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SUMMARY, AND CONCLUSIONS

One hundred and sixty-four samples from 7 of the more important coal fields
of Utah were collected to test their gas contents. Ninety-eight of the samples were
obtained from the Book Cliffs coal field, 25 were collected from the Sego field, 16
from the Wasatch Plateau field, 12 from the Kaiparowits Plateau field, 8 from the
Emery field, 3 from the Alton field, and 1 from the Henry Mountains field. The
number of samples from each area was dictated by the availability of core from ex-
ploration.

Utah’s coal resources vary from subbituminous B to high volatile A bituminous
in rank. The greater gas contents are usually restricted to coals of high volatile A
or B rank, but lesser amounts are desorbed from all coals. The gas contents of the
various tests were classified gassy, moderately gassy, and low gassy. The limits are
arbitrarily set; 5 cm 3 /gram is gassy, 1 to 5 cm®/gram is moderately gassy and 1
cm? /gram is low gassy. This classification is set up for use in this report only, to
help in the discussion, and has no value in setting up safety or commercial guidelines.
Only the Book Cliffs field coal tests produced gassy results, but only the Book Cliffs
field has been adequately tested. Possible gassy coals may exist in the Emery and
Sego fields. A few samples tested from the Wasatch Plateau and Sego fields proved
to be low moderately gassy.

Gas contents and gas desorption appear to be influenced by the distance from
outcrops or mined areas, by the permeability of the encasing rock and of the coal, and
by the presence of some faults. Comparisons were attempted relating gas contents
with depth of burial, moist mineral matter free Btu, moisture and ash free fixed
carbon and oxygen. None show conclusive evidence that higher rank coals will be
more gassy, but most show a tendency that this might be the case.

The gas emitted by the coal is preponderantly methane. Any ammonia that the
coal may emit was never detected in the analyses. Methane makes up 89 to 99 per-
cent; the remainder consists of the larger combustible molecular complexes and carbon
dioxide. The cubic foot Btu of the gas ranges from 920 to more than 1,000. One
coal company plans to use the methane gas as part of their operating energy needs.
Coal gases are important with respect to proper mine ventilation and with respect to possible
commercial production. About 3 million cubic feet of methane gas are vented from Book
Cliffs mines daily through normal ventilation procedures. Gas contents tests are useful in plan-
ning a proper ventilation system for a mine. Tests conducted by the U. S. Bureau of Mines
show that horizontal holes drilled into gassy coal beds will reduce emissions from the ribs and
faces being mined in the Book Cliffs coal field.

The reasons why the Book Cliffs field coals are gassy are not completely clear.
Most of the coal is high volatile A or B bituminous in rank, but the southeastern end
of the field is low gassy. This area probably never carried as much cover over the
coal as did the gassy portion. The west edge of the field is contiguous with that
of the Wasatch Plateau field; the adjacent portion was probably under an equal amount
of cover. Yet reports indicate that the adjacent Wasatch Plateau mines were low gassy.
Coincidence of aeromagnetic contours over more gassy coals may indicate unique geologic
events that favored the development of gas.
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Further gas contents testing and describing of the physical and chemical character-
istics of the coal are necessary to obtain better and more complete knowledge about
the gas in Utah coals.
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seam is the one that has been mined. In the southern part of the No. | mine there
is no rock between the two and both have been mined together. In the No. 3 mine
several episodes of clastic sedimentation formed a rock interval as much as 50 feet
thick. Both seams are mined (figure 14).

Number Two Canyon To Lila Canyon

The Sunnyside coal outcrop extends southward from the Sunnyside No. 3 mine
across the No. 2 mine and the Columbia mine, to the south end of the Geneva mine
(Plate 1).  To the north. in the No. 3 mine, the thickness of splitting rock intervals
is up to 50 feet. The total coal thickness is somewhat diminished to about 10 feet,
rather than the normal 12 to 18 feet evident in the remaining parts of the central
swamp. It probably took a little time after each surge of sediment to renew coal swamp
conditions. Southward into the No. 2 mine the separating rock intervals diminish
in thickness and fusing of coal beds occurs.

