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Abstract

During 1975, the U.S. Geological Survey, in cooperation with other
Federal and State agencies, university groups, and private companies,
continued its program to augment and refine information on the
composition of coal in the United States. This report includes all
analytical data on 799 channel samples of coal beds from major operating
mines and core holes in 28 States, collected mainly by State Geological
Surveys under a cooperative program funded largely by the U.S. Energy
Research and Development Administration.

For each sample, the U.S. Geological Survey has quantitatively
determined the amounts of 24 major, minor, and trace elements (including
Al, As, Cd, Cu, F, Hg, Mn, Na, Pb, Se, U, and Zn), and'has semiquantita-
tively determined the concentrations of 15 to 20 additional trace elements
(including B, Be, Cr, Ge, Mo, Ni, and V). 1In addition, the U.S. Bureau
of Mines has provided proximate and ultimate analyses, and Btu and
forms-of-sulfur determinations on 488 of the samples.

Statistical summaries of the data are given for all coal samples in
the United States, for coal divided by rank (53 anthracite, 509 bituminous
coal, 183 subbituminous coal, and 54 lignite samples), and the arithmetic
means, ranges, and geometric means and deviations are given for the coal
in each of seven different major coal areas in the United States. For
example, the average coal in the United States contains 11.3 percent ash,
10.0 percent moisture, 2.0 percent sulfur, and has 11,180 Btu per pound;
of the 10 major oxides determined on the 525°C ash, the average SiO2
content is 38 percent, A1203 20 percent, and NaZO 0.67 percent; the
average Cd content is 7.3 ppm, Pb 114 ppm, and Zn 151 ppm (range 1 ppm to
6.0 percent). As determined on the raw coal, the average Hg content is
0.18 ppm (range <0.01 to 63.0 ppm), the Se content 4.1 ppm (range <0.1 to
150 ppm), and the U content 1.8 ppm (range <0.2 to 42.9 ppm).



Introduction

The present and planned large surge in the mining and utilization
of coal has resulted in increasingly frequent requests from industry,
university and government groups for detailed high-quality data on the
composition of coal in the United States. These data are fundamental
in determining the initial economic value of the coal, in evaluating
environmental effects of coal mining and coal use, and in determining
the adaptability of the coal to beneficiation (cleaning), gasification,
liquefaction, and other technologic processes of coal treatment.

For 5 years, the U.S. Geological Survey, in cooperation with the
Bureau of Mines, has had a growing coal geochemistry program to collect
representative samples from the hundreds of beds of coal (lignite,
subbituminous, bituminous, and anthracite) from which coal is being
produced, or will be produced in the United States. Beginning with the
collection and analysis of 71 coal samples and 16 power-plant ash samples
for the U.S. Department of the Interior's Southwest Energy Study in 1971,
the program has steadily expanded. Now, more than 3,100 samples have
been analyzed by the U.S. Geological Survey, and most of the analyses
have been made publically available in several reports (Swanson, 1972;
U.S. Geological Survey and Montana Bureau of Mines and Geology, 1973,
1974, 1976; Swanson, Huffman, and Hamilton, 1974; U.S. Bureau of Land
Management, 1975a, b, c; Staff, U.S. Geological Survey, 1975; this
report). Major segments of the data have also been summarized in a
series of papers presented at national scientific meetings (Swanson and
Vine, 1972; Medlin and others, 1975a, b, and 1976; Coleman and others,
1975; Millard and Swanson, 1975), and prepared by the State Geological
Surveys (Glass [Wyoming], 1975; Conwell [Alaska],1976; Williamson
[Mississippi], 1976; Self and others [Alabamal, in press).

On April 30, 1975, the coal geochemistry program was further
expanded by the infusion of funds to the U.S. Geological Survey by the
U.S. Energy Research and Development Administration. Coincident with
this expansion, the State Geological Surveys were invited to cooperate
in the program by submitting samples for analysis. Consequently, the
program is now geared to collect and analyze about 2,000 samples per

year.



