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ABSTRACT

Analytical data are given for 67 chemical elements and related parameters
and 8 mineralogical components in 102 newly collected samples of coal from
the Springfield and Herrin Coals, the two principal coal seams mined
throughout the Illinois Basin Coal Field. (This field extends from
Illinois into southwestern Indiana and western Kentucky.) These data were
combined with equivalent data for 128 other samples studied previously
(Gluskoter et al., 1977, Rao and Gluskoter, 1973, and Ward, 1977) to
evaluate the statistical variation and areal distribution of impurities

of potential environmmental concern. The two seams studied account for
more than 90 percent of the coal produced in the Illinois Basin Coal Field
and about 75 percent of the identified coal reserves in this coal field.
The samples analyzed represent the coal as it occurs in the ground,
exclusive of major shale interbeds and large mineral nodules encountered
in the seam at collection sites.

The sulfur content of these two seams is generally too high to meet current
environmental requirements. Analytical data on sulfur and the other elements
of greatest and moderate potential envirommental concern and their regional
distribution are summarized in this report.

Two samples from each seam were subjected to washability tests, which
involve float-sink separations of the samples into various specific
gravities in the range of less than 1.3 to greater than 1.6. Analyses of
these fractions combined with similar data for two other samples from the
Herrin provide elemental compositions corresponding to that of washed coal,
such as 80 percent recovery of coal material. This recovery is believed to
approximate the coal product from many existing coal preparation (washing)
plants. These results make it possible to estimate the average expected
elemental composition of washed coal products for all of the samples
studied. The expected values for the elements of concern are given in
table i.

None of the elements except sulfur is thought to be present in sufficient

quantities in washed coals to cause environmental problems associated with
combustion; however, trace element analyses of waste materials from prep-

aration plants processing coals from the Springfield and Herrin Coals need
to be made.

Maps included in this report show areal distributions of the concentrations
of sodium, chlorine, and other deleterious elements in the two coal seams.



TABLE i. Summary: Concentration of chemical elements and mineral matter of environmental concern in samples of the Herrin (H)
and Springfield (S) Coals and trends in the regional distribution of these constituents.

Whole-coal samples Estimated
average
Common for washed Regional distribution within
Units  Mean range Maximum coals the Illinois Basin Coal Field
CHEMICAL ELEMENTS
*Arsenic pPpm 11 2-20 61 4 H: 26 clustered in NW and SO Ill.
: S: >10 mostly along Galatia channel
Beryllium pPpm 1.5 1.1-1.9 3.9 1.4 H & S: no apparent trends
*Boron ppm 118 40-200 225 113 H: somewhat higher values in W Ill.
S: somewhat lower values along the
Galatia channel
*Cadmium ppm 1.5 <5. 65 <1.5 H: >5(?) clustered in NW and SE IlL
S: >5(?) clustered in NW and SEI1L
Chromium ppm 18 14-22 60 15 H & S: no apparent trends
Copper PpPm 12.5 7-17 67 9 H: higher wvalues in NW Il1.
S: no apparent trend
Fluorine 68 10-125 262 50 H & S: no apparent trends
*Lead PPm 28 11-45 206 17 H: >50 mostly in NW, EC and SE I11l.
S: >30 mostly in SE TI11.
*Mercury ppm 0.16 0.1-0.2 0.71 0.13 H: >0.2 mostly in NW I11.
S: >0.3 (few), -scattered
*Molybdenum ppm 9.2 6-12 29 5 H & S: no apparent trends
Nickel ppm 18 14-22 46 17 H: higher values in NW Ill.
S: no apparent trends
*Selenium ppm 2.4 2-3 8.5 2 H & S: no apparent trends
Silver ppm 0.06 0.04-0.08 0.18 0.04 dinsufficient data
*Sulfur % 3.5 2.8-4.2 8.4 2.6 H: lower values in certain areas

near Walshville channel
S: lower values in certain areas
near Galatia channel

Thallium ppm 1.0 0.3-2.2 7.2 0.5 H & S: no apparent trends

Thorium ppm 2.2 1.7-2.7 7.6 1.7 H: >3 scattered
S: >2 scattered

Uranium ppm 1.5 0.5-2.9 9.3 1.5 H & S: no apparent trends

MINERAL MATTER

Calcite % 1.3 0.8-1.8 5.2 - H & S: no apparent trends
(CaCo03)

Clays % 8.5 7.2-9.8 19.1 - H & S: no apparent trends
(Al-Silicates)

Pyrite % 3.4 2.4-4.4 11.6 - H & S: same as sulfur above
(FeSy) ‘

Quartz A 2.3 1.8-2.8 5.4 - H & S: no apparent trends
(8103)

Ash (750°) % 12.1 9-15 22.9 - H: lower values in areas near

Walshville channel and in KY
S: lower values in certain areas
near Galatia channel and in KY

LTA % 15.5 12-19 28.1 - H & S: same as Ash above

tH=Herrin Coal; S=Springfield Coal; NW=northwestern; EC=east central; SE=southeastern;
SO=southern; W=western. .

*Elements of greatest potential environmental concern; all other chemical elements listed
are of moderate potential concern (U.S. National Committee for Geochemistry, 1980).
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. INTRODUCTION

ISSUES

In recent years coal has provided about 20 percent of the energy consumed
in the United States (DOE, 1981). About 50 percent of all the electric
power consumed in the country is generated by combustion of coal (NERC,
1980) —this usage accounted for 72 percent of the coal produced in 1979
(DOE, 1980). 1In 1980, 830 million tons of coal was produced in the
country (National Coal Association); thus, about 600 million tons was
used to generate the electricity consumed in 1980.

Sulfur is the element of major environmental concern in coal, primarily
because of its adverse effects on air quality. Other gaseous compounds of
concern are the oxides of carbon and nitrogen released into the air during
combustion of coal. These and other. elements of concern are indicated on
the periodic table of elements (fig. I-1), as adapted from the report of
the National Research Council Panel omn Trace Element Geochemistry of Coal
Resource Development Related to Health (U.S. National Committee for
Geochemistry, 1980).

In addition to the gaseous elements, the NRCP report lists trace elements
of varying degrees of concern, depending on a wide range of conditionms.
Trace elements considered of greatest concern are arsenic, boron, cadmium,
lead, mercury, molybdenum, and selenium. These elements occur in coal,
and in residues from coal cleaning and combustion, in amounts generally
greater than their average amount in the earth’'s crust. Arsenic, cadmium,
mercury, and lead are thought to be highly toxic to most biological systems.
If coal-derived fly ash were disposed of on crop soils, molybdenum and
selenium might find their way to forage crops, making the crop unsafe for
animal consumption. Boron contamination is only a remote possibility,

but might lead to some poisoning of plants.

Elements of moderate concern to the Panel included chromium, copper,
fluorine, nickel, vanadium, and zinc. These elements are potentially toxic
and occur in slightly enriched concentrations in some residues produced

" during coal combustion. Elements classified as of minor concern include
barium, strontium, sodium, manganese, cobalt, antimony, lithium, chlorine,
and bromine. These elements frequently occur in fly ash in concentrations
greater than in the average crustal rock material. Specific adverse

impact of these elements is considered remote.

Although tin, beryllium, thallium, silver, and tellurium have some adverse
effects upon health, these elements usually have negligible concentrations
in coal.

The radioactive elements (uranium and thorium and their daughters) are
found in coal in amounts comparable to those found elsewhere in nature.
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Figure I-1. Elements determined for this study and those identified to be of some potential environmental concern—including elements of minor concern but with negligible concen-

trations in coal and coal residues (U.S. National Committee for Geochemistry, 1980).



The Panel considered their effects on health to be negligible; however,
at the time of the Panel’'s study, little information was available on
these elements.

In addition to health considerations, trace and minor elements in coal can
cause a range of technical problems associated with the utilization of coal.
Sodium and chlorine are known to be corrosive in combustion processes.
Sodium and vanadium may poison the catalysts used for coal liquefaction
(Alpert and Wolk, 1981); calcium is thought to be somewhat beneficial
because it partly catalyzes the combustion processes (Essenhigh, 1981).

It is thus imperative to analyze chemical and mineral impurities and their
variability in coals so that these properties can be accurately evaluated.

OBJECTIVES

The primary objective of our study was to compile a data base on the
characteristics and distribution of elements of envirommental concern in
the two principal coal seams throughout the Illinois Basin Coal Field.
Because of the expected association of many of these elements with

mineral matter in the coals, another major objective was to investigate the
mineralogical composition of the coals, and evaluate the results in terms
of the elemental composition.

Other study objectives were: (1) to determine local and regional variations
of chemical and mineral components in the two most important commercial
gseams in the Illinois Basin; (2) to assess the abundance and variation of
the trace elements of envirommental concern; and (3) to investigate the ,
spatial distribution of the trace elements and mineral components throughout
the coals in order to facilitate prediction of the properties of the two
coals in unexplored areas >f the basin. ‘

SCOPE

This project is a continuation of a major research effort to characterize
the mineral and chemical constituents in Illinois coals, initiated some 18
years ago at the Illinois State Geological Survey (ISGS). The previous
work culminated in a report by Gluskoter et al. (1977): 1ISGS Circular 499
(C 499); in this report, analytical data were given for 172 samples,
including 128 samples collected from the two coal seams under investigation
in the present study. Analytical data are presented here for 102 new
samples. Thirty five of these samples were collected from mines and drill
cores in the Springfield Coal, and 67 from mines and drill cores in the
Herrin Coal. The statistical and geological evaluations of the chemical
and mineral compositions are based on the data from this report identified
as MMC-80 and on the data in C 499. Analytical determinations reported
here include 76 chemical and mineralogical properties of each of the samples
collected for this project. Many of the C 499 samples had also been
previously analyzed for their mineral matter contents; some of these data
were reported by Rao and Gluskoter (1973) and others by Ward (1977). 1In
these reports the areal distribution of the mineral compositions were
reported in terms of the percentage of the ash fraction. We have compiled
those data together with our new data and converted them to a more useful
basis--percentage of the whole coal. The trace element data on C 499
samples are included in the statistical treatments only.



Additional trace element and mineralogical data on the Springfield and
Herrin Coals are available at the Institute for Mining and Minerals
Research, and at the Kentucy and Indiana Geological Surveys.

The abbreviations used throughout this report are listed in table I-1, the
chemical elements and their symbols in figure I-1. Elements analyzed for
this study also are indicated on this figure.

TABLE I-1. Abbreviations used in text and tables.

Bi
Btu
CFC

DC
DL
EDX

FC

FIXC
FS

INAA
ISE

LTA

MOIS

SUS
TOS
Hm
VoL
v

W
We
X
XRF

#

angstrom unit of length

atomic absorption method of analytical chemistry
purpose code for bench set

bench sample, ith bench (layer) of seam; top bench i =1
British thermal unit of energy

composite sample of 2 or more channels of an impure* seam (FC) from the

same mine; the sample excludes the thick mineral layers

drill core sample

detection limit for the indicated element

energy dispersive x-ray method of analysis

float sample of the indicated gravity

channel (face) of an impure* seam, the sample excludes the thick (>3/8") mineral
layers

fixed carbon (C) in the indicated sample

float—sink sample: the float of the indicated gravity and the sink of the
gravity indicated for the preceeding sample

instrumental neutron activation analysis (amalytical method)

ion selective electrode method of analysis

local area purpose (or use) code for the indicated sample. followed by the
numerical designation of the particular local area

low temperature asher or residue from the asher
mesh designation (Tyler) of particle size, or mineral purpose code

moisture, as received
optical emission method of analysis
organic sulfur, a variety of sulfur (S) in coal

channel sample of a pure* seam

parts per billion (109)

parts per million

pytitic sulfur, a variety of sulfur (S) in coal
regional purpose (or use) code

run of mine sample

radiochemical neutron activation method of analysis

sink sample of the indicated gravity; or size fraction purpose code
standard deviation

special sample of vitrain or of a mineral

sulfate sulfur, a variety of sulfur (8) in coal

total sulfur

a millionth (10™6) of a meter
volatile matter content in the indicated sample
purpose code for hand picked vitrain samples

washed sample of sample set for which washability (float-sink) tests were made
whole—-coal sample types; include FC, CFC, PC, CPC, DC, or RM

arithmetic mean or average

x~ray fluorescence method of analysis

number or pounds

*pure and impure seam or bench refers to the absence or presence of layers of mineral
matter that are thicker than 3/8 inch that occur in some places within coal seams.



IIl. MINERALS AND CHEMICALS IN ILLINOIS COAL

MINERALS AND THEIR CHEMICAL COMPOSITION

Coal consists mostly of organic matter that burns, but it also contains a
variety of inorganic impurities (mineral matter) that form ash during
combustion of the coal. The mineral matter comprises a large variety of
distinct mineral phases and elements. Most of the trace and minor elements
in coals occur within the structure or on the external surfaces of the
mineral grains. However, some trace elements are associated with the
organic matter, chemically bound within C-H-O-N structures of the organic
macerals (see table II-2) or chemically adsorbed to their internal '
and external surfaces. Some of these elements were part of the original
plant materials retained during the coalification process; others were
added later by a variety of other geological processes.

It is important to distinguish between the two modes of occurrence of
trace elements because of the critical role each type plays in terms of
environmental and engineering processes.

The minerals occurring in Illinois coals and their chemical compositions
are listed in table II-1. Each mineral listed can, and probably often
does, contain some trace elements substituted for the main cations cited
in the table.

Mineral matter in coals can be classified on the basis of the physical
occurrences of the minerals within the coal and coal seam. Discrete
mineral grains occur in coals in one of five modes of occurrences:
disseminated (tiny granular inclusions within macerals); layers (or

partings and lenses in which fine-grained minerals are concentrated in
layers of variable thickness); nodules (including concretions); fissures
(joint or fracture fillings, especially in cleat-type joints); and rock
fragments (megascopic masses of rock occurring in place of coal because

of faulting, slumping, or related features). The main occurrences of the
minerals in Illinois coals are indicated in Table II-1l. The mode of the
occurrence of the minerals affects mining operations and coal preparation.
Thick layers and abundant nodules or rock fragments hamper mining.
Disseminated minerals and the thinner (microscopic) layers are inefficiently
removed from run-of-mine coal by existing coal preparation methods; however,
minerals occurring in other modes are efficiently removed because of the
greater density of minerals and rock fragments in comparison to that of

the organic matter. Future developments in the fine grinding and cleaning
of fine coal will undoubtedly facilitate removal of disseminated and
microlayered mineral matter. These types of mineral matter are chiefly
mixtures of clay minerals, quartz, pyrite and traces of accessory

minerals (table II-1). Except for disseminated pyrite (mainly framboidal),
the disseminated minerals may be derived from the inorganic matter inherited
from the original plant materials (Sprunk and O'Donmnell, 1942; Cecil et

al.,, 1979).



TABLE [I-1. Minerals occurring in Illinois coals, their stochiometric composition, and their modes of occurrence in the coals.

Main physical Relative

Mineral Composition Occurrences¥® Abundance
SILICATES
Clay minerals ‘
illite KA1, (A1Si43045 ) (OH)» D,L,N common
kaolinite Al1,S1,01y (OH) F,L,N,D(?) common
mixed-layer Al,81,079 (OH)» XH,0 L,D(?) common
(illite smectite = with adsorbed cations and variable water content)
chlorite Mg5A1 (A1Si3079) (OH) g L rare
Quartz 510» D,L,N common
Feldspar group K(Na)AlSi30g L,D(?) rare
Zircon ZrSi0y, L,D(?) very rare
SULFIDES
Pyrite FeS, (isometric) D,F,N common
Marcasite FeS, (orthorhombic) D(?) rare
Sphalerite ZnS F rare
CARBONATES
Calcite CaCO3 F,N common
Dolomite (ankerite) Ca(Mg,Fe) (CO3) o N rare
Siderite FeCOj3 N rare
SULFATES
Barite BaS0y F rare
Anhydrite CasSOy F rare
Gypsum CaS0, - 2H,0 F rare
Rozenite FeS0,,°4H,0 0 rare
Melanterite FeS0, - 7H,0 (0] rare
Coquimbite Fe, (S0y4) 3 9H,0 0 rare
Jarosite (Na,K)Fe3(50,),(0H) ¢ 0 rare
OTHERS
Hematite Fe,03 D,L,N rare
Rutile TiO, D,L(?) rare
Apatite Cas5(P0Oy)3(F,C1,0H) D,L,N rare

*D = disseminated; L - layered (in partings); N = nodules; F = fissures (cleat);
0 = Oxidation product of pyrite. Each mineral may also occur in rock fragments
within coals. See text for details.

ORGANIC MATTER

Rank of coals tested

Rank is a measure of the degree of metamorphism the coal has undergone
during its formation within the earth's crust. Metamorphism causes
compositional changes, primarily in response to increased temperature
and pressure that accompany increased depth of burial in the crust.

Several chemical and physical properties of the organic matter are
progressively altered in response to metamorphism: moisture, carbon,

and, in part, heating (Btu) values. Illinois Basin coals are high volatile
bituminous in rank, subclassified as high volatile A, B, and C as

defined by their heating wvalue (ASTM, 1980).

8



Coal type and maceral constituents of organic matter

The physical constituents comprising the organic matter are classified
as megascopic (observable by eye) or as microscopic (observable with the
aid of a microscope). The terms used for these two systems of classifi-
cation are outlined in table II-2.

Megascopically, each of the channel samples tested for this study
consisted of mixtures of at least three different coal types (table II-2)
interlayered on a scale of 1/8 inch or so. Rarely do layers of vitrain,
fusain, and dull coal exceed 3/8 inch in Illinois coals. The dominant
type of coal in the samples studied is referred to as bright-banded coal.

Microscopically, the organic matter in coals is classified as one of
several macerals; the classification of macerals used for this study is
shown at the bottom of table IT-2. A discussion of the maceral comnstit-
uents of the samples studied is beyond the scope of this study, but it is
important to add that the two coal seams studied are characterized as high
vitrinite (generally 80 to 85% by volume), low liptinite (ca. 5 to 8% by
volume), and intermediate inertinite (ca. 8 to 10% by volume). These
figures were calculated on a mineral-free basis.

TABLE II-2. Megascopic and microscopic constituents of organic matter in Illinois coals.

Megascopic classification of Illinois coals
(adapted from ASTM—D2797, 1980) (Minimum thickness of layer for separate
description is 3/8 inch)

Coal type Description

vitrain splendent layers (the brightest)
bright banded coal bright and thinly banded layers
dull banded coal relatively dull layers

fusain charcoal-like and dusty layers
canneloid coal nonbanded, dense, greasy layers

Microscopic classification of macerals for Illinois coals
(adapted from ASTM—D2797, 1980 and Teichmiiller, 1975)

Group maceral: Vitrinite Liptinite Inertinites

Maceral: Vitrinite Sporinite Fusinite
Cutinite Semifusinite
Resinite Macrinite (>10um)
Alginite* Micrinite (<10um)

Fluorinite®* Sclerotinite
Bituminite %

*Trace constituent in some Illinois coals






I1l. PROCEDURES

SAMPLE TYPES AND PREPARATION

Samples for this study include channel and block materials taken from mines
and drill cores (fig. III-1). Block samples consist of 1- to 5-inch blocks
taken from particular layers in the coal seam that have a unique lithologic
aspect. Only a few such samples were taken for microscopic study. Channel
samples were obtained by cutting a channel of coal material from the top to
the bottom of the coal seam normal to its bedding. Channel samples are
representative of the whole coal, exclusive of major mineral partings

(>3/8 in. [1 em.]) if present within the seam at the sample site. Bench
samples are taken as a channel but the several layers or benches of the
seam are taken separately. The various types of samples tested for this
project are outlined in table III-1. These designations conform to the
sampling and sample type codes described by Gluskoter et al. (1977). 1In
the present report we use the term whole coal to include all the sample
types that represent the entire coal at the sampling site (table III-1).

In this project a purpose code was established for the samples; this code
is also described in table III-1.

