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ABSTRACT

As a coal state, Kansas ranks 16th in the nation, producing about $8,000,000
worth of coal annually. Most of the coal is produced from rocks of Pennsyl-
vanian age in southeastern Kansas. Because most of these coals are thin
and considerable overburden must be removed in mining them, effective utili-
zation is important. Coal petrography, a branch of geology dealing with the
constitution of coal as determined with the microscope, has contributed
greatly to a better understanding of the nature of coal and has supplied much
information concerning coal utilization. This report represents data on the
petrographic constitution of the Mineral, Croweburg, and Bevier coals of
southeastern Kansas and correlates these data with coal utilization.

A summary of coal classifications and petrographic techniques is followed
by a description of the lithology and chemical composition of the coals. The
coals were analyzed by a petrographic evaluation of several coal components
(anthraxylon, attritus, and fusain) from 400 thin sections and 22 column
samples. The results are summarized in bar diagrams which show that the
coals are relatively uniform in petrographic composition and are characterized
by a high content of finely banded translucent attrital material. The occur-
rence and distribution of mineral matter is described.

The petrographic composition is related to several chemical and physical
properties which affect coal utilization. Particular consideration is given to
the friability of the coals and to their amenability to hydrogenation. The ef-
fect of the mineral matter on the preparation of a low ash coal concentrate is
also discussed.

INTRODUCTION

Coal petrography is a branch of geology dealing with the con-
stitution of coal as determined with the microscope. Investigations
in this field of geology have contributed greatly to a better under-
standing of the nature of coal and have supplied much information
concerning its origin and proper utilization. Since coal utilization
has become increasingly important in modern technological proces-
ses, much attention has been devoted to studies of the relationship
between the various chemical and physical properties of coal and
the selection of the best coals for particular purposes. Coals do not,
however, exhibit uniform chemical and physical properties even
within a single bed. Petrographic studies have been invaluable in
revealing the reasons for this lack of uniformity and have estab-
lished correlation of chemical and physical properties with the con-
stituents of coal as seen under the microscope.



6 Geological Survey of Kansas—1953 Reports of Studies

As a coal state, Kansas ranks 16th in the nation, producing
about $8,000,000 worth of coal annually. Most of the coals are thin
and considerable overburden must be removed in mining them. It
is therefore especially important that Kansas coals be utilized to
best advantage. This report correlates detailed coal ‘petrography
with some physical and chemical properties of several selected com-
mercial coals from southeastern Kansas.

The Southeastern Kansas coal field (chiefly in Crawford and
Cherokee Counties, but partly in Bourbon and Labette Counties)
is the oldest and most important coal-mining area in Kansas. All the ~
rocks exposed in this area belong to the Pennsylvanian System ex-
cept for some Mississippian limestone in the southeast corner of
Cherokee County. The coals occur in the Cherokee group of the
middle Pennsylvanian Desmoinesian Series. The Cherokee group
is defined (Moore, 1936, p. 55) to include strata between the upper
unconformable surface of the Mississippian rocks and the base of
the Fort Scott limestone. The average thickness of Cherokee rocks
in southeastern Kansas is about 400 feet. The outcrop area is about
20 miles wide, extending northeast into Missouri and southwest
into Oklahoma. Cherokee rocks are mainly clastic and consist of
gray and black shales with lesser amounts of sandstone and a few
thin beds of limestone.

Of the 15 coal beds which have been identified (Abernathy,
1937) in the section (F'ig. 2),the most economically important coals
are the Weir-Pittsburg, Mineral, and Bevier. According to Aber-
nathy, Jewett, and Schoewe (1947, p. 6), the Weir-Pittsburg is the
thickest coal in the State and has had the largest total production. It
lies 175 to 250 feet above the base of the Cherokee and dips north-
eastward about 20 feet to the mile. The Mineral coal (sometimes
called the “Upper” Weir-Pittsburg) lies from 65 to 80 feet above the
Weir-Pittsburg and is now the most actively mined coal in Kansas.
The Bevier lies about 100 feet below the top of the Cherokee group
and holds second position in current production.

Scope of investigation.—The Mineral and Bevier coals were se-
lected for study because they are most actively mined at present
and would therefore yield a better distribution of samples for
petrographic analysis. Moreover, the results of the study would be
of greater value to coal producers. One sample of Croweburg coal
was included in the study because the sample was easily obtained
in a strip mine where the Mineral coal also was sampled. Twenty-
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four column samples of coal were cut from fresh exposures in
Crawford, Cherokee, Labette, and Bourbon Counties. The distri-
bution of samples, determined largely by strip-mine activity, ex-
tends in a northwest-southeast belt from Garland to Sherwin Junc-
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tion. At 11 localities, composite channel samples for chemical analy-
sis were taken immediately adjacent to the column samples. The
outcrop of the coals and the location of samples are shown on Fig-
ure 1.

Previous work.—The first comprehensive report on Kansas
coal, written by Haworth and Crane (1898), deals largely with the
Southeastern Kansas coal field in its early stage of development.
Young and Allen (1925) furnished information on engineering and
production methods and included data from proximate and ulti-
mate analyses and carbonization and distillation tests. Moore and
Landes (1927) discussed the coal of southeastern Kansas in their
report on the underground resources of Kansas. Pierce and Cour-
tier (1938) published an excellent report on the geology and re-
sources of the field and included a structural map on the Weir-
Pittsburg coal and numerous chemical analyses. In the same year,
Abernathy (1938) published on cyclothems in the Cherokee group.
Subsequent publications have included a paper by Jewett and
Schoewe (1942), a map of mined areas in the Weir-Pittsburg bed
(Abernathy, 1944), a discussion of the strip-mined areas by Aber-
nathy (1946), and a summary of the coal reserves in Kansas by
Abernathy, Jewett, and Schoewe (1947). The State Geological
Survey now has in preparation reports on the coal reserves of the
Cherokee group and on the stratigraphy of these rocks.

Since 1942 the State Geological Survey has been engaged in a
detailed inventory of all coal reserves in Kansas. Published reports
on coals other than those in the Cherokee rocks include reports
on coals of the Douglas group (Bowsher and Jewett, 1943), the
Wabaunsee group (Schoewe, 1946), the Thayer bed (Schoewe,
1944), and the Permian rocks (Schoewe, 1951), and the lignite
coal resources of the Cretaceous rocks of Kansas (Schoewe, 1952).

Acknowledgments—Appreciation is expressed to Robert M.
Dreyer for his considerable help and critical reading of the manu-
script and to Gilbert H. Cady (Illinois Geological Survey) and
Bryan C. Parks (U. S. Bureau of Mines) for helpful suggestions
and advice. I further wish to acknowledge the financial assistance
of the Pittsburg and Midway Coal Mining Company, the Hume-
Sinclair Coal Mining Company, and the Shell Oil Company. Chemi-
cal analyses were made under the supervision of Russell T. Run-
nels of the Kansas Geological Survey and Prescott Underwood and
James Lammons assisted in the preparation of thin sections.
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COAL CLASSIFICATION

HEeTEROGENEITY IN CoOAL

The sum character of any coal may be considered the result of
the collective operation of physical, chemical, and biological proces-
ses (Schopf, 1948a) and must include both contemporaneous and
post-depositional changes, Differences in the history of formation of
coal are reflected in its present lithology and properties. The coal
inherits certain initial attributes due to plant morphology and en-
vironment. It acquires additional attributes resulting from dia-
genetic and metamorphic processes. Factors operating in the
growth and depositional environment include depth of water, tem-
perature, boundary conditions, chemical character of the deposi-
tional medium, and rate of burial. These factors largely determine
the growth and distribution of the biological population, its death,
degree, and manner of decomposition, and its accumulation and
preservation. This combination of physical, chemical, and biological
processes determines the initial attributes of the accumulating
vegetable material.

Subsequent to deposition and prior to consolidation, certain dia-
genetic processes, which are largely biochemical, alter the vege-
table accumulation to peat and superimpose additional attributes
on the coalified material.

In the final stage of coalification, metamorphic processes be-
come more and more intensive and may indeed proceed so far as to
obliterate the early character of the coal.

The inherited and acquired attributes therefore produce a phy-
sical and chemical heterogeneity in coal which is called its constitu-
tion. Two general categories of variation in coal constitution are
now recognized as the result of efforts to classify coals on the basis
of their physical and chemical properties.

RANK VARIATION

In the first category are rank variations which are established
on the basis of carefully selected chemical criteria. The rank of coal
is its stage of coalification in the series peat, lignite, bituminous
coal, and anthracite coal. It depends largely on the extent to which
metamorphic processes have affected the inherited attributes of a
coal. An increase in rank is marked by the relative decrease of such
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constituents as moisture, oxygen, and volatile matter and the rela-
tive increase in carbon. Transitions in physical properties are also
evident. The rank classification adopted by the American Society
for Testing Materials (1938), as illustrated in Table 1, is in current
usage. It is based on proximate analysis and calorific determina-
tions calculated to the mineral-matter-free basis according to the

TABLE 1.—Modified A.S.T.M. classification by rank
(A.S.T.M,, 1938, p. 2)

Limits of fixed carbon or Requisite
B.t.u. on mineral-mat- physical
Class Group ter-free basis properties
I 1. Metanthracite Dry F.C. 98 percent
Anthracite or more
2. Anthracite Dry F.C. 92 percent Nonagglomerating
or more and less than
98 percent
3.Semianthracite Dry F.C. 86 percent
or more and less than
92 percent
II 1. Low-volatile Dry F.C. 78 percent
Bituminous bituminous or more and less than
86 percent
2. Medium-volatile Dry F.C. 69 percent
bituminous or more and less than
78 percent
3. High-volatile Dry F.C. less than 69
A bituminous percent* and moist
B.t.u.** 14,000 or more
4, High-volatile Moist B.t.u. 13,000 or
B bituminous more but less than
14,000
5. High-volatile Moist B.t.u. 11,000 or Either agglom-
C bituminous more but less than erating or
13,000 nonweathering
III 1. Subbituminous Moist B.t.u. 11,000 or Both weathering
Subbituminous A coal more but less than and nonagglom-
13,000 erating
2. Subbituminous Moist B.t.u. 9,500 or
B coal more but less than
11,000
3. Subbituminous Moist B.t.u. 8,300 or
C coal more but less than
9,500
v 1. Lignite Moist B.t.u. less than Consolidated
Lignitic 8,300
2. Brown coal Moist B.t.u. less than Unconsolidated

8,300

* Coals having 69 percent or more fixed carbon (F.C.) on the dry, mineral-matter-
free basis are classified according to fixed carbon regardless of B.t.u
** Moist B.t.u. refers to coal havinlg its natural bed moisture bu

water on the surface of the coal

t not including visible
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Parr (1928) formulas. Physical criteria for differentiation also
exist but are more difficult in application. McCabe (1937), for ex-
ample, has shown that the angle of polarization and the index of re-
fraction vary systematically with increase in rank.

TyPE VARIATION

Of a more fundamental nature are those variations caused by
differences in the physical constitution of coal. These are called
type variations and are most commonly determined by petro-
graphic methods. Type variations are due to the properties ac-
quired through the interplay of plant morphology, environment,
and diagenetic processes. The importance of type variation declines
with increasing rank since effects of progressive metamorphism
tend to obliterate the original characteristics. Anthracites of a
similar rank therefore display great similarity in appearance.

However, most low-rank coals are banded in appearance. Such
coals consist of fine laminae and thicker bands of bright material
alternating with duller material. The characterization of these
banded ingredients has been the basis for classification according to
type. :

Dawson (1859) observed the banded materials megascopically
and concluded that they were separate entities. Somewhat later,
Muck (1881) recognized that there were at least three distinctly
different components which he called “glanzkohle,” “mattkohle.”
and “faserkohle” (bright coal, dull coal, and mineral charcoal).

The avvlication of the microscope to the investigation of coal is
first recorded in the work of Witham (1833) and Hutton (1833).
who demonstrated the vegetable origin of bituminous coals beyond
question and supplied many data on the kinds of plants and plant
structures preserved in coal. These early observations provided the
background for modern research on the physical constitution of
coal up to the time of the microscopic studies of White and Thiessen
(1914).

Two different classes of petrogravhic entities have been recog-
nized in coal. Those based on recognition of plant parts and pieces as
well as some kinds of decomposition products, have been called
“phyterals” by Cady (1942, p. 347). The identity of a phyteral does
not change throughout the metamorphic stages of coal formation al-
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though its chemical and physical composition vary in a pro-
nounced manner. Phyteral content is therefore fixed at the begin-
ning of coalification. However, recognition of a phyteral usually be-
comes more difficult with advanced metamorphism.

Entities based on the recognition of physical and chemical simi-
larities were called “macerals” by Stopes (1935). They are identi-
fied on the basis of similarity in composition, as are minerals. A
given phyteral may be represented by ceveral kinds of macerals
and a given maceral may be constituted from different types of phy-
terals.

Although the phyteral and maceral concepts were not expressed
in the classifications of Stopes (1919) and Thiessen (1920), the im-
plications were nevertheless present.