The lower and upper mined Sunnyside coals in the Nos. 2 and 3 mines only
partly correlate with upper and lower mined Sunnyside coal beds in the north No. 1
mine. The coal is split at different horizons: for example. only the lower part of
the upper mined Sunnyside in the No. 3 mine was deposited simultaneously with
the upper mined Sunnyside in the north No. | mine. In the Nos. 2 and 3 mines
the lower mined seam ranges from S to more than 10 feet in thickness, the upper mined
seam from 3 to 6.5 feet in thickness. There are occasional local areas of very thin
coal in these beds signifying an island of sediment in the coal swamp.

The Columbia and Geneva mines are in the seaward half of the coal swamp.
Generally there is one thick coal bed which may have a parting up to 5 or 6 feet thick
locally, but generally is less than a foot or two thick. The total coal is 12 to 16
feet thick. In the Geneva mine, arcas of parting have been mapped between the dotted
lines on figurc 14. Their configuration is much like that expected of a mudflow or
a distributary river. The deposition of the sediment is believed to have taken place
as a catastrophic event. The principal example in the Geneva mine shows sediments
that flowed in from the south and divided just south of the Columbia mine. The
turbidity current probably carried sediments in the arca of the Columbia mine. Nine
to twelve feet of coal are found under the low (0 to 5 feet of siltstone), over which
another 1 to 3 feet of coal were deposited.

Woodside Area

The most important part of the Woodside arca of the Sunnyside coal bed (Plate 1)
lies near the outcrop between the south end of UL S. Steel’s Geneva mine and the Price
River. Farther south, as reported by Fisher (1936) from outcrop duta. the Sunnyside
coals are thin and possibly discontinuous. All sections of the zone in the Beckwith
Platcau show less than 4 feet of coal. This single scam may be thinly parted into
two or more horizons. The zone secems to disappear castward along the outcrop
and in U, S. Geological Survey drill holes placed in sections 15 and 30, T. 17 S..
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No significant gas contents were derived from cores collected to the south of a
line corresponding to the division of the two mines. Presumably the coalification and

metamorphic history (including depth of burial) was different to the south.

Other parameters investigated showed no evidence of differences that might ex-
plain the different rates of CHy (methane) desorption between the two mines.
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CHEMICAL ANALYSES OF COAL FROM THE BLACKHAWK FORMATION,
WASATCH PLATEAU COAL FIELD, CARBON, EMERY, AND SEVIER
COUNTIES, UTAH

by Joseph R. Hatch', Ronald H. Affolter', and Fitzhugh D. Davis*
INTRODUCTION

As part of a continuing cooperative program between the U. S. Geological Survey
and the Utah Geological and Mineral Survey to collect and chemically analyze represent-
ative samples of Utah coal, 52 coal samples were collected from the Upper Cretaceous
Blackhawk Formation in the Wasatch Plateau coal field in Carbon, Emery, and Sevier
Counties, Utah (figure 1). This report lists and summarizes chemical analyses made on
these 52 samples. Twenty-two of the samples were collected from 10 operating coal mines; the
other 30 samples were collected from seven core holes. Brief descriptions of the 52
samples are in table 1; sample locations are shown in figure 1. Detailed descriptions of
the seven cores are in Davis and Doelling (1977).

GEOLOGIC SETTING

The Wasatch Plateau coal field lies on the eastern side of the Wasatch Plateau and
includes parts of Utah, Carbon, Emery, Sanpete, and Sevier Counties. The field is
elongate in a north-south direction, ranging in width from 7.0 to 20 miles and having a
length of about 90 miles. It has an area of 1,100 square miles. Doelling (1972) estimated
total coal resources in the Wasatch Plateau coal field to be 10.3 billion short tons. Of this
amount 6.4 billion tons are the sum of measured, indicated, and inferred resource cate-
gories. The remaining 3.9 billion tons are hypothetical resources.