Preparations of the samples in the laboratory for analytical tests followed
the procedures given in figure III-1l. 5

TABLE III-1. Sample type and purpose codes.

Sample code Purpose code

I. WHOLE COAL SAMPLES

FC (or PC) channel variability in

CFC composite of 3~FC samples regional (R)

DC drill core and

RM run of mine from operations in a single local (L)
seam mine areas

IT. BENCH SAMPLES

Bl subdivions of whole coal (bench set) variability

B2 within the (B)
+ coal (seam)

Bi

ITI. WASHED COALS
density fraction of the whole coal sample washability and (W)
organic affinity

IV. SIZED COALS
particle size fraction of the whole coal variability of

sample particle size (s)

V. SPECIAL SAMPLES

SP (hand picked) impurities in:
vitrain W)
minerals ™)

VI. BLOCK SAMPLES . microscopic studies

11



12

COAL SAMPLE
{CHANNEL)

COAL SAMPLE
(BLOCK SPECIMEN)

Pulverization
Screen and riffling Screen

3/8 in. x
28 mesh

Density
fractionation

~60 mesh
Mount {epoxy)

and polish

1

Low-temperature

ashing
ASTM Minor and Particle
coal trace element size Bulk
analyses analyses separation split

Mineral and

microscopic analyses

FIGURE IiI-1. Sample preparations used for coal analyses.

ANALYTICAL METHODS

l

|

Chemical Mineralogical
ASTM procedures Minor and X-ray diffraction (powder),
“V/lolisl'-;fe ;(-:1 trace elements optical microscopy,
olatile matter SE d EDX

Fixed C N M an

Ash (o}

Pyritic S S

Organic S Cl

Sulfate S Btu

Checked
Method Data reported for accuracy
Atomic absorption {AA) Cd, Cu, Li, Ni, Pb, Zn Fe, Sr
As, Br, Ce, Co, Cr, Cs, Dy, Eu, Ga, Ag, Ba, Fe,
'"s"a“c'“ﬁiZi?in" er]\:lzrs\.s (INAA) gf' é '"S- La-TLU+2/|rgr-hN3 F\‘I&Lgﬁ, 'S(r’ '\;z Ni,
c, Se, Sm, Ta, Tb, Th, U, W, i

X-ray fluorescence (XRF) Al, Ca, Fe, K, Mg, P, Si, Ti S
Energy dispersive X-ray (EDX) Ba, Sr, Zr
Optical emission (OE) Ag, B, Be, Ge, Mo, Ti, V Zr
lon selective electrode (ISE} F
Radiochemical neutron Hg

activation analysis (RNAA)

FIGURE II-2.

Methods used for analyses of coal samples.




CHEMICAL METHODS AND PRECISION

Methods used for the analyses are outlined in figure III-2; detection
limits and relative precision of the analytical values are given in table
I11-2.

Standard coal determinations

Methods and procedures used for the standard analyses of coal were those
described in the standard test methods of the American Society for Testing
and Materials (ASTM) Committee D-5 on Coal and Coke (ASTM, 1980) or the
International Standards Organization (ISO) Technical Committee 27, Solid
Mineral Fuels. The standard number and a brief outline of the procedure
used for this study are given in appendix A.

Minor and trace element determinations

Methods used for analyses of coal samples in this study are indicated in
figure II-2 and described in detail in appendix A. Each method provides
the highest accuracy and reliability for the determination of the elements
listed as "data reported.”" Because of the wide range of methods
available, several elements could be determined by two different methods,
as noted in figure III-2; this provided a valuable check on the accuracy
of the reported values.

TABLE III-2. Detection limits (DL)* and average relative standard deviation (SD)* of the five analytical methods used.

INAA AA XRF EDX OF INAA AR XRF EDX OE
DL #SD DL #SD DL  #SD DL 25D DL #SD DL =SD DL SD DL =S DL #SP DL  #SD
Element  (ppm) (%) (ppm) (3) (%) (%)  (ppm) (%) (ppm) (%) | Element  (ppm) (%) (ppm) (%) (%) (%)  (ppm) (%) (ppm) (%)

Ag 0.3 30 0.24 6.2 Mn 0.1 5

Al 0.1 3.1 Mo 5. 30 20. 6.2

As 0.1 10 Na 1.0 5

B 1. 6.9 Ni 10. 30 3.5 7

Ba 30. 20 5. 20 p 0.01 25

Be 0.45 7.5 Pb 15. 15

Br 0.1 10 Rb 5. 20

Ca 0.05 1.6 S (ASTM methods for reported data: DL = 0.1%, SD =10%)

cd 1.5 10 Sh 0.1 10

Ce 1.0 15 Sc 0.01 10

cl 20. 15 (ASTM method: DL = .05 %, SD =10 %) g? o1 15 0.1 2.0

Co 0.01 5 Sm 0.01 5 :

er 0.5 10 sr 0. 20 5. 5 5. 20

Cs 0.05 15 =y 00 1o

Cu 2.5 6 :

o oo AN

Eu 0.01 5 . ) B . Ti 0.01 3.2

F Method by ion selective electrode: DL = 1. ppm, SD = 5% m 1.0 10.2

Fe 50. 10 5. 5 0.0 1.9 U 0.1 20 :

Ga 0.2 15 :

Ge 75 17.3) Y. 3.0 9.3
W 0.2 30

Hf 0.1 20 , Vb 065 30

Hg Method by RNAA: DL = 0.005 ppm, SD = 20% M 5 20 20 5

1 0.2 20 . :

In 0.605 20 r 5. 20 10. 10.3

K 10. 10 0.01 4.5

La 0.1 5

Li 5.5 12

Lu 0.05 15

Mg 0.1 4.4

* SD values apply to results in this report on whole coal basis. DL values for elements analyzed by AA, XRF, EDX, and OE methods

are based on element concentration in ash fraction.
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The raw coal sample was tested to obtain the analytical values by
instrumental neutron activation analysis (INAA), ion selective electrode
(ISE), and by radiochemical neutron activation analysis (RNAA) methods;
the high temperature (500°C) ash was tested by atomic absorption (AA),
x-ray fluorescence (XRF), energy dispersive x-ray (EDX) and optical emis-
sion (OE) methods. All analytical values reported herein are reported on
the moisture-free whole coal basis,

Analytical significance of minor and trace element results

During the course of this and other investigations at ISGS, data have been
compiled for several hundred coal and coal-related materials. Two or more
analytical techniques were often used for the determination of an element.

Comparison of results from different analytical techniques is useful to
identify errors that might have occurred in the processing of large amounts
of data. For example, if results for a single element determined by two
independent techniques were in large disagreement, that particular element
would be redetermined; however, if only one method was available, the
errors might go unnoticed. In many cases, the choice of the better method
of analysis was easily made; in other cases in which the choice was

unclear several years ago, the recommended values reported were the
average of results by two or more methods (Gluskoter et al., 1977).

The criteria used to make these decisions were based on a method's
demonstrated precision and accuracy relative to available reference
standards and the frequency of erroneous or biased results. Examples of
the results of comparisons of methods are shown in figures III-3a-f.

The comparison is shown graphically in scatter plots that include the
calculated regression line and correlation coefficient. Comparison of
analytical results is especially important in this study, in which regional
trends are being evaluated and results have been collected over a number

of years.

Figure III-3a compares results obtained by x-ray fluorescence spectroscopy
(XRF) with those obtained by instrumental neutron activation analysis
(INAA) for potassium in 70 whole coals. The results generally fall near
the X = Y line and the coefficient of the regression (0.93) is good.

Figure III-3b compares XRF and INAA results for the determination of iron
in 68 whole coals. The results show more scatter than that observed for
potassium in figure III-3a. The correlation coefficient of the regression
line is also lower (0.87), and the INAA results are systematically higher
relative to the XRF data. The scatter becomes significant at iron concen-
trations greater than 2 percent; this indicates that sample homogeneity
could be a problem, or that a systematic error exists between the methods.

In figure III-3c, INAA results for the determination of selenium in 25
whole coals are compared with those obtained by neutron activation with
a radiochemical separation (RNAA) procedure. The results between the two
methods is in most cases within *25 percent, which indicates good
agreement.

Nickel results, determined by INAA and by atomic absorption spectroscopy
(AA), are compared in figure III-3d. 1In this case, the scatter is probably -
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due to rather poor counting statistics, which resulted in imprecise INAA
results.

Determinations of strontium in 55 coal samples, by INAA and by optical
emission spectroscopy (OED), are compared in figure IITI-3e. This figure
shows a high degree of scatter. In this study, strontium results
obtained by AA and XES were consistent with INAA results; correlation
coefficients of 0.98 and 0.97, respectively, were obtained.

Figure III-3f shows results for barium determined by INAA and by energy-
dispersive x-ray fluorescence spectroscopy (EDX). The agreement of the
data on the 39 whole coals is within *25 percent for 30 of the 39 plotted
values. A factor that might have affected these results is the presence
in the coal samples of discrete particles of the mineral barite (BaSO;);
these may not be completely homogenized by grinding.

A means of determining the accuracy and precision of the results of coal
analysis is to perform repeated analyses of standard reference materials
during the course of an investigation. Replicated INAA results for the
standard reference material NBS 1632 obtained from the National Bureau of
Standards (NBS) were published in Gluskoter et al. (1977) and Ruch et al.
(1979). These data were generally consistent with the NBS certified
values and results from Ondov et al. (1975). However, NBS 1632 has not
been available for some time.

Table III-3 compares our results of NBS 1632A with those reported by
Germani et al. (1980) and with the certified values. The results are
generally quite similar; however, values for Cl, I, Na, and W, obtained by
the INAA method, are not as precise (higher standard deviation) in this
study as are those in Germani et al. (1980). In addition, results

in this study for Mg, Ni, Pb, and S are not in as good agreement as
desired with those listed from the literature. However, S values reported
for the samples in this study were obtained by the ASTM method rather than
by XRF.

MINERALOGICAL METHODS AND PRECISION

The mineral matter was separated from the organic matter in the coal
samples by use of a low-temperature asher (LTA), which oxidizes and
vaporizes the organic matter and leaves a residue of minerals essentially
unaltered from their original state in the coal. The minerals in the
residue were quantitatively analyzed by x-ray diffraction methods for
their quartz, pyrite, calcite, and clay content. The clay content was
determined by difference, assuming the entire mineral assemblage consisted
of these four types. (This is quite a reasonable assumption given the
relative imprecision of the x-ray diffraction method.) However, the
presence of trace and minor amounts of other minerals detected in the
samples was noted. The determined amount of the quartz, calcite, and
pyrite is the average of three separate x-ray analyses of each sample.
The amount is based on the ratio of peak intensities of the mineral to
that of an internal standard (alumina). The results of the samples were
compared to calibrated mixtures of the individual minerals within a
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TABLE III-3. Results of analyses of standard reference material (coal) 1632 from National Bhreau of Standards (NBS) in this study,
and in Germani et al. (1980), and certified values for the NBS coal.

Element  Unit  This work  Method Germani nast Element  Unit  This work  Method Germani nas’
Ag ppm <0.3 INAA Mn ppm 29 £ 2 INAA 32«3 28 £ 2
Al % 2.95 + .04 XRF 2.94 + 13 (3.07) Mo ppm <5 INAA
As ppm 9.1+ 1.0 INAA 10.2 + .5 9.3+ 1 Na ppm 730 = 90 INAA 850 + 40
B ppm * OE 53 2 Ni ppm 16 + 1 AA 26 + 4 19.4 + 1
Ba ppm 132 EDX 122 + 1 P ppm 280 + 8 XRF
Be ppm * 0E Pb ppm 18 + 1 AA 15 + 4 12.4 +
Br ppm 40 + 8 INAA 41 + 4 Rb ppm 30 + 4 INAA 29 + 1 (31)
Ca % 0.23 + .01 XRF 0.23 + .02 N 9 1.2+ .04 XRF 1.59 + .02 (1.64)
Cd ppm <.3 AA 0.21 + .03 0.17 + .02 Sb ppm 0.7 + .1 INAA 0.60 + .09 (0.58)
Ce ppm 29+ 3 INAA 32+ 4 (30) Sc ppm 6.4 + .5 INAA 6.8 + .6 (6.3)
c1 ppm 720 + 100 INAA 790 + 20 Se ppm 3.0 + .4 INAA 2.6 £ .3 2.6 +
Co ppm 7.8 +.8 INAA 6.5+ .2 (6.8) Si % 5.92 + .01 XRF 5.8 .1
Cr ppm 37 £ 4 INAA 34+ 2 34.4 + 1.5 Sm ppm 2.7 + 1 INAA 2.10 + .07
Cs ppm 2.3+ .4 INAA 2.0+ .3 (2.4) Sr ppm 79 EDX 84 + 9
Cu ppm 14.7 £ .4 AA 16.5 £ 1.0 Ta ppm 0.35 + .05 INAA 0.40 + .03
Dy ppm 2.2 + .1 INAA 2.2 + .3 Tb ppm 0.34 + .05 INAA 0.36 + .12
Eu ppm 0.53 + .02 INAA 0.55 + .03 (0.54) Th ppm 4.7 + .5 INAA 4.8 + .2 4.5 % .,
F ppm 113+ 5 ISE Ti % 0.18 + .01 XRF L1671 + .004 (0.175)
Fe % 1.07 £ .03 XRF 1.16 + .03 1.11 = .02 T1 ppm * OE
Ga ppm 8.5+ .5 INAA 8.0 + .8 (8.5) U ppm 1.2+ .2 INAA 1.2 £ .1 1.28 + .
Ge ppm * OE ) ppm * Ot 44 + 3 . 44+
Hf ppm 1.6 £+ .2 INAA 1.55 + .08 (1.6) W ppm 0.8+ .2 INAA 0.6 + .02
Hg © ppm 0.17 + .05 RNAA 0.13 + .03 Yb ppm 1.1 £ .1 INAA 0.98 + .08
I ppm 1.6 £+ .4 INAA 1.8+ .2 In ppm 27 + 2 AA 31 £ 6 28 +
In ppb 41 + 7 INAA 36 + 4 Ir ppm 36 EDX 53+5
K % 0.37 £ .01 XRF 0.42 + .02
La ppm 16 = 1 INAA 18 = 2
Li ppm 37 + .4 AA
Lu ppm 0.21 + .05 INAA 0.18 + .03
Mg % 0.06 + .03 XRF 0.13 £ .03

*Va]ues bracketed are informative, others are certified.
*Not available, sample used for calibration.

matrix composed of clay varieties comparable to those found in Illinois
coals (Ward, 1977). The details of these procedures are given in appendix
B.

The precision of the determined values is indicated by the relative

standard deviations (SD) computed from the three separate runs on 45 samples:
yielding average SD of 7 percent for quartz, 16 percent for calcite, and 6
percent for pyrite. The distribution of the SD for these minerals is shown
in table IIT-4. These data indicate that results for pyrite are

the most precise, and results for calcite the least precise. This is
expected for calcite because of its perfect cleavage, which makes it most
difficult to prepare a truly random packing of powdered sample for the x-ray
analysis. An error of *5 to 7 percent in the determinations is recognized

TABLE III-4. Frequency distribution of the relative standard deviation (SD)* of mineral compositions in 45 samples.

L*A ‘ Frequency (%)
Relative 7%SD* Quartz Calcite Pyrite
<10 84 43 93
10-20 16 32 5
20-30 2
20-50 23
>50 2

* SD converted to a percentage of the main value.



as inherent in the method (Russell and Rimmer, 1979). The results of the
quantitative determinations of the minerals in the LTA residue were
converted to the whole coal basis according to the measured LTA value.

Despite the relative consistency of the pyrite values obtained by the
diffraction method, their comparison with values calculated from the
pyritic sulfur determined by chemical methods revealed undesirable scatter
of results. We therefore concluded that the most reliable and consistent
values for pyrite were obtained chemically, and for this reason only
chemical data for pyrite are referred to subsequently.

The varieties of clay minerals were determined by x-ray diffraction analyses
of clay separations (-2pum partic¢les) deposited under vacuum onto ceramic
slides. The procedures used are described in appendix 2.

The precision of the semiquantitative analyses of the varieties of clay
minerals in the samples is recognized to be relatively low. Reliability
of the analysis data depends very much upon the consistency of the sample
preparation. Although considerable effort was made to be consistent in
preparing the clay slides and to provide the same amount of clay, the
relatively small amount of clay available from several samples made it
difficult to obtain slides with the needed consistency of clay material.
Nevertheless, the results are useful guides to the relative changes in
the clay mineral compositions between the samples. In contrast to other
reported results in this study, those of the clay mineral analyses are
-reported as a percentage value of the clay fraction.
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IV. EXTENT OF COAL SEAMS AND SOURCE LOCATIONS OF SAMPLES

In Illinois the two coal seams studied are formally known as the Herrin

(No. 6) Coal Member and the Springfield (No. 5) Coal Member of the Carbon-
dale Formation—the middle formation of the seven that are included in the
Pennsylvanian System in Illinois. Both coals extend into Indiana and
Kentucky. The name Herrin is used in the entire tri-state area; this name
will be used throughout this report without reference to the numbers (No. 6
in Illinois and No. 11 in Kentucky). The name Springfield is used in Indiana
and Illinois, but in Kentucky this coal is known as the Number 9 Coal.
"In this report we will use hereafter the name Springfield for this coal in
all three states.

HERRIN COAL

The extent of the Herrin is shown in figure IV-1. In Indiana the Herrin is
quite thin or absent in many places, and in others its recognition is some-
what in doubt. The boundary line shown is where the coal would crop out if
it were present. This coal is of high commercial interest in the areas where
its thickness is greater than 28 inches (fig. IV-1).

The Walshville channel (fig. IV-1) marks the course of an ancient river that
flowed through the extensive Herrin peat swamp (Johnson, 1972; Smith and
Stall, 1975; and Palmer, Jacobson, and Trask, 1979). Within the channel area
the coal is absent and in adjacent areas the coal is commonly split by sand-
stone and shale partings; however, the coal usually attains its maximum thick-
ness on the far sides of these major partings. Near the end of the peat-
forming period the river overflowed its banks with relatively fresh waters

at several places along its course, depositing mud and silt over the peat.
These sediments formed thick deposits of nommarine types of shale and silt-
stone known as the Energy Shale. The coal that developed under the Energy
Shale, especially where the Energy is 20 feet or more thick, usually has a
relatively low sulfur content of 0.5 to 2.5 percent (Gluskoter and Simon,
1968; Gluskoter and Hopkins, 1970; Hopkins, Nance, and Treworgy, 1979). 1In
most other areas the Herrin underlies the Anna Shale, a black marine shale
that was deposited from a subsequent flooding of the region by marine waters.
The sulfur content of the underlying coal in these areas is usually greater
than 2.5 percent.

In Kentucky the large east-west indentations of the boundary line of the
Herrin are due to structural and erosional features along the Rough Creek
Fault System, which caused the coal to be absent in these areas. The large
"V'" configuration of the boundary of the coal along its northern border in
eastern Illinois is also a structural-erosional feature. The Herrin and
associated strata are covered by pebbly clay and other glacial deposits in
most of the northern and central areas of Illinois.
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FIGURE IV-1. Locations of samples from the Herrin Coal. Kentucky boundary of the coal is from Smith and Brant (1978),
Indiana boundary from Indiana Geological Survey (1971).



The separation of the coal deposits in the northwestern region from the main
deposits to the southeast is mostly due to erosion, but there is some uncer-
tainty as to whether or not the Herrin peat swamp extended from this north-
western area interruption into the more extensive swamp to the southeast.

The locations of samples collected from the Herrin and analyzed for this proj-
ect are shown as squares in figure IV-1. The source locations of samples
reported in Circular 499 (Gluskoter et al., 1977) also are shown. The sample
numbers, types, the mine index of the source (if a mine in Illinois), and
the purpose code of the samples are given in table IV-1. The samples for
this project (MMC-80) are listed in the table after those of Circular 499.