This report contains tables of analyses of coal samples submitted
to the U.S. Geological Survey in 1975. About 80 percent of the
samples were collected by State Geological Surveys and analyzed
under the USGS-ERDA agreement, about 15 percent of the samples
were generated within the several projects of the U.S. Geological
Survey, and the remainder were obtained and analyzed under
cooperative arrangements of mutual benefit with coal companies

and university groups.
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Methods of sample collection and analysis

Since the inception of the program, the U.S. Geological Survey
has issued and informally distributed a set of guidelines on collecting
coal samples and a summary of the chemical methods used in analyzing
the samples. This information is now available in a U.S. Geological Survey
Circular (Swanson and Huffman, 1976). 1In general, most samples are
channel samples of individual coal beds; where beds exceed 1.5 m (5 ft) in
thickness, a channel sample is taken of each 1.5-m (5-ft) interval. The
same sample intervals are used in drill-core samples. The samples, each

weighing about 2 kg (4-5 1b), are put into and transported in plastic bags to



minimize moisture loss and possible chemical contamination, particularly
trace~-metal contamination by cloth bags or metal containers. The
sequence of sample preparation and the methods of chemical analysis
routinely used on samples are shown in the following chart (fig. 1).

All completed coal chemical analyses, including both U.S. Bureau
of Mines and U.S. Geological Survey analyses, are on file on computer
cards, and also are stored in the U.S. Geological Survey's National
Coal Resource Data System. These data can thus be rapidly retrieved,
and can be statistically manipulated for local, regional, or National

summation, correlation, and map-display purposes.

Distribution of sample localities

The areas containing the coal resources in the United States are
divided into provinces, regions, and fields (Trumbull, 1960). The
specific areas and number of samples reported on here are listed in
table 1 (States are also listed for information purposes). The
descriptions of individual samples are given in the sets of tables of
analytical data for each area. It should be noted that, as of
February 15, 1976, about an additional 300 samples have been submitted
to the laboratories, mostly from the 28 States listed in table 1, but

also from Idaho and Nevada.
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Table 1.--Distribution and number of samples by coal area and State

Area No. Area No.
Eastern Province 384 Northern Great Plains Province----- 93
Pennsylvania Anthracite Region- 53 Fort Union Region —_— 18
Appalachian Region----———-- 331 North Dakota—————~————————- 18
Pennsylvanig—————————————e——- 97 Montana————-———————=———————— 0
Ohio - _— 70 Powder River Region—-=—=-—=—=——- 75
Maryland-—- —_— 8 Montana———————————m———————a 40
West Virginia—-——=—m———me——- 49 Wyoming- —— - 35
Virginia _— 45
Kentucky———==—mmm—mm e 34 Rocky Mountain Province---—-———-- 124
Tennessee——————m——————————— 18 Wyoming—————m=—————mmm e e e 34
Alabama————=—m e e 10 Hams Fork Region——=-==———w=-- 14
Green River Reéion ————————— 3
Interior Province-———————e-ommmmm o 143 Hanna Field-—==-==——mwc—————— 17
Northern Region--w-——————eee———— 3 Colorado———=—=m=mmmme—— e e e 30
Michigan—-———=—=—ee— 3 North Park Field——-—---——-— 21
Eastern Region———————memmemmem_— 22 Boulder-Weld Field--———=—— 3
Indiana—————emme e 22 Denver Region-—=-—-w=——w=—-w-—— 2
I111inois—m—mm——m e - 0 Canon City Field-===—=m—e—— 4
Kentucky——=—=mmmm e 0 Utah=—m—m e e e e e 26
Western Region—————e—mmmmeem—e—o 118 Uinta Region-——=—-=————w-w- 26
TOWa— = e e 32 Arizona--—————mmm e e 16
Nebraska==—m——mmm—— e 5 Black Mesa Field----==——=—— 16
MisSOUrimm==—m——m e e 30 New MeXiCo——mmm—mmmm e e e e mm 18
Kansag—===—m—=—mm=—— e 14 San Juan River Region------ 12
Oklahoma-—=—==—=m=m——m— e e 21 Raton Field--————=—mmmm———— 2
Arkansas—————m—-m— s ————— 16 Carthage and Jornada Fields 4
Gulf Province (lignite)--———---u=- 34 Pacific Coast Province---——=----- 3
Alabamg——————— e e n 19 Washington————=—~==me——m——————— 3
Mississippi-—==——=———m=———w- 7
ATKANSAG= e e e e e 8 Alaska Province———=—mm—mm———————— 18
Texag———=wm——mmmm o 0 Total number of samples 799