Coal of the Wasatch Plateau coal field is contained entirely within gently
westward dipping strata of the Upper Cretaceous Blackhawk Formation. Ranging in
thickness from 700 to 1,000 feet, the Blackhawk consists of sandstone, shale, carbona-
ceous shale, and coal; it generally forms slopes and small ledges between the prominent
cliffs produced by the overlying Castlegate Sandstone and the underlying Star Point
Sandstone. The thicker coal beds are in the lower 250-350 feet of the formation. These
beds are lenticular; they are well developed and of minable thicknesses beneath limited
areas. Thin coal beds are locally present throughout the formation (Hayes and others,
1977).

Genetically, the Blackhawk is closely related to the underlying Star Point Sandstone.
The Star Point, 200-450 feet thick, consists of several cliff-forming units of fine- to
medium-grained sandstone separated by non-resistant, platy sandstone and dark gray
shale similar to that of the Mancos Shale. Its basal contact with the Masuk Shale Member
of the Mancos Shale is gradational. The contact between the Blackhawk and the Star
Point is sharp, but conformable, and is directly below or very close to the overlying
Hiawatha coal bed in much of the field. The Star Point Sandstone was deposited in
shallow-marine environments and records general eastward progradation of the western
shoreline of the Cretaceous interior seaway during Late Cretaceous (Campanian) time
(Spieker, 1931). The Blackhawk accumulated in nonmarine environments marginal to the
shoreline (Hayes and others, 1977).

;U.S. Geological Survey
Utah Geological and Mineral Survey
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The Blackhawk Formation contains many beds of coal, 23 of which have been
named (Doelling. 1972). The important beds occur in the lower third of the formation.
The coal beds are lenticular, being well developed and of minable thicknesses bencath
limited areas.

EXPLANATION OF TABLES

Proximate and ultimate analyses and heat-of-combustion, air-dried-loss,
forms-of-sulfur, free-swelling-index, and ash-fusion-temperature determinations
on 40 single and composite coal samples from the Blackhawk Formation are listed in
table 2. These analyses were provided by the U.S. Bureau of Mines (now U.S.
Department of Energy), Pittsburgh, Pa. Analyses for ash content and content
of 38 major and minor oxides and trace elements in the laboratory ash (table 3)
and analyses for contents of seven trace elements in whole coal for all 52 samples
(table 4) were provided by the U.S. Geological Survey, Denver, Colorado. Analytical
procedures used by the U.S. Geological Survey are described in Swanson and Huffman
(1976).

Table S contains the data listed in table 3 converted to a whole-coal basis plus
the whole-coal analyses listed in table 4. Twenty-two additional elements not listed in
tables 3, 4, and 5§ were looked for but not found in amounts greater than their lower
limits of detection (table 6). Unweighted statistical summaries of analytical data from the
Blackhawk Formation in tables 2, 3, and S are listed in tables 7, 8, and 9, respectively.
For comparison, data summaries tor other Rocky Mountain province coal samples are
included. Statistical summaries for Ag, Ce. Ge, and Nd contents in coal from the
Blackhawk Formation (table 9) were not included because these variables were
detected in an insufficient number of samples to calculate meaningful statistics.

Arsenic contents of the samples summarized in this report have been
determined by two different analytical methods: samples D173472,D173476-
D173478, and D174663-D174679 were analyzed spectrophotometrically (lower
detection limit 1.0 ppm); the remaining 31 samples were analyzed by the
graphite furnace-atomic absorption method (lower detection limit 0.5 ppm).

P, O contents in ash for all samples were determined by X-ray
fluorescence spectroscopy. However, owing to a change in technique, the lower
detection limit for samples D173472, D173476-D173478, and D174663-D174679
is 0.1 percent; for the other 31 samples it is 1.0 percent.