Geologic setting of the bench set study area

An analysis of the composition of various beds or benches constituting the
Herrin Coal was done on samples from an underground mine in southern Illinois
(fig. IV-2). The mine is located approximately 8 miles east of the Walshville

Area of split Herrin Coal

f: Walshville channel (Herrin Coal missing)

=~ Qutcrop of Herrin Coal

10 20 mi
]

|

ISGS 1981

FIGURE 1V-2, Location of mine sampled for bench study (after Smith and Stall, 1975).
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TABLE IV-1. Sample identification, Herrin Coal.

SAMPLE STATE S.TYPE MINE I% FURFOSE~CODE SAMFLE STATE S.TYPE MINE 1% PURFOSE-COIE

C499 SAMFLES! DATA ON THESE ARE GIVEN IN GLUKOSTER ET AL.» 1977.

€12059 IL CFC 850 RL 1 c18348 IL CFC 872 L 4
c12831 IL CFC 448 R c18389 KY CFC - R
C12942 IL FC 8s8 R c18398 KY CFC - R
C13324 IL : oe - R C18407 KY CFC - R
C13433 IL nc - R C18415 KY CFC - R
C13464 IL CFC 207 R £18552 IL B1 934 B 1
£13895 iL CFC asy R C18553 IL B2 934 B 1
C13975 IL cFC 684 R €18554 IL B3 934 B 1
C14574 IL CFC 668 R €18555 IL B4 934 B 1
C14613 IL CFC 690 LS €18556 IL BS 934 B 1
C14630 L CFC 863 LS €18557 IL Bé 934 B 1
C14684 IL CFC 847 R €18558 IL B7 934 E 1
C14721 IL CFC 622 R €18559 IL B8 934 B 1
C14838 IL CFC , 693 RL 2 £18540 IL c 934 RL 4
C14970 IL CFC 871 R C18562 IL ~28M 934 s
ci4982 I CFC 701 R C18563 IL 1.29 934 W2
€15038 IL CFC 488 R C18564 IL 1.33FS 934 W2
€15079 IL CFC 881 RL 1 C18565 IL 1,40FS 934 W2
Ci15117 IL CFC 880 RL 1 C18566 S IL 1.60FS 934 W2
Ci5231 IL CFC 699 ] C18567 IL 1.408 ?34 W2
C15432 IL CFC 694 R C18704 IL Bi 871 B2
C1543¢6 IL CFC 843 L3 C18705 IL B2 871 B 2
C15456 iL CFC 873 RL 4 C18706 IL B3 871 B 2
C15717 IL CFC 929 R c18707 Il B4 871 E 2
C15791 It CFC 885 RL 5 cis708 IL BS 871 B 2
C15868 IL CFC 877 R €18709 IL Bé 871 R 2
Cci15872 IL CFC 859 RL 1 €ig8710 IL B7 871 B 2
C15999 IiL CFC 638 R c18711 IL B8 871 B2
C16030 IL CFC g83 R C18728 IL Bl 877 B3
C16139 IL cFC 707 RL 2 C18729 IL B2 877 B3
C16265 I CFC 890 L1 €18730 L B3 877 B 3
C16317 IL CFC 887 L1 c18731 i B4 877 B 3
C16501 iL cFC 866 R Ci18732 IL BS 877 B3
€16543 IL CFC 862 RL 1 C18733 IL B7 877 B3
C16993 IL c 702 R 18807 It Bi 873 R 4
C17016 IL c 693 L2 18808 IL B2 873 B 4
€17278 I FC 886 L3 €18809 IL B3 873 B 4
€17279 IL cFC 884 RL 3 ciss10 IL B4 873 B 4
18044 IL CFE 928 L 4 c18811 IL BS 873 B 4
ci18121 IL 3/8X28M 887 s cigs12 IL Bé 873 B 4
cigi22 IL -28M 887 s €18813 IL R7 - 873 R 4
€18123 IL 1.25F 887 W1 C18814 Il B8 873 E 4
c1e124 iL 1.29F8 867 W1 €18857 IL FC ’ ?33 RL 4
€18125 IL 1.33F8 aa7 Wi C18983 IL E1 a8z B S
ci8126 IL 1.40FS 887 W1 c18984 IL k2 a8z B S
c18127 I 1.60F8 887 Wi C18985 IL B3 887 B S
c18128 IL 1,608 887 W1 C18986 IL R4 g87 BS
€18320 IL CFC 932 R c18987 IL Bé a8z BS
ci8988 IL B7 887 BS



TABLE IV-1. Sample identification, Herrin Coal. (continued)

PURFOSE~CODE

SAMFLE STATE S.TYFE MINE I#

MMC-80 SAMFLES:

C20154 IL nc - R

€20242 IL nc - R

C20323 IL nc L8
C20613 IL nc - R

C20620 IL CFC 887 RL 1
C20628 Il CFC 873 L 4
C20635 IL CFC 622 R

C20636 IL RM 728 L 4
C20641 IL CFC 877 LS
C20642 IL RM 877 LS
C20654 IL CFC 864 R

C20658 IL cFeC 967 R

C20659 IL 3/8X28M 228 S

C20660 IL ~28M 228 s

C20661 IL 1.29F 928 W 3
C20662 IL 1.31FS 928 W 3
C20663 IL 1.33Fs 928 W3
C20664 IL 1.40FS 228 W 3
C20665 IL 1.60FS 928 W3
C20646 IL 1.60FS 928 W3
C204678 IL nc - R

C20683 IL 3/8X28M 877 ]

C20684 IL —-28M 877 S

C20685 IL 1.28F 877 W4
C20686 IL 1.30FS 877 W 4
C20687 IL 1,32FS 877 W4
C20688 IL 1.42FS 877 W 4
C20689 IL 1.60FS 877 W4
C20690 IL 1.608 877 W 4
C20759 IL nc - R

C20965 IL B 1 886 B
C20966 IL B 2 88é B
C20967 IL B 3 886 B
C20948 IL B 4 884 B
C20969 IL B S 886 R
C20970 IL B & 886 B
C20971 IL R 1 886 B
c20972 IL B2 886 E
C20973 IL B 3 886 B
C20974 IL B 4 886 B
C20975 IL B S 88é B
C20976 IL B & 886 B
C20977 IL B 1 886 B

ONNNNNNOOO OO

SAMPLE

c20978
C20979

C20980 -

C20981
C20982
€20983
20984
C20985
C20986
c20987
C21144
C21166
C21168
C21170
€21172
C21174
C21176

S.TYPE MINE I# PURPOSE-CODE
B2 884 B8
B 3 886 B8
B4 884 B8
B S 886 B8
B 6 884 R 8
B 1 886 R 9
B2 886 E 9
B3 886 B9
E 4 884 B9
B S5 886 R 9

nc - RL 7
nc - L7
nc - L7
nc - L7
nC - L8
nc - RL 8
nc - L8

HAND PICKED VITRAIN AND MINERALS (MMC 80)

C20348
C203469
C20370
C20371
R14%332
R14533

R14534

IL
IL
IL
IL
IL
IL

IL

SP
SP
sP
SP
SP
SP

SF

859
881
638
883
940
940

240

= 4 IICCCC

(VITRAIN)
(VITRAIN)
(VITRAIN)
(VITRAIN)
(CALCITE)
(FE-SULFATE
MIXED)
(BARITE)



channel and adjacent sandstone and siltstone lensus that split the adjacent
Herrin Coal. This site was selected for this study because it had been the
site of previous geologic and petrologic studies (Bauer and DeMaris, 1977;
DeMaris and Bauer, 1978; and Johnson, 1979). The samples collected by Johnson
were available for mineral and chemical analyses for the project. The samples
consisted of blocks of coal taken sequentially from the top to the bottom of
the seam at four columns (B6-B9) along a traverse in the mine. The traverse
underlies both nonmarine gray shales and marine black shales, and the samples
enable the differentiation of coals flooded mostly by fresh (low sulfur) waters
from those flooded by marine (high sulfur) waters. The distribution of the
two shales in the study area is shown in figure IV-3. The gray shale extends
18.6 feet above the coal at B6 and only 7.5 feet at B7. The overlying black
shales are commonly about 3 feet thick in the region (Bauer, personal communi-
cation).

Johnson (1979) delineated six layers or units within the seam; we used these
to guide the selection of the bench samples. Using Johnson's crushed samples
we made composite bench samples proportional to their thickness so as to be
representative of each of the coal units from the four columns, two columns
(bench sites) under the gray shale and two under the black shale,

Figure IV-4 shows the correlations of Johnson's units along the traverse

with the sample type code (bench number) and the bench set number (at the

top of the figure). Note that the top bench at B8 does not contain a complete
section of the original peat material of unit I because the upper part of the
unit was eroded; furthermore, this unit and the upper beds of unit II in bench
. set B9 were entirely eroded.

Black shale and
limestone {marine) roof

1SGS 198

FIGURE IV-3. Lithology of strata immediately overlying the Herrin Coal in bench set study area of mine 866, showing locations
of bench sets (after Bauer and DeMaris, 1977).
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8 gray shale (nonmarine) 1 \ ~
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S~
B1 \\, black shale (marine) ~ .
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6 unit | coal ‘-"7\-\
B1 WB1 ~
-~ ~

5+ ~_

— ~ \\

~— ~—
44 B2
unit 1l coal B2

3 B2 B1
27

— B3 unit I coal ' B2
n B3 B3

B4 B4 unit 1V coal B4 — B3
o{ BS B5 unit V coal ~ B4
. carbonaceous shale
; B6 B6 unit VI coal B6 {blue band) B5
underclay
_2.. . 1SGS 1982

FIGURE [V-4. Geologic cross section of the Herrin Coal and roof strata along north-south traverse, looking west in mine 866,
showing correlation of units and erosional surface (~n) (after Johnson, 1979), and bench numbers (B#) for bench sets B6-9.

SPRINGFIELD COAL

The extent of the Springfield Coal (fig. IV-5) is similar to that of the Herrin,
but in Indiana, the Springfield--in contrast to the Herrin--is a principal
commercial coal. The two coals are separated in Illinois by shales, sandstones,
and some limestones ranging between 40 and 120 feet thick (Smith and

Stall, 1975).

The Galatia channel (fig. IV-5), located in southeastern Illinois (Hopkins,
Nance, and Treworgy, 1979) and adjacent Indiana (Ault et al., 1979; Eggert
and Adams, 1982), was the course of an ancient stream that flowed through

the Springfield peat swamp. The channel contains deposits of sandstone and
siltstone that split the coal on either side of the channel in the same
manner described above for the Walshville channel. The other major boundary
configurations of the Springfield Coal are controlled by structural-erosional
features identical to those of the Herrin discussed previously.

The Springfield samples analyzed for this project are shown in figure IV-5,
sample numbers and other identifying items and purpose codes in table
Iv-2.

LOCAL STUDIES OF WHOLE-COAL SAMPLES S

Certain areas were identified as locations for evaluation of the variability _
of composition of whole coal samples of the Herrin and Springfield Coals. . .
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T Extent of Springfield Coal

" Galatia Channel

coal split, thin or absent INDIANA

# Sample location, this project

@® Sample location, ISGS Circular 499 KENTUCKY

1 Coal >30 inches thick
* (some areas >>28)

Coal <30 inches thick or absent

0 20 40 mi
(4] _:_30 60 km . 1SGS 1981

FIGURE [V-5. Location of samples from the Springfield Coal. Kentucky boundary of coal is from Smith and Brant (1978),
Indiana boundary from Indiana Geological Survey (1971).
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TABLE IV-2, Sample identification, Springfield Coal.

SAMPLE STATE S.TYPE MINE I# PURFOSE-CODE SAMFLE STATE S.TYFE MINE I# FURFOSE~CODE
MMC—-80 SAMFLES C499 SAMPLES! DATA ON THESE ARE GIVEN IN GLUKOSTER ET AL.»1977.
C15140 I nc - R 12495 IL CFC 861 R
c20314 IN FC - R C13046 IN CFC - R
C20324 IL ne - RL é C13983 IL CFC . 873 L 3
C20615 IL 1] - R C14194 IL CFC 876 R
20616 IL Dpc - R C14609 IL CFC bb4 L 4
C204631 IL CFC 873 L3 C14735 IL CFC 879 R
C20637 IL FC 928 L3 C14774 IL CFC 705 L1
C206469 IL 3/8X28 928 S C14796 IL CFC 801 L 4
C20670 IL ~-28M o228 5] 15012 IL CFC 882 R
C20671 IL 1.29F 928 W1 C15125 IL CFC 704 RL 1
C20472 IL 1.31FS 228 W1 C15208 IL CFC 639 R
C20673 IL 1,35FS 928 [ } 15384 IL CFC 884 R
C20674 IL 1,40FS 228 W1 £15448 IL CFC 930 R
C20675 IL 1.40FS 928 W1 C16264 IL CFC 890 L1
C20676 IL - 1.608 ?28 W1 C16729 IL CFC 912 L 4
C20479 IL nc - R C16741 IL CFC 738 L 1
C20705 IN CFC - R C17001 IL CFC 898 R
C20709 IN CFC - L7 Cc17721 IL CFC 221 L é
C207460 IL nc - R C17984 IL CFC 209 L 4
C21067 IL CFC 938 LS £17988 IL cFc 911 RL 4
C21076 IL 3/8X28 938 s C18040 IL CFe 28 RL 3
C21077 I -28M 938 S 18392 KY CFC - R
C21096 IL 1.27F 238 W2 C18395 KY CcFC - R
C21097 IL 1.30FS 238 w2 C18404 KY CFC - R
c21098 IL 1.32F8 938 W2 C18411 KY CFC - R
€2109%9 IL 1.,4FS 938 W2 C18590 KY RM - R
C21100 IL 1.6FS 238 W2 £185%94 KY CFC - R
c21101 IL 1.65 238 W2 C184689 IN CFC - R
C21165 IL nc - RL § C18693 IN CFC - L7
C21147 IL nc - LS C18697 IN CFC - L7
C21169 IL nc - LS c18701 IN CFC - RL 7
c21171 IL nc - LS :

C21173 IL Dc - L é

C21175 IL nc - L &

C21177 IL nc - L é



Data on samples from both Circular 499 and this study (MMC~-80) were included
- in these evaluations, These areas are:

Herrin Coal Springfield Coal

L1 Northwestern Illinois Ll Northwestern Illinois

L2 Central Illinois L3 Southwestern Illinois

L3 South central Illinois L4 Southern Illinois

L4 Southwestern Illinois L5 Southeastern Illinois

L5 South central Illinois L6 Eastern part of

L7 Southeastern Illinois southern Illinois

L8 Eastern part of L7 Central part of
southern Illinois southwestern Indiana

Samples used for local area evaluations are identified by their L numbers
(purpose codes) in tables IV-1 and IV-2,
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V. MINERAL COMPOSITION OF THE COALS

MINERAL VARIATION OF BENCH SAMPLES OF THE HERRIN COAL

The bench set study was undertaken to evaluate the variation of impurities
in coals within one seam exposed in a small area of a mine. Twenty-three
samples at four sites along a traverse were analyzed. Results of the
mineralogical analyses of the four bench sets are given in table V-1,

Each of the bench sets (B6-B9) consists of a sequential set of samples from
the top to the bottom of the Herrin Coal along the 700-foot traverse in
mine 866 (figs. IV-3 and IV-4).

The correlation of the LTA and the pyrite contents along the traverse are
shown in figure V-1, The prominence of the shale bench (parting) about a
foot above the base of the coal seam is quite evident from the LTA data
shown in this figure. This shale parting, known as the "blue band," occurs
within the lower part of the Herrin Coal throughout much of the extent of
this coal., It is a useful stratum within the Herrin for correlation pur-
poses (the footage scale on the left of figure IV-4 is based on the position
of the base of this shale), The LTA content of the benches varies consid~
erably between benches and along the traverse, and the pyrite content is
somewhat less variable (fig. V-1)., Both components. are generally highest
in the lower two benches of the seam, except in bench set B6. The pyrite
is highest in the lowest bench in sets B7-B9 where the coal is overlain by
marine shales or relatively thin nonmarine shales. The coals in bench

set B6 contain lower amounts of pyrite than do the other sets because the
roof shale at this site is a relatively thick nonmarine type. The distri-
bution of the relative amounts of pyrite along this traverse conforms to
the geological model discussed in section IV, p. 19 (Herrin Coal).

The calcite content of the bench sets ranges from less than 1 to more than
13 percent. The high assay sample (C10983) was taken from the uppermost
unit, under the marine shale, at site B9 (table V-1 and fig. V-1). The cal-
cite in this sample occurred in a small coalball in the sample. Calcite
assays in the other bench samples (0.3 to 7.37%) are more typical of those
determined in the whole coal samples discussed below.

In order to compare the bench set data with that of the channel samples,
composite assays of the benches were computed from the bench data, propor-
tioned to the thickness of the benches. The shales were excluded from these
computations to provide an analysis equivalent to that of face channel samples.
The results of the computation are listed under the respective bench set

data in table V-1. Comparisons of these 'channel" samples along the traverse
indicate the local variability of channel (whole-coal) samples. The ranges
and means of these data for the four composites are as follows: :



LTA QTZ CAL PYR TCLAY

Minimum 11.1 1.7 0.8 1.8 6.8
Maximum 19.9 3.0 >5.0 5.8 8.0
Mean 16.3 2.5 >2.9 3.5 7.5

The clay content of the benches correlates directly with the LTA contents
because clay constitutes the most abundant mineral impurity in the coals.

The results of the composite calculations (table V-1) show that Bench set B8
is notably lower in kaolinite (K + C) and higher in expandable clays than

are the other sets. Aside from this variation, the clay minerals show rather
consistent assays among the bench sets.

TABLE V-1. Mineral composition of bench samples of Herrin Coal (MMC80 samples only).*

SAMFLE BENCH THKN LTA a1z CAL FYR TCLAY K+C ILL EXF OTHER MNRLS FRESENT
UNIT (FTe) (%) (%) C%) (%)Y (%) (% OF TCLAY FRACTION) (MINOR-1y TRACE-2)

EENCH SET R 6

C20965 I 1,53 10.30 1.1 1.1 4.0 4.1 33. 42, 23, ANH2y
C20966 II 3.54 7.88 1.1 o4 b 5.8 49. 30. 21, SIni
20967 III 60 19,38 3.7 1.2 1.4 13.1 38. 41, 22, ANH2» MARCL»FLAG2yHEMZ2
C20948 Iv W62 17.80 3.4 ? 3.0 10.5 42, 38. 20. '
C20969 V(SH) .15 54,89 10.4 1.1 Y] 42.8 S1. 28, 21,
C20970 VI 1.39 13.35 2.4 1.2 2.1 7.7 43, 43, 12. ANHZ yMARC1
COMPOSITE+ 7,68+ 11.05 1.7 0.8 1.8 6.8 43, 37. 20,
BENCH SET R 7
C20971 I 1.82 9.47 7 ] 2,7 5.4 34. 41, 25, FLAG1 s ORTH1
C20972 IX 3.40 14.84 1.5 7.3 2.2 3.8 50. 33. 17. BASS2
C20973 III 1.53 25,00 4,5 4,5 4.8 11.2 22, 37. 41. ANHZ2
C20974 v 47 2.41 2.1 2.5 4.2 3.6 45. 40, 15. MARC1sFLAG2
C20975 V(SH) .36 30.71 b.6 1.5 23.3 19.3 38. 28. 34. HEM1
C209746 VI 1.17 47.33 6.6 ? 22.7 17.1 39. 31. 30. MARC1sHEM1,COQ2
COMFOSITE+ 8,39+ 192.92 2,7 4.2 5.8 7.3 40. 36. 25,
BENCH SET R 8
C20977 I 64 12,20 2.3 1.2 1.2 7.3 21. 346, 43, MARC2
20978 II 3.50 11.47 1.4 2,0 1.5 be4 31. 35. 34. coQaz
C2097%9 III 1.31 18.91 4.2 b P 13.2 21. 38. 41,
C20980 v A8 14.47 2.7 3 1.7 ?.8 34, 32, 35. MARC1,FLAGZ2
C20981 V(SH) .23 59.09 13.6 b 1.8 43.1 26, 31. 43, HEM2
c20982 vI 1.28 20.39 2.9 2.2 8.4 6.9 31, 30. 39. FLAG2
COMFOSITE+ 7.214+ 14.67 2.4 1.6 2.6 8.0 28. 35. 37.
BENCH SET B 9
C20983 II 1.82 21.72 2.0 »13.0 1.7 <5.0 63, 26, i1,
C20984 III 1.70 18.72 3.2 7 2.2 12.6 30. 33. 37. ANHZ2
C20985 Iv .58 11.58 2.1 %] 1.3 7.7 40. 22, 38, MARC2FLAG2
C20986 V(SH) .08 81.10 20.3 0.0 .8 60.0 24, 38. 39. ANH2
c20987 vI 1.57 21.35 4.3 2.1 8.3 b.7 35. 38. 28. ANH2yBAS5S1»MARC1 s PLAG
COMPOSITE+ S5.67+ 19,68 3.0 *3.0 3.6 8.0 43, 31. 26,
* Mineral abbreviations:
ANH - anhydrite EXP - expandable mixed K ¢ C - kaolinite + PLAG- plagioclase TCLAY- total
BASS- bassanite layered clay chlorite PYR - pyrite clay
CAL - calcite GYP - gypsum LTA - low temp. ash QTZ - quartz
C0Q - coquimbite & HEM - hematite MARC- marcasite SID - siderite
other Fe-sulfates ILL - illite ORTH- orthoclase SPH - sphalerite

+ Calculated from the bench set exclusive of the shale (sh) bench. Equivalent to a face channel type of
whole coal sample
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FIGURE V-1. LTA and pyrite contents of benches within the Herrin along a traverse in mine 866. Nonmarine (N) shales extend
18.6 ft above coal at B6 and 7.5 at B7; marine (M) shales overlie coal at B8 and B9.