Evaluation of sample distribution and of geochemical

data presented

Each analysis on each coal sample contributes significantly to
the base of knowledge necessary for intelligent evaluation and
utilization of the coal resources of the United States. Thus,
each of the approximately 45,000 individual chemical determinations
(about 115,000 reported values) on the 799 samples in this report
is both valuable and noteworthy. The majority of the samples are
from some 150 major producing mines in the United States, and the
resulting analytical data provide the first comprehensive modern
basis for summarizing elemental contents of U.S. coal, for example,
the average arsenic, mercury, or selenium content of-U.S. coal.

However, these averages can be misinterpreted and placed in
the wrong perspective. To place the program in a slightly different
perspective, Averitt (1975) estimated the coal resources of the
United States to be 3.968 trillion short tons. Using this figure,
each of the 3,133 coal samples analyzed during the first 5 years
of the U.S. Geological Survey's coal geochemistry program could be
considered as having to represent more than 1 billion tons of coal.
This is hardly a statistically valid basis for evaluating the
quality of coal in the United States. Nor is this number of samples
sufficient on which to make sound decisions on all of the techmological
and environmental problems that will arise during the planned mining
and utilization of coal within the next few decades. From this
latter perspective, the Nation's demonstrated reserve base for coal
that can be currently mined economically by underground or by
stripping methods is about 437 billion short tons (U.S. Bur. Mines,
1975); on this basis, one sample would have to represent about
140 million tomns, which is equivalent to about one sample for three
major strip mines, or one sample for 14 major underground mines.

Both the geographic and stratigraphic distribution of samples
described in this report is presently strongly biased in favor of
accessible existing mines that are, in some cases, contiguous to
each other. Samples from many smaller mines, coal outcrops, and

drill cores will be needed to provide a better sample distributijon

for valid statistical studies.
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The actual amounts of 41 to 45 chemical elements are given in
the many tables of data in the following parts of this report.
Table 2, which does not include the five organic elements (C, H, N,
0, and S), is presented here to provide some basis for evaluating
whether the amounts of one or more elements in coal are significantly
different (higher or lower) than the average amounts in shale
(Turekian and Wedepohl, 1961, table 2) or the Earth's crust (Taylor,
1964, table 3). Each element can thus be individually compared, and
a summation of those elements appreciably concentrated in coal is
given in the text section for all coal in the United States, and at
the beginning of the presentation of data for each province. However,
it is beyond the scope of this report to describe the known or probable
association of each element with the mineral or organic fraction of
coal, or the probable fate of the element during coal combustion, or

other coal utilization processes.



Table 2 .--Average content of 43 elements in shale and

in Earth's crust, to be used for comparison with the

contents of these elements in coal listed in other

tables in this report

Shale, average Earth's crust, average
(Turekian and Wedepohl, 1961) (Taylor, 1964)
Si 7.3% 28.15%

Al 8.0% 8.23%

Ca 2,212 4.15%

Mg 1.5% 2.332

Na .96% 2.36%

K 2.66% 2.09%

Fe 4.722 : 5.63%

Mn .085% .095%
Ti .46% 572

P .070% .105%
cl .08% .0132
As 13 ppm 1.8 ppm
cd .3 ppm .2 ppm
Cu 45 ppm 55 ppm
F 740 ppm 625 ppm
Hg .4 ppm .08 ppm
Li 66 ppm 20 ppm
Pb 20 ppm 12.5 ppm
Sb 1.5 ppm ‘.2 ppm
Se .6 ppm .05 ppm
Th 12 ppm 9.6 ppm
1] 3.7 ppm 2.7 ppm
Zn 95 ppm 70 ppm
Ag .07 ppm .07 ppm
B 100 ppm 10 ppm
Ba 580 ppm 425 ppm
Be 3 ppm. 2.8 ppm
Ce 59 ppm 60 Ppm
Co ) 19 ppm 25 ppm
Cr 90 ppm 100 ppm
Ga 19 ppm 15 ppm
Ge 1.6 ppm 1.5 ppm
La 92 pPpm 30 ppm
Mo 2.6 ppm ) 1.5 ppm
Nb 11 ppn 20 Ppm
Nd 24 ppm 28 ppm
Ni 68 ppm 75 ppm
Sc 13 -ppm 22 ppm
Sr 300 ppm 375 ppm
v 130 ppm 135 ppm
Y 26 ppm 33 ppm
Yb 2.6 ppm 3.0 ppm

