the area. Overburden ranges in thickness from Fe,0,-—-—- 4.6 Eie—=ssa=s A D e e e 70
about 100 to 1,350 feet (30.5 to 411 m); but the coal is thinnest at the shallow depths. Btgﬁ?;;;'; """"" 8,820 o 11,950 B 12,880 > §0,--===== 22.0 Iz’lr? """""" lgg'g :‘; """"""" sgg
! & S O O - R S - | © 7~ o - R ol bl il . . WA e - R SRR R Rt —— U DI ======s=====
The C' coal bed, generally about 80 to 90 feet (24.4 to 27.4 m) below the C”', ranges in thickness from 0 Byritic §-———m——m- 17 .23 .25 Piewssmnsesmc 5,000
to 14 feet (0 to 4.3 m) and seems laterally persistent in the Scaper Reservoir and Pleasantdale quadrangles. Its Organic S---====== .44 .59 .64
thickness is commonly 6 to 10 feet (1.8 to 3.0 m), and overburden thickness ranges from 0 to about 1,200 ‘; “““““““ zgg
feet (0 to 366 m). Stone and Lupton (1910, p. 14) mistakenly identified this bed as the Felix coal bed where i 5
it crops out along Caballo Creek. RS SIS 150
The C"' bed, stratigraphically highest of the three, occurs about 100 to 350 feet (30.5 to 107 m) below the
Felix. Eastward thinning of this interval corresponds to the general trend. The C'' bed is commonly about 3
feet (0.9) thick and ranges in thickness from 0 to 6 feet (0 to 1.8 m). Although it is apparently missing over
large areas, exposures are poor in The Gap SW quadrangle, and the C"' coal bed may extend over a larger area
. . 9 » !
than outcreps indicate. Furthermore, in U.S. Geological Survey coal test hole 7312, 3 feet (0.9 m) of the C'
coal bed was recovered by coring, but there is no indication of this coal bed on the gamma-ray log. Perhaps : : . .
; u g but ! et = : y £ 4 Table 3.--Coal analyses of drill-core samples from coal beds in the Caballo Creek area, Powder River Basin,
the coal occurs in other areas even though logs do not so indicate. In areas where logs do indicate the coal to Campbell County, Wyo
e : g
be present, it lies at depths as great as 1,150 feet (351 m).
Felix coal bed (middle coal zone). — This coal bed, named by Stone and Lupton (1910, p. 13), crops out [Analyses by Montana Bureau of Mines and Geology (U.S. Geological Survey and Montana Bureau of Mines and Geology, 1974).
in Tps. 47-48 N., Rs. 72-73 W. Clinker float indicates that it originally extended several miles to the east, but Type of analysis: A, as received; B, air dried; C, moisture free; D, moisture and ash free. ---, no data ]
was removed by erosion in late Cenozoic time. The Felix commonly occurs in two benches separated by a ; :
' y ; ) Depth of Type ¥ . Ultimate § Depth of Type s . Ultimate 3
parting whose thickness varies abruptly from 0 to 79 feet (0 to 24.1 m). The upper, F,, subzone ranges in Nzgil“ cored of MOizfox1$:tlzzt?rlleysxsi)((zzrcent) analysis Hs:;:zg Sulfur forms (percent) Nzgzl"f cored of MOi:oxzslgil::t?xizlys1:i}§1e>§rcent) analysis Hj:ﬁ:g Sulfur forms (percent)
thickness from 5.5 to 12 feet (1.7 to 3.7 m), and the lower, F,, subzone (or F where no partings are present), bed l“%;i‘)’al anzliis" e Attt carbon Ash (pg‘rlizzs) (Btu/lp) Sulfate  Pyritic  Organic bad 1n§<§87a1 an:g— i iy catEon Ash (pglrlizzs) (Btu/1b) Sulfate Pyritic Organic