The variation of the non-clay minerals is significant and is probably due to
the complexities of the geology along this particular traverse.

MINERAL VARIATION OF WHOLE-COAL SAMPLES FROM THE HERRIN

The variation of the mineral composition of the Herrin Coal was determined
from analyses of 61 whole-coal samples from widely scattered localities where
the coal is more than 28 inches thick (IV-1). Results of the mineral analyses
are listed in table V-2. The mineral data for 26 of the samples were compiled
from Rao and Gluskoter (1973). The mineral data on the remaining 35 samples
(C15999 and all below C16543) were completed for this work. The data are
listed in table V-2 in the same format as in table V-1,

Mineral variation of the Herrin Coal in local areas

An analysis was made of variations in mineral composition within certain local
areas. The samples included in these local areas are indicated in table V-2
by their purpose codes (L1-L5 and L7-19). Unfortunately there are only a few
samples from each local area—too few for good statistical analyses.
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TABLE V-2. Mineral composition of whole coal samples of the Herrin Coal. *

SAMFLE  FURFOSE-CODE LTA aTz
C %O %
(C499 SAMPLES)
C12059 RL - -
c12831 R - -
€12942 R - -
C13324 R - -
€13433 R 11,07 .8
C13464 R 17.91 2,5
C13895 R - -
€13975 R 15.73 3.8
C14574 R 9,29 2.2
C14613 LS 10.84 2.0
£14630 LS i1.11 2.2
C14684 K 12,91 2.2
C14721 R 14.76 2.4
€14838  RL2 15.81 1.7
C14970 R - -
c14982 R 15,68 2.2
C15038 K 11,43 2.1
C15079 R 20,90 3.3
C15117 R 15,85 1.0
C15231 R 16.26 3.3
C15432 R 14,56 3.2
C15436 L3 12,40 3.1
C15456 RL 4 15,37 2.8
€15717 R 17.71 2.3
C15791 RL 5 12,94 2.2
£15868 R 10.80 2,2
c15872 R 15,56 1.4
€15999 K 15,09 2.4
C16030 R 14,26 2,7
C16139 R 18.89 3.6
C16265 L 16.55 2.8
C16317 L1 17.89 3.8
16501 R 15.51 3.7
C16543 R 16.83 3.2
C16993 R 20,65 5.4
C17016 L2 19,49 2.5
C17278 L3 - -
Ci7279 RL 3 14,05 2.1
C18044 - L 4 17,00 2.7
C18320 R 17.77 2.5
£18348 L 4 16,45 2,3
c18389 R 13.82 1.2
c18398 R 12,89 i.2
€18407 R 9.82 .7
c18415 R 11.16 1.7
£18560 R 20,37 3.1
c18857 R 17,44 4,2
(MMCBO SAMFLES)
€20154 R 17,04 1.7
€20242 R 14.27 .9
20323 L8 21,04 2.5
C20613 R 14,51 2.0
£20620 RL 1 17.34 1.9
c20628 L 4 16.58 2.3
C20635 R 15,64 1.4
C20636 L4 17.15 2,1
C20641 LS5 11.94 1.3
C20642 LS 10,48 1.0
€20654 R 17,26 2.2
C20658 R 14,90 1.8
C20678 R 25,64 3.1
€20759 R 17,29 2.4
C21164 RL 7 18.51 2.4
C21166 L7 17,52 3.0
C21168 L7 17.46 2.4
€21170 L7 19.05 2.1
c21172 L8 17,17 2,4
€21174 Rl 8 17.05 2,2
C21176 LB 22,67 3.4

% SEE FOOTNOTE TO TABLE 5.1 FOR AERBREVIATONS OF MINERALS

— NOT DETERMINED
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ILL

FYR TCLAY K+C EXP OTHER MNRLS FRESENT
CZ)y)Y (% (% OF TCLAY FRACTION) (MINOR-1» TRACE-2)
- - 35, 30. 35. -
1.9 8.2 33. 37, 30, -
1.6 12.4 27. 31. 42. -
3.1 7.4 - - - -
1.5 Sel 45, 32, 23. -
1.0 7.0 - - - -
1.1 6.8 - - - -
2.5 7.3 - - - -
2.8 7.8 29, 29, 42, -
2,5  10.5 - - - -
2.2 9.9 - ~ - -
1.8 5.6 - - - -
3.1 13.5 - - - -
2,2 11.3 34, 32, 34, -
3.1 8.6 29. 34. 37. C0Q1sMARC2
2.3 7.2 - - - CoQ1sSFPHL2
2.9 5.0 40, 32, 28, COQ1sSFHL2
2.9 7.7 - - - -
3.0 10.5 - - - coQl
2.7 6.7 - - - GYF1sCOQ1yFLAGL
+8 6.8 - - - COQ1,SPHL2
3.3 7.6 26, 38. 348, GYF1,C0Q1
3.3 8.9 31. 39, 30, COQ1,FPLAGL
3.4 7.9 26, 43, 32. ANH1,COQ1ySPHLI
4.3 2.3 27, 33 40, COQ1yMARCY
2,3 10.2 - - - GYF1,C0Q1
2.7 ?.3 - - - COQ2ySPHLL
2,5 7.9 - - - coa1
2.7 5.7 44, 30, 26, C0Q1»SFHL1
3.5 10.5 - - - COQ1sPLAGL
G5 10.3 30. 28. 42, CoQisFLAGL
3.0 8.2 - - - coni
3.4 1 - - - - coai
2.8 10,7 - - - C0Q1yFLAGL
3.8 Pl 30, 32, 38, coQ1
5.0 7.6 27, 43, 30. GYF1,COQ1
3.7 641 39, 33, 28. coni
2.1 6.5 37, 37. 26, MARC1yFLAG1yCOQ1
2.0 6.5 39. 33, 28, GYF1-COQ1
6.7 ?.4 - - - COQ1yMARCL »FLAGL
b G4 - - - GYFP1,C0Q1yMARC1
5 12.9 37. 35. 28. PLAGL,COQL
2.0 11.1 32, 32, 29, MARC1,FLAG1
4.6 13.3 24, 38. 38. COoQ1sMARC1
3.8 b4 28, 45, 27. GYF1,MARC1,PLAGR2
2.6 11.2 32, 39, 29, MARC1yFLAG2ySFHL1
4,0 ?.3 29. 38, 33. MARCL
3.6 ?.1 26, 37, 37, MARC1»FPLAG2ySFHL1
4.5 8.9 28, 34, 38, MARC1,FLAGL
1.0 8.6 34, 39. 27 COQirFLAG2
1.6 7.1 40, 35, 28, GYF1sMARC1yPLAGL
3.5 ?.9 32. 30. 38, ANH1 sMARC1
3 12.7 26, 3é. 38. Coa1yPLAGL
4.4 16.3 43, 32, 25, -
3.6 10.6 34, 28. 38. MARC1
5.0 ?.8 37, 38, 25. MARC2
2.1 10.8 30, 33. 37 ANH2
1.6 12.3 31, 37. 33. M77
4.4 12.0 29, 37, 34, SID2yANHZ2,COQ2y MARCL
3.8 ?.6 35. 32, 33. -
3.6 11.0 32, 37, 31. ANHZ2yCOQ2y MARC1 yHEM2
11.4 6.8 37. 35. 28. MARC1»ORTH2yHEM1



The variation of the mineral compo-
sition within these local areas is
shown in figure V-2. The means and
standard deviations vary for each
mineral in different areas.

Mineral Range of Differ-
matter means (%) Areas ences (%)
QTZ 1.7 - 3.0 L5, L2 1.3
CAL 1.0 - 2.3 L5, L1 1.3
TCLAY 7.2 - 11.2 L5, L7 4.0
PYR 1.5 - 5.9 L5, L8 4.4
LTA 11.5 - 19.5 L5, L8 8.0

Most notable is the high range of

the mean results of LTA (11.5 to
19.5%). In terms of the differences,
the mean assays--quartz and calcite-—-
show the least variability between
local areas; total clay and pyrite
show intermediate variability. Area
L5 is identified as an area of low
mineral matter content.

The variability of the mineral matter
within the separate areas is indi-
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cated by the standard deviation (SD),
the length of the vertical line in
figure V-2. The range of SD of the
minerals, excluding area L3, is as
follows:
Mineral Mimimum Maximum
matter SD Area SD . Area
QTZ 0.3 L4 1.1 L2
CAL 0.3 L5 1.4 L1
TCLAY 0.8 L5 2.7 L8
LTA 0.7 L4 2.8 L8
PYR 0.3 L1 3.8 L8

These results show that the mineral
composition of the Herrin varies
considerably from one area to another.

Comparisons of the results within the
local areas and those collected else-
where (regional samples, purpose code
R) can be made from the data given in
figure V-2. The comparable statisti-
cal data for the regional samples
(shown on the right side of the fig-
ure) reflect the variability of the
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FIGURE V-2. Mineral variations in local areas and in all
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means and standard deviation over the entire Illinois Basin as well as the
variation within the local areas. The mean and standard deviation of each
of the mineral components fall within the ranges observed in the local area.
These statistical results confirm that the local areas of the Herrin studied
contain mineral variations typical of those found in other places in the
Herrin where it is of minable thickness.
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FIGURE V-3. Frequency distribution of LTA in whole-coal samples from the Springfield and Herrin Coals.
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In order of increasing standard deviation, the variability of mineral compo-
nents for all 61 samples is as follows: calcite 0.8; quartz, 0.9; pyrite,
1.7; TClay, 2.4; and LTA, 3.2,

The variation of mineral matter assays from the Herrin Coal is illustrated

by histograms V-3 to V-7. No single mode dominates the distributions of

LTA and total clay in the Herrin (figs. V-3 and V-6), but the distribu-

tions of quartz (fig. V-4), calcite (fig. V-5), and pyrite in this coal are
each centered mainly around a single mode. Comparisons of these results with
those of the Springfield Coal will be discussed later.
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Regional distribution of mineral matter in the Herrin Coal

The spatial variability of mineral matter within the Herrin is best evaluated
from maps showing assays plotted according to the sample location. Such maps
provide a means by which regional geological factors can be evaluated and
possible predictions made for areas between sample sites or nearby areas not
yet explored. The frequency distribution (e.g. fig. V-7) of each mineral
component was used to identify low-, medium—-, and high-assay groups for each
mineral component and the results were plotted on maps for each mineral to
aid in the evaluation of the regional distribution of the minerals.

LTA in the Herrin—The spatial distribution of the LTA data is shown in
figure V-8. The low-assay group occurs mainly in areas on either side of
the split coal zone along the Walshville channel. The samples from Kentucky
also belong to the low-assay group.

Total clay in the Herrin—Results show an increase in clay content (trending
from the northwest to the southeast) in the northwestern area of the basin.
Values ranging from a low of 5.7 percent, through 7.6 to 11.3, to a high of
13.5 percent, are recorded for this southeastward traverse in this area.
Additional samples are needed to confirm this trend. Of the remaining 54
samples tested, the 7 high-assay and the 4 low—assay sample groups are
widely scattered among the 43 middle-assay group throughout the central

and southern areas of the basin,
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Pyrite in the Herrim. TFigure V-9 shows the distribution of pyrite in whole
coal samples from the Herrin. With one exception the low-assay group of
pyrite samples occurs on both sides of the split-coal adjacent to the
Walshville channel in the lower reaches of the channel. The three high-
assay samples of pyrite occur widely scattered among the remaining 52
samples from the middle-assay group. The location of low-assay pyrite near
the Walshville channel is consistent with the spatial pattern of Rao and
Gluskoter (1973), and with the depositional model for low-sulfur occurrences
in coals that underlie relatively thick, nonmarine shales associated with
this channel (described in section IV).

Caleite in the Herrin. The spatial pattern for calcite is a mixed one.
Assays suggest that in the northwest area (fig. IV-1) calcite content
decreases from the north to the southeast. In this area, two high assays
lie in the northernmost part, one low assay in the southeastern part, and
the remaining four middle assays lie in the intermediate area. Additional
samples are needed from thils area to confirm the significance of this trend.

The remaining samples from other areas of the basin fall in the low- and
middle-assay groups. Many of the low-group assays occur near the Walshville
channel, but because there are too many exceptions, no conclusions can be
drawn. The pattern of increased amount of calcite from east to west across
the southern half of Illinois, based on the percentage assay of the LTA
(fig. 21 of Rao and Gluskoter, 1973), is not confirmed by the new data in
this work.

Quartz in the Herrin. The spatial distribution pattern for quartz appears
to be random. The 14 high-assay samples and the 11 low-assay ones are
scattered among the 36 middle-assay samples throughout the basin.

Other minerals in the Herrin. No significant trends could be identified in
the spatial distribution of the varieties of clay (illite, kaolinite-
chlorite, and expandable mixed-layer clay minerals). The low— and high-
assay samples were scattered among the medium-assay group in what appears
to be a random pattern.

It is of some environmental interest that many samples from both Herrin and
Springfield Coals contain minor or trace amounts of marcasite, a sulfide
material, The chemical composition of marcasite and pyrite is the same
(FeS») but marcasite's structure is orthorhombic while pyrite's is isometric.
Marcasite is thought to oxidize more readily than pyrite. Until this study,
no marcasite had been positively identified in Tllinois coals (Gluskoter and
Simon, 1968); however, we obtained diagnostic x~ray diffraction data to
substantiate the presence of marcasite in the samples reported (tables V-2
and V-3). Traces of marcasite are observed in 40 percent of the Herrin
samples and 55 percent of the Springfield samples.

No spatial pattern was observed in the distribution of marcasite in the
Herrin. Further remarks on the spatial occurrences of marcasite appear at
the end of this section.
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MINERAL VARIATION OF WHOLE-COAL SAMPLES FROM THE SPRINGFIELD

The variation of the mineral composition of the Springfield Coal is evaluated
on the basis of data assembled on 26 whole coal samples studied previously

by Ward (1977) and on 20 new samples collected for this study (purpose

codes R and L) from widely scattered localities throughout the basin

(fig. IV-5). Results of the mineralogical compilations and analyses are given
in table V-3,

TABLE V-3. Mineral composition of whole coal samples of the Springfield Coal.*

SAMFLE  FURFOSE-CODE LTA Qrz CAL FYR TCLAY K+C ILL EXF OTHER MNRLS FPRESENT
CZ)) Xy XY XY (X)) (% OF TCLAY FRACTION) (MINOR-1s TRACE-2)

(C499 SAMFLES)

£12495 ® - - - - - - - - -

13046 R - - - - - - - - -

C13983 L3 16,37 2.1 .8 2.1 11.4 37, 34, 29, -

C14194 R 17,30 2.4 2.9 2.8 9.2 - - - -

C14609 L 4 13,85 1.5 1.0 2.9 8.5 - - - -

C14735 R 18,57 4.5 1.9 5.7 6.5 - - - -

C14774 L1 17,19 3.8 1.9 2.6 8.9 29, 45, 26,

C14796 L 4 13,00 1.4 .8 1.6 9.2 - - -

Ci5012 R - - - - - - - - -

C15125 RL 1 14,45 3.0 2.0 2.6 5.9 - - - GYF1yCOA1yFPLAGL

£15208 R 19.00 3.6 2.3 4,0 9.1 - - - ANH1yBYF2yCOQ1

C15384 R 15,20 2.7 1.4 4,0 7.1 - - - coal

C15448 R 16,50 2.8 1.0 5.0 7.7 - - - coa1

16264 L1 15,87 2.1 2.4 4.3 7.1 - - - COQ1ySFHL2

C16729 L4 14,01 2,0 2.9 4.3 4.8 - - - COQ1yMARC1»FLAGL

c16741 Lt 15.73 3.5 3.0 2.8 6.4 29. 37. 34, COA1yFLAGLs SFHL2

Ci7001 R 16,01 2.4 2.4 5.0 6.2 - - - coal

Cc17721 L & 10,99 1.4 .3 2.5 6.8 - - - coq1

C17984 L4 10.66 1.2 .6 2.8 6.1 - - - -

C17988 RL 4 14.24 2.8 2.8 2.6 6.0 - - - coai

£18040 L3 15.40 4.3 4,9 3.2 3.0 - - - coat

£18392 R 12,39 1.9 b 3.3 646 - - - CYP1yCOALsMARCL yFLAGL

C18395 R 12,64 1.2 b 3.3 7.5 - - - COQ1sMARCI

£18404 K 12,31 1.2 .9 3.2 7.0 - - - MARC1yCORY1

c18411 R 16,49 1.5 1.3 5.3 8.4 - - - MARC1COQ1

C18590 17.17 2.7 .7 4.5 9.3 - - - CYF1,C001 yMARCLyFLAG2

Ci8594 R 14,03 1.7 1.3 4,6 4.4 - - - CoR1sMARC

£18689 K 11,42 1.1 1.6 3,0 5.7 - - - COA1yMARC

C18693 L7 i5.88 1.7 2.4 7.9 3.9 - - - MARC1C0OQ1

C18697 L7 14,08 2.0 .7 4.1 7.3 - - - -

©18701  RL 7 12,77 1.3 .9 3.6 7.0 - - - MARC1yPLAG1
(MMCBO SAMFLES)

C15140 R 13,12 1.8 o7 1.2 9.4 37, 33, 30. COQ1sPLAGLySPHL1

C20314 R 17.73 1.1 .2 3,5 12,9 a8, 35, 27, FLAGL

20324 RL 6 11,29 1.2 .4 2.5 7.2 26. 42, 32, COQ1yMARCE yFLAG2

C20615 R 16.26 2.3 .8 4.6 8.6 a1, 35. 34, MARC1y SPHL1

C20616 - - - - - 28, 35, 37, -

C20631 L3 15,30 2.0 1.4 5.0 6.9 27, 41, 32, ANH15GYP1yMARCL s PLAGR

£20637 L3 13,00 1.8 .5 3.8 649 33, 40, 27, COQ1yMARC1

C20679 R 13,42 2.1 1.7 3.9 5.7 22, a5, 33, coal

C20705 26,30 3.7 .3 3.2 19,1 24, a1, 35, COQ1yMARC1 s PLAG1

20709 R 11,35 1.0 .3 1.7 8.4 36, 40, 24, MARC1 s PLAG1

20760 R 14.86 2.4 .3 3.3 8.9 26, 36, 38, MARC1

£21067 LS 9.82 1.3 1.1 1.7 5.7 - - - -

C21165 KL S 13.08 2.7 .8 4.6 5.0 31, 42, 27, MARC1

Cc21167 LS 16,17 2.1 .5 .5 13,1 29, 52, 19, SID1sANHLsFPLAGL

C21149 LS 28,13 3.4 2.3 18.0 9.8 24, 39, 35. MARC?1yFLAGL y ORTHL yHEM

Cc21171 LS 11.78 1.9 .9 2.0 7.0 44, s, 21, SID2yANH2yCORL rMARCY s

€21173 L6 19.01 1.9 1.7 9.3 b1 30, 42, 29, SID2rANH2,COO2

C21175 L6 15,64 3.6 .9 3.8 7.3 31, 45, 24, £OO2sMARC1 s PLAG2

c21177 L& 14.32 2.1 2.0 4,7 5.5 36, a1, 23, CORLsMARC1 s FLAG2

¥ SEE FOOTMOTE TO TARLE 5.1 FOR ARBREVIATIONS OF MINERALS
- NOT DETERMINED



Mineral variation of the Springfield Coal in local areas

An analysis was made of the variation of minerals within certain local areas.
The samples included in the local areas are indicated in table V-3 by their

purpose codes (L#).

