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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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Table 6C.--Major and minor oxide and trace-element composition of the laboratory ash of 53 anthracite samples from Pennsylvania

L after a value means less than the

The anthracites were ashed at 525°C.

value shown, G means greater than the value shown, and N means not detected.

listed were determined by semiquantitative spectrographic analysis.

geometric brackets whose boundaries are 1

[Values are in either percent or parts per million.
mid-points of those brackets,

S after thée element title means that the values

The spectrographic results are to be identified with

.2, 0.83, 0.56, 0.38, 0.26, 0.18, 0.12, etc., but are reported arbitrarily as

The precision of the spectrographic data is

1.0, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, etc.

approximately one bracket at 68-percent, or two brackets at 95-percent confidence]
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Table &6C.--Major and minor oxide and trace-element composition of the laboratory ash of 53 anthracite samples from Pennsylvania—
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Continued

Table 6C.~-Major and minor oxide and trace-element composition of the laboratory ash of 53 anthracite samples from Penn
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All values are in parts per million.

value means less than the value shown]

Table éD.~-Content of seven trace elements in 53 anthracite samples from Pennsylvania

L after a

[Analyses on air-dried (32°C) anthracite.
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si, Al, Ca, Mg, Na, K, Fe, Mn, Ti, P, Cl, Cd, Cu, Li, Pb, and Zn values were

As, F, Hg, Sb, Se, Th, and U values are from direct determinations on air-dried (32°C)

Table 6E.--}Major, minor, and trace-element composition of 53 anthracite samples from Pennsylvania, reported on whole-coal basis

[Values are in either percent or parts per million.

calculated from analysis of ash.

L after a value means less

The remaining analyses were calculated from spectrograhic determinations on ash.

than the value shown, G means greater than the value shown, and N means not detected]

anthracite.
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Table 6 E.~-Major, minor, and trace-element composition of 53 anthracite samples from Pemnsylvania, reported on whole-coal basis--

Continued
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Table GE.--Major, minor, and trace-element composition of 53 anthracite samples from Pennsylvania, reported on whole~coal basisg~-

Continued

AS PPM CD PPM CU PPM F PPM HG PPM LI PPM PB PPM SB PPM SE PPM

cL X

SAMPLE

QNmﬂO
o-H\N-—!N

[ [xaTha I
Ne—iemt

S ~O TN
L1 CO O N
ot —t

3O
G MO NN
SineNo o

g~ O
NNO

I\QII\I\-—Q
wﬁ-—( 0-(

(=)
NO N-—(

N

ﬂﬂlf\ch-—(
mo\a\a\m
~

ONU‘\ I“~

-—4¢ON¢
NN NO
-

OO N~
—-tN-—(OO

onaOm~
TSNt
AN~ Nt

VOF NN
-t

—GN\'NN\
N-CN:»«

NN NOO N
NN
-

U\NMO

-—(@‘-le\so
ey

O-—(NN

<rv—(¢nNO
N F ~N N

'\QNQED
N-—iﬂN—-(

~N0 O N
. . PR

moo.—«ao
oo\qmm

NO-F MM

—_on N
g~

MO O~
Ortetrt O

w3
QONO O
AN N

N~ 0o
WS~
-t

L OO -
-t -

VINONO
1N WO
-

OO0O0O

NN
et N =

T N0 O
ONOO-—(

13
VOO0 O
TN

[=l=]=TeTe]

NN T
) ettt =t

W184936
W184937
W1849138
W184939
Ww184940

Qﬂﬂ\bﬁ
\Dﬂs‘?ﬂ

SO NN

O\TOP*O
O Ny

[elelalele]

ANO FN
Nt~ ot

NOIL~O
O~HOON

- -

OVOOO
Dalalsaloelogl

(e]=lelele]

~SAINOM
NN G

[l Alalaly]
TN e

mN\OOs‘t
lﬂl\s'rd'-*

Nd’—(\oll\

oo~
MMM N
ot

OOOOO

N-—«n\-r\-r
ottt N

NOOOO
Dalie S Halial

QOO0 O

O NN O
WYVt €N

NNO T
N ANt

e o o o

e e s e e

g LT
-t

W184946
W184947
w184948
w184949
W184950

45

OSSN
ANN NG

Na\l\tﬂq

OOOO#
nna)mmm

0O00O

Lalealal o 3N
—t—t i O
-t

SOown-ro
o-—«oo.—«

Lo Lanlen!

OO0
tﬂmﬂﬂg

[=1=J=T=1=]

NNO M N
ST et

O~ M
Ordetrtet

e e e .

e e s 0.
CNONDO T o



Continued

Table GE.~-Major, minor, and trace-element composition of 53 anthracite samples from Pennsylvania, reported on whole-coal basig-—-
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Continued

TH PPM

Table 6E.--Major, minor, and trace-element composition of 53 anthracite samples from Pennsylvania, reported on whole-coal basig=-
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Continued

Table 6F.--Major, minor, and trace-element composition of 53 anthracite samples from Pennsyl&ania, reported on whole-coal basisg--
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Summary of analyses of bituminous coal, Appalachian region

Tabulated chemical data for 331 bituminous coal samples from rocks
of Pennsylvanian age in the Appalachian region (Pennsylvania, Ohio,
Maryland, West Virginia, Virginia, Kentucky, Tennessee, and Alabama;
fig. 2) are presented in tables 8-15. Statistical summaries of these
data are listed in tables 7A, 7B, and 7C.

Table 7A summarizes on an as-received basis, the ultimate, proximate,
Btu, and forms-of-sulfur determinations on 158 Appalachian region samples.
From this table, the average (arithmetic mean) ash content of coal in this
region is 11.0 percent, nitrogen 1,3 percent, sulfur 2.3 percent, and
the average Btu/lb is 12,890. For comparison, the average ash content
of 90 Interior province bituminous coal samples (table 16A) is 12.6
percent, nitrogen 1.2 percent, sulfur 3.9 percent, and the average
Btu/1lb is 11,580.

A comparison of the average concentrations of oxides and elements
in the laboratory ash of 331 Appalachian region coal sampleé (table 7B)
with those in the laboratory ash of 143 Interior province bituminous
coal samples (table 16B) shows that Si02, A1203, K20, TiOZ’
Li concentrations are higher by more than 50 percent in the Appalachian

Cu, and

region coal, while CaO,Fe203, MnO, SO3, Cd, Pb, and Zn concentrations
are higher by more than 50 percent in the Interior province coal.

MgO, Na, O, and Cu concentrations are about the same in both sets of

2
samples.

Table 7C 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
Appalachian region coal with those in the average shale shows that the
concentrations of Al, Fe, Ti, F, Ba, and V are less by more than a
factor of five in the coal, and that the concentrations of Ca, Mg, Na,
and K 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

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

the average shale.



54

Table 7A.—Arithmetic mean, observed range, geometric mean, and geometric

deviation of proximate, ultimate, and forms—of-sulfur analyses for

158 Appalachian region coal samples

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

basis]
Geometric
Arithmetic Observed range ' mean
mean (expected Geometric
(abundance) Minimum Maximum value) deviation
Proximate and ultimate analyses
Moisture 2.8 0.7 15.1 2.4 1.6
Volatile matter 31.6 17.3 44,5 30.8 1.3
Fixed carbon 54.6 30.2 74.5 53.7 1.2
Ash 11.0 2.4 45.2 9.2 1.8
Hydrogen 4.9 2.4 5.7 4.9 1.1
Carbon 72.6 35.0 85.9 72.0 1.1
Nitrogen 1.3 .2 1.6 1.3 1.3
Oxygen 7.8 1.4 27.6 7.2 1.5
Sulfur 2.3 .5 15.0 1.6 2.3
Btu 12,890 6,700 . 15,000 12,800 1.1
Forms of sulfur
Sulfate 0.09 0.00 0.67 0.05 3.4
Pyritic 1.56 .02 12.8 .60 5.2
Organic .74 .13 2.0 .66 1.6




Table 7B.--Arithmetic mean, observed range, geometric mean, and geometric
deviation of 15 major and minor oxides and trace elements in the.ash
of 331 Appalachian Region coal samples

[All samples were ashed at 550°C; L after a value means less than the
value shown]

Arithmetic Geometric
Oxide or mean Observed range mean Geometric -
element (abundance) Minimum Maximum (expected value) deviation

Ash % 13.3 2.5 95.4 11.0 1.8
510, % 41 6.4 69 39 1.4
A1,0, 4 23 2.4 40 22 1.3
Ca0 1.9 .10L 29 1.2 2.7
MgO % .90 .18 5.04 .80 - 1.7
Na,0 % .36 .07 4.29 .30 ' 1.8
K,0 % 1.8 .08 4.5 1.5 1.8
Fe,0, % 21 1.2 77 14 2.5
MnO % .073 .005 .57 .049 2.4
T10, % 1.2 .18 3.9 1.1 1.5
50, 2.4 .10L 17 1.2 3.3
Cd ppm 5.4 .5L 15 2.1 3.9
Cu ppm 223 - 28 8,600 145 2.5
Li ppm 197 200 710 171 1.7
Pb ppm 116 16 619 99 1.8

Zn ppm 156 © 24 3,900 116 2.2
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Table 7C .--Arithmetic mean, observed range, geometric mean, and geometric
deviation of 36 elements in 331 Appalachian region coal samples (whole-
coal basis). 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,
and G means greater than the value shown]