ranges from 15.4 to 31 feet (4.7 to 9.4 m). Most commonly, the two splits are 8-9 and 20-25 feet (2.4-2.7
and 6.1-7.6 m) thick, respectively. USGS-MBMG drill hole 7310 (index No. 10), Saddle Horse Butte quadrangle, sec. 32, T. 47 N., R. 70 W. USGS-MBMG drill hole 7315 (index No. 13), Scaper Reservoir quadrangle, sec. 2, T. 47 N., R. 73 W.--Continued
Overburden increases westward from the outcrop to about 800 feet (244 m). A large part of the coal re- Wyodak bed------ 85- 89 A 7.046  40.715  45.043  7.194 0.500 10,650 0.030 0.170 0.300 |Felix, subzone 204-208 A 7.853  45.095  39.884  7.166 0.620 10,665 0.000 0.240 0.380
sources of the Felix bed lies within 200 feet (61.0 m) of the surface. 85- 89 B 28.560  31.292  34.619  5.529 .384 8,185 .023 .131 2231 o dnued) 204-208 B 29.470  34.517  30.528 _ 5.485 .475 8,163 .000 .184 .291
The interval between the Felix coal bed and the lowermost coal bed of the upper coal zone is variable and 85- 89 N 43.802 48,459 7.740 .538 10,457 .032 .183 .323 f 204-208 o 48.939 43.284 7.777 .673 11,574 .000 .260 .412
shows substantial thinning from west to east. About 600 feet (183 m) of rock separates the Felix from the doseso DA s 47,476 Sberi S e -583 12,418 +035 -198 350 204-208 Ol e 53.066 46.934, =om=— +730 12,550 -000 -282 ~447
Lower Ulm coal bed in T. 47 N., R. 74 W., in the Pleasantdale quadrangle, but the corresponding interval is 89- 98 A 7.310 40.099 46.375 6.215 .500 10,836 .020 .140 .340 USGS-MBMG drill hole 7316 (index No. 2), Scaper Reservoir quadrangle, sec. 17, T. 47 N., R. 72 W.
only about 300 feet (91.4 m) thick in T. 48 N., R. 71 W., north of The Gap SW quadrangle (Galyardt, 1974). 89- 98 B 29.304 30.584 354 371 4.740 .381 8,265 .015 11017 .259
The thinning seems to reflect a general thinning of lower Tertiary rocks toward the eastern margin of the basin. gg‘ gg g “““ 2Z-§3i :g-g;g 6.705 -55)33 E'ggi 'gji ig; 'gg; Felix, subzone-- 48— 56 A 9.814  40.464  40.987  8.734 .910 10,171 0.020 0.280 0.610
Scott coal bed (upper coal zone). — The Scott coal bed occurs 60 to 100 feet (18.3 to 30.5 m) below the : d : é : g ik 48- 56 B 30.890 31.008 31.409 6.693 .697 7,794 .015 <215 .467
Lower Ulm coal bed and crops out only along the west edge of the Pleasantdale quadrangle. The name is based 98-108 A 6.874 41.474 42.488 9.162 .660 10,609 .020 .110 .530 :g: ;2 g . :;'2.612 ;g'ggz _ffff i'gg? E'i;g 'g;; 'ﬁi '322
upon tentative correlation with the Scott coal bed of the Spotted Horse field (Olive, 1957, p. 30). This bed is 98-108 B 29.040 31.603 32.376 6.982 .503 8,084 .015 .084 .404 * * ' % :
7 feet (2.1 m) thick in U.S. Geological Survey coal test hole 7327 (Pleasantdale quadrangle), and resource zg:igg g R :gi;g gg'géi SRl ';gz E’Zgg '33 i;i zgi Felix, subzone-- 65- 72 A 9.412  39.531  39.488 11.566 .760 9,789 .010 .240 .510
values have been calculated for the immediate area surrounding this hole. The Scott is not economically signif- ! 65~ 72 B 29.240 30.879 30.846 9.035 -594 7,646 'Ogi -;27 -;22
icant elsewhere in this area. 115-120 A 6.899  36.747  45.827  10.525 .430 10,613 .030 .120 .280 oo T - A i i § i o
3 . . y 5 . .