MACERAL CLASSIFICATION

In her original classification, Stopes (1919) recognized four in-
gredients which she named vitrain, clarain, durain, and fusain.
Definition and identification were based upon the properties of the
hand specimen, supplemented by microscopic observations. The
terminology was widely used in Europe although controversy was
aroused by Stopes’ observations concerning the nature and origin
of vitrain. In 1935, Stopes expanded her original classification to re-
classify vitrain, clarain, fusain, and durain as coal types and pro-
posed an additional series of names to characterize the macerals or
organic units of the coal types. This classification was adopted by
the Second International Conference on Carboniferous Stratig-
raphy at Heerlen in 1935. All coals were regarded as aggregates
of one or more of the primary types.

Vitrain.—Vitrain occurs in thin horizontal bands up to 20 mm
thick and has a brilliant glossy luster. It is microscopically struc-
tureless, homogeneous, and breaks with a conchoidal fracture. Vit-
rain was originally described as translucent in thin sections and
microscopically structureless. In response to the controversy re-
garding microscopic structure, the term was expanded to include
eu-vitrain (or structureless vitrain) and pro-vitrain (which shows
structure) . The maceral of vitrain is vitrinite. It is subdivided into
collinite (vitrinite devoid of structure) and tellinite (vitrinite
showing structure on polishing, etching, or in thin sectioning).
Stopes also proposed that each recognizable plant tissue, organ, or
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secretion be given a distinct name within the general category vit-
rinite. Thus corky tissue in vitrain is called suberinite; material
thought to be resin, resinite; exine material, exinite; cuticular ma-
terial, cutinite.

Clarain.—Clarain is a bright striated coal with a silky luster,
not as brilliant or homogeneous as vitrain, lacking in conchoidal
fracture, and consisting of thin bands stratified parallel to the bed-
ding plane. It is predominantly translucent in thin section and may
be composed of a variety of macerals of small size and concentrated
to a varying degree. Vitrinite plus micronite (an opaque maceral)
and fusinite (the maceral of fusain) are the usual constituents.

Durain.—Durain is a hard, compact, dull coal which is mega-
scopically structureless and gray to dull black in color. It is largely
opaque in thin section since the predominant maceral is micronite.
However, other macerals may be present in minor amount.

Fusain.—Fusain consists of irregular wedges lying on bedding
planes at various angles. It is fibrous and dull in appearance and
consists of a porous, friable material resembling charcoal which
breaks down to a fine dust. It is cellular and opaque in thin section
and composed of the maceral fusinite.

Boghead and cannel coal.-—In addition to the banded coals, the
nonbanded varieties, cannel and boghead, were recognized. Non-
banded coals contain essentially no vitrain but are composed of
clarain and durain microdebris with large quantities of spore
exines, pollen, and oil algae. If the algal content is low, the coal
is a cannel; if high, it is a boghead. Megascopically, they are clean,
compact blocks of massive structure and fine-grained texture.
Usually they are dark gray to black, have a greasy luster, and a
marked conchoidal fracture.

PHYTERAL CLASSIFICATION

Thiessen (1920) considered coal to be composed of two visibly
different major components present in various types of coal in
varying proportions. He named these components anthraxylon and
attritus. He accepted the well-established term fusain for desig-
nating the third (and minor) component. Thiessen’s classification
is held to be genetic in origin since the microscopically differentiat-
ed components (petrographic components) can be related to plant
morphologic: units now called phyterals.
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Anthraxylon.—Anthraxylon was described as relatively simple
in structure and essentially homogeneous in appearance. It was
recognized to be the fairly well-preserved cellular tissues of stems,
branches, twigs, roots, sporangia, and leaves which survived plant
decay in the early stages of coal formation. Anthraxylon bands are
identified megascopically by their bright luster, black color, brittle-
ness, and smooth fracture. In thin section anthraxylon appears in
bright-orange, red, or brownish bands and often exhibits well-pre-
served cellular structure.

Attritus.—Attritus was defined as a mixture of macerated plant
debris, finely divided during the process of plant decay and subse-
quently coalified. Its composition is not simple and thin sections
show that it is composed of many ingredients. Most attritus is trans-
lucent and exhibits the orange, red, and brown colors of anthraxy-
lon although some of it is nearly or completely opaque at standard
thicknesses of 10 microns. The opaque ingredients are called
opaque attritus whereas the translucent material is translu-
cent attritus. Translucent attritus includes humic degradation
matter, a term applied to the cellulosic or lignocellulosic fragments
of wood, phloem, cortex, and leaves; resin bodies, the dark-yellow
to light-brown globules of resin which were once the cell contents
of xylem and leaves; spore and pollen exines, the brilliant-orange
to yellow cases of spores and pollen which have become flattened
during coalification and appear as flattened rings in section; and
cuticle, the bright yellow-golden bands with serrated edges which

.were the former coverings of leaves and stems. Megascopically, at-
trital coal is characterized by its dull color and striated appear-
ance when interbanded with fine shreds of anthraxylon. It breaks
irregularly into large fragments.

Fusain.—The fusain of Thiessen’s classification has the same
meaning as it did in that of Stopes. It is a minor component of most
coals and is characterized by its friability and softness. It resembles
charred wood and is sometimes referred to as mineral charcoal.
In thin section it is distinguished by its opaqueness and cellular
structure.

Thiessen’s system of classifying coal into types after thin sec-
tion analysis is based on the aggregate character of the coal in terms
of limiting quantities of the petrographic components or ingre-
dients. It should be recognized that the term “coal type” as used by
the Bureau of Mines differs from the “rock or coal type” of Stopes
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in which all coals are regarded as aggregates of one or more pri-
mary coal types. The Bureau of Mines (Table 2) now recognizes
five types of coal and has established the critical limits for each
type as recently stated by Parks and O’Donnell (1948, p. 537).

Despite claims to the contrary, it seems that only a few of the
common petrographic terms used in either classification have either
a precise botanical or compositional implication. Some of the macer-
al terms clearly denote parts of plants while others infer a chemical
relation which can scarcely be determined petrographically. The
terms opaque attritus and fusain as used by Thiessen are not botani-
cal in origin. In addition, much uncertainty has existed concerning
the significance of one set of names in terms of the other. Table 3
is an effort to show the correlation between the two different ter-
minologies as suggested by Raistrick and Marshall (1939, p. 271).
Several authors, in recent years, have attempted to resolve and
clarify these differences and to develop the history of the nomencla-
ture. Among these are Roos (1937), Cady (1945, pp. 86-102), and
Raistrick and Marshall (1939, p. 178-205). Such efforts may be
futile since there is still basic disagreement as to the meaning of
the term “coal type.”

In general, it may be said that both classifications depend to a
certain extent on maceral and phyteral criteria. However, if the
theoretical limitations of each are understood, there is no essential
reason why either one cannot be used for certain.types of petro-
graphic analysis.

- In the discussion and analyses of Kansas coals which follow,
the phyteral classification of Thiessen and the Bureau of Mines
will be used exclusively. The scheme is simple and, in addition,
numerous petrographic analyses on a wide variety of coals have
been made by the Bureau of Mines. These petrographic analyses
provide a ready basis for comparison with this study.

PREPARATION TECHNIQUES FOR MICROSCOPIC STUDY

Several preparation techniques have been used widely for the
microscopic examination of coal. Thin sections are generally pre-
ferred by investigators in the United States since their use makes
possible the more certain identification of the various macerals
and phyterals. However, specimens are sometimes prepared by
polishing and by maceration. Polished section techniques have been
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described by Winter (1923), Stach (1928), Duparque (1933), and
Roos (1937). The method involves the production of a plane,
highly polished surface on the coal which may be modified by re-
lief polishing or etching. The surface is then studied with a re-
flecting microscope. McCartney (1949) has suggested a refinement
of the method for use with the electron microscope. The macera-
tion technique was introduced by Schulze (1855) and has been
discussed by von Gumbel (1883), White and Thiessen (1914, pp.
216-218), Schopf (1938), and others. It involves oxidizing the hum-
ic portions of coal and leaching them with alkaline solutions so
as to leave the less soluble, translucent portions for microscopic
examination.

THIN SECTION TECHNIQUE

The method of preparing a representative sequence of thin
sections from a column sample of coal was developed at the Bureau
of Mines by Thiessen, Sprunk, and O’Donnell (1938) for use in the
quantitative microscopic determination of petrographic compo-
nents. The technique used in this study was the same except for
minor variations. Other petrographic work has demonstrated that
optimum analytical results are obtained when the coal is sampled
in such a manner as to preserve the stratification of the coal. The
ideal sample is an unbroken column of coal, about 12 inches square
in cross-section, cut perpendicularly to the bedding plane and in-
cluding all the coal from the top to the bottom of the bed. Since
petrographic studies are usually made in conjunction with other
tests, a channel sample may be taken immediately adjacent to the
column sample. In the laboratory, a subcolumn approximately 3
inches wide and 3 inches deep is cut with a 12 x 0.0625 inch resi-
noid-bonded Crystolen cut-off wheel (standard designation C46-
P-8B) operating dry at about 12,000 surface feet per minute. The
subcolumn is then mounted in plaster of paris and cut into two
parts normal to the bedding. One part of the subcolumn is reserved-
for polishing and the other for thin sectioning.

Mention should be made of the necessity of eliminating the coal
dust resulting from dry cutting. A special saw was designed for
the purpose. The cut-off wheel was mounted on a -inch belt-
driven mandrel so as to project through a slotted table top. The
lower part of the wheel was enclosed and connected by flexible
tubing to the intake end of a motor-driven blower and the blower
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in turn connected to a 30 x 30 x 16 inch galvanized steel tank
equipped with a series of baffles and fiberglass filter. A plexiglass
shield one-half inch thick provided protection from the exposed
part of the wheel.

Preliminary polishing of one mounted subcolumn is done on a
3 x 3 foot piece of plate glass using successively finer carborundum
powder sludges. The final polish is achieved by stroking the column
with a fine-grained, yellow Belgian hone and then buffing it with
a Selvyt cloth and a paste of Lakeside polishing compound No. 27.
After a thorough drying, the polished surface is painted with a
5 percent solution of water-soluble polyvinyl alcohol (Dupont El-
vanol 51-05) to prevent surface oxidation. The polished columns
thus serve as permanent sample specimens and can also be used
for macroscopic studies.

Thin sections are prepared from the remaining part of the sub-
column. Beginning at the top and continuing to the bottom, paral-
lel lines spaced about 0.8 inch apart are marked on the coal with
a red wax pencil and small numbered blocks are cut with an 8 x
0.0312 inch cut-off wheel (standard designation C80-P-5B) using
the lines as a guide. Each block is trimmed to a length of about
1inch.

One face of each block is then ground on rotating laps with suc-
cessively finer abrasives, polished on a yellow Belgian hone, and
buffed on a mounted Selvyt cloth with Lakeside polishing com-
pound No. 27. After thorough drying in an oven and proper orienta-
tion, the block is cemented to a frosted standard glass slide with
Lakeside No. 70 cement. Frosting of the slides has proved to be
especially beneficial in securing good sections as suggested by
Gibbs and Evans- (1950, p. 2). The excess coal is next sawed off
with the 8-inch cut-off wheel leaving about one-fourth inch of coal
on the slide.

The mounted blocks are then ground to a thickness of about 10
microns. This is done by using successively finer carborundum
sludges on rotating laps until the section just begins to transmit
light. This is a somewhat critical point and can be determined only
by experience. Too close grinding on the lap will ruin the section.

After trimming the superfluous cement from around the edges
of the section with a razor blade, the section is transferred to the
yellow Belgian hone. The hone is mounted in a wooden block slop-
ing away from the worker and a stream of water is played on it.
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The section is honed with forward strokes and slight pressure until
it transmits light uniformly and shows an orange to red color. The
section is then transferred to a light box and gently rubbed with
a cork dipped in Lakeside polishing compound No. 27 to produce
an even section. The section is finally labeled and painted with
polyvinyl alcohol.

In previous work, each section had been ground to completion
by a single operator. It was found that this procedure does not lend
itself well to the production of a large number of sections. Conse-
quently, the sections were ground in column lots with one operator
doing the coarse grinding on the laps and a second the work on the
hone and light box. However, in the interval between the two
stages of preparation, the section frequently dried out, oxidized,
and contracted so that a useless section resulted. On the suggestion
of B. C. Parks of the Bureau of Mines (personal communication)
the slides were immersed in glycerine except when being improved.

MICROSCOPIC ANALYSIS BY THE RIBBON TRANSECT
METHOD

In 1930, Thiessen set up a method of microscopic analysis and
a type classification of coal that has been generally followed as
standard practice by the coal petrography laboratory of the Bureau
of Mines. It has subsequently undergone such changes that Parks
and O’Donnell (1948) have described the modified procedure. In
the discussion which follows, this procedure is described, modified,
and evaluated. "

The sequence of thin sections, prepared in the manner described
earlier, is essentially a disconnected, transparent, ribbon-like sam-
ple of coal about 10 microns thick and 1 inch wide, representing
the entire coal bed. The ribbon sample of sections is not, however,
a complete representation because of some loss from sawing and
polishing. A recovery of 90 to 95 percent of the height of the original
column is considered not unusual by the Bureau of Mines.