Geometric .
Arithmetic Observed range mean

mean (expected Geometric  Average
Element (abundance) Minimum Maximum value) deviation shale
Si % 2.7 0.22 25.0 1.2 2.2 7.3
Al % 1.6 .19 10.5 1.3 2.0 8.0
Ca 7% .12 .023L 2.0 .093 2.0 2.21
Mg % .068 .007 1.10 .052 2.0 1.55
Na % .032 .025 .242 .025 2.0 .96
K 7% .23 .008 2.4 .13 2.8 2.66
Fe 7 1.9 .059 9.3 1.0 3.0, 4.72
Mn ppm 620 3.9 L 1,000 200 4.6 850
Ti % .09 .011 .49 .074 2.1 .46
As ppm 27 .5 357 11 3.8 13
Cd ppm .7 .03 L 6.8 .3 3.6 .3
Cu ppm 24 1.2 911 16,0 2.4 45
F ppm 80 20 L 586 60 2.1 740
Hg ppm .24 .01 3.30 .14 2.7 .4
Li ppm 27.6 1.8 150 18.8 2.4 66
Pb ppm 15.3 1 69.9 10.9 2.3 20
Sb ppm 1.2 .1 34.6 .8 2.4 1.5
Se ppm 4,7 .1 L 150 3.5 2.2 .6
Th ppm 4.9 2.2 47.8 2.8 2.8 12
U ppm 1.4 .2 L 10.5 1.0 2.3 3.7
Zn ppm 20.0 1.5 1,072 12.8 2.6 95
B ppm 30 1 100 G 20 3.0 100
Ba ppm 100 7 700 70 3.2 580
Be ppm 2 .3 7 2 1.9 3
Co ppm 7 .5 300 G 5 2.2 19
Cr ppm 20 S5 L 70 15 2.2 90
Ga ppm 7 .7 30 7 2.0 19
Mo ppm 3 .2 L 30 2 2.6 2.6
Nb ppm 5 .2 20 3 2.3 11
Ni ppm 15 1.5 300 G 15 2.1 68
Sc ppm 5 7 15 3 2.0 13
Sr ppm 100 7 700 G 70 2.3 300
V ppm 20 2 150 20 2.0 130
Y ppm 10 2 70 7 1.8 26
Yb ppm 1 .15 5 .7 1.8 2.6
Zr ppm 50 2 300 30 2.8 160
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Table 8C .--Major and minor oxide and trace-element composition of the laboratory ash of 97 coal samples from Pennsylvania

S after the element title
The spectrographic results are
The precision of the

L after a value means less than the value

» and B means not determined.

spectrographic analysis.
2, 0,83, 0.56, 0.38, 0.26, 0.18, 0.12, etc., but are

» 0.5, 0.3, 0.2, 0.15, 0.1, etc.
ent, or two brackets at 95 percent confidence]

The coals were ashed at $25°C.

shown, G means greater than the value shown, N means not detected
means that the values listed were determined by semiquantitative
to be identified with geometric brackets whose boundaries are 1.

reported arbitrarily as mid-points of those brackets, 1,0, 0.7
spectrographic data is approximately one bracket at 68 perc

S

{Values are in either percent or parts per million,
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Table 8C .~~Major and minor oxide and trace-element composition of the laboratory ash of 97 coal samples from Pennsylvania--

Continued

S§102 % AL203 % CAO % MGO X NA20 % K20 % FE203 % MNO % T102 %

A3H X

SAMPLE

—Or~ O N
AN

Ualad--Eo o)
NN~
— ot

.050L
.050L
.050L
.050L
.050L

S g

N—~O NN
N0

vy O
P MO

- o~

Lalaal--Lalisl
Lal’aYaal=al- o]

NO NOWY
Dela Ealalls}

(28]
O F =~ 0

ol o] vty

SN N0 0O ™M

TN ) vt

.61
.40
.26
.24

OO O
OCO~—3

—t vt vt

AN ONES vt
NI N

w189200
w189201
wi89202
w189203
wW189204
wW189205
w189206
w189207
w189208
w189209

—ONOW0
—— — OO

Ne—~OOmM
wnwnrs~o

NN —O
NN — NN

OO
=N Y et

o~ -

O =N
Tt M

OO OO
0O —-F 1NN

~3
IS OO

T -t

N MO vt
NN~

O N et )
NS

OO

DN O
— —

— SO
N st NN

vy o
NSOANY

—t et

NOOOM
NN~

— O MW~
OOV NT

- Om
OO

o~ o~

TN T~
N —N

FNOF—
AT

OOMOWn

DOM~O—n
— g

M0 MO
N O mtvmd

—— 00 N
oM AN

DR

OV NIO
O NWN

Ualalaltele N
NNt =t N

“ e e e
NN N
O =t =4

(=2 T=17at T,

et vt vt O

an N— 00 a0
O NN

N OO

[
N = O~
NN

~ONO~
NANNMM
NN
AR
0 VooV

ot o et g

por
fe = e 3 3¢ 3

74



Table 3¢ .--Major and minor oxide and trace-element composition of the laboratory ash of 97 coal samples of Pennsylvania--

Continued

FE203 % MNO % TI02 2

K20 %
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position of the laboratory ash of 97 coal samples from Pennsylvania--

minor oxide and trace-element com

Table 3C.-~Major and

Continued
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ennsylvania--
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e

oxide and trace-element composition of the laboratory ash of 97 coal samples from P

Table 3¢ .=-Major and minor

Continued
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Continued

Table 8c.=—Major and minor oxide and trace-element composition of the laboratory ash of 97 coal samples from Pennsylvania--
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Table 8D.~~Content of geven trace elements in 97 coal samples from Pennsylvania

L after a value

All values are in parts per million.

[Analyses on air-dried (32°C) coal.

means less than the value shown]
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Table §D.~-~Content of seven trace elements in 97 coal samples from Pennsylvania--Continued
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Table 8F .~-Major, minor, and trace-element composition of 97 coal samples from Pennsylvania, reported on whole-coal basis

ir-dried (32°C) coal.

L after a value means less than the value

Ca, Mg, Na, K, Fe, Mn, Ti, P, Cl, Cd, Cu, Li, Pb, and Zn values were
determined)

and U values are from direct determinations on a

pectrographic determinations on ash.

shown, G means greater than the value shown, N means not detected, and B means not
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The remaining analyses were calculated from 8
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Continued
MG % NA X KX FE MN PPM TI X P PPM

CAZ

AL %

Table 3f.--Major, minor, and trace-element composition of 97 coal samples from Pennsylvania, reported on whole-coal basis-
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Continued

Table 8¢ .~~Major, minor, and trace-element composition of 97 coal samples from Pennsylvania, reported on whole~coal basis—-
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element composition of 97 coal samples from Pennsylvania, reported on whole-coal basig~~

Table 3E.~~Major, minor, and trace-

Continued
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Table 8E£.--Major, minor, and trace-element composition of 97 coal samples from Pennsylvania, reported on whole-coal basig~-

Continued

AS PPM CD PPM CU PPM F PPM HG PPM LI PPM PB PPM SB PPM SE PPM

CcL %

SAMPLE

ooo-—mo
\D#\Nﬂ—q

A0 OO A vt
O O

D st 4 =]

SISO
ot O N

[=Taa I 7o Y o)

e\ DT ™M
— i N DY

O PSS F
00 N =D 0
e VYD

com-<r-N
<l'-—-ﬂm-—¢

L Tt T Y

~N MMM
NS NN
- —

U\I\O\NO

Om'\'\w
Dl

PaeragNO O
Dala e Lo Pl

FNO ST~
VO WD N
—y

NSO e
W OO\O

Y ey

ON-—c'd'h;
—

MO SO
(= ¥ Y. Yo p ke o
4t ot et e
(= X=aX=aXal=a)
€0 0O 00 60 CO
f gt et g

e ¢ Je e 3« 5

-G\?("')v-u-o
—!Nm—‘

A 0O

YO\ e
NN NO
—

\'fll\@ —

m»o Nt’)\o
~~eNy O

NO ~— OO
O WM
N e

w189200
W189201
W189202
w189203
W189204

NN OO
N NN
-

QwO\N-—‘
'-!NN

T~ VO
PN ONPS < o
#ond 7Y g 9omd

TOVNO NP~
U O
—— N SN

HOO\O o
e~ NN

DBDIFTOOO
ARSI
— e oy

~NOMNg
WVOPr M

4

.014L
.062L
.036L

[ X datTa¥ o}
—e U N

N v Y=g N

vy o=y

O r= NO N
AAPSr=YON
N

v-ct"ﬂﬁNO
O\OOON

— =

AW NNO™M
QO —

. s e e .