Lower Ulm coal bed (upper coal zone). — The Lower Ulm coal bed occurs from 80 to 100 feet (24.4 to ﬁg'gg g 33.960 ig'ggi 2;'321 11'§g§ '222 11’352 'gii 'ggg 'égi
30.5 m) below the A coal bed and crops out only in R. 74 W. along the west edge of the Pleasantdale quad- 115-120 SRR 44.502  55.458  —ome- Cso 12,852 C036 ‘145 “339 79~ 88 A 7.377 40.847 41.554  10.220 .420 10,293 .010 .070 -340
rangle. The Lower Ulm is commonly burned along the outcrop and, where unburned, is poorly exposed. Coal- _773: gg g i?_gff ig'igi ﬁ'gzz lz'gég i;; 11'13 'gﬁ’ '832 ;2_77
bed thicknesses average about 10 feet (3.0 m) and overburden thickness ranges from 0 to about 200 feet (0 to USGS-MBMG drill hole 7311 (index No. 3), The Gap SW quadrangle, sec. 28, T. 47 N., R. 71 W. 79- 88 B e 49.571  50.429  —omev ‘510 12,491 012 085 413
61.0 m). The Lower Ulm is apparently equivalent to the Ulm 2 coal of the Spotted Horse field (Olive, 1957, T e e o e 39,221 18,008 14 9iL &390 9,921 0,040 3.310 2.040
p. 30). 24- 26 B 28.410 30.239 30.006  11.344 4.156 7,649 .031 2.552 1.573 USGS-MBMG drill hole 7323 (index No. 10), Pleasantdale quadrangle,sec. 10, T. 47 N., R. 74 W.
The A coal bed (upper coal zone). — The A coal bed is stratigraphically and topographically the highest in 24~ 26 €l 1 me===s 42.239 41.914  15.846 5.805 10,684 -043 3.565 2.197
the mapped area and was originally named by Wegemann, Howell, and Dobbin (1928, p. 8, pl. 3). This bed i S P siaiais kA - A kg 2R i s kgl | T TS 179-180 A 7.072  37.352  36.018 19.557 2.660 8,976 0.040 1.600 1.020
may correlate with the Ulm 1 coal bed of the Spotted Horse field (Olive, 1957, p. 30). It crops out in Tps. USGS-MBMG drill hole 7312 (index No. 15), The Gap SW quadrangle, sec. 14, T. 47 N., R. 72 W. Eg—igg g 25.030 zg-igg 33-223 ;i-gzz ;-;gg ;,2219- .gﬁ igg; l-ﬁ;;
47-48 N., R. 74 W, along the west edge of the Pleasantdale quadrangle and reaches a maximum thickness of Tva-180 5 e BD.509 45081  meeen 5 6iE 12 733 ree ) 1. 950
2 feet (0.6 m) C" bed-——-===--= 61- 63 A 8. 112 24.725 18.790  48.372 3.050 4,845 0.120 1.970 0.960 : s * ' * : :
’ i 61- 63 B 21.490 21.125 16.055  41.330 2.606 4,139 103 1.683 .820
OIL AND GAS 61- 63 C 26.908 20.449  52.643 3.319 5,272 <131 2.144 1.045 USGS-MBMG drill hole 7324 (index No. 3), Pleasantdale quadrangle, sec. 17, T. 47 N., R. 73 W.
In past years, oil and gas deposits have been of prime economic interest and several small fields, lying partly 61- 63 DA 56.819  43.181  ----—-- 7.009 11,133 -276 4.527 2.206
or entirely in the area, have been discovered. These are the Basin, Basin NW, Clabaugh, Big Hand, and Breen L e e 160-166 5 7.481 37.208 40.557  14.751 4.520 9,671 dap 2.900 1.520 |[Felix bed------- 222:238 g 2;.%33 ;g.gig gg._zlgz ig.ggé i.ggg 3,332 o.gig 0.22(9) 0.;3(7)
fields. 160-166 B 26.500 29.560 32,221 11.719 3.591 7,683 .079 2.304 1.208 S5-375 & L i dosil | 1s.Btt g 10 61 s s e
Stratigraphic traps are the chief accumulation sites for oil and gas in the four-quadrangle area. Except for 160-166 e E=m=as 40.218  43.838  15.945 4.886 10,453 -108 3.135 1.643 265-270 D —mmmee 49.866  50.134  ——oeem 1.825 12,610 026 791 1.008
A . . 160-166 D === 47.847 52.153 —=—=—— 5.812 12,436 +129 3,729 1.955 L f d ° ! E
two wells in the Breen field, which produce from the Lower Cretaceous Muddy Sandstone Member of the
Thermopolis Shale, production is from the Permian and Pennsylvanian Minnelusa Formation where the over- 169-173 A 6.335 33.039 32.110 28.514 1.360 8,171 020 . 440 .900 g;;:;;; II-; 2;-328 ;g-ggg ;3-32; ;-:gi .239] lg,ggg -g;g -igg -i;g
lying Permian Opeche Shale forms a barrier along an erosional unconformity (Trotter, 1963). Stratigraphic igg‘gg (P:' 23,690 §g-3%34 gi-;g; gg'ﬁi i'igg g'ggz 'g;i ‘Zgg ’;Zi 327-337 c =I5 43941 48.103  7.956 .894 11,526 .011 .269 .614
y . ) e : : % /e SR - B e A . ; : ! " " . B LS ERRNIO T por e Wi i
;raps w1llbprob3b}1311 Zontlnue to offer the most likely targets for future exploration in the extensive areas which esains B e &G, 713 49,287 —moee 2,088 12,542 T031 675 1.381 327-337 D 47.739 52.261 971 12,522 .012 -293 .667
ave not been drilled.