Zr 160 ppm 165 ppm
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Explanation of data presentation

The remaining part of this report presents the geochemical data

on the 799 samples analyzed in 1975, and the summaries of these data.

The first section is a summary, including tables, of the average

composition of coal in the United States, and of the average composition

of the different ranks of coal in the United States.

The format of the remaining sections of the report is as follows:

1.

Summary of sample and analytical data by coal province, including

a. Written summary.

b. Map showing locations from which coal samples collected.

c. Table listing means and ranges of proximate, ultimate, Btu,
and forms-of-sulfur determinations.

d. Table listing means and ranges of major and minor oxides
in ash of coal.

e. Table listing means and ranges of elements calculated on
whole-coal basis (to be compared with data in table
that gives the average abundance of these elements in
the Earth's crust and in shale).

Listing of data on individual samples by State or coal field,

including

a. Table of sample descriptions.

b. Table presenting analyses by U.S. Bureau of Mines, including
proximate and ultimate analyses, and the Btu and forms-of-
sulfur determinations.

c. Table of analyses of laboratory ash, including major and
minor oxide content, quantitative determinations of five
trace elements, and the semiquantitative determinations
of an additional 17 to 20 trace elements.

d. Table of quantitative analyses of whole coal for seven
trace elements.

e. Table of all major, minor, and trace elements on a whole-

coal basis.
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The geographic locality of each sample is given as to State and
county except for Alaska. Alaska is not divided into counties, so the
samples are located on the basis of quadrangle maps instead of counties.
However, within the U.S. Geological Survey data system, the locality
is given more precisely in either latitude and longitude coordinates
or by a township, range, section, and quarter-section designation.

The names of all coal beds-in some regions are not listed
because of correlation problems within basins or, as in parts of
the western U.S., because many beds have not been named or formally
correlated. Because of the above, some coal-bed names in the tables
are designated simply as undetermined or unknown, by informal numbers
or by letters, or by some other descriptive term. In the western
U.S., the name of the geologic formation which contains the coal bed
is used where the coal-bed name is unknown or uncertain. To
facilitate distinctions in the tables, the letter (B) for coal bed,
or (F) for formation precedes the name. |

In the table displaying the U.S. Bureau of Mines analyses,
quite commonly several samples have been composited into one sample
for analysis. An asterisk by the sample number indicates where
compositing has been done. As a consequence of this compositing,
the number of samples, within a given set, submitted for proximate
and ultimate analyses will often be less than the number of samples
submitted for other oxide and elemental analyses. Compositing of
samples is done where several samples are from the same locality
(outcrop, mine face, or drill core), or where a set of samples is
closely spaced within a general area.

The sample numbers preceded by the letter D or W (Denver or
Washington) indicate the U.S. Geological Survey laboratory

responsible for the analysis.
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In this report the geometric mean (GM) is used as the estimate of
the most probable concentration (mode); the geometric mean is the
antilog of the logarithms of concentrations. The measure of scatter
about the mode used here is the geometric deviation (GD) which is the
antilog of the standard deviation of the logarithms of concentration.
These statistics are used because of the common tendency for the amounts
of trace elements in natural materials to exhibit positively skewed
frequency distributions; these distributions are normalized by analyzing
and summarizing trace element data on a logarithmic basis.

If the frequency distributions are, in fact, lognormal, the
geometric mean is the best estimate of the mode, and the estimated
range of the central two-thirds of the observed distribution 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)2 and an upper limit equal to GM-(GD)2
(Connor and others, 1976).