NONXO

D Moo
- e

N0 FS0\O
OO0 OO ~T o=y

B lt=2V-10 1"
NP i 3

I\C'ND\?‘D
\Ou‘\u‘\lﬂ\‘f

2
TN NN
o o .

N o~

QT =i
Or~mMom™m
N ——

NIFNO~
VOO vt ot N
N e

B £ 472 tenlenl
NN N

i b =1 Lo
OO~

NMMO\?
ﬁ\quu’\
L el

O
N -

tn\o \O
NU‘\N\D\T

O NCOmiN

—te—t N

AP ANNY

ONNO I~
r—~ NN N

NN T
~F NS00
VNN T

NONO r
vt O vt

M DIN—O
U =TVaTt <Vl oY

—PSO0 N

INTOVN
et ON vt eny O

[l el
WONAH

« s e s o

OOV
« o 0 .

g

— WO N
i N -y

QO

r~00 M NO
M NS

~NOV— O N
WO NOO

N NN
O OO

[Tats 2= g0 Lol

O red QO
O ot b o) g

92



Table 3£ .--~Major, minor, and.trace-element composition of 97 coal samples from Pennsylvania, reported on whole-coal basig—-—
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Continued
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Table $f .—Major, minor, and trace-element composition of 97 coal samples from Pennsylvania, reported on whole-coal basig--~
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Continued

Table 8F .~~Major, minor, and trace-element composition of 97 coal samples from Pennsylvania, reported on whole-coal basig--
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omposition of 97 coal samples from Pennsylvania, reported on whole-coal basigs~-

Continued
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lvania, reported on whole-coal basig——

Continued
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Table 8E .,~-~Major, minor, and trace-element composition of 97 coal samples from Pennsylvania, reported on whole-~coal basig—~
SAMPLE

101

COCO0OC OO0 OONOD OO0 OO0 QOO0 OO0 OCO0O
NAROO OVMNOM  INMIEIM NOOOWVI NIV OMNINEN MOOWIVY IS
— o~ [} Lalie Lo -t —— e vy
[}
Ordrrd vt N st et Lo B o] srdordprd gt e e — vt ()
=

Qoo OoOwn OMOO MRRENOR NOININ NROOO QOO INONOO ORRING
et N Ot N ONee - Ll Lo L I R P e B =N W - oy

00000 CONDO OINMOWN OO0 WNROOO OO NOOOO COOOWNO
NNINSPS (et NN med Mo = OINIAWNY ot MmN n--?\N— MR NN N

OCmiNMT NONOAR O—NMNT VIO ON OMPUy OMNOND NOTWVIO MNONO
AN NR AN R OOOO0O0 OOOOO rirtrmmmm et NNNNN NNNA®
i i rt et et et OO NN NN NN NN NN NN N
AR NAN VAR RN ARARNRAR NN ANNRNR AN RARRDN AR
OO GO0 A 0N MM 00OV A O 0

o g, g e Lo Lo e Gy gt o G | g o gunf ol g Grng gl e g P, g ioed e gt pueeq  gund g G Gl vnd  pod o ped g 9]
ZZZXXT XXX XITITET TETZTZET XXIXETT XETIZTEXZX ZXEXXEXXT BITHR



102

ot L <1 01
001 L <1 0€
00t L ST 0g
0¢ L o1 0z
0€ Iy L 0€¢
0l L <1 0¢
002 S 1 0§ 00T
00z <1 0¢ 0$
osi [ 0z 0§
0¢ S 1 0z 0¢
) L 07 0z
0SI 1 <t X 0S
0s1 €1 0z 0§
0L I of 0¢
001 ST <1 o€
001 I 0S . 0
oSt i 0z 0¢
S-Wdd ¥Z  S-Wdd €X  S-Wdd A S-Hdd A

panuyauoy

=—S}88q TB0d-3TOUM U0 pajiodal TETUBATASUUSq WGAi3 §5{dWEE [B0D [§ JO UOTI{603WOD JUSHITI-SOEII pue 'Ioutw

167681M
057681IM

MM NS T

FNNO RO~ N
NN N

€€

lnieniantionlon Pt pd g g pd ——y
IXXEE ZITEIZ X

TIGTEH~-* 78 °1qB]




103

8¢’

Y

2=Op== ~=0p=w == Op== TZ068TM
v6* ——0p—— ~—Op== ~~Op~= ==QP=- 02068TM
8T* “=OP== ~=0p— —-—0p— ==0p=- 6T068TM
1€° ——a0D=m ~=0p— --0p-= ==0p-= 8T10681TM
99° —~aOP—= ——C P SuruuellTy ATPPTH (4) uo3doyso) LTO68TM
N t) LI “~=0P=~— el P QP ~=0p== 670L8TM
YA QD= (/P y3anqs3ird (9) juowyag 8%0L8TM
60°'T NI ] - ~=0p=~= --0p-— ——=0p-~ SY0L8TM
66" —O0p=- 0P 310daaag 1amoT (g) uosiajjyap ?%0L8TM
6L° ~e0p== ==0p== ==0p=-= -=0p—— 08y%L1a
L6° RN, ] S ~=0p—= ~=0p~—- ==0p~-- 6LYyL1a
6€°T ~—Op=- ~eOP—m ~=0p=— ] 8LyyL1a
A/ ¢ ~=0p=~ ~=0p~- y31nqs3I3Td (g) 90IuoK Liita
€€ ==Op=- ) 8anqsaukeM (gq) uosaazyaf TZsEL1a
€9°T ~aOp=-— ~aOp=— —— QP ==0p=- 0zZselia
€6°T ~=0p=- ~—OPmw ——OP=— Juowtag 61ISELTA
GS'T “=0p== =~=0p== ==0p=--~ ?0auoy 81CELTA
08°'T ~=0p== “=0p=~ «20p=-- ~=0p—= LTSELTA
26°1T —eaO P ~=0p-= —-=0p-— juomtag 91seL1a
96°1 ~-0p== ~=0p== 4y31nqs33Td (g) 901Uy - STSELTaA
09°T ~=0p—— “=0pw- -=0p-- ] Y1seLTa
%61 == OD=w 2*=0Op== QP ==0p-- €ISeLTd
S9°'T e e e e CISELTd
~=Op=~ ~=Op=-— ‘== Op-— 310d9vay 1amo0T (g) UOSTIIBH T1sEL1a
(S'T Touuey) SNOUFWNIFY y3anqs33rd (€) juomtag 0TSELTA
(soa35m) 5dk3 Suey (d) uor3Ivwioy Jo K3uno) *ON @1duweg
5SaUYDOTYL aTdueg (4) pP2q TEOD
UoT3dFId89(Q

*OFYyo woaj soTdues Teoo SNOUFWNITq UBTURATASUUdg (/ 10F Suoy3ldradsap afdwes--° yg TqE]



104

L%068TM

sz* ~=0p=~ ~=0p— BuTuueIITY STPPIN (7) L1134
Tg* “=0p== —=OP=— ~—OP=— ~=0p-= 9%068TM
£y ~=0p=~ —O0p—— 114 8angsaukey (g) uosIajFer S4068TM
9L* ~=0p—— ——0p-- —~=0p== ~=Op—- %%068M
€z ——0p== -—Op—— ~=0p—- —~=0Op=- €%068TM
€e" ==0p-~ ~=0p-- 94 BuruuelITY STPPTH () L1134 Z%068TH
vg° ~a0p=— ~Op-a —O0p=m ==Op=— T%068TM
oc* “aOp== ~=Op—— ~=0p—- e 0%068TM
£° ~=0p== “=0p== ~=Op—— ——Op== 6£068TM
1" ~=0p—= ==0p=— ~=0p— Juoutaqg 8€068TM
6" —aOpam ~=0p--— ——0p— =~=0p—m LEQ6BTM
9¢* —~a0p=— “=sOp=-— -=0p~-- ~=OP=- 9€068THM
Ge QP +=OP=— ——Op=— —=QP=— nmoawﬁz
€c* O «=OP~- “=Op—— --0p—- 9€068TM
18° ~=0p=~ -—OP=~= —=0p—— . ==0p=- €€068TA
0€* ~=0p=— ~—0p=-— -—-0p—- ) ZE068TM
8T" aaOp—m SOY.Y ~=0p— ==Op=- TE068TM
9¢* ~aOp=— ~=0p=- —=0p— uosiayjer 0€068TM
0z* e OP=~ ~=0p== —=Op=— asOPp=- 62068TM
19° ~=a0pa= —~aOp=— ~=Op—— “=QP=- 82068TM
9g QP “=0p== T1# 8angsaukey () Juoutag L2068TM
cz* QD= —aOP== —wOp=— o) . 9Z068TM
8¢" 2=Qp-- == P QP ==O P S NOO 8TM
19° ~=0p—m -=0p=- 9# SupuueliTy STPPTW (4)  UO3Id0YsSo) ¥20681M
£8°0 Touuery, -—0p—— 84 y8anqsiarg () ~-0p-- £2068TM
?3rsodwoy  snoujyunlTg TI# 3anqsaufey (€) Juouteg 2Z068TM
(sa1jew) 8dd, juey (4) uoFIBWIO] X0 Ajuno) *ON sydwes

SSOUNDTYL a1dueg () peq T®OD
uor3draossa(

*(penur3uod) ofyQ woiy saTdwes [eod SNCUTENIT] uUBTUBATASUUSg (7 10J suor3ldjidsap afdueg—-° Y STqRI



105

1° —aOp=—— -——0p—- 8anqsaufey (g) Juowyag 0L068TM
26°T —aQp=- —=Opww y3anqsiayd (2) uosiajjyepl 69068TM
oc* UIN,Y » S ) —=OP=- e 4 A 89068TM
v6* VY » HO ~=Op=— Suruuelary STIPPTH (9) uo3o0Yso) [9068TM
" og* —=Op=- ) ==OPp=— e O Prave 99068TM
ght JIRYY “*=0p—- —==OP— ———O P G9068TM
9" 2aOP—— > OPmee = Op=— —-=0p—— %9068TM
ot O P== —==Op--— e QP ==OP== €9068TM
1c* ~=0p=-— —=0p~— ==0p== ——0p— ¢9068TM
9€* ~aOp== ~=0p== 8angsoudley (9) juoutaqg T9068TM
" a—OP== —=0p— —aOpP==- : werOP— 09068TM
8z* “sOP—m JYY . - ) » S —*—Op—— 6S068TM
“gct ==0p—— ‘==0p— -=Op—— ==0p=- 85068TM
" gg* .Y . -=O0p=— Suruuel3ry ITPPIK (9) £11ag LS068TM
v6° ~=Op=- “+=Op=- ~=0p— -=0p— 9S068TM
mN . Flov‘l llOﬂl‘ ||O©l| l!lOﬁl.l mmomwg
€z . O P - QP s OP-=- et O P e ﬂmom sz
94* ~=Op=— -=0p— BN, S ) €G5068TM
€T .Y S -=0p— 8anqsaudeM (g) juowmyag ZS068TM
97°0 TeuUBYD SNOUTWNITY SutuuelITy 3TPPTH (9) L1334 8%068TM
(sealamw 9dA] juey - (1) uoFlewaogy 1o Ajuno) *ON oTdueg
SSaUNdTY] ardues (€) pP2q T®BOD
uoT3dyaosag