& Ve e e 948 akG x 9158 S9.EGE.  45.78% A.EE 1,590 8558 350 i $10 337-347 A 6.719  41.291  44.701  7.287 .460 10,822 .000 .110 .350
SAND, GRAVEL, AND RIPRAP i 5 it Poaih . w oa o e o o e i 337-347 B 17.810  36.382  39.387  6.421 .405 9,535 .000 .097 .308
Three primary sources of construction stone are available in this area: sandstone beds, clinker and lag de- 233-240 C RS 43.874 47:364 8:761 1.518 11:671 T022 487 1.008 337-347 c - 44.266 47.922 7.813 .493 11,601 .000 .118 <375
posits, and terrace deposits. Numerous friable, quartzose sandstone beds are present and offer an abundant 233-240 Bl s 48.087 EAROIE) - e 1.663 12,792 .024 534 1.105 337-347 D e 48.017 51.983 ‘ssssoe 535 12,584 000 .128 -407
supply of sandstone. In particular, a thick, medium- to coarse-grained sandstone occurring beneath the Felix Y TR R e Mgy . : : : o e HE S o Spias B e Bt S 5 oy -, - - S
coal is extensive, friable, and readily accessible because it crops out along Wyoming Highway 59. It is quarried e i oo I s i P et e e A el c i ik o linaes B8 01, Slessenednle indiunles SRy 05y DL Her B i
in nearby areas and has much potential as a source of construction stone. Felix, subzone-- 44- 52 A 8.267  41.806  39.947  9.979 1.160 10,214 0.020 0.390 0.750
: ‘ ; : . ; : ; : ¢ i Scott bed------- 112-114 A 7.574 40.800 36.351  15.274 2.940 9,679 0.100 1.330 1.510
The massive development of clinker offers a great supply of gravel and riprap. Clinker is the primary source . 44- 52 B 29.900 31.947 30.527 7.626 .886 7,806 .015 .298 -Z'{Z ¢ = 112-114 5 30047 30860 59,813 11.560 5. 935 7:325 "076 1.007 1,143
of road gravel for all-weather secondary roads. It is also used in highway paving and as ballast along the em- ﬁ: 2; g N ‘;i’i;f}, :g'gg EE;E_’Z? i'iig i;'igi 'ggi '233 '917 112-114 = 44.144 39.330 16.526 3.181 10,472 .108 1.439 1.634
bankment of the Burlington Northern Railroad spur serving the Belle Ayr mine. Various construction crews ’ ¥ i ! 112-114 Di | easass 52.884 47,116 ====== 3.811 12,545 .130 1.724 1.957
associated with development of the mine have extensively quarried the baked and fused rock in sec. 26, T. 48 52- 62 A 7.777 40.972 43.432 7.817 .490 10,618 .010 .160 -320
N., R. 71 W., in the Saddle Hozse Butte quadrangle. Another large quarry exists in sec. 35, T. 47 N., R. 72 gg_ gz g 28,390 21'3;3 23'3;2 g'g;g ‘_,3,22 1?';3 .ggg i—?: .523 USGS-MBMG drill hole 7326 (index No. 12), Pleasantdale quadrangle, sec. 24, T. 48 N., R. 74 W.