The ribbon transect method of statistically evaluating the rela-
tive amounts of anthraxylon, opaque attritus, translucent attritus,
and fusain in a coal bed is nothing more than refined visual esti-
mate employing the principle of the Rosiwal analysis (Head and
others,1932) . It is based on the assumption that the sum of the areas
of each of the components in a random section of uniform rock is
proportional to the -volume of that constituent in the rock. In
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practice, actual areas are seldom measured, but rather a linear
traverse is made. Coal is inherently heterogeneous so that the as-
sumption of uniformity is not valid. Nevertheless, it is probably
valid to assume that each increment of the coal parallel to the bed-
ding plane will exhibit homogeneity over a limited area. Thin sec-
tions cut normal to the bedding should therefore represent statis-
tically the coal in the area and Rosiwal analysis may be used if its
limitations are appreciated.

Any type of microscope equipped with a mechanical stage is
satisfactory for the measurements. Although the Bureau of Mines
prefers the binocular type, a petrographic microscope was used in
this work since it facilitated identification of mineral components
of the coal. A grid micrometer disc on which is centered a 10 mm
square field divided into 100 1.0 x 1.0 mm constituent squares is
inserted in the ocular. Each square is further subdivided into four
subsquares 0.5 x 0.5 mm on a side. The values represent the real di-
mensions of the squares scribed on the disc. Since only one central
vertical tier of squares is used, each transect field is 10 mm long by
1.0 mm wide and consists of 10 major 1.0 x 1.0 mm constituent
squares and 20 1.0 x 0.5 mm subsquares. Because it is pertinent to
later discussion, mention is made that the Bureau of Mines employs
a Whipple dise, which is a 7 mm square field divided into 100 0.7
mm squares with the central one subdivided into 25 0.14 mm
squares. Usage is largely a matter of convenience.

Under microscopic magnification, the dimensions change;
therefore it is necessary to calibrate the disc with a stage micro-
meter for different powers of magnification as shown in Table 4.

It has been the practice of the Bureau of Mines to measure
opaque attritus and fusain at a magnification of 60X and anthraxy-
lon at 150X. Translucent attritus is determined by difference.
Since it seems doubtful that any unique advantage is gained by

TaBLE 4—Calibrated values of grid micrometer with petrographic
microscope B&L LM5919

Central vertical 1 Constituent
transect field square 1 Subsquare
Magnification length, mm length, mm length, mm
0 10.0 1.00 0.500
40 5.35 0.535 0.268

100 133 0.133 0.067
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changing magnifications, all components have been determined at
100X in this study.

Measurements are made by turning the mechanical stage of the
microscope so as to move the central vertical transect field of the
grid micrometer along a line extending from the bottom to the top
of the section. Two such traverses are made for a better statistical
average; one near the middle of the right half of the section and
the other near the middle of the left half. The traverse is not made
continuously; the thin section is moved a distance equal to the
length of the transect field and when the number of constituent
squares and subsquares occupied by each of the coal components
has been estimated and tabulated, the section is again moved the
length of the transect field. These field moves are continued until
the section is crossed. A horizontal shift of the stage brings the sec-
tion into position for the second traverse. The total number of
transect fields is tabulated and checked against the total distance
traversed as determined with the mechanical stage vernier by mul-
tiplying the number of transect fields by the calibrated length of
each transect field. A sample data sheet and an illustration of the
use of the grid micrometer are shown in Figure 3.

After all the thin sections representing the column sample have
been measured in this manner, the data for the components of each
slide are converted to percentages using the relation:

Area percentage B 10 (No. constituent squares) 4+ (No. subsquares/2)

for each component

Total number of transect fields

The percentage distribution of anthraxylon, translucent attritus,
opaque attritus, and fusain in each thin section is tabulated graph-
ically by bar diagram as illustrated in Plate 1. On the basis of this
distribution, the coal is classified according to type and a profile of
the coal results. Due to loss in cutting and grinding, the tabulated
distances and lengths on the bar diagrams are in error by the
amount of loss.

CRITICAL LIiMITS

Although the Bureau of Mines has published the results of nu-
merous petrographic studies of coal, actual determinative proce-
dures have always been omitted from the reports. Considerable un-
certainty had existed regarding the validity of the method until
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Parks and O’Donnell (1948) fully described procedures and evalu-
ated the influence of such factors as microscopic magnification, thin
section coverage, and errors arising from the personal element.
However, several important considerations were overlooked in the
paper by Parks and O’Donnell. Personal communication with the
authors and reference to a discussion of the paper by Schopf (1948)
have contributed to the following examination of critical limits.

Subsize thresholds.—Parks and O’'Donnell (1948, p. 536) state:

No particular difficulty is experienced in recognizing attritus in thin
sections under the microscope. The heterogeneous mixture of ingredients
of different shape, structure, translucence, and color occur in layers
that are easy to distinguish from the other banded components.

They further say:

Anthraxylon can also be easily recognized in a thin section when
seen with transmitted light under the microscope. It is present in prom-
inent orange bands, sometimes shaded toward brown to red, and usually
shows well-preserved cellular structures of a woody tissue seen in cross-
sectional or longitudinal view.

These statements are substantially true when the anthraxylon
bands are wide and the attritus extremely fine. However, difficulty
is experienced in deciding whether certain fairly fine translucent
components of attritus shall be classified with the atrital or the an-
thraxylous material. In other words, at what point does the translu-
cent component cease being preserved cellular tissues of stems,
branches, twigs, etc., and become part of a mixture of finely divided
plant debris. Realizing the question was largely one of size, Schopf
discovered that according to standard practice of the Bureau of
Mines laboratory, anthraxylon is not identified in any particles or
strands thinner than 0.014 mm. This subsize threshold was chosen
empirically because the subsquares of the calibrated Whipple disc
were determined to be about 0.014 mm at a magnification of ap-
proximately 150X—the magnification used to measure anthraxy-
lon.

It seems entirely possible that the use of this arbitrary limit may
constitute a source of error which has been overlooked. It was
earlier stated that all determinations for components other than
anthraxylon were made at a magnification of 60X. At this magnifi-
cation, the subsquares are no longer 0.014 mm but 0.037 mm. Hence,
in traversing attrital material, it would be possible to miss strands
of anthraxylon 0.014 mm wide.
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~ Schopf also gives the subsize threshold for the microscopic
determination of fusain as 0.037 mm—the size of a subsquare at a
magnification of 60X. All smaller opaque material is assigned to
opaque attritus.

In view of the large accumulation of data using these limiting
values, it seems necessary for comparison purposes that they be
tentatively accepted as part of the definition of anthraxylon and
fusain in quantitative work. However, since they are only visual

_estimates, certain liberties may be taken for the sake of conven-
ience. Anthraxylon is here defined as any translucent strand larger
than one-fourth of a subsquare at a magnification of 100X. A sub-
square at this magnification is 0.067 mm high; therefore one-fourth
of a subsquare is 0.017 mm as compared with the Bureau of Mines
value of 0.014 mm. Similarly, the subsize threshold for fusain is
given as one-half of a subsquare at a magnification of 100X. This is
0.033 mm as compared with the Bureau of Mines value of 0.037 mm.

The problem of establishing limiting subsize thresholds for cer-
tain of the petrographic components is not unique to the Bureau of
Mines and should be subjected to closer scrutiny since it stems from
some very fundamental considerations. Cady (1942, pp. 343-346),
in discussing a parallel situation involving the Stopes classification,
pointed out that uncertainty had developed concerning the applica-
tion of the term “vitrain” to vitrainlike material of small dimen-
sion which may make up a considerable portion of a clarain band.
He also concluded that the distinction was one of size and that
limiting values were necessary. In an attempt to resolve the situa-
tion, he suggested that all the thin vitrainlike bands composing cla-
rain be called “micro-vitrain” and set the lower limiting value for
vitrain at 2 mm with a tolerance of 1 mm. Justification for this is
based on the fact that, in the natural breakage of coal, the thicker
vitrain bands tend to break away from the rest of the coal and con-
centrate in the small screen sizes whereas the finer bands tend to
remain intimately associated with the clarain which concentrates in
the larger sizes. The limiting value is thus a function of the physical
properties of vitrain and clarain since vitrain is characteristically
friable and clarain is not. This approach is not necessarily the com-
plete answer but is at least suggestive that limits should be estab-
lished on the basis of physical or chemical behavior.

Color, thickness, and opacity.—Another important point which
has not received sufficient consideration is the question of color and
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light transmission in connection with quantitative analytical work.
In the description of each of the petrographic components, refer-
ence was made to its color or opacity. Essentially then, color com-
parison is an important basis for identification and can be appre-
ciated only by direct examination since most photographs of thin
sections are not reproduced in color. However, accurate compari-
son precludes that all sections be ground to the same thickness since
light transmission is partially a function of the thickness of
the section. This factor is of relatively minor importance in the
identification of anthraxylon and translucent attritus but becomes
extremely important for opaque attritus and fusain where identi-
fication is based largely on opacity. These components cannot, how-
ever, be regarded as totally opaque but only as possessing varying
degrees of opacity since all of them probably can be made to trans-
mit light if cut thin enough. There is, then, a very real problem for
the petrographer who, for example, attempts to classify a dark-
brown attrital material as opaque or translucent attritus when it is
almost impossible to achieve uniformity in thickness of the section.
He is beset by the same problem when he tries to classify opaque
attritus and fusain since there is ample evidence that they, too, are
gradational. The question involves not only the establishment of
criteria for opacity but also a reconsideration of the fundamental
basis of the classification. It is now apparent that opacity is an at-
tribute which may be acquired by all kinds of plant materials to a
varying degree and is dependent upon the activity and duration of
the process which produced it. Study of numerous thin sections
indicates that much so-called opaque attritus is actually crushed
fusinized material and that cellular fusain maintains its open cell
structure only because the spaces have been filled with mineral
matter at an early stage in the process of coalification. This problem
will be considered further in the discussion of the petrography of
Kansas coals.

LITHOLOGY AND CHEMICAL COMPOSITION OF THE
MINERAL, CROWEBURG, AND BEVIER COALS
MiINErRAL CoAL

Lithology.—The Mineral coal is named from the town of Min-
eral in northwestern Cherokee County, where it has been mined
extensively. The outcrop of the Mineral coal follows a generally
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northeast trend from a point 2 miles northwest of Sherwin Junction
to a point west of Franklin where it turns north and parallels the
State line until it swings into Missouri south of Garland. Column
samples were collected at eight localities along this trend and, at
three places, composite channel samples for chemical analysis were
collected immediately adjacent to the column samples. The
chemical analyses from these samples are supplemented by data
from the analyses of Pierce and Courtier (1938, table 1.) On the
map showing the location and distribution of samples (Fig. 1) the
localities are numbered in sequence from northeast to southwest
and all tabulated data are arranged in a similar manner for easy
comparison. Table 5 gives the exact location of the samples.

The coal is obtained from strip mines with an overburden of
about 20 feet of dark-gray to black shale. In some places, the coal is
capped by a discontinuous dark-gray fossiliferous limestone which
locally thickens and cuts out the coal as at the Mackie-Clemens op-
eration (Loc. 9, Fig.1).

The thickness of the Mineral coal averages 15.2 inches, ranging
from 10.4, to 21.1 inches. Pierce and Courtier (1938, p. 71) indicate
that the limits are between 17 and 24 inches but it is apparent that
these thicknesses include several inches of bone or shaly coal which
is characteristically present at the top of the bed. This material is
usually removed in mining operations and should not be included
as coal.

The Mineral coal is a typical, finely banded, attrital coal. Wide
anthraxylon bands are scarce and seldom exceed 1 mm in thick-
ness. Megascopic fusain is readily observable, but randomly distri-
buted. The fusain is usually concentrated at several horizons in
any particular sample, but appears lenticular. It is found at a dif-
ferent horizon in adjacent samples. Vertical butt and face cleats as
well as other fractures are filled with calcite which partially ac-
counts for the unusually high ash content. The calcite acts as a
binder permitting the mining of large lumps which would other-
wise fall into smaller sizes. Much pyrite is present in nodules and
lenticular bodies parallel to the bedding. The coal at the south end
of the field is of particular interest because of these pyrite nodules
and associated “coal balls.” “Coal balls” have been found princi-
pally in the Pittsburg-Midway No. 15 mine (Loecs. 15, 16, 17, 18,
Fig. 1) where they always occur in the upper 6 inches of the coal.
This subject is discussed further under “Mineral Matter in Coal.”
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Chemical composition and rank—Proximate chemical analyses
of 12 samples of Mineral coal are tabulated in Table 6 as determined
by the method of Stanton, Fieldner, and Selvig (1939). For pur-
poses of comparison, all analyses have been calculated to the mois-
ture and ash-free basis and are so designated in the following dis-