To be consistent with the precision of the semiquantitative emission
spectrographic technique, arithmetic and geometric means of elements determined
by this method are reported as the midpoint of the enclosing six-step brackets
(See subtitle of table 3, or Swanson and Huffman, (1976, p. 6) for an explanation
of six-step brackets).

Explanation of Statistical Terms Used in Summary Tables

In this report the geometric mean (GM) is used as the estimate of the most probable
concentration (mode); the gecometric mean is calculated by taking the logarithm of each
analytical value, summing the logarithms, dividing the sum by the total number of
values, and obtaining the antilogarithm of the result. The measure of scatter about the
mode used here is the geometric deviation (GD), which is the antilog of the standard
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deviation of the logarithms of the analytical values. These statistics are used because the
quantities of trace elements in natural materials commonly exhibit positively skewed
frequency distributions; such distributions are normalized by analyzing and summarizing
trace-element data on a logarithmic basis.

If the frequency distributions are lognormal, the geometric mean is the best estimate
of the mode, and the estimated range of the central two-thirds of the observed distribu-
tion has a lower limit equal to GM/GD and an upper limit equal to GM:GD. The
estimated range of the central 95 percent of the observed distribution has a lower limit
equal to GM/GD? and an upper limit equal to GM:GD? (Connor and others, 1976).

Although the geometric mean is, in general, an adequate estimate of the most
common analytical value, it is, nevertheless, a biased estimate of the arithmetic mean.
The estimates of the arithmetic means listed in the summary tables are Sichel’s t statistic
(Miesch, 1967).

A common problem in statistical summaries of trace-element data arises when the
element content of one or more of the samples is below the limit of analytical detection.
This results in a ““censored’’ distribution. Procedures developed by Cohen (1959) were
used to compute unbiased estimates of the geometric mean, geometric deviation, and
arithmetic mean when the data are censored.

DISCUSSION

The apparent ranks of 40 single and composite coal samples from the Blackhawk
Formation, Wasatch Plateau coal field, Carbon, Emery, and Sevier Counties, Utah, were
calculated using the data in table 2 and the formulas in ASTM designation D-388-77
(American Society for Testing and Materials, 1978). The apparent rank of samples from
Carbon County ranges from high-volatile B bituminous coal (four samples) to high-vola-
tile A bituminous coal (three samples), apparent rank of samples from Emery County
ranges from high-volatile B bituminous coal (13 samples) to high-volatile A bituminous
coal (14 samples); and apparent rank of samples from Sevier County ranges from sub-
bituminous B coal (one sample) through subbituminous A coal (two samples) to high-
volatile C bituminous coal (three samples).

A statistical comparison (students t test, 94 percent confidence level) of the geometric
means of the U.S. Bureau of Mines data for 40 coal samples from the Blackhawk Forma-
tion with 86 other Rocky Mountain province coal samples shows that coal from the
Blackhawk Formation has significantly higher contents of volatile matter, carbon, and
organic sulfur and a significantly lower content of moisture and oxygen. The heat of
combustion and contents of fixed carbon, ash, hydrogen, nitrogen, total sulfur, sulfate
sulfur, and pyritic sulfur are not significantly different.

A statistical comparison of the geometric means of the contents of coal ash and
contents in ash of nine major and minor oxides for 52 coal samples from the Blackhawk
Formation with 295 other Rocky Mountain province coal samples shows that coal ash
from the Blackhawk Formation has significantly higher contents of SiO, and Na, O
and significantly lower contents of A1, O;, MgO, and SO,. The contents of ash and
contents of CAQ, K, O, Fe, 05, and TiO, in ash are not significantly different.

A statistical comparison of the geometric mean-contents for 36 elements from 52
coal samples from the Blackhawk Formation with 295 other Rocky Mountain province
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coal samples shows that coal from the Blackhawk Formation has significantly higher
contents of Na, B, Be, Cr, Nb, Ni, Se, Y, and Yb, and significantly lower contents of
Al, Ca, Mg, Fe, As, Ba, Cd, F, Mn, Mo, Sb, Sr, Th, U, and V. The contents of Si, K, Ti,
Co, Cu, Ga, Hg, Li, Pb, Sc, Zn, and Zr are not significantly different. When compared at
the 99 percent confidence level, the contents of Fe, Be, and U are not significantly
different.