W., in The Gap SW quadrangle; much stone from this operation is used in highway construction and associated 52- €2 e 4554 51:458 el ‘58l 12:579 ‘012 ‘1o :379 .
work. Local ranchers have developed numerous small pits for their own needs. & e 328:2:2 g 22.323 32'323 ‘;;'2;2 12.1;2 i .332 12'2(2)491 0.883 O.?lig O.ggg
Some clinker is massive enough for use as riprap, and alternate sources are the lag deposits derived from 62- 66 A 8.017 39.850 44.435 7.695 .710 10,517 .010 .320 .380 Ieéars & Pt s g Ry i i 11'4 i s 1 s '000 1 04 At0
: ' : : o . . : 62- 66 B 28.310  31.059  34.633  5.998 .553 8,197 .008 .249 .296 ; -8 -437 -00 1, . - 0 .
weathering of the White River Formation. The limited extent of the lag deposits reduces their potential, but, e Gk A rhe o 8. 360 Sy . 11,434 011 348 413 450-458 D —=mm== 49.383 50.617  —==——- 1,133 12,671 .000 1,133 .000
nevertheless, the sandstone blocks are admirably suited for riprap. They are heavy and very well indurated, 62- 66 o S w R 47.280 EOLID0  m—wan 842 12,477 L012 .380 451
and some are as large as 10 feet (3.0 m) in diameter. USGS-MBMG drill hole 7327 (index No. 14), Pleasantdale quadrangle, sec. 23, T. 48 N., R. 74 W.
Terrace deposits are a third possible source of stone, but their general thinness and small areal extent prob- USGS-MBMG drill hele 7315 (index No. 13), Scaper Reservoir quadrangle, sec. 2, T. 47 N., R. 73 W.
ably limit their potential to local use. Some quarrying has evidently been done in the terrace in sec. 16, T. 47 Felis. subgzone-~  104-108 A 7.963  40.592  41.991  9.452 0.980 10,358 0.030 0.250 0. 700} (PeeE Ulmibege s 1845150 E 6.918  42.138  40.862  10.080 1.650 10,467 0.020 0.800 0.830
1 144-150 B 29.740 31.807 30.844 7.609 1.245 7,901 .015 .604 .627
N., R. 70 W. (Saddle Horse Butte quadrangle). 104-108 B 29.360 31.155 32.229 7...255 .752 7,950 .023 .192 <537
’ e e Vel Faer R i Pt digioch a5 e i 144-150 c 45.271 43.900 10.830 1.773 11,245 .021 .859 .892
URANIUM o300 e 46,153 B0 .84 iere 1187 12:542 o a0 ‘848 144-150 D —————= 50.769 49,231  —————e 1.988 12,610 .024 .964 1.000
Exploratory work for uranium has been and is being done in the general area (Cameron Engineers, 1969, p. .
; : . . - : b, th 3 Felix, subzone--  185-195 A 10.245  38.730  41.921  9.102 .810 10,105 .020 .280 .510 150=154 2 6.965  41.354  43.427  8.251 1.270 10,510 -010 -220 1.040
380-383). No discoveries have been announced, but the stratigraphic relationships and, presumably, the geo 2 e - 2451 10.55% 498 454 o370 e S0 i o 407 150-154 B 28.930 31.591 33.195 6.303 .970 8,029 .008 .168 .794
logic history of this area are similar to those in areas to the south where uranium has been located (Sharp and 185-195 Gl e 43.152 46.707  10.141 902 11,258 022 312 568 igg—i:: g = 44.451 46.680 8.869 1.365 11,297 .011 .236 1.118
others, 1964, p. 546-548, 551-559). Mottling of sandstone occurs in the Pleasantdale quadrangle and, in view 185-195 D e 48.022 51.978 ====—= 1.004 12,529 .025 .347 geagdi . L R ERdssas, L R L SReees 48.777 51.223 --———- 1.498 12,397 .012 .259 1.227
of the sandstone alteration studies made by Sharp and others (1964, p. 566-567), this alteration pattern may o " o Y ids & o i 10581 010 180 290 |Scott bed=—---—- 219-221 A 6.811 40.889 41.042 11.256 1.200 10,211 .010 .340 .850
prove to significant in extending known occurrence of uranium. s ; i 3 ¢ 43 230 219-221 B 32.240 29.732 29.843 8.185 .873 7,425 .007 .247 .618
195-204 B 28.540 31.223 33.705 6.532 .381 8,150 .008 il .