The variation of the minerals within
the local areas is shown in figure
Vv-10. As in the case of the Herrin,
the Springfield data show similar
variation of means in different areas.
The means range between the limits
and their difference are as follows:

Mineral Range of Differ-
matter means (%) Areas ences (%)
TCLAY 6.6 - 7.3 L6, L1 0.7
CAL 1.1 - 2.3 L7, L1 1.2
QTZ 1.5 - 3.1 L7, L1 1.6
PYR 2.8 - 5.4 L4, L5 2.6
LTA 13.2 - 15.8 L4, L5 2.6

The total clay has the smallest
range of mean assays by local area,
followed by calcite, quartz, pyrite,
and finally LTA, with the largest
range.

The variability of the minerals with-

in the separate areas is indicated

by the standard deviation, the

length of the vertical line in figure

V-10. The range of standard deviation
of the mineral is as follows:

Mineral Minimum Maximum
matter SD Area SD Area
QTZ 0.4 L7 1.2 L3
CAL 0.5 L1 3.0 L3
TCLAY 0.8 L6 3.5 L5
PYR 0.8 L1 7.2 L5
LTA 1.0 L1 7.3 L5

The highest variability is found in
areas L3 and L5, the lowest (for
three components) in area 1L5.

The statistical data for the miner-
alogical results for all the whole-
coal samples (L and R purpose codes)
are shown in figure V-10.
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The variability of the mineral matter for all 46 samples--expressed in order
of increasing standard deviation--is as follows: quartz, 0.9; calcite, 1.0;
pyrite, 2.5; total clay, 2.6; and LTA, 3.5.

The variation of mineral matter assays of the Springfield Coal is shown in
figures V-2 to V-6. Comparisons of the mineral data for the Springfield
and Herrin Coals indicate the following general tendencies:

LTA: Herrin > Springfield
QTZ: Herrin > Springfield
CAL: Herrin > Springfield
TCLAY: Herrin > Springfield
PYR: Springfield > Herrin

Regional distribution of mineral matter in the Springfield Coal

The regional variability of the minerals in the Springfield Coal was evaluated
from maps showing the assays plotted according to sample locations. In the
following discussion of regional trends, the distribution and the number

of samples constituting the data base should be kept in mind.

LTA in the Springfield. The spatial distribution of LTA assays of whole-coal
(channel) samples from the Springfield is shown in figure V-11. The low-assay
group tends to be located along the Galatia channel that runs from southwestern
Indiana into Illinois. In Indiana, samples from the low-assay group are also
found in areas bordering the tributaries to the main channel. However, in
Illinois, two samples located along this channel belong to the middle assay
group and two to the high-assay group. Five other high-assay samples and the
rest of the middle-assay samples occur well outside the channel area. However,
not all low-assay samples occur along this channel. One occurs in southwestern
Il1linois, one in east central Illinois; four of the five samples from Kentucky
also belong to this low—-assay group.

Total clay in the Springfield. The spatial distribution of total clay from the
Springfield is essentially random. Samples from the low-, medium~, and high-
assay groups are scattered throughout the same areas and no pattern is apparent.

Pyrite in the Springfield. Six whole-coal samples fall into the low-assay
group for pyrite; five of these lie along the Galatia channel and the other is
located in southwestern Illinois. However, two of the four from the high-assay
group also occur along this channel, as do eight that are classified as middle-
assay pyrites, All other sampling sites yielded pyrite assays in the middle
assay group.

While pyrite represents only a part of the sulfur component of these coals,

it is known to correlate proportionally with the total sulfur in samples from
the Springfield in southeastern Illinois (Hopkins, 1968). The locations of

the low-assay pyrite samples along the Galatia channel are thought to be places
where relatively thick nonmarine shale overlies the coal (see section IV, p. 25).



Calceite in the Springfield. Most of the calcite assays in the Springfield
range from 0.2 to 3.0 percent, although one assay is 4.9 percent. The spatial
pattern for calcite distribution is essentially random, and no trends can be
recognized. '

Quartz in the Springfield. No spatial trends or patterns for quartz distri-
bution can be distinguished in the Springfield Coal.

Other minerals in the Springfield. The distribution of the other minerals in
the Springfield was evaluated. In contrast to the findings of Ward (1977),
the kaolinite and chlorite fraction tend to be higher (>36%) near the Galatia
channel in southern Indiana and southwestern Illinois. Elsewhere, these clays
accounted for 22 to 33 percent of the clay mineral fraction.

No pattern could be recognized in the distribution of illite and expandable
clay minerals.

Marcasite was detected in all samples from Kentucky, all samples but one from
Indiana, and half the samples from southern Illinois. Marcasite was not
detected in five of the six samples from central and northern Illinois. This
pattern suggests a regional geological process, operating primarily in the
southeastern region of the Illinois Basin, that promoted the growth of marca-
site., Further study is needed to determine fully the significance of the
marcasite occurrences.



VI. CHEMICAL COMPOSITION OF COALS

CHEMICAL VARIATION OF BENCH SAMPLES OF THE HERRIN COAL

The geologic setting of the bench set study area has been described in
Section IV, Two main types of variability in the chemical composition of
samples are observed in the bench sets: (1) vertical variability between

the benches at a site and (2) lateral variability along a bench or in compo-
site benches at different sites. Both types result from geochemical changes
in the environment of the coal either at the time of deposition of the benches
or site, or later, when infiltration of aqueous solutions, erosion, or other
postdepositional processes occurred.

Chemical data for the four bench sets studied are reported in tables VI-1

and VI-2. An examination of the data by several statistical procedures indi-
cated that the variability in chemical composition between the benches at a
given site is greater than the compositional variability of the bench at
different sites (bench sets). Analysis of variance tests indicate that sig-
nificant differences between the bench sets exist for only a few elements,
whereas chemical variability among the benches in a set is significant for
many elements; therefore, the data from the four bench sets are averaged for
each bench unit (table VI-3). Included in this table are the results of the
analysis of variance tests for each element.(see footnote * in table).

The analytical data on the 19 bench samples of coal were used as criteria

for forming clusters by 2-cluster analysis routine; the resulting cluster
dendrogram is shown in figure VI-1A, Description of the cluster analysis is
given by Davis (1973). The dendrogram provides the cross section correlation
of the four bench sets shown in figure VI~1B, in which chemically similar
benches are identified by the same symbol. This correlation is consistent with
the stratigraphic correlation shown in figure IV-4. The resulting groupings
are generally lateral rather than vertical, because of lateral similarities

in the chemistry of the bench units. It is possible that this differentiation
of the coal beds would be more apparent if fewer elements were used to define
clusters.

Whether the basic groupings are examined from a stratigraphic or paleogeo~
graphic viewpoint, the chemical behavior of the groups is to a large extent

due to the mineral-chemical associations. Lithophile elements (those having

an affinity with rock) are usually closely associated with the quartz or clay
components; likewise, many of the chalcophile elements (those having an

affinity with sulfur) are closely associated with pyrite, and many of the
elements having an affinity with calcite are commonly associated with carbonates.
Chemical differences observed among groups appear to be at least partly due

to differing proportions or amounts of the minerals.
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TABLE VI-1. Standard coal analyses of bench samples, Herrin Coal '(MMC80), dry basis.*

SAMFLE  BENCH-UNIT THRKN MOIS VoL FIXC ASH TOTS ORGS sus FYRS"
(FT.) ¢ Z ) ¢ X)) CZ) X CxZy %)) Xy X))

BENCH SET R 6

C20945 I 1.53 2,59 38.39? 53.74 7.83 3.19 W99 34 1.85

C20966 II 3.54 2.70 37,10 56417 6.72 1.81 1.39 05 + 36
C20967 III 60 2,40 34,01 48,56 17.41 1.89 1.30 .03 59
C20968 v £62 2,50 34.15 50.41 15.43 2.75 1.28 . .10 1.37. 7,
C20969 V (SH) +15 1,79 21.89 27.25 §0.85 99 w60 " .08 w30
C20970 VI 1,39 2,50 36.82 51.78 11.39 2.59 1,48 01 1.09

COMFOSITE+ (7.83) 2.59 36.354 53.32 10.12 2,28 1.30 - 103 vgBZ‘H;

BENCH SET R 7

C20971 I 1.82 2.59 43.83 49.14 7.01 3.28 1.41 ~ .33 1.54 ,
c20972 II 3.40 2,20 38.75 47.88 13.36 2.67 1.57 12 .98
C20973 III 1.53 2,09 36,053 41.83 22.10 3.75 1,32 .19 2.23
C20974 v 47  2.40 40.77 49.17 10.05 3.42 1.67 05 1.69
C20975 vV (SH) 36 1.60 26,42 32,90 40.67 12,78 W71 38 11.68
C20976 VI 1.17 1.89 28.64 2.97 38.37 10.58 57 31 ?.68

COMPOSITEY (8.75) 2.21 37.358 44.54 21.72 4,50 - 1.33 .21 2.96

EENCH SET E 8

C20977 I +b64 2,29 37,66 51.85 10.48 2.33 1.77 + 08 49
C20978 II 3.50 2,20 37.32 §3.00 P67 2.73 1.88 06 77
C20979 III 1.31 2.20 34.35 48.44 17.19 2.11 1,64 01 46
c20980 VI 48 2,29 38.38 49.50 11.90 325 2,08 26 9?1
£20981 V (SH) W23 2,00 20.30 24.77 54.91 1.72 83 . .14 74
c20982 VI 1.28 2.50 36,10 47.91 15.97 5.84 1.41 63 3.77

COMFOSITEY (7.44) 2,26 36.17 50.12 13,69 312 1.73 $17 1.22

BENCH SET R 9

c20983 II 1.82 2,00 42,04 3%9.76 18.19 2,35 1.77 04 + 53
20984 II1 1.70 2,40 35.45 48.86 15.68 3.15 1.74 .08 1,33
20985 Iv .58 2,40 39.95 50.35 9.68 2,71 2.02 05 +63
C20986 V (SH) .08 1.89 13.25 10.96 78.77 P86 41 21 + 33
c20987 VI 1.57 2.50 35.89 47.98 16.11 5.84 1.41 2 J.43

COMFOSITE+ (3.73) 2.94 37.8 45.4 16.82 336 1.67 34135 1,57

¥ SEE TAERLE I-1 AND FIG I-1 FOR ARRREVIATIONS AND SYMEOLS
+ CALCULATED FROM THE RBRENCH SET EXCLUSIVE OF THE SHALE (SH) BENCHESs
EQUIVALENT TO A FACE CHANNEL TYFE OF WHOLE COAL SAMFLE

Bench set B6

The composite values for most of the elements in bench set B6 are the lowest
(or lower than average) of the four bench sets (see figure IV-3 for details).
These low composite values generally reflect the low mineral matter content
of this bench set as indicated by the low LTA, HTA, and pyrite values
(table VI-3). The trace element/mineral associations thus are not especially
influenced by any one mineral. The few elements that have higher composite
values in this set (Be, Br, Hg, and Sb) generally occur in association with
the organic matter; elements occurring mainly in associationwith the minerals
tend to be fairly low in concentration. -
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TABLE VI-2. Minor and trace element compositions of bench samples, Herrin Coal (MMC80), dry basis.*
SAMPLE BRENCH UNIT THKN AG AL AS R BA EE ER cCA co CE co CR
(FT.)> (PFR) « %)) (FPFM) (FFM) (FFM) (FFM) (FFM)} (G (FFM) (FFM) (FPFM) (FFM)

BENCH SET E 64

C20965 I 1.33 S52. 64 3.6 120. 20. 1.3 16. 146 w3 3. 1.9 7.
CR20966 II 3.54 45, + 88 8 86, 23. 0.28 20. 24 el 7 2.1 10.
C20967 III +60 48, 2.12 1.7 70, &5, 0.58 i8. 37 e b 18. 3.3 19.
C20968 Iy Y- ¥4 70. 1.66 7.4 ?4. 49, 0.7 21, +AS el 14. G5 18,
C20969 V(SH) +15 270, 7+.40 2.9 83. 180. 0.93 13. «13 0 1.7 97 10. 71,
C20970 VI 1.39 51. 1.09 6.2 106. 73. 1.17 16. +64 el 13. 79 15.

COMPOSITE+ (7.83) ©G1. 1.03 2.9 P6. 37. Q.70 i8. +38 <3 P 3.5 12,

BENCH SET B 7

20971 1 1.82 37, + 60 1.5 110. 21, 1.14 15, 29 e 4, 2.1 7.
ca0972 II 3,40 48, .81 1,0 76, 25, 0.29 16, 2,57 905 8. 2.3 10,
20973 111 1.53 96, 1.86 3.4 88. 590. 0.56 16, 1.94 .8 19, 5.9 19,
C20974 1V .47 48, .94 2,1 95, 32, 0.84 15, ‘64 <4 b 3.7 17,
20975 V(SH) «36 160, 3.35 20.3 48. 223, 0.72 10, .88 1.4 24, 15, 40,
£20976 VI 1.17 140, 3.60 i7. 58. 163, 0,67 i0. .55 1.3 25, 14, 51,
COMFOSITE+ (B.75) 67. 1.35 3.9 84, 147, 0.61 15, 1.57 “eb i1, 4.6 17.

BENCH SET B 8
£20977 I 64 B1. 1,17 1.6 86. 1160, 0,39 14, $61 %4 8. 2.2 30.
£20978 II 3.50 41, .98 1.2 82, 39. 0.22 14, .90 <3 9. 2.5 i1.
C20979 iII 1.31 57, 2.06 .7 95, 61. 0,45 14, .22 b 19, 3.4 23,
20980 v +48 58, 1.41 3.3 116, 34, 0.82 14, W11 e d P 6.7 i6.
20981 V(SH) .23 340, 7.27 5.4 ?7. i82, 0.82 7 .19 1,9 103, 2.0 64,
cz0982 VI 1.28 76, 1.11 6.5 96, 723, 0.71 15, .84 <eb 103, 2.9 15,
COMPOSITE+  (7.44) 55, 1.24 2.2 %0, 285, 0.430 14, .69 el 27, 4,2 16,

RENCH SET B 9
20983 II 1.82 117, .58 .7 113, 288. 0.28 13, 6.61 £ 7 5. 1.7 7
c20984 III 1.70 71, 1,67 2.4 105, 184, 0.41 15, .51 <. 5 16, 3.7 18,
c20985 v .58 57, 1.18 2,2 10i. 31, 0.77 15. .25 <3 7. 4,7 17,
20986 V(SH) .08 380, 10.75 6.4 150. 330, 0.98 5. .06 2.6 90, 18, 71,
20987 VI 1.57 70. 1,00 7.0 102, 88. 0.62 17, .83 <o b 9. 8.7 16,
COMFOSITE+  (5.75) 84, 1.08 3.1 106. 175, 0.46 15. 2.52 “eb 10, 4,6 14,

+CALCULATED FROM THE BENCH SET EXCLUSIVE OF THE SHALE (SH) BENCHs EQUIVALENT TO FACE CHANNEL TYFPE OF WHOLE COAL SAMFLE.



TABLE VI-2. Minor and trace element compositions of bench samples, Herrin Coal (MMC80).* (continued)

SAMPLE Ccs cu oy EU F FE GA GE HF HG I IN K . LA
(FFM) (FFM) (FFM) (FFM) (FFM) « % (FFM) (FFM) (FFM) (FFM) (FFPM) (FFE) ¢ %)) (FFM>

BENCH SET R 6

D209465 X Se6 vb 13 31. 2.09 1.9 2 54 - 8. .08 2.4
20966 ) 5.8 IX-] 19 42, +44 2.1 3 « 20 - 24, .10 G.8
C20947 2.1 10.2 1.1 + 35 156, .80 3.5 7 13 - 14, 37 11.
C20948 1.3 13.8 1.2 +32 ?0. 1.61 5.5 Ix-) 1.18 - <103, + 27 7.7
C20969 Se7 30.1 3.6 1.4 231. .82 10. 2.8 16 - w204, 63 G7.
£20970 b 11.9 9 27 93. 1.28 749 4 19 - =205, 15 7.8
COMPOSITE .8 747 o7 $22 53 1.04 2.9 4 33 - S59. +14 4.0
RENCH SET R 7
C20971 7 5.0 X 16 30. 1.82 2.1 1.16 2 14 - <82, .08 2.8
20972 X 7.8 +8 27 39. 1,07 2.3 1e 3 +13 - =81, +09 4.7
220973 2.3 11.46 1.4 + 37 100. 2.49 G.9 1.7 7 16 - <31, W32 10.
C20974 8 ?.3 +? 19 40. 1.78 3.7 1.8 b 07 - “31. .12 4.2
C20975 2.0 20.1 1.5 v 41 - 11.43 15. w34l 1.2 <14 - 20, +30 17.
20974 3.1 19.0 1.5 41 - P59 14. w29 1.6 26 - 20, + 30 17.
COMPOSITE 1.3 P8 1.0 28 G0, 2.72 3.8 1.5 b 15 - <49, .16 7.0
RENCH SET R 8
C20977 1.9 7.3 3 +14 103. +58 2.2 1.3 b +13 - 31. 21 4.
220978 1.0 7.0 -] .18 93 +82 2.8 076 S 08 - 17, .14 Se
C20979 3.2 10.6 1.3 +38 126, 64 3.4 1.3 1.1 S12 - 19. 42 11.
220980 1.7 10.6 1.0 23 59 1.24 b7 0,91 7 14 - <102, 24 S
20981 6.4 51.6 3.7 1.9 291, 29 ?.0 441 3.5 15 - <102, +86 64,
c20982 + 8 12.3 1.4 21 S92, 4,06 ?.9 1.5 3 $12 - <103, 15 62,
COMFOSITE 1.5 8.2 9 «22 PL. 1.37 3.3 <161 b W10 - <40, 21 16.0
BENCH SET kK 9
c20983 3 ?.4 3 11 - 61 1.7 1.6 3 +10 - w133, 03 2.5
C20984 2.6 11.2 1.0 29 - 1.50 3.7 w12 1.0 W11 - =81, .32 P
20985 1.2 12.5 1.0 $22 67. 78 4.7 0.78 6 208 - 41. 16 4.2
C20986 1.2 38.7 3.2 .82 S15. 1.14 18. =58 4.8 17 - 19. 1.23 62
20987 .8 13.5 .7 19 - 4.19 8.7 Se4 b «13 - 33. W15 S.4
COMFOSITE 1.2 11.4 7 «20 &7, 1.89 3.4 425 b .11 - =78 17 5.4
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TABLE VI-2. Minor and trace element compositions of bench samples, Herrin Coal (MMCB80).* (continued)

SAMFLE LI Ly
(FFM) (FFM)

EENCH SET R &

C20965 8.4 .08
C20968 13.1 .09
CR0967 41.4 $12
C209468 32.3 +13
C20969 294, $32
20970 15.3 12
COMFOSITE 16,3 +10

EENCH SET K 7

C20971 8.1 109
C20972 ?.0 +10
C20973 29.2 +19
C20974 10.4 13
C20975% 110, + 25
C20976 117, +17
COMFOSITE 27.7 v13

BENCH SET E 8

C20977 P.b 07
CR20978 8.3 + 08
C20979 15.9 .14
c20980 11.8 W12
220981 83.4 + 26
c20982 P2 $12
COMFOSITE 10,2 09

BENCH SET R 9

£20983 5.9 .08
£20984  13.6 .12
£20985 10,9 .11
C20986 101. .34
£20987 8.8 b1
COMPOSITE 9.5 .10

MG
%)

103
+03
+ 09

w10

.11
+03
004

03
04
10
+ 04
+ 23

$22

+ 08

+ 05
+0Q4
+10
+04
+14
+ 05
+05

16
07
+03
+13
+03
+08

MN
(FFM)

42,
21.
26
28.
27,

39.