* (ponurjuod) OFYp wWoly saydwes Teod SNOUTENITQ UBTUBATASUUg O/ 103 suo}idiiadsap atdues—-* y4 2TqBL



106

Il

8°S 0°L LR z2°08 9°S
T’s T°9 €1 S 1L 0°s
1°s 18 KA1 6°69 s
T°S 8°9 I 8°08 8°S
Ly 0°9 €°1 S°CL 2°s
9°" 0°8 (4 8°0L €°S
L°s 6°9 vl €°08 LS
0°S T°9 [ ¢ 1L 0°s
6" Lt [ ¢ 8°69 [}
1°s [ i L°08 9°S
9°y $°9 [ 0°tL 0°Ss
S 1°8 [ 9°0L 1S
8°S vl ¥°1 L°6L LS
Z°'S 9°9 z'1 €°1L 1°S
1°s €°8 21 8°69 z°s
9°S 6°9 | B8 9°08 S°S
6°" 1°9 1 S°0L 8y
8°? 8°L z°1 6°89 0°S
T°s €L €1 ¥°08 8°S
Ly S$°9 21 9°zZL z°'S
9°? z°8 z°1 'L €°S
L°E 1L 9°1 0°Z8 9°S
€°t S$°9 I 0°rL 1°s
T°€ [ ] vl vezL (28]
e 8°L I 9°18 8°s
1°€ T°L €1 0°%L s
0°€ 1°6 z°1 zezL s
9°€ L 9°1 28 v°S
€°¢ S'9 1 z°sL 0°s
T°€ €°8 L2 ¢ 9°€L 1°s
6°2 z°L 9 1 L-z8 9°s
Lz 9°9 S°t L9 £°S
9°2 S°8 LA 0°SL ¥°s
8"y €L LA 0°18 S's
vy 9°9 [0 0°¢tL 0°S
[ ¥°8 [ ¥IL 1°6
¥nains NIDXXO0 NIOOYLIN NO|J YD NIDOUUAXH

8°01

v~
.
-

.
oSN

- 0
.
@ ©

-~
. .
~~

¥
L OO

92§ )
6°9¢ €y
8'sy €Ty
8'zs ToLy
€Ly vy
z9y Iy
6°8y T°18
zUEy £ 5y
s°2y S vy
1°€S 6°9y
yLy 6° 1y
X1 T
S 18 s gy
1790 £ €y
11 v'Ty
8°1s z 8y
oSy 1984
(AN zety
8°2S zeLy
9Ly 9°2y
L9y Lty
£°5S Lovy
0°0S £°0V
88y ¥ 6€
£°LS Ly
0°2s L°8E
L0S 8°LE
8°¥s A1)
170§ £ 1Y
1 69 v ov
v'ss 9 vy
1S yeTY
z-0s S 0p
v€S 99y
z°8Y 0°Zy
1Ly T
> aax1d4

-
.
o~
—~ ™ - N ™ rONM™ ~Nm ~oNm “N™ - m ~N™ N NN

]
N~ —~N™

[ A4

“HILMW°T0A JUNLSIOH SISXTYNY

40 Wd04

SISXTTYNY JIVYWILTIN

1v0) £q sIsKyevue [V °991] yse pue Iinisjom ‘g 33z) sinisjom ‘7 ¢paAjacex s®

SISXTUYNY JLYWIX0¥d

1ZsELlta

ozseLla

61s€ELTA

gsIsELTa

LTSELTA

91G€ELTa

sTSELTaA

yIseLta

£TSELTC

ziseLra

11s¢eL1a

o1seLta
31dWYS

[*ed ‘yBings3iyd *‘IauTR jo neIang °§°( ‘uU0TIVAS sysLleuy
*UOJILUIMBIVOD [BIIMW PToAR 03 sBeq dy3eerd
uf pI3liodsueil puw pIIDIT[OD I13A sITdwes asenedIq umoys uryl sJom ATIYBFIe 3q Lem Jjuajuod aanisyom TBULBFIQ -Iuadiad uyp IIv nig Idaoxa sasireur T1V]

te3sf[BUR JO WIOZ

OTyQ ©WOIj 691Ju¥s g JO BI8A[VUF ANJINB-JO-SWI0J PuUv ‘Nig 'SIPMII[N 'OIEATXOId~ ¢4 STQRL



107

9T €2y 91° - 06591 €
0e°Y e " - 0Z0¢1 T
X0 S 89°¢ yU* A 0eLZ1 T T25€L1a
SY°1 r9°¢ ot- - oL9vY €
0E°1 Le-e 60° - 09TET 4
(XA 4 6T°€ 60° 9¢* 09821 T 0ZseLIa
€€°¢ 8T°¢€ Lt - 009%1 €
90°Z 282 ST* - 0€621 4
€0°2 LL-e : ST” 120 00L21 T 6TsELTa
89°1 [4 083 ) 1 & - 06SYT €
0Ss°1 96°2 [ - 0Z0¢ET [4
Lyt 06°2 ot 9Z* 09L2T T 8ISELTa
66°1 89°¢ 9T” - 009% T €
8L°1 6Z°¢ 1A% - 0S0€T [4
¥L't [4 LA 14 3 osLel T LTISELTA
€0°2 e (4 9 - 0E9¥T €
L1 66°2 ot1* - 06L2T [4
EL°T z6°¢ ot A 1S TAH T 91seLTa
88°1 SZ°¢ 80" - 04SP €
oL T €6°C Lo* - 0STET 4
99°1 L8°2 Lo* 1 0882t T STSELTA
8L" 6L°C 60" - OTLYT €
oL (A3 80" - 06ZEY [4
69° Lyt 80° yU” 06621 T yiseLIa
99° §9°2 80" - 0T8H T €
09° ov°e Lo- . - 0EPET [4
6S5° ve“e Lo° : e OTTET 1 €IstLIa
60°1 13 k4 60° - 06LYT €
00°'T ceee 80° - 0E£SET 4

"t 86" 81T 80° €T’ . OFZET T TISELTa
00°T ¥8°T 80° - 0Z8¥TY €
€6° oLt Lo* - 0SLEY [4
16° L9°1 Lo’ 1A% OSPET T TIs€ELTa
08°1 88°2 Lt - 0E9YT €
Z9°1 65°2 ST* - 06T¢ET 14
6S°T ¥s'e ST'0 ST°0 00621 1 otTSELTa
JINVDHO JILI¥Xd aLvains $S0T°Q°Y nig SISATVYNY A713WYS

40 Ra04

¥nans 40 SWyod

8 81 JO SoSATPUF InJINS-JO-SWIO] puUv MIg 'OISEWII[N ' 9IPWINOIJ— g6 OTqPL



108

-
.
.

.
.
.

.
<
.
.

.
.
3

.
.
.

~OoOo MO N
N MmN ~ON™

.
.
.

.
<« T N o~
.
.

NN

.
.
.

NN™m

.
.
.

.
B

NO 0 N Mmoo O -~ O Q0

N -

.
.
.

.
.
.

(TR~ 2] Y~ o Mmoo Oww
i~ i i~ ~ =i~ o~ - — ot [alalal

o~~~

&) @O~ ~un o @™ O DO DO~ ~On e ™M
M

7 M & NN - v

o«
o
z
[52)

0°L8
9°LL
9°6L

6°6L
8°L9
€°99

6°08
1°0L
L°89

€°08
9°0L
¥°69

9°08
S 1L
1°0L
[AR:]
0°vL
s°TL

NO|gY YD

v .

-

. .

N NN <+ TN <« -

~NOow [~X--2'-] @ r~n @0 N

. o
W N NN

e Ba Bl e B N

T°2L
9
9°29

S*LS
g8y
LoLe

8°tS
9°9¥
L-sey

L°¥S
1°8¢
€LY

0°€S
0°LY
T°9¢%
9°1§
6°9%
0°9¢

O QIXId

6°LT
6°v
L 14

L 44
1°9¢
z°st

[a-14
0°0¥
Z°6¢

[ 4
6°6¢E
Z 6t

0°LY
L1y
6°0%
12814
188 44
[N 4

"HINW"10A

L K2 Rl ~ oo N oM ~N™ ~N™m

SISXTVYNY JIVKWILIN

SISATYNY JLVYWIXONd

PINUTIU0D~=OTY(Q WOI] S3[AWES Q] ;0 S3BA[YUW INJ[NBH-JO-SWIO0J pUY Ny 'IIGWIILN '9IPTWIXOIg—— g6 *Tevy

8v0L8TM

Sy0L8IN

osrrLta

6LbyLTA

sLyYvLIaA

LLvvLta

F1dWYS



109

9L°
89"
99°

9€"
Te"
oe”

€0°T
06°
88°

WL

s9°

¥9°

(A 204
92°1
LA
86°1

13 A
Ww°r
JINVYONO

0s°€ (13 -
TlE 8Z° -
Vo€ 8z° ‘a‘N
1€°9 1 -
9€°S v -
€T°S ov* ‘AN
6p°¢ 1 -
20°¢ 81" -
96°2 8T’ . 9Z°
€6°€ Lt -
9v°€ ST’ -
oy°¢ SstT” 14
b6t ye: -
06°¢ 13 -
13 2 3 w7 [
12384 ST* -
£1°¢C €1 -
80°¢ €T°0 sT°0
JILI¥Xd arLvans S801°Q°V¥

¥ndins 40 swWiod

08ZS1
0Z9€1
0LZET

06€EVT
ozzet
0E6TT

099¥1
00L2T1
ovvel

068G T
00821
08ST1

0Z9%1

0L621
0TLZY

099%1

0GEET

060€T
nLd

o™ ~oN™m ~N™m ~oNMm o™ ~eN ™

SISXTUNY
40 Weod

8y0L8TM

SYoL8IM

osvyLTa

6L¥YLTIA

sLYYLTa

LLyvyLta
37dNVS



Table 9C .~~Major and minor oxide and trace-element composition of the laboratory ash of 70 coal samples from Ohio

L after a value means less than the value

The coals were ashed at 525°C.

shown, G means greater than the value shown, N means not detected, and % means not determined.
means that the values listed were determined by semiquantitative spectrographic analysis.