Although the geometric mean is, in general, an adequate estimate
of the most common concentration, it is, nevertheless, a biased
estimate of the arithmetic mean. In the summary tables of data, the
estimates of the arithmetic means are Sichel's t statistic (Miesch,
1967). 1In this report the terms arithmetic mean, average value, and
abundance are used synonymously.

A common problem in statistical summaries of trace element data
arises when the element concentration in one or more of the samples
lies below the limit of analytical detection, resulting in a censored
distribution. Procedures developed by Cohen (1959) were used here to
compute unbiased estimates of the geometric mean, geometric deviation,

and arithmetic mean where the concentration data are censored.



Average composition of coal in the United States

The analytical data in this report are not adequate in number and
sufficiently representative (table 3) to make reliable estimations of
the average composition of coal in the United States and of the
different ranks of coal. However, these estimates are listed for
several purposes: 1) the value given for any element or component can
be used as a baseline value for comparing the higher or lower value of
another coal sample or group of coal samples; 2) the list of element
abundances in coal can be added to and readily compared to similar
lists of average abundances for shale, sedimentary rocks, and the
Earth's crust; and 3) list provides an informed basis for reasonable
decisions on the most efficient utilization of coal, régulation of coal
use, and the expected potential for byproduct recovery from coal use.

No attempt is made in this report to compare the averages of coal
composition given here to the many averages published in years past by
others.

Table 4A presents the average composition (ultimate and proximate
analyses) of the 488 coal samples analyzed for this report by the U.S.
Bureau of Mines. The values given are believed to be excellent averages
for all coal in the United States, and for the different ranks of coal,
with the possible exception of lignite. The average values, for example,
for percent ash and sulfur in lignite appear to be about 20 to 25 percent
too high, and the Btu/lb to be about 20 to 25 percent too low; the
explanation for these abnormal average values for lignite is the
predominance of data from the 19 samples of lignite from Alabama and
Mississippi (not currently mined), compared with only seven samples

from the Fort Union region.

15



Table 3 .--Percent of samples by coal rank included in this report,
related to coal reserves and coal production in the United
States as of January 1, 1974.

Percent of Demonstrated coal Coal producedg/
Rank of coal and samples reservesl/ by rank by rank
number of samples by rank (percent) (percent)
Anthracite--53 6.6 1.6 0.6
Bituminous~-509 63.7 53.6 95.1
Subbituminous—--183 22.9 38.4 3.1
Lignite--54 6.8 6.4 1.2
1/ e .
=" Modified from U.S. Bureau of Mines (1974).
2/

' Modified from Averitt (1975, p. 37).
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Table 4B .-~Average composition of ash (10 major oxides, in percent, and four trace
elements, in parts per million) of all coal samples and of samples by rank of coal.

[Percent ash determined at 525°C on air-dried coal]

All coal Anthracite Bituminous Subbituminous Lignite
(799 samples) (53 samples) (509 samples) (183 samples) (54 samples)

Ash, percent

13.5 12.6 13.9 10.8 21.6

Oxides, percent

510, 38 44 38 37 36
AL, 20 31 20 16 12
Ca0 7.3 1.0 4.3 13 12
¥go 1.6 .73 1.1 3.1 3.6
Na,0 .67 .58 .45 1.4 2.1
K,0 1.4 2.0 1.6 .60 ' .78
Fe,0, 17 5.3 23 7.2 14
MnO .10 .03 .10 .06 .10
110, 1.0 2.0 1.0 .82 .85
s0, 7.4 1.2 3.9 12 17

Trace elements, ppm

cd 7.3 1.5 12.3 1.0 3.6
Cu 166 314 190 95 93
Li 142 291 167 61 50
Pb 114 95 151 44 61

Zn 278 151 368 173 114




Table 4C ,—~Average amounta of 36 elements in all coal aamplea and in different ranks of coal, presented

on whole-coal basis. For compurison, average amounts in shale are listed (Turekian and Wedepohl,
1961, table 2).