TABLE 5.—Location of samples

0-
cality Sample

no. no. Bed County Description
1 Cr-2-M**  Mineral Crawford NE; NEY; sec. 9, T. 28 S,, R. 25 E.; abandoned
strip mine
2 Cr-4-Mt do do NEV, SWY4 sec. 35, T. 28 S., R. 25 E.,, one-half
mi. northwest Mulberry; strip mine, Palmer Coal
Co.
3 Cr-3-M#** do do Cen. sec. 35, T. 28 S., R. 25 E., one-half mi. north-
west Mulberry; strip mine, Palmer Coal Co.
4 B-2659* do do NEY, sec. 34, T. 28 S, R. 25 E.; abandoned strip
' mine, A. B. McKay Coal Co.
5 B-2660% do do Near Cen. E. line sec. 34, T. 28 S,, R. 25 E.; aban-
doned strip mine, A. B. McKay Coal Co.
6 B-2655* do do SWY sec. 23, T. 29 S., R. 25 E.; abandoned strip
mine, Clemens Coal Co. No. 23
7 B-2656* do do SW1y sec. 23, T. 29 S., R. 25 E.; abandoned strip
mine, Clemens Coal-Co.
8 Cr-1-Ct Croweburg do SEYy NW14 sec. 28, T. 29 S., R. 25 E.,, 1 mi. north
highway 160 at Frontenac; center of strip mine,
Mackie Clemens Fuel Co.
9 Cr-8-Mft Mineral do SEV), SW1j sec. 28, T. 29 S, R. 25 E., 1 mi. north
’ highway 160 at Frontenac; south end of strip
mine, Mackie Clemens Fuel Co.
10 B-2665* do- - do SW14 sec.-34, T. 30 S., R. 24 E.; abandoned strip
mine, Pittsburg-Midway No. 17
11 B-2566* do do SW14 sec. 34, T. 30 S, R. 24 E.; abandoned strip
mine, Pittsburg-Midway No. 17
12 B-2652* do Cherokee 709 ft. west, 15 ft. south of NE cor. sec. 20, T. 51
. S., R. 24 E.; abandoned strip mine, Commercial
. ) Fuel No. 2
13 B-2667* do"’ do SWvy NW1; sec. 9, T. 32 S, R. 23 E.; abandoned
: - strip mine, Pittsburg-Midway No. 15
14 B-2668* do do NWY; sec. 9, T. 32 S., R. 23 E.; abandoned strip
mine, Pittcburg-Midway No. 15 ..
15 Ck-5-M** do do NEY; NW1j sec. 35, T. 32 S, R. 22 E,, active strip
mine, Pittsburg-Midway No. 15
16 Ck-4-Mt do do SEY4 NW4 sec. 35, T. 32 S,, R. 22 E., 214 mi. north
Sherwin Junction; active, Pittsburg-Midway No.
15
17 Ck-3-M#** do do SEY; SWY; sec. 35,, T. 32 S, R. 22 E,; active,
Pittsburg-Midway No. 15
18 Ck-2-M** do do SEYs SW¥s sec. 35, T. 32 S., R. 22 E.; 300 yds.

south of Ck-3-M, active Pittsburg-Midway No. 15



19 Bn-3-Bf
20 Bn-2-Bf
21 Bn-1-B**

22 Cr-9-Bi
23 B-2669*
24 B-2670*

25 Cr-5-B**
26 - Cr-6-Bt
27 Cr-7-B**

28 B-2658*
29 B-2657*

30 Cr-12-B**

31 Cr-14-Bt

32 Cr-11-B**
33 Cr-13-Bf

34 Cr-10-B**

35 Ck-1-B**
36 Ck-6-Bf

37 Lit-1-B**
38 B-2664*

39 B-2663*
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Bevier

do

do

do .
do
do
do

do

do

do
do
do

do

do

do

do
do

do

do
do
do

Bourbon
do
do

Crawford
do
do
do

do
do

do
do

do

do
do

do

do

Cherokee
do

Labette
do

do

SW1y NW1; sec. 25, T. 26 S., R. 25 E.; 1.7 mi.
north Kansas highway 7 at Garland; custom strip
mine

SEYy; NWY4 sec. 35, T. 26 S., R. 25 E., 1 mi. north-
west Garland; active strip mine, Kelly-Carter
Coal Co.

NW1, SEY) sec. 18, T. 27 S.,, R. 25 E., west of
highway 69, 1.3 mi. north of Crawford Co. line,
custom strip mine, Pellet Coal Co.

SW¥s NEY; sec. 28, T. 27 S,, R. 25 E., active strip
mine, Pryor Coal Co. .

Cen. S. line NWY} sec. 16, T. 28 S., R. 25 E., aban-
doned strip mine, Pioneer Coal Co.

Near Cen. SWj sec. 16, T. 28 S, R. 25 E.; uban-
doned strip mine, Pioneer Coal Co.

NWY NEYs sec. 15, T. 29 S, R. 25 E.,, 2.7 mi.
west Franklin; active strip mine, Mackie Clemens
Fuel Co.

SEY4 NWYj sec. 16, T. 29 S, R. 25 E,, 1.5 mi. east
Franklin; active strip mine, Mackie Clemens Fuel
Co.

NEY; SW1; sec. 16, T. 29 S, R. 25 E,, 1.2 mi. cast
Franklin; active strip mine, Mackie Clemens
Fuel Co.

Sec.'4, T. 30 S, R. 24 E.,, abandoned strip mine,
Eagle-Cherokee Coal Mining Co.

SEY; sec. 4, T. 30 S, R. 24 E., abandoned strip
mine, Eagle-Cherokee Coal Mining Co.

NWYs NEY4 sec. 10, T. 30 S, R. 24 E,, 3.5 mi. west
Frontenac; active strip mine, Eagle-Cherokee
Coal Mining Co.

NEY, SWY; sec. 10, T. 30 S, R. 24 E,, active strip
mine, Eagle-Cherokee Coal Mining Co.

SEY4s NWY sec. 1, T. 31 S, R. 22 E,, 1 mi. north-
west Monmouth; active strip mine, Lightening
Creek Coal Co.

NWY, SEY) sec. 7, T. 31 S, R. 23 E, 0.75 mi.
southeast Monmouth; active strip mine, Apex
Coal Co.

SWY, SEV4 sec. 7, T. 31 S, R. 23 E., 400 yds. south
of Cr-13-B, active strip mine, Apex Ceal Co.
SEY; NEY, sec. 34, T. 31 S, R. 22 E,, 4 mi. north-
west Mineral; active strip mine, Pittsburg-Mid-
way No. 18

NW, SEY sec. 34, T. 31 S., R. 22 E., 4 mi. north-
west Mineral; active strip mine, Pittsburg-Mid-
way No. 18

SWYs SWi4 sec. 27, T. 33 S, R. 21 E,, active strip
mine, Gallagher Coal Co.

NEY; sec. 33, T. 33 S., R. 21 E.,, abandoned strip
mine, Vanduker Coal Co.

NEY; sec. 33, T. 33 S,, R. 21 E,, abandoned strip
mine, Vanduker Coal Co. .

Samples are designated as follows: *Chemical analysis from Pierce and Courtier (1938 table 1),
**column sample; fcolumn sample and composite channel sample for chemical analysis.
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cussion unless otherwise stated. This has been done for several
reasons: (1) some of the samples were analyzed after air drying so
that the actual bed moisture is not known, and (2) irregularities
due to variable ash content are eliminated and the actual coal

material may be compared.

The average fixed carbon content is 58.7 percent and the coal
has an average calorific value of 14,980 B.t.u. Sulfur is high, averag-
ing 5.1 percent. The ash is unusually high, averaging 13.4 percent
on the moisture-free basis. However, comparison of the analyses in-
dicates that the coal is remarkably uniform in composition over a

TABLE 6.—Chemical analyses of coal from the Southeastern Kansas coal field

Lo-

Mineral matter-free basis

Calorific Dry
cal- Sample Condi- Mois- Vola- Fixed value Moist  fixed
ity no. tion* ture tile carbon Ash Sulfur B.t.u. B.t.u. carbon Rank
Mineral coal
2 Cr-4-M b 15 321 502 163 6.2 11,960 . e
c 326 510 165 6.3 12,140
d 390 610 ... 108 14,540
4 B-2659%* a 48 339 495 118 3.5 12,530 14,510 608 H_igh Yol. A
c 356 521 123 3.7 13,150 bituminous
d 406 594 ... 42 15,010
5 B-2660** a 43 343 408 134 4.6 12,300 14,560 66.2 High vol. A
c 358 502 140 48 12,850 bituminous
d 416 584 ... 5.6 14,940
6 B-2655%* a 44 342 488 126 48 12420 14,550 61.0 High vol. A
c 358 510 132 5.1 13,000 bituminous
d 413 58.7 ... 5.8 14,960
7 B-2656** a 51 347 487 115 3.6 12,490 14360 59.8 High vol. A
c 366 513 121 3.8 13,160 bituminous
d 416 584 ... 44 14,970
9 Cr-8-M b 11 339 515 136 43 12910 ..
c 343 521 138 43 13,050
d 39.7 603 ... 5.0 15,140
10 B-2665** a 44 335 457 164 33 11,930 14,610 59.2 High vol. A
c 351 4717 172 3.5 12,480 bituminous
d 424 576 ... 42 15,080
11 B-2666** a 40 358 493 109 39 12,690 14,500 59.2 High vol. A
c 373 513 114 4.0 13,220 bituminous
d 421 579 ... 4.6 14,920
12 B-2652** a 51 332 468 149 3.6 12,060 14,520 60.0 High vol.-A
c 350 493 157 3.8 12,710 bituminous
d 415 585 ... 45 15,080
13 B-2667** a 36 343 505 116 34 12,870 14,850 61.5 High vol. A
c 355 525 120 35 13,350 bituminous
d 404 596 ... 4.0 15,160
14 B-2668** a 29 351 515 105 2.8 13,110 14,950 605 High vol: A
c 36.2 53.0 108 29 13,510 bituminous
d 406 594 ... 3.2 15,140 )
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16 Ck-4-M b 11 387 482 120 45 12910 .
c 391 487 121 4.6 13,050
d 445 554 ... 5.2 14,850

Average moisture, ash-free 41.3 587 134 5.1 14,980

Bevier coal

19 Bun-3-B b 14 344 499 142 8.8 12570 .
c 349 506 144 8.9 12,750
d 408 591 ... 10.4 14,890

20 Bn-2-B b 13 358 470 16.0 2.8 11,820 . s
c 363 476 16.2 2.8 11,980
d 433 568 ... 3.3 14,300

22 Cr-9-B b 11 368 521 10.0 2.5 13910 . .
c 372 526 101 2.5 14,060
d 414 585 ... 2.8 15,640

23 B-2669** a 34 376 50.6 84 2.8 13,250 14,650 584  High vol. A
c 389 524 8.7 29 13,720 bituminous
d 426 574 ... 3.1 15,030

24 B-2670** a 46 369 486 9.9 24 12940 14,570 575 Highvol. A
c 38.7 510 103 2.5 13,570 bituminous
d 431 569 ... 2.8 15,140

26 Cr-6-B b 14 351 503 132 2.7 13310 e
c 356 510 134 2.7 13,500
d 411 589 ... 3.1 15,590

28 B-2658** a 34 343 496 127 24 12,700 14,860 603 High vol. A
c 355 513 132 2.5 13,150 bituminous

‘ d 409 591 .. 2.9 15,140 )

29 B-2657** ‘a 43 354 464 139 2.3 12,280 14,580 58.0 High vol. A
c 369 486 145 24 12,830 bituminous
d 432 568 ... 2.8 15,010

31 Cr-14-B b 11 350 472 167 42 12,250
c 354 477 169 42 12,380
d 426 574 ... 5.1 14,900

33 Cr-13-B b 14 351 479 156 2.7 12290 . .
c 356 486 158 2.7 12,460
d 423 571 .. 3.2 14,800

36 Ck-6-B b 15 363 451 172 42 11,340 . s
c 369 458 175 - 43 11,510
d 447 555 ... 5.2 13,950

38 B-2664** a 35 420 486 5.9 31 13,660 14,720 59.7 High vol. A
c 435 504 6.1 3.2 14,150 bituminous
d 463 537 ... 34 15,070

39 B-2663** a 3.7 408 47.7 7.8 31 13,330 14,700 550 High vol. A
c 424 495 8.1 3.2 13,850 bituminous
d 461 539 ... 35 15,070

Average moisture, ash-free 43.0 571 177 3.9 14,690

Croweburg coal
8 Cr-1-C b 09 353 490 148 7.3 11,450
c 356 494 149 7.4 11,550
d 418 580 ... 8.7 13,570

*The form of analysis is denoted as follows: a, as received at the laboratory; b, air dried; ¢, moisture
free; d, moisture and ash free.
**Analyses from Pierce and Courtier (1938, table 1).
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large area. With the exception of one sample, the calorific values do
not differ from the average by more than several hundred B.t.u.
and the fixed carbon values are within a few percent of the average.
Sulfur and ash are somewhat more variable, as might be expected.

The chemical analyses for which the bed moisture is known
have also been calculated to the mineral-matter-free basis so that
the coal could be classified according to A.S. T.M. rank designation
(Table 1). Rank designation is determined by moist mineral-
matter-free B.t.u. and dry mineral-matter-free fixed carbon ac-
cording to the Parr (1928) equations as follows:

1) Moist mineral-matter- B.t.u. (as received)—50 S
free B.t.u. = x 100
100 — (1.08 x ash 4 0.55 S)

2) Dry mineral-matter- fixed carbon (as received) — 0.15 S

free fixed carbon = 100

x
100 — (moisture + 1.08 x ash 4 0.55 S)

These equations result from efforts to increase the ash value to
represent the original quantity of mineral matter present in the raw
coal.

The mineral-matter-free tabulations of Table 6 indicate that the
Mineral coal is a high volatile A bituminous coal according to the
A. S.T. M. classification.