[Values are in either percent or parts per million.

S after the element title

The spectrographic results are

to be identified with geometric brackets whose boundaries are 1.2, 0.83, .56, 0.38, 0.26, 0.18, 0.12, etc., but are

reported arbitrarily as mid-points of those brackets, 1.0, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, etc.

The precision of the

spectrographic data is approximately one bracket at 68 percent, or two brackets at 95 percent confidence]
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Table 9C .~~Major and minor oxide and trace-element composition of the laboratory ash of 70 coal samples from Ohio--Continued
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Table 9C ,~-Major and minor oxide and trace-element composition of the laboratory ash of 70 coal samples from Ohio--Continued
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Table 9C .~—~Major and minor oxide and trace-element composition of the laboratory ash of 70 coal samples from Ohio--Continued
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‘Table 9D.--Content of seven trace elements in 70 coal samples from Ohio

L after a value

1
a

All values are in parts per million.

means less than the value shown, N.A. means not available

[Analyses on air-dried (32°C) coal.

F PPM HG PPM SB PPM SE PPM TH PPM U PPM

AS PPM

SAMPLE

halrgl
NWOW—~ O
U ey

SN N

QOO
O NYIO

NONOoWN
Nt NN

w3
~NOOONN
-

3.0L
3.0L
3.0L
3.0L
3.0L

Lt aleaY e Y=u)
Ualala gl el

NN NN

NF OIS~
OO O

OO oW
O SO0

Uatialiaks £ 3

3.0L
3.0L
3.0L
3.0L

QW h
NN

NN

T OIS~
——_t O

QO
(YeRVeValvaY. ]

O FN O
-4
IO00 0O
FISTSISS
I~ 0000 00
Lo lambanbanton
Axxxx

vd
PSP~ N0

w1l o2
uoococ

lﬂ(”ﬁﬂm

r\mmmn
—-4oo<:—-no

o eNeN

P~

MMNMO™
- N

13 3
[elelelele)

MNMROMO
—

<tc~mxno
@—‘ﬂ(ﬂd’

<<<<d
ZZZZZ

O~ NS
—ON—M

BEEEY

s Sl b Coal
NSO

b el

=3
ONO O
O NI
— -

mm-oc\\o
NNQ'-‘O"}

< << <<
4444

W 40O CNO
—r et N Nt

OOV O
O MM NS
ot ol —
<<t <<t
4444
SNNF O
CNONON NN
[=]w]eYelo]
[« Yo Yo Ve Ve,
aD 00O A0 o
] gt gunf g g}
xxTExX

Lanl=al=atale o]

I~ w1
\OO\DNO
Benom

\?-«Nmm
\omwmm

<<<<<
ZEZAE

D et NN
O ot ot O\ et

PR E R

oSN OO
AN
N~

ANO®O’

L I |

T
(===t ]
LN~

w\DQV'\Q
Nﬂ\DNN

<<<<<
ZZELZ

Lallaloalat: -]
—_— N —O

INCoOQ
[- Yo XX T g
—4 -y

118




Table 9D ,.--Content of seven trace elements in 70 coal gsamples from Ohio--Continued

F PPM HG PPM SB PPM SE PPM TH PPM U PPN

AS PPM
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Table 9E.--Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole-coal basis

si, Al, Ca, Mg, Na, K, Fe, Mn, Ti, P, C1l, Cd, Cu, Li, Pb, and Zn values were

[Values are in either percent or parts per million.

As, F, Hg, Sb, Se, Th, and U values are from direct determinations on air-dried (32°C) coal.

calculated from analysis of ash.

L after a value means less than the value

shown, G means greater than the value shown, N means not detected, B means not determined, and N.A. means analyses are not

available]
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The remaining analyses were calculated from spectrographic determinations on ash.
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Table 9€ ,~~Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole-coal basis-~Continued
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Table 9£ .--Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole-coal basis-~Continued
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Table 9E .~~Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole~coal basis~-Continued

AS PPM CD PPM CU PPM F PPM HG PPM LI PPM PB PPM SB PPM SE PPM
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Table 9E .~-Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole-coal basis--Continued
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Table 9t .—~Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole-coal basis--Continued
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Table 9L .~-Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole-coal basis-~Continued
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Table 9E .~-Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole-coal basis--Continued
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Table 9E .—-Major, minor, and trace-element composition of 70 coal samples from Ohio, reported on whole~coal basis-—Continued

V PPM-S§ Y PPM-§ YB PPM-S ZR PPM-S

SAMPLE

=z

Lal=Lalal s W'Y =17,
et e (N

=z

nnn 00000 ONDNO
edefed NSNS Mo Pt

MMM MEMEOMmmn ammmmn M

Ra Vel NTaTV N

Lal=1alal=}
ot oot o e ot

Lala e s loal

wy
VIS ONM YN e

—t e

M MINMM IO INM SNO MO
4 [ B

NINNINO O NN ONO
=t ol o e ot ol et O] rd ef o~ ™

e g iS AC A RS d Tl ot [saloalealoa)
PNESESISS N0 o0 000X
ot v e{ pep o o] oty e Ll anbanion
QaAQAQ AXEXZE EZXZXX

~nn

OO0
- —tcN

oNNIND
La L I o Y

N N0
NN NN
[=f=d=l=T=]
AR
€0 0000 00 O
[ i en)onl b,
EEXZE

[l ={=l=]=]
NSNS

WIS Ny
o . . .

UaladalValyy
—4 Ll

nNoO OO
—u o

.
—, e e o

DalUallal ol
—f 4

128



129

0g T L og 0L0681IM
) Lt 4 St 69068TM
0L 1 01 0¢ 890681M
[ € £ S £90681M
oor 1 <t 0§ 99068TM
o€ 1 L 0¢ $90681M
0z ¢ S St %9068 1M
14 s < <1 £90681M
0¢ : L 07 79068 TM
0¢< L L 0¢ 190681TM
01 1 L 0z 09068TM
0¢ L 4 St 650681M
0T < 4 <1 850681
0% 14 01 0§ £5068TM
0§ L L 0z 95068 TM
0L L L )4 $S0681M
0¢ L L 0z #S068TM
0z 1 L 0t £5068TM
00T z 0z 0S 760681M
0L $'1 i) 05 8%0681M
0L 1 St 0g [7068TM
0 L L 0€ 990681M
0t 1 L 0f SY0681M
hl4 S L <1 #9068 1M
0¢ 1 L 0¢ £70681M
0L 1 1 - 0¢ 170681M
0$ L 01 0¢ 0%0681M
05 1 01 0f 65068 1M
0t s 1 01 0f 8€068TM
0¢ Lo L 0t LE06STM
S-Wdd ¥Z  S-Wdd €4  S-Wdd X S-Rdd A TTARYS

PoNUEIUC)—SFBEq TBOI-3TOYA U0 pajiodal Tojyp woiy saydwes [80D (/ JO UOFI}SOWOD JUSWI[9-00€I3 PUE 'IOUTE 'IOTER--°364 OTqEL



130

153 _oopm- ~~op-- ~-0p-- --op-- 8.888TM
eE Tmop- —op-- --op-- --0p-- LL888TM
o D oo --0P-- --op-~ 9.888TH
48 ~ToP-- ~~op-- --op-- --op-- GL888TM
8t ~op= ~op-- --0p-- ~-op-- 71889TH
19° -=0p-- ==0p—- UHOQNOH.&. HOQ&D Amv -=0p—- €/888TM
L —_op-- —moP—- —-op-- --op-- 7L888TM
11 Touuey, snouywnlyg Butuue3lary 1addp (g) 33saaey TL888TM
(sP133 W) ad&, Juey (4) uoflswiol 10 A3uno) *oN oT1dues
SSOUOTY] sTdueg (4) paq T®O)
uoFidFadsag

*pueTiiey Woiy soTdwes Teod snoutwWNILq uetueAT suuag § 103 suolidyadsop afduwg--‘yos aTqe]