All coal Anthracite Bituminous Subbituminous Lignite Average

Percent (799 samples) (53 samples) (5N9 samples) (183 ssmples) (54 samples) shale

si 2.6 2.7 2.6 2.0 4.9 7.3

Al 1.4 2.0 1.4 1.0 1.6 8.0

Ca .54 .07 .33 .78 1.2 2.21

Mg .12 .06 .08 .18 .31 1.5

Na .06 .03 .04 .10 .21 .96

K .18 .24 .21 .06 .20 2.66

Fe 1.6 44 2.2 .52 2.0 4.72

¥n .01 .002 .01 .006 .015 .085

Ti .08 .15 .08 .05 .12 .46

ppm

As 15 6 25 3 6 13

cd 1.3 .3 1.6 .2 1.0 .3

Cu 19 27 22 10 20 45

F 74 61 77 63 94 740

Hg .18 .15 .20 .12 <16 4

Li 20 33 23 7 19 66

Pb 16 10 22 5 14 20

Sb 1.1 .9 1.4 .7 .7 1.5

Se 4.1 3.5 4.6 1.3 5.3 .6

Th 4.7 5.4 5.0 3.3 6.3 12

U 1.8 1.5 1.9 1.3 2.5 3.7

Zn 39 16 53 19 30 95

B 50 10 50 70 100 100

Ba 150 100 100 300 300 580

Be 2 1.5 2 .7 2 3.0

Co 7 7 7 2 S 19

Cr 15 20 15 7 20 90

Ga 7 7 7 3 7 19

Mo 3 2 3 1.5 V4 2.6

Nb 3 3 3 5 5 11

Ni 15 20 20 5 15 68

Sc 3 5 3 2 5 13

Sr 100 100 100 100 300 300

v 20 20 20 15 30 130

Y 10 10 10 5 15 26

b ¢ 1 1 1 .5 1.5 2.6

Zr 30 S0 30 20 L) 160

19
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Of particular interest in these figures are the average moisture
content of 10.0 percent for all coal in the United States, 11.3 percent
ash, 2.0 percent sulfur, and 11,180 Btu per 1b. The fact that 60 percent
of the sulfur in United States coal is in the form of sulfides (pyritic
sulfur) is also worthy of note. The decrease of moisture and oxygen
content with increase of coal rank, and the increase of Btu values with
coal rank are as expected. The decrease of hydrogen content with
increasing rank is indicative of the loss of volatile matter, and
suggests that the lower-rank coal, lignite and subbituminous coal, is
of more value for gasification and liquefaction uses.

The average compositions of the ash of all coal in the United States,
and of coal by rank are presented in table 4B. Silica is the most
abundant component, followed by alumina and ferric oxide. The fact
that the contents of both calcium and magnesium oxides are two to three
times greater in lignite and subbituminous coal than in bituminous coal
and anthracite is noteworthy; the explanation is very likely that the
calcium and magnesium compounds initially deposited in peat are more
soluble than other inorganic compounds and are largely removed during
the coalification process. By contrast, silica and alumina are largely
inert in the acid environment of peat and coal and are residually
concentrated during coalification. No explanation will be attempted
here to explain the very conspicuous decrease of 503 content of ash with
increase in coal rank, except to suggest that the sulfur is captured
during combustion to form calcium, magnesium, and sodium sulfates,

which make up a significant part of the ash of lower-rank coal.
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The average amounts of phosphate (PZOS) and chlorine (Cl) in coal
ash are not given in table 4B, because too many samples contained
amounts less than the limit of analytical detection to provide meaningful
averages.

Of the averages of quantitative determinations for the five trace
elements listed in table 4B , it should be noted that the significantly
higher average amounts of cadmium, lead, and zinc in bituminous coal
are directly related to the higher amount of average pyritic sulfur in
bituminous coal (see table 4A).