Although no coking tests on the coal were made, the agglomer-
ating index was determined as described by Stanton, Fieldner, and
Selvig (1939, pp. 36-37). The agglomerating index (Table 7) indi-
cates the coking and caking properties of bituminous coal and is
found by examination of the residue left in the platinum crucible
from the volatile matter determination. It is of limited value for in-
dicating coking properties since the coal is heated much more rap-
idly than that coked in commercial ovens. Thus, coals that yield
good cokes in commercial practice always give well-coked residues
from the volatile-matter determination, but the reverse is not al-
ways true. As shown in Table 8, the Mineral coal is classed as Cg or
Cf, which means that it is a good to fair caking agglomerate coal—
e.g., it will produce a button showing medium to strong swelling
and good cell structure, has a characteristic metallic lustre, and gen-
erally will support a 500 gram weight. The buttons barely meet the
500 gram weight requirement since the cell walls tend to be thin
and are easily crushed although the button supports the weight. It
is doubtful that the coal would make good metallurgical grade coke



Petrographic Study of Southeastern Kansas Coals 33

since it is not particularly strong and has a high sulfur content
which is 3 to 4 percent higher than the maximum tolerance of 1.5
percent sulfur.

BEevier CoaL

Lithology.—The Bevier coal lies just above the Ardmore lime-
stone and its outcrop is practically coincident with that of the
Ardmore. It roughly parallels the Mineral coal beginning at a point
several miles southeast of Oswego and continuing northeasterly
until it crosses the State line into Missouri north of Garland.

Column samples were collected at 14 localities along the out-
crop in strip mines and at 7 places composite channel samples for
chemical analysis were collected immediately adjacent to the col-
umn samples. The chemical analyses are supplemented by data
‘from Pierce and Courtier (1938, table 1).

TaBLE 7.—Agglomerating and coking properties of coals based on examina-
tion of residue incident to the volatile-matter determination
(Stanton, Fieldner, and Selvig, 1939, p. 37)

Designation Apgsarance of residue from standard
method for determination of volatile
Class Group matter in coal
Nonagglomerating NA NAa-noncoherent residue
(button shows no (nonagglomerate) NAb-coke button shows no swel-
swelling or cell ling or cell structure and after
structure and will removal from crucible will pul-
not support 500 g verize under a weight of 500
without pulverizing) grams
Agglomerating A (agglomerate) Aw (weak agglomerate) —buttons
(button shows swell- button dull black come out of crucible in more
ing or cell structure and sintered; than one piece
or will support 500 g shows no swelling Af (firm agglomerate) — buttons
without pulverizing) or cell structure come out of crucible in one
piece
C (caking) Cp (poor caking)—button shows
shows swelling or  slight swelling with small cells;
cell structure has slight gray luster

Cf (fair caking)—button shows
medium swelling and good cell
structure; has characteristic
metallic luster

Cg (good caking)—button shows
strong swelling and pronounced
cell structure, with numerous

. large cavities and cells; has a
characteristic metallic luster
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The Bevier coal lies 80 to 100 feet below the top of the Cherokee
shale and is mined from strip pits having an overburden of 25 to
30 feet of dark-gray to black shale. The shale may contain several
beds of dark shaley limestone ranging from 2 to 30 inches in thick-
ness. These thin limestones are most prominent in the northern part
of the field. Locally, as much as 50 feet of overburden may be re-
moved. A typical underclay is found immediately below the coal
and this is, in turn, underlain by the Ardmore limestone.

The average thickness of the coal where sampled is 14.7 inches;
its thickness ranges from 12 to 17.5 inches. Like the Mineral coal,
it is finely attrital with few anthraxylon bands exceeding a thick-
ness of 1 mm. It contains numerous megascopic lenses of fusain. It
also contains many vertical calcite-filled fractures which are even
more prominent than in the Mineral coal and probably account for
the higher ash content of the Bevier. Pyrite nodules are not so nu-
merous and the coal consequently has a lower sulfur content.

There is some evidence of structural deformation in the Bevier.
At least four faults were encountered in the Pryor Coal Company
operation at the north end of the field northwest of Arcadia (Loc.
22, Fig. 1). The faults had an east-west strike and dipped steeply
to the south. Vertical displacement was about 2 feet so that the
coal had to be mined at several levels. The coal also had a rolling
or gently folded surface.

Chemical composition and rank.—Chemical analyses of 13 sam-
ples of Bevier coal are listed in Table 6. The average fixed carbon
content is 57.1 percent and the average calorific value is 14,690
B.t.u. Sulfur averages 3.9 percent and the ash is 17.7 percent on the
moisture-free basis. In comparison with averaged Mineral coal
analyses (Table 6) the Bevier is lower in calorific value, fixed
carbon, and sulfur but higher in ash. The differences are not large
but may be an indication of the operation of Hilt’s law, which pre-
dicts that stratigraphically lower coals have higher fixed carbon
(lower volatile) and calorific values due to increasing pressure
and temperature rather than initial differences in the coal ma-
terials.

Comparison of individual Bevier analyses shows that the coal
does not exhibit quite the same areal uniformity as does the Min-
eral. Although fixed carbon values have a range of about 5 percent
and deviate from the average by only a few percent, the calorific
values are quite variable and range from 13,950 to 15,640 B.t.u.
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Chemical analyses calculated to the mineral-matter-free basis
classify the Bevier coal as a high volatile A bituminous coal accord-
ing to A.S.T.M. rank designation.

The agglomerating index is given for seven samples in Table
8. The Bevier is an agglomerate Cf to Cg or good to fair caking
coal and exhibits approximately the characteristics of the Mineral
coal. Although the lower sulfur content would make it more de-
sirable as a domestic coke, the sulfur is still above the limit of 1.5
percent set for metallurgical coke.

CrowEBURG CoAL

Lithology.—The Croweburg coal is named from the town of
Croweburg in northeastern Crawford County, where it was mined
extensively at one time. It lies about 25 feet above the Mineral coal
between the Mineral and Bevier so that its outcrop is between and
roughly parallel to thesé coals. Only a small quantity of Croweburg
coal is produced at the present time and good exposures are rare.

A column sample with an adjoining composite sample for chem-
ical analysis was collected at the Mackie Clemens strip mine (Loc.
8, Fig. 1) where both the Mineral and Croweburg coals are mined
in a single operation. The Fleming coal also is exposed in the same
mine but is so thin and of such poor quality that is rejected as
refuse.

About 12 feet of shale overlies the Croweburg. It is dark gray
at the base and grades upward into a lighter gray color. The top
consists of about 3 feet of black fissile shale containing numerous
concretions and phosphate nodules.

The coal is about 12 inches thick at the locality where sampled.
Pierce and Courtier (1938, p. 75) report that this thickness is aver-
age for the bed. It is a finely attrital coal with few wide anthraxylon
bands and several distinct layers of fusain.

" Chemical composition and rank.—Average analyses of the
Croweburg coal are not available so that its chemical composition
is reported here from a single determination (Table 6) which may
not be representative. At a single locality, the coal has a fixed
carbon content of 58.0 percent, an ash content of 14.9 percent, and
a calorific value of 13,570 B.t.u. Sulfur comprised 8.7 percent on
a moisture-free basis. It is roughly comparable to the Mineral
coal (Table 6) although the calorific value is considerably lower.
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TaBLE 8.—Agglomerating index from volatile matter residue from
Kansas coal

Sample Coal Agglomerating index Support 500 grams
Bn-3-B Bevier Ct Yes
Bn-2-B do Cg Yes
Cr-9-B do Cg Yes
Cr-6-B do Ct Yes
Cr-14-B do Cg Yes
Cr-13-B do Cg Yes
Ck-6-B do Ct Yes
Cr-4-M Mineral Cf Yes
Cr-8-M do Cg Yes
Ck-4-M do Cg Broke in several pieces
~Cr-1-C Croweburg Cg Yes

The “as received” analysis has not been converted to the min-
eral-matter-free basis for purposes of rank designation because the
bed moisture is not known. However, rough approximation indi-
cates that the calorific value would fall between 13,000 and 14,000
B.t.u. and that fixed carbon would be less than 69 percent so that the
coal is probably high volatile B bituminous.

The agglomerating index (Table 8) rates the coal as an agglom-
erate Cg or good caking coal. However, the sulfur content is far
too high for metallurgical purposes.

REGIONAL VARIATION IN CHEMICAL PROPERTIES

A knowledge of the regional variation in coal is of considerable
importance to the producer since it enables him to predict the
quality of his product in new ventures or in the extension of old
fields. The chemical analyses of the Mineral and Bevier coals have
shown that the Mineral is relatively uniform along the strike and
that the Bevier is somewhat more variable. Variations in fixed
carbon and volatile matter are commonly regarded as an indication
of the stage of coalification or rank. Calorific variations arise in the
same manner but may be a more sensitive index of coal type vari-
ation since the calorific value of hydrogen is greater than that of
carbon.

The possibility that a small systematic variation might be dis-
cernible in the raw data resulted in the plot of fixed carbon and
calorific value versus distance as shown in Figure 4. The Mineral
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and Bevier sample locations have been projected to the line a-a’
of Figure 1.

There are not a sufficient number of plotted points to define
clearly regional variation but smooth curves which have been
drawn at least suggest that the fixed carbon content of both coals
increases from south to north. The calorific value of the Mineral
coal is'so uniform that the curve has almost no slope whereas the
calorific value of the Bevier shows relatively wide variation.

Interpretation of these curves is speculative, but is considered
in order to indicate the results which might be expected with a
greater number and wider distribution of samples.

The Cherokee hasin, in which coal accumulation took place,
came into existence after Mississippian time. It was bounded on
the north by the Bourbon arch which separated it from the Forest
City basin. Within the basin are several known or inferred struc-
tural elements. Pierce and Courtier (1938, p. 53) have described
the northwest-trending Pittsburg anticline and Dreyer (1947) has
shown the probable existence of additional features through geo-
physical investigation. Since it has been demonstrated that the
increased temperatures and pressures which accompany orogenic
activity may produce an-increase in the rank of coal, the effect of
the above structural elements should be considered.

Little is known of the orogenic activity during Cherokee time.
Nevertheless, tentative suggestion is made that activity of the
Bourbon arch may have accounted for the increase in fixed carbon
from south to north. One line of evidence lies in the structure of the
Bevier coal mentioned earlier. Four faults were described at the
north end of the field. These faults roughly parallel the Bourbon
arch and may have been produced by movement of the arch.

However, at least part of the variation is probably due to ana-
lytical technique. The Bureau of Mines (Stanton, Fieldner, and
Selvig, 1939, p. 59) permits difference of 0.5 percent for two vola-
tile-matter determinations made in the same laboratory and 1.0 per-
cent for determinations made in different laboratories. The fixed
carbon tolerances should therefore be of the same order of magni-
tude. Differences of 0.3 and 0.5 percent are allowed for two calorific
determinations made in the same laboratory and in different labor-
atories respectively. The overall differences between maximum
and minimum values for the Mineral and Bevier coals are more of
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the order of 5 percent. Some part of this variation is systematic, but
some is undoubtedly analytical.

PETROGRAPHY OF THE
MINERAL, CROWEBURG, AND BEVIER COALS

DEescripTioN oF COMPONENTS

The Mineral, Croweburg, and Bevier coals were studied petro-
graphically from approximately 400 thin sections and from 22
column samples. Since the three covals show marked similarities,
they are discussed here as a group rather than individually.

The outstanding characteristic of the coals is their finely banded
appearance. The anthraxylon bands range from a maximum width
of about 5 mm to the arbitrary lower limit of 0.017 mm and rarely
exceed 1 mm. Typical bands of anthraxylon are shown in Plate 2,
A and B. The relatively homogeneous nature of the anthraxylon
is distinctive and aids in separating it from adjacent attrital coal.
The bands are characteristically bright orange to red and in places
are bounded by brilliant orange or yellow cuticular material hav-
ing a serrated edge on its proximal side (Pl 5, A and B). Anthrax-
ylon exhibits several forms which depend on the part of the plant
sectioned, the direction of the section, and the state of preservation
of the material. Many bands are not continuous, but pinch out with-
in a short distance or split into a number of finer bands due to
branching or degradation. Lenticular bands are indicative of trans-
verse sections. Some bands are double because the original stems
were hollow cylinders.

Cell structure was not seen in most sections of anthraxylon
either because the plant material had undergone considerable al-
teration before coalification or because of lack of contrast between
the cell walls and the material filling the lumens. Plate 2 C is a
section of anthraxylon showing traces of deformed cell structure.
Plate 2 D is a section of anthraxylon cut parallel to the bedding
and in a direction longitudinal to the plant cells. The boxlike nature
of the cells can be seen clearly.

Translucent attritus is usually heterogeneous. It consists of a
closely knit debris of anthraxylon fragments, spore exines, bits of
cuticle, resin bodies, and other degradation products plus extreme-
ly fine particles of calcite, pyrite, quartz, and clay minerals. Typi-
cal examples of translucent attritus are shown in Plates 3, 4, and
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8C. Some translucent attritus consists entirely of small fragments
which are distinguished from anthraxylon solely on the basis of
size. Since most of the anthraxylon falls in the fine size range, dis-
tinction between attritus and anthraxylon is difficult. The consti-
tuents of Plate 3A are similar in appearance but the band in the
middle of the section is classified as anthraxylon whereas the re-
mainder of the material is translucent attritus.