29,0

20,
172.
130,

36.
106.

6%,

109.0

20,
29.
23.
16,
Sl

49,

30.0

178.

34,
22,

45,
59.

86.0

MO

(FFM)

16.
4.5
w33

4.4

w11

14.
<740

8.
G2
Z.2

<15,

15.
8.6

NA
(FFM)>

832,
1470,
2889.
2841,
4043,
1733.
1161,

P09,
1851,
2349.
1199,
2104.
1998,
1722,

1208.
1411.
1810.
1310.
3571,
1313,
1441,

1041.
1834,
1240

49735,
1590,
1451,

NI
(FFM)

4‘
40
8.
80
25,

26.

?.0

3.
e
&,
P,
34,
30,

?.0

8.
40
8.
8.
27.

8.

8.0

4.
7‘
12,
50.
26,
iz,

FE
(FFM)

42,
22,
18.
33.
33.
30.

28,

17.
13.
40,

23.

154,
132.

36,

P
10.
14,
23.
40,
47,
i3.

24,
14.
14,
48.
G5,

29,

RE
(FFM)

10.
11.
29.
22,
42,
11.
13,

10.

70
28,
10.
35.
25.

14,

20.
11.
36.
20.
48,
12.

17.

3.
26,
13,
70.
13,

14,

Sk

(FFM)

1.9
v 4
2
‘5

7

+ 7

RRIPS O

P Y

3

IR R I G G X
(KRR XTI
AAS A

=MUAu DS

LI QL IR
e o e v s 4 @
O AL O RIS

oNiWN oW

PP
v e 2w e .
S WU DD

P RIN = B

-

PO D DR
NOWO NG

- e o+

-

SIS AE AR
S e .

Ui

ORI D RS

PSS S

NN N O

Y

1.07
1.352
4,58
3.68
15.78
2.48

2.02

1.08
1.45
4.18
1.81
6.41
4,72
2.63

2.53
1.86
.08
3.18
17.38
2445

2:70

1.14
3476
2.44
25.09
2.40
2.41



TABLE VI-2. Minor and trace element compositions of bench samples, Herrin Coal (MMC80).* (continued)

SAMFLE SM SR TA TR TH TI TL u v W YR ZN ZR
(FFM) (FFM) (FFM) (PFM) (FFM) (%) (FFM) (FFM) (PFM) (FFPM) (FFM) (FFM) (FFM)

RENCH SET kR 6

C20965 + 3 28. +10 +07 7 03 0.76 el 4.9 3 3 25.0 S
C20966 +8 33. + 09 12 1.2 +04 0.13 <1 7.3 1%+ 3 16.1 7
C20967 1.8 32, + 25 +17 2.7 .11 0.3 w1 20, e o7 37.3 22,
20968 1.4 30. +18 + 15 2.4 +08 0.51 e 13, N 7 45.4 16.
CR0969 7.6 73, £ 79 $62 13. +47 “0.51 2.9 46, P 2.2 19.7 67,
C20970 1.1 23. W15 16 1.9 <06 0.36 <1 16. 3 %] 86.6 12,
COMFOSITE .9 31. 12 12 1.4 03 +34 e 10.0 “0.5 0.4 34.7 2.0
BENCH SET R 7
C20971 ) 28, +06 +10 7 +03 1.8 o3 S.1 %] o7 17.4 b
C20972 4 33. +09 +13 1.1 04 0.22 el 5.2 el 1.1 64,9 b
20973 1.6 36, 27 24 2.8 09 0.29 7 10.2 el 2.8 16.3 16.
£20974 7 27. 09 +13 06 04 O.11 S 15, e +06 14.9 10,
C20975 2.1 91. 41 +31 b .19 0.81 <1 20. .7 6.1 20.5 31,
L0976 2.1 43, 47 24 7.2 21 0.75 1. 18, + 4 7.2 88.8 35,
COMPOSITE 1.1 34.0 17 +16 2.1 +07 +64 <046 8.4 w05 2.1 46.3 12.0
RENCH SET R 8
C20977 2 41, 15 +08 1.7 + 06 0.27 8. 13. e 2 19.3 10.
Cc20978 .8 33. .12 +09 1.4 08 0.35 w1 4, “e G 2 64.5 7.
C20979 1.7 31. 26 17 3.4 11 <0.18 L 10.3 e o7 306. 22.
€20980 1.0 22, 16 16 2.2 +06 1.04 e 15. e b 34,7 12,
Cc20981 11. S0. 1.0 82 13. «46 0.79 w2 48. ? 1.8 18.5 76,
20982 2 25, 12 «31 2.1 + 05 1.08 +4 ?.3 e 13+] 22,0 10,
COMFOSITE 1.0 31i. «15 «13 2.0 06 <+ 48 1.5 7.6 w0.5 .4 ?4.6 11.
BENCH SET kB 9
C20983 4 88. +08 07 + 9 202 .28 e D 6.5 e 2 18.5 <1
c20984 1.3 27, +26 '3 2.8 .09 0.55 1. 15. 4 13- 19.3 18.
£20985 .8 23, 12 3+ 2.4 05 0.46 w7 17. K31 4 301. 13.
C209846 11, ?8. 1.8 S 14, +70 <0.77 <1, 44, 3. 2.3 33.2 ?7.
c20987 ? 23, 16 14 2. +05 1.19 <1l 10.8 L1 ) 203, 14,

COMFOSITE 0.9 44, 16 20 1.9 05 e b2 0.8 11.3 0.5 0.4 99.5 11,



TABLE VI-3. Average and composite concentrationst of bench sets coded* for significant differences based on analysis of variance

between coal benches (shale excluded).

KFench Umit Atz % CalsZ FarsZ ClawsZ
I 1.4a 0.9a 2.68 S.78 10,668 2,493 39.96 b 51.,58a 2.93s
II 1.6a S5.73 1.5a 5,33 13.98abk 2,28s 38.80ab 49.20s 11.9%9ab 2,393
111 3.9 b 1.88 2.38 12.5 b 20.50ab  2.27a 35.128b 446,923 18.,10ab 2.73a
v 2.68b t.la 2.6a 7.%9ab 14,.07ab 2,408 3B.368h 49,868 11.778h  3.03s
Shale 12.7 1.1 b6 41.3 61,45 1.82 20,47 23.97 55,55 4,11
VI 4.1 b 1.4a3 10.4 b 9.6ahb 25.61 b 2.388s 34.363 45,1é6a 20.46 b 6,21 b
Averade 2.5 2,9 3.5 7.8 16.34 2,35 37.43 48,91 12.92 3.31
Rench Unit Ord 8y% Sul SyZ Fur SsZ SierX AlsZ FesZ Mety % CarZ NasFrm KeX
I 1.3%ahb 0.24ab 1.29a 1.57a 0.80a 1,508 0.04a 0.45a ?83a 0.128
II 1,65 b 0.078 0.663 1,498 0.81a 0.74a 0.07a 2.58a 14433h 0.108
III 1.30ab 0.08a 1.142 4,40 b 1.93s 1.3683 0,09a 0.76a 2221 b 0.36 b
v 1.76 b O.12a8b 1.1%a 2,783k 1.30a 1,35%5a 0.0%a 0.36a 1448ab 0.20a8
Shale 0.64 0.20 3.26 16.2 7.19 3.67 0.15 0,31 3673 0.76
VI 1.22a 0.49 b 4.49 b 3.51ab 1.70a 4,78 b 0.08a 0.72a 165%ab 0.19a
Averade 1.53 0.20 1.58 2.44 1,18 1.76 0,06 1,29 1556 0.17
Bench Unit TisZ Mris PEm Adrrrb AsyErm Byrrm Barerm Rerrrm Bryrem Cererm Cosrrm
I 0.043 27a 578 2.2a 1052 4003 0.94 ¢ 15a Sa 218
II 0.045 100 b b&3a 0.%a 89a P4a 0.27a 16a 73 2.2a
I1I 0.10a 53ab 733 2,1s ?0a 22%a 0.50ab léa 18a 4.1s
v 0.06a 263 583 3.82 102a 37a 0.78 bec  1éa bz S.2 b
Shale 0.46 57 288 8.8 100 229 0.86 ? 79 13
VI 0.09a S4ab B84a P2 b ?la 2628 ‘0,79 be 15a 38a 10.1 o
Averade 0.06 b4 b4 3.0 ?4 156 0.54 16 14 4,23
Rench Unit Crrrerm Csyerm Cuyrrm Dy rrm Eurerm Garrrm Hf ye=rm He s Prm lLarrrm Liyrem
I 15a 1.18 b.02 0.5a 0.143 2.1a 0.3a 0.27a 3.1a 8.73
IX 10s 0.6a 7+48 062 0.1%ab 2.48b 0.43 0,13a 4,.5%a P.la
I11 20a 2.6 b 10.9 b 1.2 b 0.35 ¢ 4.9 © 0.9 b 0.13a 10.3a 25.08
v 17a 1.3a 11.6 b 1.0 b 0.25ahe 5.1 ¢ 0O.é8b 0,38a 5.3a lé.4a
Shale 62 3.8 35.1 3,0 1.13 13.1 3.1 0.16 50 147,
VI 24a 1.3a 14.2 b 1.2 b 0.27 be 4,4 be 0.8ab 0.18a 23.08 3768
Averade 15 1.2 P4 0.8 0.23 3.4 0.5 0.18 8.6 15.9
Rench Unit Luserm Morrrm NirFrrm Fbyrrem Rbrrem Sbyrrm Scyrem Sesrrm SmyFrm Srrerm
I 0,08a 9.98b Sahb 23a 13a 1.2a 2.2a 2+1lab 0.683 32a
II 0.08a 4.23 43 17a 8a 1,08 1,68 1.7ab 0.7a 47
III 0.14 b 4,43 8ab 22 30 b 0.48 4,0 b 1.4a 1.6 b 328
v 0412 b 4,1s ? b 23a l1éa 0.88 3.7 b 3,5ab 1.0a 29a
Shale 0.29 17.3 34 69 49 0.6 8.2 7.1 7.9 68
VI 0.13 b 13.6 b 25 ¢ 66 b l6a 0.5a 3.7 b 4,5 b 1.3ab 28a
Averade 0.11 645 Q 28 15 0.8 2.7 2.2 1.0 35
Bench Unit TarFem Thrrrm Thrrrm Tlsrrm VUyrrm Ybrerm ZnyFFm ZryFrEm
I 0.10a 0.08a 1.0a8 0.%943 7.+7ahb O.43 20.6a 7ab
II 0,103 0.10a 1.2a 0.258 S.8a 0.3a 41.08 Ga
III 0.26 b 0.223 2.93 0,333 13.9 ¢ 1,28 94,78 20 ¢
v 0.14a3h 0,233 1.8a 0,%3a 15.5 ¢ O.4a 99.08 13abe
Shale 1.00 0.56 11.5 0,72 39.5 3.1 23.0 468
VI 0.23ab 0.21a 3.3a 0,843 13.5 be 2.28 100 = 18 be
Averade 0.15 0.16 1.9 0.52 F.4 0.8 68.8 11

+The values rerorted are weidhted with resrect to bench thickress and exclude shales.

XConcentrations for 8 rarticular element or mineral coded with the same letter as other benches
are not significantly different from one another at the five rercent level using Duncan’s Multirle

Rande Test.
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FIGURE VI-3. Bench set profiles for pyrite, Fe, As, and Pb from bench set B7.



Bench set B7

This bench set is relatively high in calcite (particularly benches 2, 3, and
4) and especially high in pyrite. All but the top bed are high in pyrite,
and the bottom bed has the highest observed pyrite value of all the bench
sets (22.3%). Cluster analysis showed that this bench set had the greatest
number of pyrite/element associations of the four bench sets. Bench set
profiles for pyrite, Fe, As, and Pb are shown in figure VI-3.

Bench set B8

This bench is similar to bench set B6 in that it is fairly low in overall
mineral matter, but it does have the highest clay content of the four bench
sets. Elements found in high concentrations in this set include: Al*, Ba,
Ce, Cs*, Dy, F, K*, La, Mo, Rb*, Sc, Si*, Sm*, Th*, Zn, Zr*, most of which
are lithophile in nature. (Elements with an asterisk, along with quartz
and clay, show a similar pattern of behavior.) Bench set profiles for clay,
Si, Al, and Th are shown in figure VI-4.

Bench set B9

Many of the common mineral element associations can be found in this set
because of its high mineral matter content. Of special interest in this set
is the exceptionally high calcite content of the top bed (unit VI). The
clustering procedure groups calcite with the elements Ca, Mg, Sr, Ba, Ag,

and B. The high concentration of Ca and Sr, along with the slightly

higher concentration of B in this set (table IV-2) offer supportive evidence
that these beds had been exposed to percolating sea water. Bench set profiles
for calcite, Ca, Mn, and Sr are shown in figure VI-5.

Stratigraphic vs chemical correlation

The important trends of the chemical and mineral data related to the bench
units are as follows:

Unit I (fig. VI-1) is generally low in mineral components and high in volatile
matter and moisture. The only constituents found in high concentrations in
this unit are B, Ba, Be, Sb, and Tl; even these elements are variable among
the three bench sets containing this unit.

Unit II (fig. VI-1) is characterized by a high calcite content. The
concentrations of Ca, Mn, and Sr are also high, especially in bench sets B7
"and B9. Although the concentrations of As, B, Ba, Ce, and Mg are not espe-
cially high in this unit, they tend to correlate well with the calcite/Ca/Mn/
Sr concentrations.

Unit IIT is characterized by a high clay content and correspondingly high
concentrations of Al, Cs, Dy, Eu, Hf, K, Lu, Mg, Na, Rb, Sc, Si, Sm, Ta, Ti,
and Zr; these elements are all lithophile in nature.

Unit IV, which overlies the shale bench (unit V—not discussed here), is

undistinguished with respect to mineral/chemical associations, being neither
high nor low in most constituents, Of the elements with relatively high
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concentrations (Br, Ga, Hg, Tb, and V), all but Tb are commonly associated
with the organic matter.

Unit VI (except for bench set 6) is high in quartz, pyrite, and ash; the
pyrite content appears to have the greatest influence on the chemistry. The
highest concentrations (in all the bench sets) of Ag, As, Ce, Co, Cr, Cu, Fe,
La, Li, Mo, Ni, Pb, Se, Th, Yb, and Zn are found in this unit. Of these
elements, most are chalcophile with the exception of Ce, Cr, La, Li, and

Yb, which are lithophile in character and reflect the above average clay
content of this unit.
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FIGURE VI-5. Bench set profiles for calcite, Ca, Mn, and Sr in bench set B9.
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Although the trends we have noted here generally hold for the four bench sets
considered collectively, there are usually exceptions within any one coal
unit. Since the mineral content in each of the four bench sets differs some-
what, and since the mineral content appears to be the controlling factor in
the chemical content of the benches, then chemical similarity among the bench
sets should not occur frequently. Strong chemical correlations among indivi-
dual benches based on chemical similarities in composition cannot be found.
In contrast, there is good stratigraphic correlation of individual benches
across the four bench sets on the basis of physical characteristics (figure
IV-4). The exceptions to this are Co, Cu, Lu, and Ni, in which the chemical
pattern is similar for the four bench sets (e.g., fig. VI-6 for Ni). These
four elements are often not strongly associated with inorganic minerals.

CHEMICAL VARIATION OF WHOLE-COAL SAMPLES OF THE HERRIN COAL

Chemical analyses data on whole-coal samples (MMC80) taken for this study
from widely scattered localities within the Herrin are given in tables VI-4
and VI-5. The chemical variation of these results is evaluated in terms of
the arithmetic mean, standard deviation, and the maximum of the analytical
results of the various elements found in the samples. However, statistical
evaluation for ten elements is somewhat indefinite because part of the results
on these elements are upper-limit values (table VI-5). Three alternative
methods can be used to compute the mean (and standard deviation): (1) ignore
the samples when the element has a less-than value; (2) set the less~than
values equal to the given value; (3) set the less-than values equal to zero.
Method 1 yields a high mean for elements with many less—than values. Method 2
yields a value that is somewhat high although close to the true mean. Method 3
yields a value that is probably too low. The true mean lies between the
results of methods 2 (high) and 3 (Zow).

The statistics for the trace elements in all whole~coal samples from the
Herrin Coal (C499 and MMC80 sample sets) were computed using methods 2 and
3; the results are given in table VI-6. The low and high statistical values
are the same for elements having no less-than values (or an insignificantly
few number of samples), and only one is reported (table VI-6). The differ-
ences between the high and low means are important only for iodine (I),
indium (In), and phosphorous (P).

Chemical variation of the Herrin Coal in local areas

Six local areas in the Herrin Coal have been delineated (section IV) for the
purpose of studying the variation of chemical properties in a small area.
Six elements (S, As, Hg, Pb, Th, and U) have been selected for comparing
mean concentrations and standard deviations in local areas (fig. VI-7). The
first four of these elements, classified as chalcophile elements, were among
13 metals on the EPA list of priority pollutents,

The sulfur content is lower in L5 than in other local areas. The area L5

is within the low-sulfur coal region close to the south part of the Walshville
channel, The mercury content is somewhat higher in L1 than in other areas.
The L1 area is located in the northwest part of the basin where the coal has
‘been strongly affected by mineralizing solutions. The variation of arsenic
among local areas is similar to that of mercury, but the average As content
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TABLE VI-4. Standard coal analyses of local area and regional whole coal samples, dry basis.