131

1 61 o1 0¢ L 0 001 1 1 05
ST 0s 0L 0s ol 1 & 00€¢ &1 00¢ Bioaain
1T St <t 0l L 0§ 001 oL 007 <1 00L 9/989TM
T ¢1 0z 0g o1 001 007 og T 0g ST N
1 ¢l 0F 0f ST oL 0sT 0ST T 0§ og oot Sioa0IN
g1 g 0L 4 0§ 007 0g 061 <1 00€ £8981A
¢l 0g 0L 4 0/ 002 o1 002 4 00/ Ti9991A
0z 0€ 001 o1 oL 00€ o€ 00z St 00§ 148881A
S-Rdd N  S-Hdd OW  S-Hdd V1 - S-HAd 39  S-RA& V) . S-Rdd ¥D  S-Kad 00  §-Wdd 30 S-Wdd 3¢  S-Wdd v T1dWVS
oL g “1g *0ET *092 “4g 07 107 €L T 01 8L9991A
oL 1 *08¢ "0L1 “0L1 ‘87 99 102 €1 1 01 L889TA
001 ¢ *0S1 091 A ‘29 0z 10z 8z Tt 9/988TA
05T L “0%z ‘011 ‘021 ‘49 0z 102" 91 1 0'1 §1889TM
0f 1 ‘0L "061 "071 "06 0t 1 0% L1 T 01 4L9881M
001 L “061 98 "0L1 ‘28 iy 10t 16" 1 0°( £L8881M
001 L '69 ‘88 "0Z1 ‘79 0z 102" 98" T 01 Z/88gIA
051 io "081 "8y 0<1 2] 07 1020 6T 1 01 178881A
$-Rdd €  S-Rdd Y  Wdd Nz Wad €d Hdd 11 Had 0o Wad @ 1D 1 £0S 1 gozd T1aWVS
11 1050° ‘8z L1 £z 59" ve* ‘0z ‘% ¢ 1988 1A
1 1060° R 11 1z £z 0L 0L 1z £y 0°81 £8881N
98" 1050° €7 £t 8z 89" 6°2 %z "9¢ 8L 9(898TA
€1 1050° ‘91 8z 19 £8° 19° 9z "¢y 9°€1 SL9881M
i 1050° ‘L€ cg° og: £s" 11 *91 8z L:01 9.8881M
{1 1050° R £ 1€ £9° 0% R 14 ‘8¢ £ L1 £8881A
91 1050° 4 R 9" 4] IS 9z 1§ 8:€T T(8881M
9'1 1050°0 9 i 50 88°0 1z "0€ "84 8L tT/gsgin
% o1l 1 ONH 1 £ozad 1 0zx % OTVN 1 09K 1 ovD 1 €02V % zo1S 1 HSY T1aHVS

[@ousprjuod juadiad-g6 IV SIDE1q OA3 10 ‘3Juadlad-gg I® 3IYOEIQ FUO A1ajeuyxoxdde 8T vawp dyydeaSoazdads aya jo

uogstadad ayx °932 T°0 ‘ST'0 ‘Z°0 ‘€70 ‘S‘0 ‘L°0 *0°T ‘s39Ndeaq WWOY3 jJO sjurod-pyu 8w ATFIexiyqaw pajaodaa aaw Inq ¢°*239

‘9z°0 “8€°0 ‘9S°0 ‘€8°0 ‘Z°T @1w E3TAITpPUNOQ ISOYA §IANIBIq 9Fa230w098 YITA PATITIUIPT 2q 03 Iaw s3nsax dyydeagoadeds ayy

*gye{reue oyydeaBoiidsads aafieaFuenbrumas 4q paurmialap 219 PaISIT SINTBA Y] IVYJ SURAW ITIFI JUBWITA Y3 193jE § ‘uAOYS
aN[EA 3yl UPY] 88T SUEIM ONTEA ¥ 123IW T °J,IS IV PIYS® aiam STWOD Yl “uoTIT¥m 19d s3awd 10 Jusdaad 1aYy3ye ujy 2w sanyea]

PUWIKAIoR Wo1j €91duws [wo> IU8}9 JO Us¥ A103wI0q{ 843 3O UOFIF80dEWOD JULWDI[3-2IVIJ PUP IPIXO 10UTW PUR JIO{FR--'go; STqRL



132

0L L ST 001 002 T 61 01 0o¢ T 0L 8L8881M
00z L 0L omu 002 T §1 g 061 T 0L L18881M
0L L 0S 0s1 00¢1 T o1 0z 00t 1T 0L 9.8881TM
0s1 01 o€ 002 00z T 61 0z 0§1 T 0¢ SL8881M
0L L 174 061 061 T 61 0¢ 00z T 0L 9.8881M
00z L 0§ 007 051 T SI 07 001 T 0L £8881M
00€ L 0§ 0s1 00¢ T §1 0ot 119 T 0L 7.8881M
00¢ or 0L 0ot 00$ T 61 ot 0L (110§ T/8881M

$-Rdd ¥z S-Rdd 49X S-Rdd X S-Hdd A S-Rdd ¥S S-Wdd NS S-Rdd 38 S-Rdd 1IN §-Rdd aN T1dRVS

panuyIuo) - ]
~-pueTAivy Wol13j so[dues [BOD 3JYSFO JO Ys® XI03IBI0GE] a3 JO UOFI}B0JUWOD JUIWI[9-29813 pUP OPFXO IOUFW PU¥ 10]ER--‘gQ; 9TqE]L




133

-t
w0l el
-
. ..
DV AORNN AN

AOOMD OO0

L L L]

BNNMN NN
[lesband ] e gl
2 XX

L K B )

I
~—

OO QOO
-

OV M

NONNON O
© vt v i v
=)

MO N ONON
MOS0 ~FOM
QONIPN PN
FOHOT~ MOM
OO 0
NS it NV

&
A
=
&
[y
s
=
-

Wdd 3S Rdd €S Hdd OH Rdd 3

a
-7
2
o
:

[umoys onywa ay3 ueyj ssoy suwsm
oNTBA ® I233J8 T °UOTTIIW 3ad sjaed uy =1 sanTeA [TV °*Tv02 (D,2€) PoTap-1T® uo sasiyeuy]

pueTiIey woxy soTdwes [80D JYI[3 U] SJUGWDTP 90813 USASS JO JUSJUOD-—° 30/ OTQEL



134

o€ € T 01 €1 0L 0t I T 9 10°¢ 8.8881M

0t 2 0s € oL 11 13 7°89 L1 10°¢ LL888TM

01 L 11 St 0s L %0° L1 A 10°€ 9.8881TM

o€ S T ¢ 1 0! ST I t'te 1 .8'8 SL888IN

61 ST T ¢ £ ST £ I €°6¢e 91 €' 7.8881M

ot L 0¢ 4 0s I I 6°7¢ S'1 qo.m £.888TM

0s z 9 € 0t 0T Sl %91 ¢'1 9° TL888IM

(114 4 Sl L ]9 ot L0°0 o' %1 Y 6°S 1/8881M
S-Wdd 4D S-Hdd 0D S-Hdd 3D S-Hdd I S-Hdd vd S-Rdd 4 S-Hdd 9v Rdd NZ Rdd n Kdd HL d1dRVS

6'C L L1¢ 7°€9 4% ‘001 T'ET 6y’ ‘€l 16%0° 8/8881M

<Yy 8T 9°'0¢ 9°0¢ %9° ‘011 0'S SI'T ‘6¢ 19¢0° {L888TM

0'z VA 1R %°6 1¢’ LA 8% 91" - XA 1910° 9.8881TM

T'7 8’ I 1°91 4 ‘00T €11 LT 1) TLT0° SL888TM

‘el I'1 1°91 8°Z1 A ‘8¢ 9°'6 1Z° ‘61 T120° 7.8881M

0°¢t vl S°91 802 S0° ‘8L [ A gL ‘9 16€0° €L8881M

€T 9°'1 6:02 9°87 0€°'1 ‘091 8 41 8% ‘6L 18%0° TL8881M

. 6°8 L1 ie L1t ov°t %S €'t 91°0 ‘9L 1910°0 T1/8881M
Rdd 3S Wdd €S Rdd 49d . Hdd 11 Rdd 9H Rdd 4 Rdd nd Rdd @ Ndd SV 210 dTANYS

1 0001 91° 1 (] 8% S¢g’ 1%0° 660° 660’ 97 L4 8L8881IM

1 ‘06L £ 1 ‘oL 0'¢ 1¢° 1¢0° 910° 060° 0'¢c 9°'¢ LL8BBIM

08¢ o%0° 1 ‘0t [ § S80° 910° €0’ 91" 66" €1 9.888TM

1 ‘08¢S 1T 1 ‘TS 9'1 1e’ 290° £90° %90° 8T 87 CL88BTM

1 ‘oLYy IS 1 ‘1% L't 9/0° %70 %£0° ¥80° €6’ 71 7.8881M

1 ‘0SL (- 1 * L9 66° 1% 0%0° 990° 6%0° 1'2 9’y £/8881IM

1 ‘0001 61° 1 ‘76 6°1 9 090° 1528 L80° €€ 96 2[8881IM

1 ‘0% SL0°0 1 ‘o€ %t 0 %1°0 1€0°0 1%0°0 tuv'o 1 81 1/8881M
Wdd 4 Z 11 Rdd NW 7 34 D | X VN Z OH Z VD 2w 2 IS J1dWVS

[umoys

anTeA 3yl ueyl SSIT SUEAW INTPA B I3QJe T °YSe UO SuoyIeuTmMIalap d1ydeiBoajoads woxy pajeInoTeO 319 sasfyeue Suyuremaa ayL
*T®02 (D,Z€) PITIP-ITE UO SUOTIBUTMIIIIP IDJITP WOIJ 318 83NTBA [) Pue ‘Y ‘ag ‘qs ‘SH ‘g *‘sy °yse jo sysATeuw WO1J PajeTnNITEd
219M momnw> uzZ Pue ‘qq ‘¥1 ‘n) ‘P) ‘10 ‘d ‘FI ‘UW ‘23 ‘N ‘BN ‘8K ‘®) ‘IS ‘IS uoTITTw 1ad s3aed 10 Juadiad I3YITS UT 318 SANTBA]

S8}SEq TROD~-3TOYM U0 pa3xodaa 'pueTAIBH WOIJ So[dWEs [E0D JYd|o JO UOFIJSOJUOD JUSNS[I-I0B13 pUe *IOUTH SIO[ER--*do; 9TqRL