95201 2l i ey 1 g = iidss 011 “200 i 219-221 c e 43.879 44,042 12.079 1.288 10,958 .011 .365 .912
LEORNABII & 195-204 D 48.089 51.911 . -586 12,553 012 220 354 219-221 D - 49.907 50.093  —————- 1.465 12,463 .012 <415 1.037
y =04 S aph e : JOLL —maee g , 5 . A
Leonardite—the partially oxidized product of lignite, subbituminous coal, and some carbonaceous shales—
is undesirable as a fuel, but is used in water treatment and the production of drilling muds and woods stains.
Attempts have been made to use it as a soil conditioner and fertilizer (Fowkes, 1973, p. 72). When mixed
with trona, it has numerous other potential uses (Swanson and Ging, 1972). Some exploration for leonardite
has been done in the Gillette area, with unreported results (E. M. Schell, oral commun., 1973). Owing to an
abundant supply and limited market, leonardite is not, at present, a high-priority exploration target.
SALTS
A hand auger was used for sampling some dry lake beds in The Gap SW quadrangle in secs. 21, 28, and 33, Table 4.--Chemical analyses of ash and trace e]..ements in drlll—c&ire samples from coal beds in the Caballo Creek area,
T.47N.,R. 71 W.;sec. 28, T. 48 N., R. 71 W.; and sec. 26, T. 48 N., R. 72 W. The purpose of the sampling Powder River Basin, Campbell County, Wyo.
ine i . inae were observed in the auger samples. X-ray analysis . ; : d
‘was. ta daterning if any salts als present I.\IO Salt}iar;np s this b led Thgl " bpd ; X 3y3 T Z,] [Analyses by U.S. Geological Survey labora- than. Results of six-step spectrographic plus-or-minus one bracket at 68-percent,
indicates the presence of gypsum and possibly an y & t D A S 2 ctbDEd e i tories, Denver, Colo., 1973. Analysts: analyses are based on their identity with or two brackets at 95-percent confidence.
N., R. 71 W. (The Gap SW quadrangle), also contains dolomite. No other salts were revealed by the analysis. P. J. Aruscavage, Ardith Bartel, L. A. geometric brackets whose boundaries are Approximate visual lower limits of detection
Bradley, E. J. Fennelly, Johnnie Gardner, 1.2 0:83; 0:.56, 0:38; 026, 018, 0.12; are: Be, 0.0001; La 0.003; Mo, 0.0003;
W. D. Goss, J. C. Hamilton, A. W. Haubert, and so forth, and are reported arbitrarily Sn, 0.001; Ce, 0.015; Ge, 0.001.
Claude Huffman, Jr., V. M. Merritt, H. T. as midpoints of these brackets, 1, 0.7, 0.5, Key to quadrangle: PL, Pleasantdale; SR,
Millard, Jr., John Moreland, R. L. Rahill, 0.3, 0.2, 0.15, 0.1, respectively. The pre- Scaper Reservoir; GSW, The Gap SW; SHB, Saddle
V. E. Shaw, J. A. Thomas, J. S. Wahlberg, cision of a reported value is approximately Horse Butte]
and R. A. Zielinski. =--, no data; <, less