Although the spore content of the coal is remarkably low, the
megaspore exines can be distinguished easily when they do occur.
Megaspores are brilliant yellow bodies, up to 1 mm in length, re-
sembling a flattened tube in cross section. The ends may be in-
vaginated as shown in Plate 5D. Plate 5C shows a cluster of mega-
spores at a lower magnification. The microspores are much smaller
and may be mistaken for fragments of cuticle.

Bright red globular resin bodies are abundant in both trans-
lucent attritus and anthraxylon. Plate 4 illustrates how bands of
anthraxylon and attritus have been compressed around more
resistant resin bodies.

Fusain is one of the most striking components of these coals and,
in places, one of the most difficult to distinguish because of its
similarity to certain types of opaque attritus. At its best, it consists
of cellular material with opaque cell walls and translucent spaces
between the walls which have been filled with calcite. Some types
of fusain are clearly transverse sections of altered wood or cortex
(PL. 6A, lower part of B, and C) since the same kinds of cells can
be seen in unaltered plants. Fusain has a fibrous appearance if the
cells have been cut in a longitudinal direction (Pl. 6, upper part of
B) or if the original material consisted of resin rodlets. Other
fusain occurs in fine irregular fragments derived from the de-
formation or crushing of the cellular type or from the alteration
of finer woody debris. Plate 7B shows fusain in which the cell walls
have been deformed so that the calcite-filled spaces no longer ex-
hibit regularity. Fusain, in many cases, occurs in lenticular bodies

(PL7A).

Opaque attritus is a relatively minor constituent of the coals.
When it does occur, it is found, in most places, near the top or bot-
tom of the column. Clearly recognizable opaque attritus contains
translucent anthraxylon-like fragments, cuticle, and spore exines
in addition to the opaque constituents. Plate 3C shows opaque at-
tritus intercalated with translucent material. Plate 5, C and D,



Petrographic Study of Southeastern Kansas Coals =~ 41

shows examples of opaque attritus containing spore exines and
fragments of cuticular material.

The most perplexing problem in the petrographic analysis of
the coal was the differentiation of the opaque or semiopaque con-
stituents. Opaque attritus may have a transitional relation with
translucent attritus or anthraxylon. In such cases, the translucent
constituents become progressively more opaque and grade into
fusainlike material. Plate 7D is a typical example of this transi-
tion. The material at the bottom of the section is clearly anthrax-
ylon. It changes upward into semiopaque matter which in turn
becomes progressively more opaque and acquires the expanded
structure of fusain. Since the boundaries of these constituents are
not defined clearly, the analytical results are dependent, to a large
measure, on the judgment of the observer. Plate 7C shows that
other coal constituents may alter to fusain. The round opaque body
is a fusinized resin globule.

OriGIN oF OrPAQUE COMPONENTS

Because the opaque components are of considerable importance
in both coal classification and coal utilization, it is pertinent to re-
view briefly the ideas concerning the origin of these constituents.
In general, two schools of thought have existed (Hendricks, 1945,
pp. 19-21) concerning fusain. The first attributed the origin to
forest fires, and the second to some form of chemical alteration
prior to burial. The forest-fire theory has found little favor because
of the improbability of extensive fires in typical peat swamps and
the absence of ash layers. In addition, fragile plant structures are
fusinized and plant stems are found with fusain on the interior.
The chemical alteration theories include dehydration during per-
iods of dryness or by sulfuric acid, carbonization as the result of
catalytic action, impregnation with various salts or gases which
promote carbonization and inhibit aerobic decay, and the local
action of thermophilic bacteria.

The origin of opaque attritus has received relatively little at-
tention and most investigators have considered it a separate entity
from fusain. Thiessen and Sprunk (1936) observed a transitional
relation between opaque and translucent constituents in their
studies of the Upper and Lower Cedar Grove coals of West Vir-
ginia. Fieldner and Schmidt (1941, p. 12) suggested that opaque
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attritus resulted from advanced decomposition due to the action
of biological agencies and that as decay progressed, the attritus
became more opaque.

Certain observations may be made concerning the origin of the
opaque constituents as illustrated in Kansas coals.

(1) The process or processes which produce fusain may act
upon any of the plant materials and the resulting degree of opacity
is dependent upon the intensity and duration of the process. In
addition, it is likely that.certain plant tissues are more susceptible
to fusinization than others. Thin sections show the gradation of
anthraxylon and translucent attritus into opaque attritus and
fusain. It seems probable that had the process producing the grada-
tion been of sufficient intensity and duration, all the material would
have been fusinized. Since fusinized resin bodies have been found,
it is evident that even the more resistant plant materials are sus-
ceptible to fusinization.

(2) The process of fusinization was operative in the early stages
of coalification. Cellular fusain is able to maintain its open struc-
ture because the cells are filled with calcite. The other coal mater-
ial is seen to be compressed around the structurally supported
fusain. Therefore fusinization and impregnation took place prior
to compaction of the surrounding coal and the process may be
regarded as diagenetic. If coalification had proceeded in a normal
manner, cell cavities would have filled with humic material and
later fusinization would have produced a homogeneous rather than
a cellular fusain.

(3) Fusinization can be local in nature. Most fusain in Kansas
coals cannot be traced for any distance laterally whereas, in some
coals, fusain bands are persistent. It would seem that fusain is
produced by a number of processes, some of which are local in
action whereas others are not.

(4) Much that has been classed as opaque attritus is probably -
crushed and compacted fusain. In cases where no calcite impregna-
tion of cells took place, the structurally weak fusain was not able
to maintain its open spaces. Undoubtedly much of the crushed
fusain has been classified as opaque attritus since fusain is identi-
fied largely on the basis of its open cell structure.
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AnNaLyYs1s oF COMPONENTS

In Plate 1, the type of coal and the percentage of components in
each thin section have been shown graphically for 22 column sam-
ples. As illustrated in Plate 1A, the type of coal is designated at the
left side of the figure. Distances from the top of the bed are given
at the left margin. The thickness of each lithologic unit and its
description number are shown in the next two columns. The per-
centage loss in the lower left corner is an indication of the amount
of coal lost through sawing and grinding. It was determined by
dividing the thickness of the column sample after grinding (as
determined from the sum of the thin section widths) by the original
thickness of the column before grinding. Approximately true thick-
ness can be found by multiplying the diagram thickness by the per-
cent loss and adding the product to the diagram thickness. The per-
centages of anthraxylon, translucent attritus, opaque attritus, and
fusain are shown by bar diagram to the right of the figure.

MINERAL COAL

Petrographic analyses of the Mineral coal are shown in Plate
1, A to G. With few exceptions, the Mineral coal is a uniformly
bright coal. It is characterized by a relatively large content of
translucent attritus. Opaque attritus and fusain are minor con-
stituents. In the few cases where opaque attritus increases to the
extent that parts of the coal are classified as semisplint or cannel,
these constituents are confined to the top or bottom of the bed.
Sample Ck-3-M (Pl 1C) contains 0.8 inch of semisplint at the top
of the column. Sample Cr-8-M (PL 1D) has 0.6 inch of semisplint
about 1.4 inches from the top and another semisplint band 0.8 inch
wide at the bottom of the bed. Sample Ck-5-M (Pl 1E) is some-
what peculiar in that it contains a thin band of cannel coal at the
bottom of the bed. Although this band meets the petrographic re-
quirements of a cannel, it does not have the typical compact and
nonbanded canneloid appearance. About 1.4 inches of the column
is missing since part of the coal was too friable to section or polish.

Banded or nodular pyrite is relatively rare in the Mineral coal
except at the south end of the field. Although these impurities are
described as pyrite in the diagrams, they are actually “coal balls”
and contain considerable calcite. Samples Ck-4-M (Pl. 1F') and Ck-
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2-M (Pl. 1G) both show that the nodules are confined to the upper
portion of the coal bed.

The average analysis for each column is tabulated in Table 9
and the average of these analyses is shown at the bottom of the
table. It is interesting to note that opaque attritus increases from
north to south until it reaches a maximum of 9.0 percent just north
of Frontenac (sample Cr-8-M) and then decreases to the south.
This variation may not be significant since relatively few Mineral
coal samples have been analyzed. Nevertheless, the opaque attri-
tus content of the coal is lower in the north and south ends of the

field. :

TABLE 9.—Summary of data on petrographic analyses of column samples of
coals from the Southeastern Kansas coal field

Translucent Oga ue
attritus

Locality Sample . Thickness, Anthraxylon, attritus, Fusain,
no. no. inches percent percent percent percent
Mineral coal
1 Cr-2-M 104 26.1 66.9 26 44
2 Cr-4-M 13.5 21.3 69.0 14 8.2
3 Cr-3-M 185 241 64.3 3.9 7.6
9 Cr-8-M 211 335 50.9 9.0 103
15 Ck-5-M 143 31.2 594 2.7 6.6
16 Ck-4-M 184 411 516 14 5.9
18 Ck-2-M 10.4 344 58.6 1.5 5.5
Average 15.2 30.2 60.1 3.2 6.9
Bevier coal
19 Bn-3-B 129 45.5 404 8.0 6.1
20 Bn-2-B 14.0 544 354 4.3 54
21 Bn-1-B 121 41.7 40.7 1.6 16.0
22 Cr-9-B 159 38.3 53.8 44 3.5
25 Cr-5-B 16.8 215 53.9 42 14.4
26 Cr-6-B 175 33.7 55.5 5.8 5.1
27 Cr-7-B 15.0 36.2 556 4.5 38
30 Cr-12-B 16.1 36.1 52.7 44 6.8
31 Cr-14-B 154 32.0 53.7 9.7 4.7
32 Cr-11-B 141 36.8 53.1 5.1 5.0
33 Cr-13-B 15.4 354 498 42 10.5
34 Cr-10-B 15.7 31.7 55.7 6.9 3.7
35 CK-1-B 13.4 36.2 50.3 - 82 53 -
37 Lt-1-B 12,0 44 38.2. 114 6.0
Average 14.7 379 492 59 70

Croweburg coal
8 Cr-1-C 115 21.0 58.2 7.7 13.1
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Prate 2. Thin sections showing anthraxylon bands and cell structure. A,
Anthraxylon band below with attrital coal above (Bevier, X 95). B, Anthraxy-
lon band with translucent attritus above. Attritus contains small particles of
opaque pyrite and translucent calcite and clay minerals (Mineral coal, X 95).
C, Deformed cell structure in anthraxylon (Bevier coal, X 350). D, Anthraxy-

lon band cut parallel to bedding. Boxlike nature of cells is evident (Mineral
coal, X 150).
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Prarte 3. Thin sections of attrital coal. A, Banded translucent attritus. Wide
band near center is classified as anthraxylon on basis of size (Mineral coal,
X 125). B, Translucent attritus composed of shredlike fragments. Opaque
bodies are pyrite (Mineral coal, X 125). C, Opaque attritus intercalcated with
bands of anthraxylon and translucent attritus (Bevier coal, X 95).
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PLATE 4. Resin bodies. A, Resin bodies in anthraxylon and translucent attri-
tus. Note how bands have been compressed around resistant resin bodies
(Bevier coal, X 125). B, Large resin body in translucent attritus (Bevier coal,
X 125).
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BEVIER COAL

Petrographic analyses of the Bevier coal are shown in Plate 1,
H to U. The Bevier is also a uniformly bright coal except for a few
thin bands of splint and semisplint coal. Translucent attritus again
predominates whereas opaque attritus and fusain are relatively
minor constituuents. No splint or semisplint coal is encountered
north of Franklin in Crawford County. The first occurrence is in
sample Cr-5-B (Pl. 1L) which has a thin band of semisplint near
the top of the bed. There is also a layer of almost pure fusain about
11.5 inches from the top of the bed which does not fit into the type
classification scheme. Other samples to the south show small
amounts of splint or semisplint near the top or bottom of the bed.
Samples Cr-14-B (Pl 1P) and Cr-11-B (PL 1Q) are exceptions
to this general rule since semisplint coal occurs near the middle of
the bed.

Nodular or banded pyrite is rare in the Bevier coal. The only
occurrence was in sample Ck-1-B (PL. 1T) about 8 inches from the
top of the sample.

The average analysis for each column sample is tabulated in
Table 9 and the average of the analyses for all the columns is
shown at the bottom of the table. The distribution of components
is somewhat erratic and there is no apparent systematic variation.

CROWEBURG COAL

A single analysis of the Croweburg coal is shown in Plate 1V.
It is similar in most respects to the Mineral and Bevier coals. The
most abundant constituent is translucent attritus. A relatively
thick band of splint coal occurs near the bottom of the bed. The
average analysis of the column is tabulated in the lower part of
Table 9.

COMPARISON OF THE COALS

In comparing the analyses of the coals, it is important to note
that the Bevier coal is somewhat higher in anthraxylon, opague
attritus, and fusain than the Mineral coal. The economic signifi-
cance of these differences will be discussed later in reference to
coal utilization. Since the distribution of splint and semisplint
coal is similar for all the beds, it may be pertinent to mention that
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Prate 5. Thin sections showing cuticle and spores. A, White material is
cuticle which surrounds a stem, in longitudinal section (Mineral coal, X 50).
B, Fragments of cuticle. Lower double layer is a longitudinal section of a stem.
Note the characteristic serrated edge on the inner side of each layer (Mineral
coal, X 125). C, Cluster of megaspore exines or cases in opaque attritus (Min-
eral coal, X 100). D, Megaspore in opaque attritus. The double character of
the spore case is clearly evident. Note the invaginated end of the case (Min-
eral coal, X 190).
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one of the advantages of column analysis is to show the distribu-
tion of coal types so that selective mining may be employed in-
telligently. The value of such a practice in mining Kansas coals is
doubtful, however, because of the thinness of the beds and the rela-
tively small contribution of the splints and semisplints to the over-
all character of the coal.