The final summary table (table4C) lists the average amounts of
36 elements in all coal samples and in the different ranks of coal,
presented on a whole-coal basis. (The average values for the five major
organic elements in coal--hydrogen, carbon, nitrogen, oxygen, and sulfur,

listed in table 4A--are not repeated in table 4C),
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This table 4C is presented in order to look at the composition of
coal as a rock type, and in order to compare the composition of coal
with the composition of the most abundant sedimentary rock, shale. As
might be expected, those elements that form the "major oxides" in coal,
silicon through titanium, are, without exception, significantly less in
coal than in shale. The same holds true for most of the trace elements.
The only important exceptions are arsenic, cadmium, and selenium,
and then only for some of the average values of the different ranks of
coal. Selenium averages from two to nine times higher in the different
coal ranks than in shale. The average amounts of molybdenum, lead,
antimony, and zinc in coal are very similar to those in shale. When
one recalls that the average sulfur content of all coal is 2.0 percent
(table 4A), and that of shale is 0.24 percent (Turekian and Wedepohl,
1961, table 2), the average amounts of the above listed seven trace
elements in coal are better understood because they generally are
considered to be directly correlated with sulfur, and are present in coal

mainly as sulfides associated with pyrite.
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Summary of analyses of anthracite, Pennsylvania anthracite region

Tabulated chemical data for 53 anthracite samples from rocks of
Pennsylvania age in east-central Pennsylvania (fig. 2) are presented
in tables 6B, 6C, 6D, and 6E. Statistical summaries of these data are
listed in tables 5A, 5B, and 5C.

Table 5A summarizes, on an as-received basis, the ultimate, proximate,
Btu, and forms-of-sulfur determinations on 38 Pennsylvania anthracite
region samples. From this table, the average (arithmetic mean) ash
content is 12.6 percent, nitrogen 0.8 percent, sulfur 0.8 percent,
and the average Btu/lb is 12,780. For comparison, the average ash
content of 158 bituminous coal samples from the Appalachian region
(table 7A) is 11.0 percent, nitrogen 1.3 percent, sulfur 2.3 percent,
and the average Btu/lb is 12,890.

A comparison of the average concentrations of oxides and elements
in the laboratory ash of the 53 anthracite samples (table 5B) with those
in the laboratory ash of 331 bituminous coal samples from tﬂe Appalachian
203, Na20, and TiO2 concentrations are
higher by more than 50 percent in the Pennsylvania anthracite, while

region (table 7B) shows that Al

Fe203, Ca0, MnO, SO3, and Cd are higher by more than 50 percent in the
Appalachian region coal. SiOz, MgO, KZO’ Cu, Li, Pb, and Zn concentrations
are about the same in both sets of samples.

Table 5C summarizes the oxide or element data calculated to, or
reported on, a whole-coal basis. For comparative purposes, the average
element concentrations in shale (Turekian and Wedepohl, 1961, table 2)
are also listed. A comparison of the average values of elements in
Pennsylvania anthracite.with those in the average shale shows that the
concentrations of Zn, Ba, and V are less by more than a factor of five
in the coal, and that the concentrations of Ca, Mg, Na, K, Fe, Mn,

F, and B are less by more than a factor of ten. Only Se is enriched
in the coal by more than a factor of five. The concentrations of the

24 other elements reported in the table are very similar to those in the

average shale.
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Table 54 .~-Arithmetic mean, observed range, geometric mean, and geometric
deviation of proximate, ultimate, and forms-of-sulfur analyses for 38
Pennsylvania anthracite region samples

[Al1ll values are in percent except Btu and are reported on the as-received

basis]
Geometric
Arithmetic Observed range mean
mean g (expected Geometric
(abundance) Minimum Maximum value) deviation

Proximate and ultimate analyses

Moisture 1.4 0.5 3.9 1.3 1.5
Volatile matter 6.5 3.8 11.2 . 6.3 1.3
Fixed carbon 79.5 39.8 87.0 78.8 1.2
Ash 12.6 5.2 45.1 11.1 1.6
Hydrogen 2.4 1.7 3.5 2.3 - 1.2
Carbon 80.1 43.2 88.2 79.5 1.1
Nitrogen .8 .5 1.4 .8 1.3
Oxygen 3.2 1.3 9.0 3.1 1.3
Sulfur .8 .3 5.1 .7 1.6
Btu 12,780 6,730 14,360 12,690 1.1