SAMFLE PURPOSE-CODE THRKN MOIS VoL FIXC ASH H C N 0 TOTS ORGS suUs FYRS TCL BTU ZB 802;
(FT+) CZ ) CZ ) CZ)> C#zZ)y Z)y %)y Z) %)y 4> %y %) %) (Z) (BTU/LE) MEBTU

C20154 R 4.30 2.50 35.70 49.30 15.00 4.98 69.45 1.40 8.28 85 56 01 .29 «77 12350 1.37
C20242 R 46.00 10.30 38.50 49.70 11.80 F.26 71.40 1.33 8.32 1.68 +60 01 1.07 <46 12820 2.61
C20323 L 8 5.00 G.70 36.50 46.30 17.20 4.25 64.74 1.27 775 4.76 1.75 .23 2.78 .18 11737 8.06
C20613 R . 5.90 8.53 40.71 46.98 12,29 - - - - 3.34 1.48 .01 1.84 <40 12803 3.19
C20620 RL 1 4,46 15.00 - - 14.40 - - - - 3.13 1.57 .11 1.45 <04 12148 S5.12
C20628 L 4 5.00 10.36 36.76 49.84 13.39 4,73 67.12 1.31 ?.56 3.86 1.60 .08 2.17 04 12057 6.36
C20635 R 6.33 8.13 38.57 48.78 12.43 4.85 68.11 1.34 P.11 3.94 1.84 07 2.01 .04 12309 6+36
C20636 L 4 6.06 9.56 38.12 48.68 13.18 4.88 67.93 1.24 8.99 3.75 1.50 +01 2,23 .03 12275 6.07
C20641 LS 7.43 7.98 35.47 54.25 10.27 5.02 73,21 1.70 8.73 1.04 50 - .53 .47 12955 1.60
C20642 LS 7.4 8.01 36.46 54.90 8.62 5.03 74,02 1.69 P20 1.41 57 - .83 .45 13220 2.12
C20654 R 5.30 9.02 37.12 48.30 14.56 4.80 67.02 1.31 8.96 3.72 1.72 .08 1.91 <14 11944 6.19
C20658 R 6.45 9.43 32,35 T4.18 13.45 4.60 70.60 1.59 8.97 76 57 Q1 17 L02 12468 1.21
C20678 R 2.50 7.02 29.98 47,85 22.15 - - - - 3.14 73 05 2.39 - - -
C20759 R S5.46 11,04 38.12 47.87 14.00 4.72 67.52 1.24 8.37 4.11 2.12 07 1.91 «71 12128 b6.74
C21164 RL 7 F.592 4.90 36.69 48.59 14.71 4,73 66.09 1.14 P4l 3.90 + 95 39 2.54 .17 - -
C21166 L7 4.50 5.09 37.30 47.75 14.94 4.76 66.86 1.27 ?.38 2.78 121 41 1.14 17 - -
C21168 L7z 5.80 5.90 34.75 50.04 15.20 4.60 67.43 1.18 P.14 2.42 1.18 e 27 «99 « 26 - -
C21170 L7 5.00 5.19 36.49 48.57 14.92 4.72 63.50 1.24 P62 3.96 1.09 .56 2.31 +21 - -
c21172 L8 5.58 6.0? 36.31 49.08 14.60 4,65 67.33 1.26 8.85 3.29 1.06 26 1.95 29 - -
C21174 RL 8 4,58 5.90 36.98 49.57 13.44 4.66 65.85 1.30 10.98 3.74 1.25 .59 1.89 26 - -
C21176 L 8 4.55 5.90 37.08 46,40 16.50 4.39 62.61 1.19 8.37 670 1.16 2?9 4.59 .28 - -
SPRINGFIELD COAL
C15140 R G5.48 %.10 43.60 46,00 10,40 5.47 71.84 1.79 723 3.29 2.08 01 1.16 «10 13049 4.95
C20314 R 2.55 13.10 38.70 47.50 13.80 5.13 68.48 1.34 7.10 4.18 1.17 47 2.55 :04 - -
C20324 RL & 6.80 6.60 37.20 53.90 8.%90 4,94 72.56 1.67 ?.49 2.45 176 15 1.54 «25 13119 3.71
C20615 R 4.94 9.34 39.36 47.91 12.71 - - - - 4.49 2.09 .03 2.36 .38 12491 7.13
C206146 R 4,30 9.37 39.79 350.28 ?.91 - - - - 3.00 1.63 01 1.35 +36 13033 4.58
C20631 L3 3.19 8.95 37.18 S50.71 12.09 4.73 68.51 1.30 8.81 4,53 1.91 .10 2.51 .01 12325 7.31
C20637 L3 4.46 9.80 38.92 G51.07 ?.99 4.91 70.29 1.21 P66 3.94 1.78 .04 2.11 02 12719 b6.16
C20679 R 4.40 7.82 39.57 49,60 10.81 5.03 71.93 1,39 6.84 3.96 1.92 .03 2,01 «56 13077 6.02
C20705 R 5.10 10.24 37.01 40.07 22.91 4.62 60.91 1.12 6.86 3.55 1.87 04 1.64 L0141 11021 6.40
C2070%9 L7z 7.41 13.15 40.08 S50.31 P39 5.11 73.43 1.62 8.53 1.68 +67 «01 « 99 - 13170 2.54
C20760 R 4.75 10.98 40.51 47.32 12.16 4,92 69.37 1.31 8.64 3.58 1.81 06 1.69 «61 12559 S.47
C21067 LS 6.50 10.30 34.70 56.40 8.90 4,92 74.87 1,51 8.84 1.21 .38 03 .81 «56 13103 1.84
C21163 RL S 6.53 4.00 39.06 G0.62 10.31 5.05 70.43 1.24 ?.31 3.63 1.14 29 2.18 17 - -
021167 L3 7.00 6.30 32.23 53.05 14.71 4.74 68.91 1.41 P23 97 .58 .11 26 30 - -
C21169 L3S 4.09 3.09 36.01 42.88 21.09 4.25 S9.11 1.02 6.09 8.42 81 -89 6.7 22 - -
C21171 L3 4,50 6.50 36.36 54.16 ?.47 4.86 72.52 1.58 ?.42 2,12 .82 + 35 <75 .28 - -
C21173 L é 8.64 4,30 38.55 46.91 14.52 4.77 65.45 1.19 7.99 6.06 1.59 47 3.99 «24 - -
C21175 L é 46.03 5.30 38,75 48.505 12.69 4.83 67.94 1.34 P64 3.53 1.28 + 54 1.71 25 - -
C21177 L é 5.15 5.50 37.98 50.32 11.48 4.465 70.10 1.42 8.28 4.04 1.42 54 2.07 .32 - -

~ NOT DETERMINED
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TABLE VI-5. Minor and trace element analyses of local area and regional whole coal samples, dry basis.

SAMPLE PURPOSE-CODRE AG AL AS E EA RE ER ca co CE CO— CR
(FFR) C %) CFFPH) (FFM) (FFPM) (PPM? (FPFM) « zZ {(FFM) (PFM) (FFM) (FPM)

HERRIN COAL

33. 1.71 + 3 22. 10. 26,

C20154 R 102, 2.37 <2 ?4. 56. 1.7

20242 R 67, 1.51 12. 120. 61, 1.9 14, 15 wel 30. 6.2 26,
C20323 L8 102, 1.92 4. 109. 52, 74 10. b1 w141 28, 746 33.
C20613 R ?0. 77 3.3 114, 73. +81 13. 1.11 e 10. 4.9 15.
20620 RL 1 87, 1.40 e 118. 45. 1.4 4. +86 2.5 13. 6.0 25.
€C20628 L4 &7. 1.08 3.0 160. 45, 1.5 1. 76 ? 17. b 21.
C20635 R 69, 1.02 4.0 1460. 39. 1.4 2. + 53 1.2 12, 3.8 17.
C20636 L 4 79. + 78 3.9 170, 32, 1.16 Pe5 +40 e 13. 4.0 27.
C20641 L3 75, +?1 15. 108, 27. 1.4 i8. 48 w2 17. 7.1 15.
20642 L3 103, .83 48. 111, 30. 1.4 18. 27 e 14. 7. 12,
C20654 R 79, 1.24 5.3 150. 49, 1.2 6.0 77 w3 14, 3.9 19.
C20658 R 63, 1.82 1.7 89. 64, 1.3 1.8 +05 7 22, 6.5 23,
C20678 R 180, 2.41 151, 76. 113, 1.7 19. +65 e 57. 18. 29,
20759 R 89. 1.32 3.2 140, 41. 1.7 24, 27 e 22, 5.2 22,
C21164 RL 7 “3be 1.47 3.4 111. 104. 1.18 189, +62 .8 15. 3.4 23.
C21166 L7 71. 1.57 3.4 111. 102, 2.4 232, +78 2 19. 4., 18,
C21148 L7 8%. 1.70 2. 102. S50. 1.18 319, 2 76 WeR 17. 4,5 21.
€C21170 L7 77 1.60 3.6 87. S0. 9 185, +41 w2 8. Seb 19.
ca21172 L 8 75 1.30 3.8 100. 44. .87 288, + 55 e 2 17. 4.4 19.
C21174 RL 8 77 1.48 5.0 83. 47, 2.8 244, 07 e 17. 5.6 19.
C21176 L 8 79, 1.22 Se4 103, 52, 1.08 159. + 26 e 2 16, 7.9 15.

SFRINGFIELD COAL

C15140 R 58. + 98 4.0 120, 33. 1.9 el +33 el 14, 4.8 13,
20314 R 68, 1.42 7.1 120. 49, 2.8 1.5 +23 L2 40. 741 22,
20324 RL 6 63, 1.17 15. 104. 39. 1.04 16. +20 .8 12, 5.5 15,
C20615 R 130, 1.00 6.0 109. 47. 1.17 13. +36 e 13, 4.6 28.
C20616 R - » 21 3. - 42, - 13, + 38 - 12, 3.0 10.4
C20631 L3 84. 1.04 Pl 160, 40. 91 1.9 + 55 3 16, 5.7 13.
C20637 L3 S8. +84 1.7 150. 28. 1.8 1.6 +28 1.8 8. 2.7 124
C20679 R 58, 164 6.5 81, 24, 1.2 16. 74 el 7 1.8 P
C20705 R 160, 2:69 b 140, 136. 3.2 1.8 .10 4 S51. 6.0 41.
C20709 L7 68. 1.21 29. 117. &3, 2.4 1.8 26 <ol 35. 5.3 17.
C207460 R 120. 1.04 3.6 140. | 1671, 245 22, .09 30.5 11. 3.2 20,
C21067 LS - .87 43. - 456, - 32, + 50 - 15. 4.1 9.4
C21165 RL § 49. 77 18. ?5. 86. 0.6 326, 36 o2 7. 2,3 8.
C21167 LS ?8. 2,21 12. 88. ?1. 1.01 336, «24 e 2 21. 5.1 19,
C21169 LS 130. 1.15 24, 43. ?4. +75 341. .85 2.0 19. ?. 20.
c21171 LS S6. 97 21. 82. 200, 1.2 231, +«35 3.0 13. 4,9 i1,
C21173 L é 64. 1.08 13. 85. 7%, 1.3 209. + 59 Ce2 22. 3. 13,
C21175 L é a5. .98 8.2 81. 712, 23 180. 47 Lol 13, 3.5 11.
C21177 L é6 73. .87 37. 83. 2666, +89 116, 73 <.2 10, 5.0 11.
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TABLE VI-5. Minor and trace element analyses of local area and regional whole coal samples. (continued)

SAMFLE s cu ny EU F FE GA GE HF HEG I IN K LA
(FFM) (FPPM) (FFM) (FFM) (FFM) CZ) (FFM) (FFM) (FFM) (FPM) (FPM) (FFR) « %) (FFM)

HERRIN COAL

C20154 1.5 12.3 1.4 «33 55, 66 9.9 6.5 5 +08 1.2 <72, 32 2
C20242 1.8 22.4 2.0 b 80. 1.15 4,9 7.1 8 o1l 1.9 =111, .29 11.
C20323 1.5 12.0 1.5 +40 2062, 2.08 G.3 3.1 1.0 22 e <42, + 21 11i.
20613 1.0 6.7 P 18 60, 1.77 2.6 3.8 +4 21 1.2 22, .13 4.9
C20620 1.3 12.8 .2 2 52, 1.66 G2 a. .8 +23 2.7 b W22 6.8
C20628 1.7 10.2 1.2 +36 68, 2413 4.0 2.1 8 © 07 e b 33. .18 8.4
C20635 1.4 8.5 1.3 27 83. 2,09 3.9 3.3 .4 09 1.3 26, .18 6.0
C20636 1.3 ?.1 1.2 + 29 75. 1.74 3.4 2, 4 09 b w77 .18 7.
20641 1.2 8.9 1.3 +32 a2. .86 3.8 5.9 o7 +07 2, 54. 12 10.1
20642 % 10.1 1.0 26 53, + 70 3.4 Pe6 + 4 <06 2.0 22. <12 7.3
C20654 1.4 10.8 1.3 +32 53. 1.91 4.5 3.1 ob 07 2.1 it. « 20 7.1
C20658 2. 18.3 1.6 47 77 « 35 9+9 1.8 .8 03 1.8 22, « 36 3.8
C20678 2. 31.6 2.9 .83 ?0. 2.37 6.9 Peb 1.4 13 <146 <65, 27 30.
C20759 1.5 14.8 1.3 5 64, 1.84 3.8 3.7 +8 71 1.4 {22, « 20 10.
C21164 1.5 P.6 1.0 + 25 97 2.82 3.8 1.9 b .08 - 8. 17 -x
C21166 1.9 10.3 1. +33 130. 1.55 T 3.5 7 .08 - “11. +23 11,
C21148 1.4 10.9 1.0 +37 110, 1.28 4.5 3.2 o7 09 - <11, «23 7.
C2117¢0 1.6 10.6 1.3 3 134. 2,82 I.7 2.2 o7 07 - <103, 24 P
C21172 1.5 10.6 3 o2 40, 2.14 3.7 2.2 Y- + 09 - <107, 19 7.
C21174 1.6 12.0 1.2 3 71. 2.52 3.8 3.8 7 + 06 - <106, .22 10.
C21176 1.4 12.3 i. 3 36. 5.24 3.1 3.1 1] 17 - <21, .16 10.
SPRINGFIELD COAL
C15140 1.0 6.6 1. «32 S56. 1.12 1.8 5.9 5 .08 <1 <22, 17 T
20314 2.0 24.9 4.1 1. 73. 2.70 S.2 12, .8 + 49 2, 23. « 24 20.
C20324 +8 8.0 8 20 61. 1.84 3.8 5.7 -] 16 1.6 <64, 21 b,
C20615 1.3 11.4 1.3 «31 80. 2.35 3.5 2.9 b W11 1.4 66, 15 7.0
C20616 «? - + 8 20 - 1.26 2,7 - 4 - - w132, «15 6.
20631 1. 8.3 1.7 + 37 49, 1.95 4.1 2.3 4 +10 2.0 w22, 06 P
C20637 1.0 647 1.0 22 52. 1.96 3.0 2.3 o4 +06 1.0 33. .14 4.1
C204679 .? 5.0 .8 16 40. 1.81 2.0 7.9 3 09 <146 <22, 09 4.
C20705 3.8 66.5 K2Y-) 1.00 114. 1.79 8.5 Se 1.3 13 7 “33. 64 2.
C20709 1. 38.8 2.9 P4 112. « 97 3.7 3.2 X 07 3.2 <23, 20 16,
C20760 1. 7.7 o9 22 54. 1.40 5.2 i2. o7 +42 1.9 79. 19 3.5
C21067 i.1 - - 26 - 72 2.9 - o3 - - - +13 8.
C21145 «7 7.1 X 16 40, 2.27 2.3 2.2 3 07 - 4. .13 4.
C21167 1.7 19.5 1.2 + 35 103. + 69 G.6 2.8 .8 + 05 - 421 + 49 12,
C21169 1.2 11.7 1. « 29 102. 6.83 4.0 2.1 b 42 - £32, 22 8.
C21171 +? 6.2 1.2 +23 38. 1.32 2.9 76 + 4 .10 - <214, 15 Pe
C21173 1. 16.7 1.8 49 77 4.06 3.7 1.3 o4 12 - <209, 21 P
C21175 1.2 7.5 +3 o2 15. 2.19 2.8 5.6 2] 06 - <32, .18 Se
C21177 7 6.5 7 +21 41, 2,42 2.8 5.8 +3 +15 - 12. .12 Se



TABLE VI-5. Minor and trace element analyses of local area and regional whole coal samples. (continued)

£20154
c20242
€20323
C20613
C20620
£20628
C20635
£20636
C20641
£20642
C20654
£20658
£20678
£20759
C21164
C21166
C21168
£21170
Cc21172
C21174
CR1176

SPRINGFIELD

15140
C20314
C20324
C20615
C20616
C20631
C20637
C20679
C20705
C20709
C20760
C21067
C21165
C21167
C21169
c21171
C21173
C21173
Cc21177

i+

OO NN TN UGN

LI

(FFM)

HERRIN COAL

32.8
39.7
12.0

405
19.7
14.7

8.2
10.3
19.7
15.7
16.4
39.7
83.6
16.1
17.4
13.6
16.3
13,46
17.0
14,2
14.9

e
o + = » o o
OO i N NUOOoOO®

-

e e e e s .

Lu
(FFM)

012
2

16
’1

W12
0%
o1

14
£12
10
17
.16
'4

13
11
'14
.14
.14
W15
.13

15

CoaAlL

01

+4

'08
o1

008
15
.08
+07
' 37
'20
+15
.08
+ 05
13
+16
14
116
+14
«20

£y

+10
+ Q7
005
04
06
006
+06
04
«03
+03
07
07
11
+ 07
+03
+03

e 01

004
+03
+04

e 01

«03
+06
205
+03
001
<05
+ 04
'04
+08
+03
05
+02
102
05
+01
+01
003
+03

401

MN
(PPM)

195,
36,
335,

153,

118.
33.
65,
53,
53,
24,
a8.
12.
?7.
47
57
42,
78.
31.
52,
146.
36,

440
330
25.
660
380
76.
24‘
100.
330
17.
29.
380
24,
41.
70.
30.
320
40.

520

MO

(FPFM)

?.5

10.6
18.

11.1
11.4

200

6.5

NA
(FFM)

4082,
2007,
880,
1967,
541,
424,
174,
509,
1489.
978,
802,
199,
2721,
3845,
568,
653,
691,
696,
809,
818.
818,

737,
621,
664,
2172.
1634,
407,
211,
2180,
523.
161.
3303.
1071,
427 .
?28.
578.
599.
606,
739,
677

NI

(FFM)

28.
13,
18.

P
16.
12,

90

90
18,
18.
10.

22,
44.
36,

9'

20
110
14.
10,
120
21.

21,
21.

8.

b

2,

250
17.
13.

14,
19.
15.
11,

50
17.

F

(FFM)

250.
<100,
1400.
<100,

£100,

<100,
<100,

<100,

=100,
%100,

<100,

<100,

800.
=100,
<100,
%100,
=100,

400,

<100,
<100,

%100,

<100,
100.
200,
<100,
<100.
<100,
<100,
<100.
100,
500.

<100,

200,

<100,
<100,

#100.
<100,
<100,
<100,
<100,

PR
(FFM)

154,

310
44,
16.
&7
180
38.
13.

25.
35.
32,
15,
77+
160
33,
25,
i6.
580
15.
15.
36,

7'
13.
47.

15,

21,
14.
13.
200
21,

14,

18,
30,

138,

31.
10.
18.

2.