MiINERAL MATTER

Chemical analyses of the Mineral, Croweburg, and Bevier coals
already have indicated their relatively high ash content. However,
the ash value contributes little to an understanding of the identity
and distribution of the mineral matter which is responsible for the
ash. Such information is important for several reasons: (1) it
aids in determining the extent of economical coal beneficiation;
(2) the chemical and physical properties of coal are influenced by
the character of the mineral matter; (3) it is a reﬂectlon of the
geologic history of the coal bed.

KINDS OF MINERAL MATTER

Two kinds of mineral matter are generally found in all coals.
The first is called “inherent mineral matter” and refers to that
portion organically combined with the coal. It cannot be deter-
mined petrographically and includes those elements which have
been assimilated by plants for nutritive purposes. The second is
known as “extraneous mineral matter” and includes that portion
which is foreign to the plant material. Extraneous mineral matter
is the larger contributor to the total ash content. It consists of de-
trital minerals deposited during coal accumulation and minerals
deposited from solution or suspension during and after coal accu-
mulation. Most of the mineral matter in Kansas coal is of the latter
type.

METHOD OF STUDY

The techniques used in the study of the mineral constituents are
outlined as follows:

(1) Approximately a 25 gram sample, crushed to minus 60 mesh
size, was split from each of the channel samples used for chemical
analysis. After weighing, the sample was placed in a large separa-
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PraTE 6. Thin sections of fusain. A, Transverse section of fusinized cortex.
The plant cells are filled with calcite (Bevier coal, X 125). B, Upper part shows
longitudinal section of fusinized plant material. Lower part shows transverse
section. Cells are filled with calcite (Mineral coal, X 50). C, Transverse section
of fusinized thick-walled plant cells (Bevier coal, X 125).
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PraTe 7. Thin sections of fusain. A, Section of fusain lens in translucent
attritus (Mineral coal, X 100). B, Fusain showing deformed plant cells (Min-
eral coal, X 125). C, Opaque body in lower part is a fusinized resin globule;
opaque band above is fusain (Mineral coal, X 135). D, Material at bottom is an-

thraxylon. Note the change upward into opaque attritus and fusain (Mineral
coal, X 50).
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Prate 8. Thin sections of mineral matter in coal. A, Intricate pattern of
calcite in minute fractures in coal, under crossed nicols. Note cleavage and
twinning in calcite (Mineral coal, X 125). B, Calcite filling fractures in coal
(Mineral coal, X 125). C, Section shows distribution of minerals along band-
ing in translucent attritus. Small opaque bodies are pyrite; lighter bodies
consist largely of clay minerals. Notice the cube of pyrite in the upper right
corner (Mineral coal, X 120).
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tory funnel containing a 1.70 specific gravity solution of bromoform
and carbon tetrachloride. Upon complete separation, the float-sink
fractions were collected on filter paper, washed with acetone, dried,
and weighed.

(2) The sink fraction was placed in a 2.90 specific gravity solu-
tion of tetrabrom-ethane and after separation, the float-sink frac-
tions were collected and washed.

(3) Part of the 2.90 sink fraction was mixed with bakelite pow-
der and mounted in a bakelite disc for polishing. The polished sec-
tion was studied with a reflecting microscope. Color, hardness, in-
ternal reflection, and anisotropism were used to identify the opaque
minerals.

(4) Both the float and sink fractions from the 2.90 specific grav-
ity separation were examined with the aid of binocular, petro-
graphic, and reflecting microscopes. Hydrochloric acid solubility,
flame reactions, optical properties, and microchemical tests were
used to identify the minerals.

(5) The thin sections prepared for column analysis were used to
study the form and distribution of the minerals.

(6) Polished sections of pyrite nodules were made for study
with the reflecting microscope and peels of the “coal balls” were
made.

MINERAL ASSEMBLAGE AND DISTRIBUTION

Although the mineral content of Kansas coals is high, the kinds
of minerals are few. Calcite and pyrite are the most important con-
stituents. There are also lesser amounts of aragonite, marcasite,
sphalerite, quartz, apatite, and clay minerals.

Detrital minerals.—The only known detrital minerals in the
coals are quartz, apatite, and clay minerals. They are found mainly
in the attrital portions of the coal and along bedding planes. A num-
ber of well-rounded grains of quartz and apatite were seen in the
float-sink fractions of several samples. Clay minerals are the most
abundant detrital constituents.

Calcite—Calcite is the most important mineral constituent of
the coals. It has two different modes of occurrence. The largest
amount of calcite is found in cleats and dessication fractures where
it may be associated with aragonite. The fractures usually traverse
the coal normal to the bedding and may exhibit intricate, branching
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PrLATE 9. Calcite in “coal balls.” A, Photomicrograph of a coal ball taken
with a reflecting microscope using obliquely incident light. The material in
the center of the boxlike cells is calcite; the original woody plant material
is preserved in the cell walls (X 80). B, Same, showing different section of
plant cells (X 85).
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patterns as shown in Plate 8 A and B. Aragonite was identified in
the crushed samples by its orange color, fibrous appearance, and
refractive index. In thin sections, the aragonite resembles calcite
but usually can be distinguished by its biaxial interference figure
and fibrous structure. It may grade into coarsely crystalline calcite
which shows undulatory extinction, indicating that at least some of
the calcite has resulted from an aragonite-calcite transition. Little is
known of the stability range or the conditions favoring the precipi-
tation of aragonite. Rankama and Sahama (1950, p. 470) state that
ground water often precipitates calcium carbonate either as calcite
or aragonite. The stability of aragonite is probably a sensitive func-
tion of the partial pressure of carbon dioxide, temperature, and pH.
The fracture-filling type of carbonate probably was deposited after
coalification since it is unlikely that such fractures could develop in
plastic peat.

Calcite also occurs in the open spaces of fusain (Pls. 6 and 7) and
as the impregnating material of “coal balls.” This calcite probably
was deposited prior to coalification since it provides structural sup-
port for the cells which could not have maintained their form unless
they were filled before compaction of the surrounding coal. This
type of calcite is easily identified in both the crushed samples and
the thin sections. In the crushed samples, the cell walls are often
broken away from the calcite so that it emerges as a cast of the cell
interior and looks like a small, milled cylinder.

The “coal balls,” which are found only in the Mineral coal, are
of particular interest. They are nodules or laterally persistent
bands of calcite-impregnated plant material. Since the original
woody parts of the plant are preserved in the calcite, they have
been an important source of information concerning the structure
of coal-forming plants. Plate 9 shows two photomicrographs of
polished “coal balls” taken with the aid of a reflecting microscope
using obliquely incident light. Plate 10 is a projection print of a
peel of the same material. In both cases, the original cell walls can
be seen clearly.

Pyrite.—Pyrite is widely distributed throughout the coal beds
and is occasionally associated with marcasite. It occurs principally
as disseminations in the attrital parts of the coal as shown in Plate
8C. Well-developed cubes like the one in the upper right corner of
the photograph can be seen in some thin sections. The small opaque
particles in the photograph are also pyrite.
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peel. The woody plant material is preserved in cal-

“Coal ball”
cite and can be seen distinctly. Black material is coal (Mineral coal, X 16).

PraTE 10.
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PraTe 11. Pyrite in coal. Photomicrographs of polished sections taken with
the reflecting microscope using vertically incident light. A, White material is
pyrite; black material is calcite and coal. Pyrite has replaced calcite which
originally filled cell cavities and has partially replaced coal (Mineral coal, X
95). B, Pyritic replacement of calcite at higher magnification (Mineral coal,
X 375). C, Coalescence of pyrite where it replaces calcite and coal (Mineral
coal, X 95). D, Pyritic replacement of calcite and coal. Plant cells have been
somewhat deformed (Mineral coal, X 95).
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PrLATE 12. Pyrite in coal. Photomicrographs of polished sections taken with
the reflecting microscope using vertically incident light. A, Transverse section
of a plant stem replaced by pyrite. White material is pyrite. The stem is almost
completely replaced at its periphery but is only partially replaced at the cen-
ter (Mineral coal, X 95). B, Longitudinal section showing same relation as
above (Mineral coal, X 95). C, Pyritized plant debris. Note transverse section
in center (Mineral coal, X 95).



60  Geological Survey of Kansas—1953 Reports of Studies

Although quantitatively less important, the most interesting oc-
currence of pyrite is in nodules and bands. The distribution of these
forms was shown earlier in the profile diagrams of the column sam-
ples. The nodules and bands of the Kansas coals are never simple,
concretionary forms deposited along bedding planes, but are inti-
mately associated with the plant material. In most cases, the pyrite
replaces calcite which had either filled fusain open spaces or im-
pregnated “coal balls.” In other cases, the pyrite completely re-
places the entire plant or coal material so that evidences of earlier
calcite are entirely lacking. In some places, transitions from par-
tially replaced calcite and plant material to massive pyrite are
found. Relations of this kind were observed in polished sections.
Plate 11 shows pyrite replacing the calcite filling of plant cells. In
Plate 11A and B, the cell structure is preserved intact, for the most
part, so that each cell is individually outlined in pyrite. Toward the
lower left corner of Plate 11A, there are areas of more complete re-
placement. The white material in the photographs is pyrite, the
dark partitions between the blebs of pyrite are preserved cell
walls, and the remainder of the dark material is principally calcite.
Plate 11C shows replacement of both calcite and coal. The areas of
pyrite have begun to coalesce where calcite and coal are replaced.
Plate 11D shows partial replacement and also illustrates minor de-
formation of the plant structure. Pyritic replacement of individual
plant parts is illustrated in Plate 12. A transverse section of a stem
in Plate 12A shows almost complete replacement of the peripheral
part and only partial replacement of the central portion. Plate 12B
is a longitudinal section of a stem which again shows only partial
replacement in the pithy part of the plant. The difference in the
character of the pith cells and the wood and cortex cells is rather
well illustrated. Plate 12C shows a mixture of replaced plant de-
bris. In one place, a transverse section of a replaced stem can be
seen.

The origin of pyrite is somewhat problematic. However, most
authors agree (see Rankama and Sahama, 1950, p. 668) that iron
sulfide is precipitated in stagnant water in the presence of hydro-
gen sulfide. The processes which produce hydrogen sulfide are bac-
terial reduction of sulfoproteins, bacterial reduction of sulfates, and
bacterial action on free sulfur. Dissolved iron compounds such as
ferrous sulfate, as well as colloidal and precipitated ferric hydrox-
ide, react with the hydrogen sulfide to form iron sulfide. Marcasite
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was identified in a few places. The presence of marcasite is not
too surprising in the light of Buerger’s (1934) studies of the pyrite-
marcasite relation. Buerger points out that pyrite and marcasite
can precipitate together—the proportion of marcasite being a func-
tion of the hydrogen ion concentration (e.g., the lower the pH, the
greater the amount of marcasite).

Sphalerite.—Sphalerite is a minor constituent of the coals.
Traces of it were found in the sink fractions of all but a few of the
samples. No sphalerite was positively identified in the thin sections.

"This could easily be due to the loss of such a constituent in cutting
to a thickness of 10 microns since much of the calcite could not even
be saved. The sphalerite distribution can only be inferred from
the angularity of the fragments in the crushed samples. In all prob-
ability it was deposited in the calcite-filled cleats and fractures.

The distribution of the mineral matter in the coal has historical
significance in that it has served to indicate something of the origin
of fusain. It might also be inferred from the extremely low content
of detrital minerals in Kansas coals that extremely stable condi-
tions prevailed during the time of coal accumulation.

COAL PETROGRAPHY AS RELATED TO COAL
UTILIZATION

As early as 1923, Stopes and Wheeler had observed differences
in the banded components of coal with respect to distillation and
coking qualities. It is now recognized that the petrographic com-
ponents of coal have differing chemical and physical properties and
that these properties are of importance in effective coal utilization.
Some of the physical and chemical properties of the petrographic
components are summarized in the following discussion. Since a
practical concern of coal petrography is to determine the signifi-
cance of petrographic differences with regard to various utilization
practices, some fields of application are suggested and the signifi-
cance of mineral matter in coal is evaluated.

PuysicAL PROPERTIES
SPECIFIC GRAVITY

Variations in specific gravity inherently due to type differences
have been little explored according to McCabe (1945, p. 313). An-
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thraxylon is usually found to have the lowest apparent specific
gravity whereas fusain has the highest. These differences largely
reflect the ash content although pure fusain has a distinctly higher
specific gravity than the other components. Some application of the
property may be found in dust removal since a large part of the
dust is composed of fusain. It is also possible that specific gravity
differences could be utilized to prepare pure ingredients from Kan-
sas coal should the need arise for a coal with particular properties.