Forms of sulfur

Sulfate 0.02 0.00 0.09 0.01 2.0
Pyritic .35 .03 4.47 .16 2.8

Organic .48 .17 .83 .45 1.5




Table 5B .~--Arithmetic mean, observed range, geometric mean, and geometric
deviation of 15 major and minor oxides and trace elements in the ash

of 53 Pennsylvania anthracite samples

[Al1l samples were ashed at 550°C3 L after a value means less than the
value shown]

) Arithmetic Observed range Geometric

Oxide or mean mean Geometric

element (abundance) Minimum Maximum (expected value) deviation
Ash % 12.6 3.1 38.4 10.9 1.7
8102 44 24 63 42 1.3
A1203 7% 31 17 46 30 1.3
Ca0 7 1.0 .11 15 .58 2.9
Mg0 .73 .29 3.17 .66 . 1.6
Na,0 % .58 .09 4.31 .40 2.3
K,0 % 2.0 .43 4.6 1.8 1.6
Fe203 % 5.3 .78 30 3.9 2,2
MnO 7 .029 .020L 51 .001 16.2
TiO2 % 2.0 .63 4.8 1.8 1.5
50, 1.2 .10L 7.3 .31 5.4
Cd ppm 1.5 .5 5.5 1.1 1.7
Cu ppm 314 36 8,850 196 2.6
Li ppm 291 42 1,940 220 2.1
Pb ppm 95 13 592 69 2.2
Zn ppm 151 .63 1,310 91 2.7
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TableS5C .--Arithmetic mean, observed range, geometric mean, and geometric
deviation of 36 elements in 53 Pennsylvania anthracite region samples.

For comparison average shale values are listed (Turekian and Wedepohl,

1961)

[As, F, Hg,Sb, Se, Th, and U values used to calculate the statistics were !
determined directly on whole-coal. All other values used were calculated
from determinations made on coal ash. L means less than the value shown]

Geometric.
Arithmetic Observed range mean

mean (expected Geometric Average
Element (abundance) Minimum Maximum value) deviation shale
Si %2 2.7 3.6 9.4 2.2 2.0 7.3
Al Z 2.0 .46 6.4 1.8 1.7 8.0
Ca % .072 .007 1.3 .045 2.6 2.21
Mg % .055 .015 .239 044 2.0 1.55
Na 2 . 046 .005 .287 .033 2.3 .96
K Z .24 .019 1.5 .16 2.4 2.66
Fe % 44 .055 4.1 .29 2.4 4.72
Mn ppm 18 4.8 L 210 4.2 6.2. 850
Ti % .15 .014 .53 . .12 1.9 .46
As ppm 6 .7 140 4 2.7 13
Cd ppm .26 .02 1.37 .19 2.3 .3
Cu ppm 27.3 5.9 274 21.5 2.0 45
F ppm 61 20 L 290 41 2.4 740
Hg ppn .15 .03 1.25 .11 2.2 A
Li ppm 33.1 4.0 162 24,1 2.2 66
Pb ppm 9.6 1.0 24.2 7.5 2.0 20
Sb ppm .9 .1 L 12.5 .6 2.6 1.5
Se ppm 3.5 .6 13 2.7 2.0 .6
Th ppm 5.4 2.8 1404 4.7 1.8 12
U ppm 1.5 3 25.2 1.2 1.9 3.7
Zn ppm 16.1 .1 64.6 10.0 2.7 95
B ppm 10 2 20 10 1.8 100
Ba ppm 100 10 300 70 2.0 , 580
Be ppm 1.5 .2 5 1 1.9 3.0
Co ppm 7 .3 L 50 5 2.2 19
Cr ppm 20 5 70 20 1.7 90
Ga ppm 7 1.5 20 5 1.8 19
Mo ppm 2 .5 15 1.5 20 2.6
Nb ppm 3 +5 L 15 3 1.8 11
Ni ppm 20 3 70 15 1.8 68
Sc ppm 5 .7 20 3 1.8 13
Sr ppm 100 5 700 50 3.1 300
V ppm 20 2 70 20 1.9 130
Yb ppm 1 .15 3 .7 1.7 2.6
Zr ppm 50 7 50 30 1.9 160
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