135

1 S'1 S 0t

0s ¢t <1 0¢

L ¢ ¢ ot

0z ¢ 1 ¢ 0¢

L 1 i ¢t

og T 01 0¢

of z 1 0¢

0t L0 L 0z

S-WAd ¥Z  S-Wdd Sk  S-Rdd X S-Wdd A

0s 1T ¢ € 01 1 <1 1 ¢ £ L $'1 ST
0¢ 1 € h 0 1 61 £ o1 o1 o1 <1
oSt 1 1 s'1 of 1 ¢ R <1 L '3 ¢
o€ b S 4 € 61 T o1 1 2 £ S st (31
0z 1¢°T £ o 1 ¢ 161 ¢ ¢ z ot
0z 17z ¢ 0z T 01 ¢ 1 .01 L L
oL 1 ¢ i 4 T ¢l £ L <1 ¢ 0z
0S 1 1 £ l i s 1 z ot L6 <

8-KHdd ¥S S~-Rdd NS S-Rdd OS S-Hdd IN S-Hdd aN §-Wdd 9N S-Hdd OR S-Kdd V1 S~-Hdd 3D S-Rdd VO

8L8881IM
L1888IM
9(888TM

S.8881M
7(8881M
£/8881M
T[888TM
1/(888TM

31dRWVS

8 T80 JYSF9 JO UOTIFSOCEOD JUSWA[9-90813 puB ‘I0UTU IO [ ER==*d0/ 9Tqel



136

—ope-

vg* ==Op== -=0p—- ~~0p-= L{T0L8TM
gy* ~aOp—— ~—~Op—— OPIIITUTH (gq) =—Op-= 9TOL8TM
rA4 . 1 ~=OP=— -0 p— QP auoog WHONWH»»
YA | O P QP UoINO03S (g) ——OP=- %TOL8TM
€0°2C =0 P=w - OP—— = QP = OP—— €T10.8TM
18° “aOP—— “eOP=m 8anqre0) (q) =-—0p—= C¢TOL8TM
IT°T —tOp=m ~—0p-— %921y Tr2qdwe) (gq) e TT0/8TM
€g°* ——Op— —O0p-- MeysuIsy (gq) —=0p— 0T0/8TM
0L'T +=Op=— -=0p=— ~=0p== ==0p-- 600.8TM
PI'T —==Op—m ~—0p— -=0p-- --0p-= 800£8TM
62°'T —==OP=w —=Op== qooTd m* Amv .ﬂﬁmo.ﬂ L00L8TM
12T ~a0p== e OP=m 58D T# (9) 93334eg 299%LTa
$0°'T ~=Opu— ~~Op=-— uo3d03s (g) —-=O0p-— 96T0LTA
66 —=Op—— —oOp=— 8anqreO) (g) ~=OP S6T0LTA
IT°T ==0p— -O0p— 9P3IITUTM (g) =—=O0p~= %6T0LTA
9¢€* - Op—w N SN O P —=0p—— €6TOLTA
bg . >=OP-= 0P == OP=— = QP ¢610L1Q
7€' T O ~=Op—— uo3TTeMog (g) —=op-- T6T0L1d
%0°T «=0p-— —0p--— MEYSUISH (g) O P 06TOLTA
'TH “=OP=— ~aOPen —-=Op= ==OpP= 68TOLTA
66° .Y, S, —Op—— 313ed (g) —=0p— 88TOLTA
€ =t O Poae - OP—— QP ——0p-= {8TOLTA
98* ~=0p== -=0p— 58D Zi (9) syazuRy 9810.T0
1€°2 ~eOPam e yjf seljuoyedog (g) —=0p-=~ SSTOL1d
¥G°T [ouueyy  snoujwn3ifg €} seauoyed0d (g) TT3M0Q%K ¥ST0LT4

(s2139mwW) 2dk3 Suey (4) uorjePWIO IO £3uno) ‘oN oT1dues

SSOUNOTYL aT7dumeg (4) peq T®OD

uoT3dFadsaqg

*eTur8aTp 3IsoM woxy satduwes Teod snoutmnlyq UBTUBATASUUd] 6 103 suofidfaosap apdueg--°yy 9TqRL



137

(TN ==0pP~- | ==Op-~ ==0p—~ ==0p-~ EY0/8TM
1€°¢ —0p—-— ~~0p-~ ¢# sejuoyedod (g) TTRMOON TH0L8TM
6C°T ~=~0p~-~ -=0p—- uo3x203s (4) ==O0p-—- 6€0/8TM
SE°T -=0p—- ==0p== ¥931) TT1°qdwe) (4) uedoq 8E0L8TM
99° ==0p—- ==0p—- ==0p=-- auoog LEOLBTM
8¢°C ~=0p=— ==0p—- aa01n aepa) (4) Oo3uTK 9€0/8TM
L0°T —O0p—- —=O0p-~ 8anqreo) (9) ~=0p~—— SEOLB8TIM
80°2 ==0p—- —=0p-~ wolITTYd (9) —-=0p-- YE0LBTM
2€°1 ——0P=- snourwnitg meysuiay (g) ue8og €E0L8TM
8T°¢C ==0p— (3uTTd) JUTTI O¥Td Bymeue) (d) ~=0p—— CE0LBTM
0L°1 —O0p—- -—0p-- 3A2014 ¢ IdqUNN (€) BYmBUEY] TEOL8TM
v6° --0p-- ~-0p-- a18ed (4) --0p-- 0£0/8TM
el ==0p—- -=0p—— uolNd03s (4) ~=0p~=— 6C0.L8TM
Tt -—0p— =~0p-- ¥991) TT°qdwe) (d) ==0p—- 8C0/8TM
AR —=0p—- —=0p-~ -9T8ed (4) ==0p=-- LT0L8TM
69° ~=0p— -=~0p-- 8897934 (d) SBTOYOTN 920/8TM
(1°1 ==0p~~ ==0p-~ -=0p-- —=0p—-- SCTO0.L8TIM
z8° ==0pP—~ ~=0p~— UoITTYD (9) -=0p—— 920/8TM
L6° ——0p—- ==0p-- uVy A923) moTezIng (4) ==0p-— €20/8TM
le°1 ==O0p—- -=O0p—- wly ¥°21D moTe3Ing (4) ==0p—- CT0L8TM
71°1 —=0p~~ -—0p~—~- UolITTYo (€) uedor] 120/8TM
0L°1 ==0p-- -=0p—- ==0p—- uroouy] 0Z0L8TM
00°¢ -=0p~- ~=0p—- -=0p—- —=0p-- 6TO0L8TM
IR /A Tauuey) snoutwnltd A00Td ¢ aequny Amv auoog S8TOL8TM
(s?@13=m) 2dA3 Juey (1) uofjewloy 10 Ajuno) *oN o9Tdwes
88aUNOTYL a1dueg (4) peq T®BOD
UoTIdFIO83(Q

*(penurjuod) ®TUT3aTA 3IS9M Woay saTdues TBOO SNOUTWNITq UBTUBATASUUI] 64 103 suoyidyaossp ar1dweg--° y, 3TqeL



138

.
.

.
.

.
AWVY ~on~

.

TFTO NNN
.

.
.

.
~ -t et~ [ KK —t 4 -t — ot ~ et ~ - —t -t — - ~ -t

0o~ N o~ NN o OO r~
.

.
.
.

o O~~~
.

.
.
.

.
.
.

.
3

I n W @D N O \O 4 nnn (-, X4
. e .
¢ .

.

.
wenm nienm WO~ ~ o~ LB o r~wn o O < nwenm O ¢

.
ot

.

[-,)
.

NoOo~ ~Houwn v~ MO~ -\o N NOo ™M ownm \O O © o Ne—~m o N NN w
.

NNm Mmom N \o -~
.

anaIns N3IOXXO NIDOVLIN

6°v8
9°TL
z°0L

9°68
€°9L
9°€L

L°L8
¥ v8
z°Z8

£°88
v-€8
9°18

v°L8
L°18
L°6L

$°s8
T°9L
6°vL

98
9°€8
v°zs

9°L8
z°¢8
L°18

z°28
9°'89
L9

6°v8
T°LL
T°SL
6°68
0°98
T°v8
1°06
z2°98
6°¢8
NOG¥ YO

S'S - ¥ 09
L'y L°s1 6°0S
8°¥ €£°6T1 0°0S
Z°S - 0°€9
9°y 8°01 z°9S
6°% v°ot s
S$°S - S°'v9
€°S 8'¢ 0°29
S°s Lt €°09
v's - 8°99
1°s 9°S 1°€9
z°s v°S L°19
€°S o= L°L9
6°% S°9 €°€9
TS 9 L°19
LS - €709
s 6°01 L €S
TS Lot 8°2s
LS - 8°09
S°S €°€ 8°8S
9°S [ 6°LS
¥°'s - 6°v9
1°s 1°s 9°19
[ 0°s S°09
6°S - 0°ts
6'v $°9T (8 44
1°s 2°91 9°€Y
S°S - 9°09
0°S 1°6 1°SS
z°S 6'8 9°€Ss
8y - T°LL
9% 14 6°¢L
8°y [ 4 €°TL
8y - S°LL
9y L4 1°vL
8°r €y 1°%¢L
N3IODO¥AXH HSY J a3xid