Guati= ;gdezn E;;(s;_ (?i?t};f gigs A. Percent ash, and major-oxide composition B. Quantitative analyses (ppm) for 12 trace elements C. Semiquantitative six-step spectrographic analyses (ppm) for trace elements
c * of ash (percent) Coal Ash
rangle quad. hole ‘cored No. Ash  Si0, AL O. Na.O KO Ca0 MgO P.0. Fe.0 SO. | As F Hg Sb  Se Th U cd Cu Li Pb_ zn| B Ba Be Co Cr Ga Ge La Mn Mo Nb Ni Sc  sn Sr Ti ¥ ¥ ¥b g
map No. interval D- 2 23 2 2 2°5 23 3
SHB--- 10 7310 85- 89 165089 | 8.56 23 13 0.49 0.28 24 4.00 3.3 T2 20 3 40 0.12 0.2 0.9 <2.0 <0.1 <l 436 50 680 136/ 500 7,000 - 15 70 30 -- -= 300 70 20 30 20 30 7,000 7,000 300 30 3 200
89- 98 165090 | 6.52 33 11 .41 <.10 26 4.60 2.0 5.4 24 1 95 .10 2 5 3.5 93 <=1 496 38 330 132| 700 5,000 - 10 70 15  -- 70 150 100 -- 20 15 30 5,000 3,000 100 30 3 150
98-108 165091 | 9.84 32 20 40 <42 16 3625 1.2 4.0 18 2 70 .12 SN AT Sl ) 354 40 150 168| 500 3,000 15 30 150 70 <20 150 100 30 30 30 100 -- 3,000 7,000 500 150 15 300
115-120 165879 | 10.0 47 15! gl 13 14 2,75 <51 4.1 10 3 105 L1 «3 8 3.l 6 <1 84 28 85 192 300 3,000 3 30 70 20 -- 100 70 10 20 100 20 -- 2,000 3,000 150 30 3 200
GSW--- 3 7311 24- 26 165092 | 12.8 13 5.8 12 ~L125 18 2L25 .92, 27 29 10 50 .18 1.8 2.9, 7.0 6.4 <1 218 14 140 44| 300 1,500 3 10 50 30 == 70 1,500 U0 == 30 15 -- 2,000 1,000 150 30 -- 70
GSW--- 15 7312 61- 63 164613 |50.6 50 23 Al I 2.8 1.80 05 9.6 6 20 340 38 2.8 3.4 139 7.5 1 140 63 80 252 50 700 7/ 20 70 30 -- 100 500 15 20 70 15 -- 500 3,000 300 70 5 70
160-166 165093 | 14.4 17 6 97 <10 13 2.25 1.6 27 27 20 75 19 8 1.6 3.0 8 <1 132 16 70 80 300 3,000 5 15 30 20" == == 500 30 == 30 15 -- 3,000 3,000 150 30 -- 150
169-173 165094 | 29.7 61 12 .46 .79 5.8 1.25 .46 4.6 8.9 30 80 16 1.0 L7 87 4.2 <l 78 44 40 58| 200 1,500 7 10 70 30 -- 70 300 15 30 20 15 -- 1,000 5,000 150 30 5 200
233-240 165095 | 8.78 19 7.9 1.39 25 21 3.85 .18 10 32 8 <20 18 4 .7 =2.0 8 <1 88 14 105 278 700 3,000 7 15 70 20 -—- 70 700 30 -- 30 20 -- 2,000 2,000 150 50 5 150
SR-——- 6 7314 44- 52 165096 | 9.67 20 13 1.06 25 22 3.50 2.4 19 16 3 70 05 2' 1.5 ¢ 2.8 5 <1 136 36 110 90| 700 5,000 5 30 70 20 -- 150 3,000 20 - 30 20 -- 7,000 1,500 150 70 7 150
52- 62 165097 | 8.26 26 14 1.8 <10 26 4.05 .50 5.1 15 2 30 .08 2l 13 .0€2:0 <1 <1 126 66 60 66| 700 5,000 -= 15 70 20 -- 700 2,000 15 =20 50 20 -- 5,000 3,000 150 30 3 200
62- 66 165098 | 7.96 20 kil 1.44 .20 28 4.60 .06 Thai Lt 4 <20 .09 .6 1.8 <2.0 5 <1 160 32 110 196 700 5,000 20 150 50 20 30 70 3,000 70 -- 100 20 -- 55000 3,000 150 100 7 350
SRe==w 43 7315 104-108 165099 | 9.78 25 11 1.16 .78 23 3.10 <.05 9.4 24 4 20 05 8 246 2:8 1.0 =1 76 18 60 90 700 5,000 20 20 70 20 20 70 700 A5 e 70 20 -- 55,0000 2,000 150 70 7 150