RE
(FFM)

22,
25,
29,
i7.
18.
20,
15.
15.
16,
12,
15.
28,
24,
14,
15.
19.
18,
17.
19.
18'
15,

i8.
24,
14,
i1,

90
15,
14,
12,
49,
20,

i3,

9'
25,
14,
12,
13’
17.
11,
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4.97
2,56
4,02
2.03
2.71
2,45
2,37
2.29
1.67
1.59
2.88
3.68
4063
3.04
2,81
3,32
3.46
3.00
2.80
2.82

2,53

2,21
2.28
2.35
2,49
2.13
2,33
1.85
1.90
5.78
2.01
2.83
1.65
2.08
3.84
2.71
1.94
1.96
2.63
1.74



TABLE VI-5. Minor and trace element analyses of local area and regional whole coal samples. (continued)

SAMFLE SM SR TA TR TH TI TL u % W YR ZN ZR
(FPM) (FPFM) (FFM) (FFM) (PFM) %z (PFM) (FFM) (FFM) (PFM) (FFM) (FPM) (FFM)
I3

HERRIN COAL

C20154 1.9 85, 27 3 2.9 +13 <16 42 21. .8 7 96,0 14.
C20242 2.1 74. .18 3 3.2 .08 +43 1. 24, 9 1.0 37.0 15,
£20323 2.7 23, ‘26 o2 2.8 11 2.1 Pe3 45, - .9 17.0 19.
C20613 1.6 26, o1 2 1.5 +04 1.05 1. 24. LY} 4 105. 13.
C20620 1.1 19. «13 4 3.3 .08 +35 1.5 i8. v 4 6 S27. i8.
20628 1.7 26. «15 o2 2.9 106 1.4 8 18. 3 7 347. i2.
C20635 1.3 18. 08 2 2.1 06 .92 2. 19. 3 5 467 . 2.
C20636 1.4 2. 13 3 2. +064 1.09 2.4 27, 4 b 48,5 i2.
C20641 1.7 35, 12 2 2,3 05 .43 S 17. 2 e 3 35.7 15,
C20642 1.5 35, 09 .1 1.7 .05 +93 -8 16, 3 %] 26,4 14,
C20654 1.5 22, +1 .15 2.5 07 1.8 1.0 17. 3 o4 101. 14.
C20658 ? 31i. .19 2 4.0 09 33 1.6 29. 3 4 354. 20.
C20678 4.4 236, e 26 4 4.1 14 w23 <1 44. +3 1.5 151. i1.
GC20759 2.0 42, 14 2 2.7 +08 72 i. 14. “eb .8 38.1 15.
C21164 1.3 20. o2 .16 2.4 09 61 1.2 348, 3 5 378. 19.
C21166 1.7 19. 2 «14 2.5 «09 ? 1.2 20. 4 7 17.4 19.
C21168 1.9 19. 2 15 2.6 09 9 2.8 31. 1.0 7 138. 23,
C21170 2.0 21 o1 <16 2.4 09 1.8 4.0 17. - -1 23.9 19,
Cc21172 1.2 16, o2 «19 2.3 + 09 o7 <1, 19. <8 ¢S 19.5 19.
C21174 1.7 15, o1 .19 1.8 .09 2.2 «? 21. o7 e b 15.2 19,
C21176 1.6 14. o1 .19 1.8 07 5.5 ? 14, <7 b 34.1 14.
SFRINGFIELD COAL
C15140 A2 15. .1 «14 2.1 06 0.73 1. 17, <ed %] 17.4 13.
C20314 6.7 24, 17 .78 S.1 07 2.7 1. 37, <ed 1.7 27.4 21,
C20324 1.0 39. +15 +13 1.5 +10 0.49 4 1.4 +4 o4 89.0 15.
C20615 1.5 21, 13 3 2.1 + 06 0.86 1.5 33. v 4 b 300. 15.
C204616 1.0 20, 13 «14 1.7 03 - 1.8 - o2 .4 - 11.
C20631 1.8 17. o1 2 1.8 06 2.0 e i9. 3 o7 81.0 i1.
C20637 1.0 16. .08 el 1.6 + 05 272 1.6 13, 3 4 399, 12.
C20679 7 24, 4 o1 1.2 03 0.36 1. 7+ 3 4 16.6 7
C20705 5.4 39. o2 S5 7.6 13 1.4 %] 140. S5 1.9 109, 30.
C20709 4.0 154, .8 S 3.9 .05 0.43 2.5 32, 2 1. 30.4 1.
C20760 + 9 48, 15 o2 2.0 07 Q.67 1.0 39. el S5 805. 15.
C21067 1.2 40. .18 16 1.7 + 05 - <e? - 3 3 - 11.
C21165 o7 i4. o1 207 1.2 05 1.3 <l 13, 3 2 40.4 iz,
C21167 1.9 63, o2 .18 3.1 10 + 25 .8 28, Y] S 144. 18.
C21169 1.7 19. 2 16 2. <07 7.2 1.1 60. 1.2 .4 471. i7.
c21171 1. 25. o1 12 1.5 06 51 <1 14, <l o4 547. 16,
C21173 2.4 23. o1 3 2.3 +05 2.2 w2 19. 7 - 62.6 i7.
C21175 i. 24, o1 .15 1.3 + 05 1.06 1.6 30. <1, %] 14.0 15.
Cc21177 1.0 23. o1 .14 1.2 +05 1.6 <1. 10.4 <1l 4 43.0 i7.



TABLE VI-6. Statistical evaluation of chemical elements in whole-coal samples (C499 and MMC80, R and L purpose codes) from the Herrin Coal.

Arithmetic Standard Arithmetic Standard
# mean® deviation® i mean® " deviation* )
Element Samples  Units Low High Low High Maximum Element Samples  Units Low High Low High Max imum
Ag 35 ppb 59.7 60.7 36 37. 180. Mn 68 ppm 54.4 - 39. - 195.
Al 68 % 1.37 - 0.3 - 3.04 Mo 68 ppm 9.3 - 5.5 - 29,
As 68 ppm - 19.0 - 151, Na 68 ppm 828. - 770. - 4082.
B 59 ppm 127.0 - 39.3 - 225. Ni 68 ppm 19.8 - 8.7 - 46.
Ba 52 ppm 86. - 105. - 750. P 68 pPpm 74.8  99.1 194, 199. 1400.
Be 68 ppm 1.5 - 0.7 - 3.9 Pb 68 ppm 28,1 - 35.2 - 206,
Br 61 pPpm 12,8 - 7.2 - 31. Rb 57 ppm 17.6 - 6.4 - 42.
Ca 68 % 0.7 - 0.4 - 2,67 S 68 % 3.46 - 1.26 - 6.70
cd 15 ppm 2.1 2.2 9.5 - 65. 0rgSs 67 % 1.57 - 0.66 - 3.20
Ce 57 ppm 15.4 - 7.8 - 57. PyrS 67 % 1.76 N 0.80 - 4.59
cl 63 Z 0.18 - 0.17 - 0.77 Sb 68 ppm 0.91 - 0.91 - 4,2
Co 68 pPpm 6.0 - 2.9 - 18. Sc 57 ppm 2.96 - 0.88 - 6.2
Cr 68 ppm 20.2 - 8.6 - 60. - Se 68 ppm 2.35 - 1.16 - 7.7
Cs 57 ppm 1.3 - 0.5 - 3.6 5i 68 % 2.72 - 0.67 - 4.97
Cu 68 ppm 12.8 - 4.4 - 31.6 Sm 57 ppm 1.38 - 0.67 - 4.4
Dy 57 PpPm 1.1 - 0.37 - 2.9 St 52 ppm 36.3 36.7 35.8  36.2 236.
Eu 57 ppm 0.28 - 0.12 - 0.83 Ta 57 ppm 0.16 - 0.06 - 0.30
F 68 ppm 70.9 - 31.8 . 262, Tb 49 PPM 0.19 N 0.09 - 0.45
Fe 68 % 1.87 - 0.74 - 5.24 Th 57 ppm 2.33 - 0.79 - 6.10
Ga 68 pPpm 4,2 - 2.3 - 18, Ti 68 % 0.07 - 0,02 - 0.15
Ge 68 ppm 5.0 5.1 4.5 4.6 26, Tl 44 ppm 0.89 0.90 0.86 0.87 5.50
HE 57 ppm 0.57 - 0.2 - 1.4 i} 57 pPpPm 1.50 1.62 1,37 1.45 9.3
Hg 68 ppm 0.16 - 0.11 - 0.71 v 68 ppm 29.3 - 10.1 - 55.0
I 45 ppm 1,35 1.54 0.84 1.04 3.5 W 57 pPpm 0.53 0.59 0.41 0.44 2.1
In 57 ppb 67. 107. 76. 89. 230, ¥b 57 ppm 0.58 - 0.20 - 1.5
K 68 4 0.18 - 0.04 - 0.36 Zn 68 ppm 310. - 809. - 5300.
La 57 ppm 7.64 - 3.7 - 30, Zr 58 ppm 38.9 - 27.9 - 115.
Li 21 ppu 21.1 - 17.3 - 85.6 '
Lu 57 ppm 0.11 - 0.05 - 0.40
Mg 68 A 0.05 - 0.02 - 0.11

*Low and high statistics result from the two methods of computing assays that were < the detection limits; see text for details. The dash (-) indicates
the low and high values were equal; the assays for these elements were above the detection limit.
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FIGURE VI-7. Arithmetic mean and standard deviation of elemental concentrations of greatest environmental concern from within
local areas of the Springfield Coal.
(20 ppm) is high in area L5 and has a large range (1-48 ppm). Samples
C20641 and C20642, collected from a single mine in L5, have the highest As
contents (15 and 48 ppm respectively). It should be noted that C20641 is
a face-channel composite sample and C20642 is a run-of-mine sample (table IV-1).
The lower As content in C20641 may result from the homogenization in the
preparation of a composite sample or may be due to the fact that shale bands
were excluded from analysis. Lead is variable among local areas with the
highest concentrations in L1, lower concentrations in L5, L7, and L8, and
the lowest concentration in L2 and L4. This variation reflects various
degrees of mineralization caused by hydrothermal solutions. Thorium is fairly
uniformly distributed in local areas. Uranium is similar to thorium, but
its concentration varies widely in L8,
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Regional distribution of elements in Herrin Coal

Data in tables VI-4 and VI-5 and data from Circular 499 samples (Gluskoter

et al,, 1977) have been plotted on maps to discover trends of areal distri-
bution, These maps (VI-8 to VI-30) show that many elements are rather
uniformly distributed and that a number of other elements show characteristic
distribution patterns. These patterns are discussed below.

Sodium, chlorine, bromine. Figures VI-8 and VI-9 are contour maps indicating
chlorine and sodium contents in the Herrin Coal. The sources of data used

in the preparation of these two maps include Gluskoter and Rees (1964), this
report, and some unpublished data. The most significant difference in the
maps shown in figure VI-8 and in figure 2 of Gluskoter and Rees (1964) is

in an area in southeastern Illinois around Edwards, Wabash, and White Counties.
Gluskoter and Rees (1964) found that the Cl content of this coal is correlated
with that in groundwater, so that increasing Cl content with depth is due

to the fact that the salinity of groundwater increases with depth.

Figure VI-9 shows that the Na content also increases toward the deeper part

of the basin, suggesting a relationship between Na in coal and in ground-
water, Figure VI-10 shows Br distribution in the Herrin Coal. 1In the

main swamp area the samples with low Br contents (<10 ppm) lie almost entirely
(with one exception) to the west of the Walshville channel, suggesting a '
tendency of increasing Br content with increasing depth of the coal. But
there is not enough data for the east part of the basin to suggest a similar
trend there.

Zine and cadmium. Hatch et al. (1976) found that Zn and Cd are more concen-—
trated in the northwest and southeast parts of the basin, and suggested that
sphalerite was deposited in the cleats of coal. Our version of Zn distribu-
tion (fig. VI-11) is quite similar to that of Hatch et al.; cadmium and zinc
have similar patterns reflecting that cadmium is associated with zinc in
sphalerite,

Boron., The distributionof B in the Herrin Coal is shown in figure VI-12,
Areas with high B content (>150 ppm) are indicated. In the main swamp of the
basin the high-B areas are located to the west of the Walshville channel;
since the B content in seawater is much higher than in surface waters, this
suggests that the peat in the west margin of the basin had been subjected

to more intense marine influence than other areas.

Sulfur. The total S content in the Herrin Coal ranges from 0.77 to 6.45
percent. The samples with lower than average sulfur contents (<2.5 percent)
are located mostly in the southern part of the basin close to the Walshville
channel (fig. VI-13); a few samples are located in the east-central part of
the basin (Vermilion, Douglas and Cumberland Counties). The occurrence of
low-sulfur coal (<2.5 percent S) may be related to splay deposits of contem—
poraneous rivers.
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FIGURE VI-8. Areal distribution of chlorine in the Herrin Coal.
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FIGURE VI-9. Areal distribution of sodium in the Herrin Coal.
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FIGURE VI-10. Areal distribution of bromine in the Herrin Coal.
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FIGURE VI-11. Areal distribution of zinc in the Herrin Coal.
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FIGURE VI-12. Areal distribution of boron in the Herrin Coal.
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FlGURE VI-14. Areal distribution of arsenic in the Herrin Coal.
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FIGURE VI-15. Areal distribution of mercury in the Herrin Coal.
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FIGURE VI-16. Axea_l distribution of lead in the Herrin Coal.
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FIGURE VI-17. Areal distribution of thorium in the Herrin Coal.
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FIGURE VI-18. Areal distribution of uranium in the Herrin Coal.
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Mercury. The areal distribution of mercury in the Herrin Coal is shown

in figure VI-15. Samples with greater than 0.22 ppm Hg are distributed
partly as a cluster in the northwest part of the basin and partly randomly
throughout the basin.

Lead. The lead content in the Herrin Coal varies from 1 to 206 ppm. Some
of the samples with high Pb contents (>50 ppm) are located as a cluster in
the northwest part; others are partly scattered in the east-central and
southeast parts of the basin (fig. VI-16).

Thorium. Seven samples have higher Th content (>3 ppm) than others (<3 ppm),
and these higher values are scattered in the northwest, southern, and east-
central parts of the basin (fig. VI-17).

Uranium., Four samples have >3 ppm uranium content and are randomly distri-
buted throughout the basin (fig. VI-18).

CHEMICAL VARIATION OF WHOLE-COAL SAMPLES OF THE SPRINGFIELD

The variations of trace and minor elements in whole-coal samples of the
Springfield Coal are expressed in terms of the arithmetic mean, the stan-
dard deviation, and the maximum of the analytical assays. These statis-
tical results, based on all whole coals from Circular 499 and MMC80
samples, are given in table VI-7.

Chemical variation of the Springfield Coal in local areas

Six local areas within the Springfield Coal have been defined (section

IV-3) for purposes of examining the variations of chemical properties of
coal samples in each restricted area. The analytical data for MMC80 samples
are given in tables VI-4 and VI-5. Since each local area consists of only
four to five samples the variations in local areas are smaller than those
for the whole basin.

Figure VI-19 shows the mean abundances and standard deviations of sulfur

and five selected trace elements (As, Hg, Pb, Th, U) in each local area.
Sulfur, Th, and U have more-or-less similar mean concentrations in six

local areas and overlapping ranges. Mercury content in local area 3 (L3)

is somewhat lower than other areas, but the limits of one standard deviation
overlap with those of L4 and L5. The larger standard deviation of Hg in

L5 is due to the presence of a high-Hg sample (0.43 ppm) along with other
samples of lower Hg contents (0.05-0.11 ppm).

Arsenic contents in L1 and L3 appear to be lower than in L4-L7, which may
warrant further investigation. Lead contents in L5 and L7 show large

standard deviations. Anomalous high Pb contents indicate that some restricted
areas have been affected by hydrothermal solutions.
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TABLE VI-7. Statistical evaluation of chemical elements in whole-coal samples (C499 and MMC80, R and L purpose codes) from the Springfield Coal.

Arithmetic Standard Arithmetic Standard
# mean* deviation* # mean* deviation*

Element Samples  Units Low High Low High Max imum Element Samples  Units Low High Low High Maximum
Ag 29 ppb 60. - 39. - 160. Mn 50 ppm 56.1 - 39.4 - 206.
Al 50 % 1.12 - 0.41 - 2,77 Mo 50 ppm 9.1 - 5.1 5.2 24,
As 50 ppm 14.5 - 14.6 - 61. Na 49 ppm 596. - 613. - 3303.

B 50 ppm 108. - 39. - 216, Ni 50 ppm 15.1 - 7.0 - 33.
Ba 31 ppm 230. - 547, - 2666 . P 50 pPpm 67.1 95.5 90 99.7 500.
Be 50 ppm 1.5 - 0.7 - 3.7 Pb 50 ppm 27.5  27.6  30.7 - 138.
Br Ppm 11.9 - 8.5 - 32. Rb 40 ppm 15.3 - 7.6 - 49.
Ca 50 % 0.66 - 0.48 - 2.18 S 50 % 3.66 - 1.24 - 8.42
cd 48 ppm 1.3 1.4 4.4 4.5 30.5 Orgs 50 % 1.49 - 0.52 - 2.26
Ce 40 ppm 13.8 - 9.2 - 51. PyrS 50 Z 2.04 - 0.96 - 6.70
cl 47 2 0.16 - 0.16 - 0.61 Sb 50 ppm 1.15 - 0.7 - 3.3
Co 50 ppm 4.4 - 2.2 - 10, Sc 40 ppm 2,38 - 1.27 N 8.0
Cr 50 ppm 15.9 - 6.4 - 41, Se 50 ppm 2.56 - 1.50 - 8.5
Cs 40 ppm 1.1 - 0.5 - 3.8 si 50 7 2.3 - 0.65 - 5.78
Cu 50 ppm 12,2 - 10.2 - 66.5 Sm 40 ppm 1.40 1.45 1.24 1.26 6.7
Dy 40 PpPm 1.1 - 0.8 - 4.1 Sr 31 ppm 28.8 - 26.0 - 154,
Eu 40 ppm 0.3 - 0.2 - 1.0 Ta 40 ppm 0.16 - 0,12 - 0.80
F 50 ppm 62.9 - 26.7 - 143. Tb 36 ppm 0.19 - 0.14 - 0.78
Fe 50 Z 2.04 - 0.92 - 6.83 Th 40 ppm 1.95 - 1.19 - 7.6
Ga 50 ppm 3.4 - 1.6 - 9.0 Ti 50 4 0.06 - 0.02 - 0.13
Ge 50 ppm 6.1 - 3.5 - 18.0 T1 21 ppm 1.31 - 1.51 - 7.2
Hf 40 ppm 0.51 - 0.19 - 1.3 U 40 ppm 1.23 1.44 0.85 1.02 4.6
He 48 ppm 0.17 - 0.11 - 0.50 v 50 ppm 32.3 - 23.8 - 140.

I 22 ppm 1.23 1.49 1.17 1.33 5.80 W 40 ppm 0.54 0.66 0.64 0.68 4.2
In 40 ppb 35. #*%120.%% % 146 %% 630,%% Yb 40 ppm 0.51 - 0.33 - 1.9
K 50 % 0.18 - 0.09 - 0.64 Zn 50 ppm 16 - 214, - 958.
La 40 ppm 7.13 - 4.20 - 23.0 Zr 43 ppm 30.7 - 26. - 133,
Li 19 ppm 10.9 - 8.0 - 33.8

Lu 40 ppm g2 - 0.09 - 0.44

Mg 50 Z .04 - 0.03 - 0.17

% Low and high statistics result from the
the low and high values were equal.
**Useful only as a guide because several

two methods of computing assays that were < the detection limits; see text for details,

The dash (-) indicates

of the high values were also < values; the listed maximum is the maximum analysis above the detection limit,
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FIGURE VI-19. Arithmetic mean and standard deviation of elemental concentrations of greatest environmental concern from
within local areas of the Herrin Coal.

Regional distribution of elements in the Springfield Coal

The data in tables VI-4 and VI-5 and in Circular 499 for the Springfield

Coal have been plotted on maps to show areal distribution of elemental
abundances in the Springfield Coal. The elements that show characteristic
patterns in the Herrin Coal also have similar patterns in the Springfield
Coal. Apparently the geologic processes that caused trace element variations
had affected both coal seams.

Sodium, chlorine, and bromine. Areal distributions of Cl and Na in the
Springfield Coal are shown in figures VI-20 and VI-21. The sources of data
include Gluskoter and Rees (1964), this report, and some unpublished data.
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FIGURE VI-20. Areal distribution of chlorine in the Springfield Coal.
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FIGURE VI-21. Areal distribution of sodium in the Springfield Coal.
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FIGURE VI-22. Areal distribution of bromine in the Springfield Coal.



The distribution patterns of these elements in the Springfield are quite
similar to those found in the Herrin; however, the 0.4 and 0.6 percent
chlorine lines are rather hypothetical because of the scarcity of samples
in the deeper part of the basin. These high-concentration lines are'!likely
to be significantly changed when more samples become available.

The Bromine distribution inthe Springfield Coal is shown in figure VI-22.
Samples located along the southeastern basin margin have <10 ppm Br, and
samples located to the west have >10 ppm Br, suggesting a possible rela-
tionship between Br and the depth. But most samples from the southern
basin margin in the state of Illinois have higher Br contents, and there
appears to be no relation to depth.

Zine and cadmium. The regional distribution of zinc in the Springfield

Coal is shown in figure VI-23. Most samples with high Z