9°'6¢
L AR 1%
8zt

0°LE
'€t
6°1¢

$°GE
(A 4%
1 9 X3

(4413
€°1¢
Lot

£zt
7°0€
S$°6Z

L 6t
12812
8°pe

2°6€
6°LE
¥oLE

T1°6¢€
£° €t
L°2€

oLy
T°6¢
$°8¢€

¥°6¢
8°St
0°6¢

8-z
8°1¢C
€°12
§'7T
S 1T
0 12z

S6T0L1G

v610LT0

€610LT0

zetoLTa

T6t0LTa

06T0L1G

68T0LTIAQ

88T0LTA

tsraLta

98TO0LTq

sstoLTIa

~
.
4

MONM AN AW SN S NM SN A NM SN ASNM A NM SNM - Ne

9°Z ysT0LTa

"YW °TOA JYNLSIONW SISXTVNRY 3TIWVS

40 R¥04

SISXTUYNY 3JLVHILIN

Tv0) £q sIsdvue [TV °931J YS® Pu® aanIsjom °*¢ {2913 Injsfow ‘7 {paa}edal se ‘I

SISATUYNY JIVKRIXOdd

{pouTwia3ap Jou suwem °q°N

*8g ‘y8anqs3Ijd *SOuTH JO NEeang °*S°Q ‘UOTIDNS STELTvuUY

:1se84Ivu® jO wioj

*uoIIVCIWMEIU0D Telom pyoaw 03 88eq djIewyd

Ul pajiodsueal pue PIJIITT0d 219a sa[dwes IsN®Iaq umoys uey3 alow ATIYST[8 2q Levw 3Juau0D Banisjom [PUFSFI0  ‘Jusdxed uF exw n3g Jdeoxe sesiivuw ITV])

8 T80D §T JO INJINS-JO-8WI0J PU® ‘nig 'ITWIITN ' SILWIX0Ag--"{// OIqwL



139

‘a°N

8"

9y

1

19°

6S°
Ls°o
JINVOYO

“d°N

*d°N

v0°

vo°

¥0°

vo°

yo°
¥0°0
JILIY¥Xd

‘a

“G°N

‘d°N

10°

10°

10°

10°

10°
10°0
aLvans

¥nNdIns 40 SWHO4

“a°N

S§01°a°V

000SY
06971
009X

0E6YT
0ZEET
122141

099ST
09081
0L9YT

0vssl
0L9?Y
09€9T

06PST
oLyyl
0ETYT

0LTST
009€T
08¢€eX

0sest
orLrt
0ESHT

0€SST
orLyl
oLyl

0T6PT

oSz
ogzzl

0T1ST
0ELET
00%€X

04981
06671
095%1

0LSST
06891
0TSt

nLe

MONM HNM M NM (o ks Kol ~eN™m ~eoN™m ™ ~N™m -t N ™M —oN™m M N ™m

SISXTVNY
40 W¥0l2

PU¥ 'Nig TeIVMIIID 'eIVEIXOIJ-—"fy OIGeL

s610L1a

y6toLta

€6T0LTa

T6TOLTa

1610L10

osl0L1a

6870L10

gstoLIa

L810LTG

9sToLTa

§STI0L1IA

psTOLTa
ATdNVS



140

9*
g*

c*

o°y
€€
Tt
dnd1ns

6°LT.
891
9°LT
8°9
v°s

N3DXX0

1
NIOOULIN

1°9L
9°TL
8°09
1 2K4:]
§°L9
2°99
NO€YYD

9°y
NIOOHAXH

~O

1°81
L Lt

HSY

9°79
8°8S
6°6¥%
9°LS
T°LY
{21 4
O aaxrid

voLe
T°6¢E
6°6C
vozy
L°ye
0°ve
"HIW*T0A

- €

- T

1°6T T Z99rL1a
- €

- 14

6°1 T 9610L1G
JANLSIOW SISXINNY ITdWYS

40 R304

SISATYNY JIVHWILIN

panuI3uo)-~RTUfS1]A 3694 WO1J 8a[dUE¥s [¥OD §] jJO INJINB-JO-BWIOJ puv 'nig "@ILWII[N

SISXATYNY JLVYWIXO¥d

YeIsarRoId— gy P1q%L




141

(3 80°

Ly 80°

or: Lo
“a@'N ‘a°'N
JINVOHO OILI¥Xd

e ————————————reeere e ——————

dN4d10S 40 SWH04

PONUTIVO)—TFTUTBITA IPON WO3J SO[GNES [¥O0D §{ JO ANJINE~JO-SEl0J pu® 'nIg 'eIvmFI(n

00°
00°
00"

"Q°N

arLvdns

‘a’N

$S0T°A°V

[1124¢
00LTT
0vee6

0zZert
0zzIY
06611

z99rLta

~NONMm M N™m

96T0LTQ

nig SISXTVUNY 3TANYS
40 Ru04

[EL e TEF LAl PR A C LY



L after a value means less than the value

S after the element title means that the values listed were determined by semiquantitative

Table #C .~-Major and minor oxide and trace-element composition of the laboratory ash of 49 coal samples from West Virginia

The coals were ashed at 525°C.

[Values are in either percent or parts per million.

shown and N means not detected,

The spectrographic results are to be identified with geometric brackets whose boundaries are 1.2,

0.83, 0.56, 0.38, 0.26, 0.18, 0.12, etc., but are reported arbitrarily as mid-points of those brackets, 1.0, 0.7, 0.5, 0.3,

spectrographic analysis.

The precision of the spectrographic data 1s approximately one bracket at 68-percent, or two brackets

at 95-percent confidence]

0.2, 0.15, 0.1, etc.
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Table //C .~-Major and minor oxide and trace-element composition of the laboratory ash of 49 coal samples from West Vicrginia~--

Continued
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Table /C.-~Major and minor oxide and trace-element composition of the laboratory ash of 49 coal samples from West Virginia--

Continued
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Table //D.--Content of seven trace elements in 49 coal samples from West Virginia

L after a value

All values are in parts per million.

[Analyses on air-dried (32°C) coal.

means less than the value shown]
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Table /D .--Content of seven trace elements in 49 coal samples from West Virginia--Continued
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, reported on whole-coal bas

irginia

d trace-element composition of 49 coal samples from West V

minor, an

Table ME.--Major,

si, Al, Ca, Mg, Na, K, Fe, Mn, Ti, P, Cl, Cd, Cu, Li, Pb, and Zn values were

[Values are in either percent or parts per million.

As, F, Hg, Sb, Se, Th, and U values are from direct determinations on air-dried (32°C) coal.

calculated from analysis of ash.

L after a value means less than the value

The remaining analyses were calculated from spectrographic determinations on ash.

shown and N means not detected]
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es from West Virginia, reported on whole-coal basig--

Table //£,--Major, minor, and trace-element composition of 49 coal sampl

Continued
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Continued

Table /£ ,--Major, ninot, and trace-element composition of 49 coal samples from West Virginia, reported on whole-coal basis--
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Table //€ .~~Major, minor, and trace-element composition of 49 coal samples from West Virginia, reported on whole-coal basig—~

Continued
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Table /€ ,~-Major, minor, and trace-element composition of 49 coal samples from West Virginia, reported on whole-coal basis--

Continued
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Continued

Table /£.--Major, minor, and trace-element composition of 49 coal samples from West Virginia, reported on whole-coal basis=~
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FE203 % MNO TIO02 %

L after-a value means less than the value
K20 %

S after the element title means that the values listed were

The s

the spectrographic data is approximately

pectrographic results are to be identified with geometric
NA20 %

The precision of

.18, 0.12, etc., but are reported arbitrarily as mid-points
or two brackets at 95-percent confidence]

The coals were ashed at 525°C.
MGO %

shown, N means not detected, and B means not determined.
CAO 2%

.2, 0.83, 0.56, 0.38, 0.26, 0.
AL203 2

.0, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, etc.
S102 %

one bracket at 68-percent,
b4

ASH

Table /2C .-~Major and minor oxide and trace-element composition of the laboratory ash of 45 coal samples from Virginia

determined by semiquantitative spectrographic analysis.

brackets whose boundaries are 1

[Values are in either percent or parts per million.
of those brackets, 1
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Table 12¢,—~Major and minor oxide and trace-element composition of the laboratory ash of 45 coal samples from Virginia--Continued

$03 2 cL % CD PPM CU PPM LI PPM PB PPM ZN PPM AG PPM-§ B PPM-§

P205 %
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Table |2c.~~Major and minor oxide and trace-element composition of the laboratory ash of 45 coal samples from Virginia--Continued
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Table /2C.~-Major and minor qxide and trace-element composition of the laboratory ash of 45 coal samples from Virginia-—Continued
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Table 22 .--Content of seven trace elements in 45 coal samples from Virginia

L after a value

[Analyses on air-dried (32°C) coal.

All values are in parts per million.

means less than the value shown}
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Table 12D,.--Content of seven trace elements in 45 coal samples from Virginia--Continued
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Table /2E.--Major, minor, and trace-element composition of 45 coal samples from Virginia, reported on whole-coal basis

si, Al, Ca, Mg, Na, K, Fe, Mn, Ti, P, Cl, Cd, Cu, Li, Pb, and Zn values were

{Values are in either percent or parts per million.

As, F, Hg, 5b, Se, Th, and U values are from direct determinations on air-dried (32°C) coal.

calculated from analysis of ash.

L after a value means less than the value

The remaining analyses were calculated from spectrographic determinations on ash.

shovn, N means not detected, and B means not determined]
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Table /2£,--Major, minor, and trace-element composition of 45 coal samples from Virginia, reported on whole-coal basis--Continued
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race~element composition of A5 coal samples from Virginia, reported on whole-coal basis-~Continued

Table /2f ,~-Major, minor, and t
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osition of 45 coal samples from Virginia, reported on whole-coal basis--Continued
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Table (2 ,~~Major, minor, and trace-element composition of 45 coal samples from Virginia, repotrted on whole-coal basis=-~Continued
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Table 126 .--Major, minor, and trace-element composition of 45 coal samples from Virginia, reported on whole-coal basis--Continued
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