Differences in the oxide composition of coal ashes and the elemental contents of
coal result from differences in the total and relative amounts of the various inorganic
minerals, the elemental composition of these minerals, and the total and relative amounts
of any organically bound elements. The chemical form and distribution of a given
element are dependent on the geologic history of the coal bed. A partial listing of the
geologic factors that influence element distributions would include chemical composition
of original plants; amounts and compositions of the various detrital, diagenetic, and
epigenetic minerals; chemical characteristics of the ground waters that come in contact
with the bed; temperatures and pressures during burial; and extent of weathering.

No evaluation of these factors has been made for any of the coal samples from the
Blackhawk Formation.
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Table l.--U.S. Geological Survey sample numbers, Utah Geological and Mineral Survey field numbers, index-map
locations, mine-portal or core-hole locations, bed names, sample types, and thicknesses or depth intervals

represented for 52 Blackhawk Formation coal samples, Wasatch Plateau coal field, Carbon, Emery, and Sevier

Counties, Utah

[All samples are of late Cretaceous age]

Thickness or

Index map Coal depth interval
Sample Field location Mine-portal or core-~hole bed Sample represented,
number number (fig. 1) location name type in feet
Carbon County
D174663 W-P3-75 1 sec. 17, T. 13 S., R. 8 E. Castlegate "A" Face channel 6.0
D173472 WP-1-75 2 sec. 17, T« 13 S., R. 7 E. Upper 0’Connor @ =w—m—- do-=—=~ 6.0
D173476  WP-2a-75 3 sec. 10, T. 13 S., R. 9 E. Hiawatha==——=== ccaao do=mm—— 5.5
D173477 WP-2b-75 3 do do————== = do=————= 7.5
D173478 WP-2c-75 3 do dOom——mee e do=—rem 7.5
D178666  WP-5a-75 4 sec. 17, T. 15 S., R. 8 E. do=—m=———e ee——- do————- 10.5
D174667 WP-5b-75 4 do do mmm e O ——— 8.5
D174668  WP-5c-75 4 do WattiSe—mmmemm—  m——— do=—=—n 7.0
Emery County
D174664  WP-4a-75 5 sec. 3, T. 16 S., R. 8 E. Castlegate "B" Face channel 8.5
D174665 WP=4b-75 5 do-- do=—mmme cmmee s [ T— 8.5
D174679  WpP-8-75 6 sec. 22, T. 16 S., R. 7 E. Bear Canyon-—-= =  ==—=— do=——=m- 7.0
D174669 WP-6a-75 7 sec. 10, T. 17 S., R. 7 E. Blind Canyon-- ——mmmd Qe —— 6.0
D174670  WP-6b-75 7 do dOmmm——m— e do=m=— 8.2
D174671  WP-6c¢-75 7 do do====== = —e——- do===—- 8.0
D174674  WP-7c-75 8 sec. 26, T. 17 S., R. 7 E. do=——==== = ————- do=——-- 9.0
D174675 WP-7d-75 8 do do=——mee e do———— 9.0
D174672 WP-7a-75 8 Hiawatha do ———eedo=———- 9.0
D174673  WP-7b-75 8 do~-=- : do====e= e do=mm—- 9.0
D178171 WP-10-75 9 sec. 27, T. 17 S., R. 7 E. Uncorrelated——- =  —=—== do==—m- ?
D178149 WpP-2-1 10 SE-V&SW:VLsec. 22, T. 16 S., Castlegate"A"- Core——mm—mm= 640.9-644.9
R.6 E.
D178150 WpP-2-2 10 do Upper Bear Canyon ———=- do====~ 728.9-732.5
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