185-195 165100 | 10.6 25 15 1.49 .23 19 2450 1:d 9.7 23 8 <20 15 JAT Rt Gi N SN T 2l 146 50 100 184 700 3,000 3 20 70 30 == 100 1,000 15 20 70 20 -- 5,000 3,000 150 70 7 200
195-204 165101 | 9.14 25 16 1.71 <10 24 3.10 1.0 6.2 13 2 <20 07 <3 1.5 2.0 5 <1 172 74 110 100| 700 5,000 3 15 50 30 - 70 1,000 10 20 50 30 -- 5,000 3,000 150 30 3 200
204-208 165102 | 7.76 19 12 1.86 <.10 27 3:55 434 8.6 17 320 -0 5 J9 <2.0 <.l <1 138 38 70 400 700 1,500 15 150 50 30 - 70 1,500 30 -- 150 30 -- 5,000 3,000 200 70 5 150
SR=~=m 2 7316 48- 56 165103 | 9.94 28 11 .46 76 24 2.95 .76 7a5) 120 2 25 .06 2 L.1 <2.0 6 <1 96 20 70 212| 700 2,000 i 20 70 20 - 70 1,000 10 -- 50 15 -- 3,000 2,000 150 50 3 150
65- 72 165104 | 12.8 39 20 .71 25 18 2.20 .19 4.2 T4 5 40 .08 3 1.2 3.8 .8 <l 256 72 100 102 700 1,500 5 15 70 30 -- 70 1,000 10 20 50 20 <20 2,000 3,000 150 30 3 200
79- 88 165105 | 12.5 41 16 1.00 36 23 2.20 .15 3.8 12 20 30 .09 1 1.4 <2.0 Sl 116 40 80 152| 500 1,000 -- 15 70 20 - 70 2,000 15 20 50 15 -- 2,000 3,000 100 20 3 200
PL---- 10 7323 179-180 165116 | 20.5 38 15 428 1.5 12 1.75 .08 12 21 8 80 .09 1:4 1.2 4.3 3.0 <1 80 48 50 104| 300 700 7 -- 100 30 <20 - 700 200 20 20 15 -- 2,000 3,000 200 70 5 100
PL-—-- 3 7324 265-270 165117 | 17.7 38 13 75 1.4 12 2.25 .49 11 19 8 60 210 6l 20l digh S ois 94 32 25 232 500 3,000 5 20 100 20 <20 70 500 20 -- 70 15 -- 3,000 3,000 150 50 5 100
327-337 165118 | 7.72 17 12 1.60 <.10 27 3.10 1.2 8.5, 27 5 <20 .10 3 2,0 2.8 <1 1 164 34 100 158 700 7,000 -- 50 70 15 -- 100 1,000 30 -- 150 15 -- 7,000 2,000 100 50 5 150
337-347 165435 | 7.98 24 12 1.53 30 26 3.05 28 8.4 16 5 <20 .08 2 6 <2.0 .3 2 108 33 40 120 1,000 5,000 5 70 50 20 <20 70 2,000 20 - 70 15 -- 5,000 3,000 150 30 3 150
Pl g 7325 112-114 165119 | 15.6 16 5.8 24 35 20 2.20 16 20 33 10 20 oA Tl 1s2 <200 3.7 <1 208 14 30 124| 300 10,000 15 20 70 70 20 70 3,000 150 -- 100 20 -- 2,000 1,000 150 70 7 70
PL——— 12 7326 450-458 165436 | 11.0 30 17 1.005 81 21 2.05 05 3.9 22 3 20 .16 2.8 1.7 <2.0 T | 118 33 30 248| 700 2,000 3 50 70 20 -- 70. 1,500 7 - 70 15 -- 3,000 3,000 150 70 5 150
Pl==== 14 7327 144-150 165437 | 10.3 15 6.3 .93 .18 26 2.00 54 12 36 8 20 .10 2 1.1 <2.0 i 84 15 30 52| 700 2,000 -- - 20 15 <20 -- 1,500 7 - 20 10 -- 3,000 2,000 70 20 -- 100
150-154 165438 | 9.00 20 Tu6 103 33 27 2.15 06 6.4 32 5 <20 06 A 4 Z2.0 .8 <1 84 15 50 108| 700 500 5 15 50 30 20 70 1,500 30 -- 50 15 -- 3,000 2,000 150 50 3 150
219-221 165439 | 12.1 30 13 1.08 89 20 1.80 89 7.9 25 5 <20 09 JAC L5 340 Lo < 98 43 40 56| 500 3,000 5 15 50 30 <20 -- 1,500 20 -- 30 15 -- 3,000 2,000 100 30 3 100
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