RESISTIVITY

McCabe (1937, p. 277) reports that moisture-free vitrain (an-
thraxylon) and clarain (translucent attritus) are nonconductors.
Fusain, in contrast, exhibited a low restivity. Davis and Younkins
(1929) were thus able to separate fusain electrostatically from as-
sociated bone and mineral matter in the high specific gravity frac-
tion. No efforts have been made to determine the feasibility of
cleaning Kansas coal refuse by this method.

FRIABILITY

One measure of the strength of coal is its ability to withstand
disintegration during handling. This is called friability and de-
pends on toughness, elasticity, and fracture characteristics as well
as on strength. However, the friability test is the measure of
strength most frequently used. The work of McCabe (1936) on
Illinois coals has shown that the petrographic components differ
markedly in friability: fusain is structurally the weakest; vitrain
(anthraxylon) is brittle but stronger than fusain; clarain (translu-
cent attmitus) is relatively strang and nonfriable; and durain
(opaque attritus) is the strongest of the group. The counterparts of
Thiessen’s (1920) classification possess the same relative friabil-
ity.

This information is of immediate significance in the mining pro-
cess. For example, a coal bed high in fusain and anthraxylon re-
sponds more readily to cutting than does one high in opaque and
translucent attritus. One the other hand, mines in splint coals are
not as dusty, the proportion of lump is higher, not as much is lost in
cleaning, but a larger charge is required in shooting. These factors
influence total cost, ultimate recovery, and mine safety.
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Another concern is in the operation of washing plants. A coal
high in anthraxylon and fusain will produce an excess of fines
which have little market value and may cause a plant to operate
below capacity.

The most important significance of variable friability lies in the
field of coal preparation. McCabe (1936) has shown, from a petro-
graphic study of screenings of the Illinois Herrin (No. 6) Seam
coal, that the concentration of certain constituents can be brought
about by mechanical processing, thus producing a type of coal con-
centrate having vastly different characteristics from the bed coal.
He reported that, although the vitrain (anthraxylon) content was
only 20 percent in the bed coal, in the 1.25-0.75 inch screen size it
had increased to 42 percent and reached 79 percent in the minus 48
mesh size. Extended studies have also shown that, in the natural
fine sizes of Illinois coals, the vitrain content increases as indicated
above but that, in the minus 48 mesh size, the fusain content in-
creases and finally exceeds the vitrain in the minus 100 mesh size.

This distribution of vitrain and fusain in the fine sizes of Il-
linois coals suggested that it might be possible to show the reverse
relationship in Kansas coals—e.g., the distribution of fine sizes
should be some function of the distribution of anthraxylon and
fusain in the bed sample. Therefore, the ratio of opaque attritus
plus translucent attritus to anthraxylon plus fusain was calculated
as the independent variable for each of the column samples and des-
ignated the “nonfriability ratio.” These data are tabulated in
Table 10. It would have been more desirable to use the inverse re-
lation and designate it the‘“friability ratio.” However, within the

TaBLE 10.—Friability data

Minus 18

Anthraxylon, Fusain, Nonfriability mesh, Sieve
Sample no. percent percent ratio* percent ratio**
Bn-2-B 54.4 54 0.67 17.8 46
Bn-3-B 45.5 6.1 0.94 18.2 4.5
Ck-4-M 41.1 5.9 11 18.2 4.5
Cr-13-B 49.8 10.5 12 16.8 5.0
Cr-9-B 38.3 3.5 14 13.1 63"
Cr-6-B 33.7 5.1 16 151 5.6
Cr-1-C 21.0 131 1.9 : 123 71
Cr-4-M 213 8.2 24 11.1 8.0

*Ratio of opaque attritus plus translucent attritus to anthraxylon plus fusain.
**Ratio of percent of sample plus 18 mesh to percent minus 18 mesh. -
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F16. 5.—Distribution of fines as a function of petrographic composition.

range of Kansas coals the distribution of values is too narrow for
convenient manipulation.

From the range of ratios, eight samples were selected which
were representative of the possible values. The samples were
crushed to one-half inch size in a Blake jaw crusher, cut to about
200 grams in Jones splitter, and sieved through an 18-mesh screen
(1 mm). The minus 18 mesh size was weighed and the percent by
weight determined. In order to narrow the spread of points in plot-
ting the data, a ratio of plus 18-mesh size to minus 18-mesh size was
calculated as the dependent variable and designated the “sieve
ratio.” These ratios are tabulated with the nonfriability ra-
tios in Table 10. Figure 5 is the plot of nonfriability ratio versus
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sieve ratio and shows that there is a linear relation between
the two. It is somewhat surprising that the relationship is shown so
well since there are variables which have not been considered. For
example, it might be expected that fusain would actually contrib-
ute more to the fine sizes than anthraxylon. Another difficult factor
to evaluate is the mineral content of the coal. In the larger sizes it
is probable that the mineral matter would act as a binder and re-
duce the percentage of fines whereas with finer crushing it might
contribute appreciably to the fines. Since the ash content of the
samples does not have a range of greater than 5 percent and since
all the samples were subjected to standard treatment, it may be
that the mineral matter contributed equally to all the samples.

Because the petrographic components differ in chemical behav-
ior, their segregation according to relative friability imparts differ-
ent properties to the various sizes of commercial coal. The ash con-
tent, ash-fusing temperature, volatile content, and coking qualities
may differ. An understanding of such variations is important to the
producer who is interested in maintaining a uniform product and to
the consumer who is interested in a coal with particular characteris-
tics. The petrographic composition is thus an important element of
coal preparation since different coals can be blended and different
sizes of the same coal can be mixed to obtain the desired character-
istics.

As an example of practical importance, McCabe, Konzo, and Rees
(1942) investigated the possibility of adapting banded ingredients
for combustion in underfed domestic stokers since a high anthraxy-
lon content results in excessive caking. Cady (1945, pp. 124-130)
reports that other fields of application lie in coking or briquetting
since fusain is noncoking and in excess of 15-20 percent acts to
weaken the structure of the coke and briquettes.

CHEMICAL PROPERTIES

There is much evidence that differences in chemical compo-
sition or behavior may be correlated with differing petrographic
components. However, the results of such studies are sometimes re-
garded with reservation due to the inadequacy of chemical meth-
ods to determine completely the complex chemical structures.
In addition, the petrographic purity of the material studied is not al-
ways beyond question.
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The general chemical nature of the components of coal is known
largely through the research of Thiessen (1947) and his coworkers
who have been able to relate coal structures to the structures of
modern plants. Pollen, spores, cuticle, and algae are of a waxy and
fatty character and hence are resistant to alteration. The waste pro-
ducts or resins of plant materials also fall in this general category.
Probably the principal plant materials are lignin or cellulose since
they predominate in the cell walls of the higher plants. Cellulose is
a relatively unstable compound but it is at least represented by
residues. The lignins alter to humic acid or humins.

PROXIMATE AND ULTIMATE ANALYSIS

Sprunk and others (1940, pp. 28-36) report that the average
analyses of a number of associated bright and splint coals reveal
significant differences if compared on an ash- and moisture-free ba-
sis. Splint coals are higher in fixed carbon, generally high in ash
and ash-fusion temperature, and have a higher calorific value.
Bright coals are lower in sulfur and higher in moisture, hydrogen,
nitrogen, and oxygen and may thus have a higher total volatile con-
tent. However splints often contain abundant spores and resin so
that the low volatile content due to the opagque constituents is in-
creased and may be similar to that of anthraxylon. The higher sul-
fur and ash of splint coals may be attributed to the influx of clay,
pyrite, and other mineral matter. The ash content of fusain is often
unusually high because of mineral infiltration into open spaces and
high adsorption capacity. Fusain is also’lowest in volatiles and high-
est in fixed carbon. Since the Kansas coals are rather uniform in
petrographic composition, it might be expected that their chemical
composition would be fairly uniform as shown earlier.

CARBONIZATION

According to Sprunk and others (1940, pp. 37-49), splint coals
yield smaller amounts of water of decomposition than associated
bright coals and usually a smaller amount of gas. The coal tar and
oil products seem to vary in either direction; doubtlessly a reflec-
tion of the spore and resin content since these constituents are high
in waxes and oil. The relative coking qualities of the different types
of coal are not certain. However, the coke yield seems to increase
regularly with an increase in fixed carbon in both bright and splint
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coals. It is known that fusain does not coke and that its presence in
large quantities prevents coking of the other ingredients. Hoffmann
(1930) has shown that, although there are varieties of vitrain (an-
thraxylon) which will not coke, generally speaking it forms a better
coke than durain (opaque attritus). On the basis of petrographic
analysis, it seems that the coke yield of the Mineral, Croweburg,
and Bevier coals should be good. However, the high ash and sulfur
contents are responsible for an unsatisfactory product.

CHEMICAL REACTIVITY

Chemically, coals are natural polymers which may be investi-
gated by studies of thermal decomposition in the presence or ab-
sence of solvents, oxidation, and reduction reactions. Lowrey (1942,
p. 384), in a summary of such studies, shows that chemical reactiv-
ity usually decreases from brights to dulls to fusain and that there
is no indication of the presence of essentially distinct types of chem-
ical compounds peculiar to any of the ingredients of banded coal.
They usually show a gradation of properties from one to the next.

HYDROGENATION

Hydrogenation is a reduction reaction which would be discussed
under “Chemical Reactivity” except that it merits special attention.
In areas of dwindling oil reserves, the conversion of coal to liquid
fuel by hydrogenation has long been a subject of intensive investi-
gation. Realizing that such a process might, at some future date,
become essential to the power requirements of the United States,
the Bureau of Mines has investigated the amenability of various
types of coal to hydrogenation. Storch and others (1941) have de-
scribed the process, the experimental plant, and assays of typical
coals.

The essential differences between bituminous coal and petro-
leum are the higher ratio of the number of carbon atoms to hydro-
gen atoms in coal; the lower oxygen, nitrogen, and sulfur content
of petroleum; and the lower molecular weight of the petroleum
molecules. In order to produce petroleum-like material from coal,
it is necessary to double the number of hydrogen atoms; to remove
most of the oxygen, nitrogen, and sulfur; and to crack the coal
molecules until their weight equals that of the petroleum mole-
cules. In 1913, Bergius (1926) discovered how to add hydrogen



68  Geological Survey of Kansas—1953 Reports of Studies

to coal at a temperature of 450°C. and at 200 atmospheres hydrogen
pressure. Under such conditions, most of the oxygen was elimi-
nated as water, the nitrogen as ammonia, and the sulfur as hydro-
gen sulfide. A petroleum-like liquid resulted. Suitable contact
catalysts subsequently were developed to increase the speed of hy-
drogen addition to the cracked coal.

Fisher and other (1942) have shown, on the basis of small-scale
bomb tests of 129 samples, that bright coals are more suitable than
splint coals for conversion to liquid products. The petrographic
components may be classed into two groups with respect to yield.
The first group is easily liquefied and includes anthraxylon and all
the organic constituents of translucent attritus, such as woody de-
gradation matter, leaves, spores, pollens, cuticle, and algae. This
applies to coal containing less than 89 percent carbon on the mois-
ture-free and ash-free basis. The second group is more difficult to li-
quefy and includes opaque attritus and fusain. The average yield of
opaque attritus from splints is about 60 percent at 430° C. for 3
hours in the presence of stannous chloride with an initial hydrogen
pressure of 1,000 psi. Individual samples of opaque attritus, how-
ever, show a range in yield from 39 to 79 percent. This was at-
tributed to variation in opacity since the less opaque matter would -
be expected to hydrogenate more readily. Seven samples of fusain
gave a yield ranging from 15 to 27 percent, indicating that it is the
most resistant of all the petrographic components.

Considerable success has been attained in selecting the best
coals for large-scale tests. Further, with the aid of microscopic
analysis, it has been possible to predict the yield of acetone insolu-
ble residue with a fair degree of accuracy. Predictions of this kind
are made on the following basis, provided proximate analysis indi-
cates less than 89 percent fixed carbon on a moisture-free and ash-
free basis:

Ash and fusain Should yield 100 percent residue
Opagque attritus Should yield 38 percent residue
All other constituents Should yield no residue

The extent to which liquefaction yield from hydrogenation can
be correlated with and predicted from petrographic analysis de-
pends upon the accuracy and completeness of the analysis. Better
correlations should be obtained when the opacity of the petro-
graphic components is more completely defined by physical cri-
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teria. Although the method is not completely accurate, it is ade-
quate for rejecting unsuitable coals. In addition, the concentration
of high liquid-yield components by mechanical processing based
on petrographic analysis seems to be an imminent possibility.

No experimental hydrogenation yield data are currently avail-
able for Kansas coals but the probable yield has been calculated ac-
cording to the method described above. The calculated probable
residue yield for each column sample and the average calculated
probable yield for the bed are tabulated in Table 11.

Since the predicted liquefaction yield is largely a function of
translucency, the ratio of anthraxylon plus translucent attritus to
opaque attritus plus fusain has been calculated and designated the

TaBLE 11.—Predicted hydrogenation residues

Locality Sample Translucency Predicted
no. no. ratio yield, percent*

Bevier coal

19 -Bn-3-B 6.1 93
20 Bn-2-B 8.8 73
21 Bn-1-B 47 16.6
22 Cr-9-B 11.7 53
25 Cr-5-B 44 16.1
26 Cr-6-B 8.2 7.4
27 Cr-7-B 111 5.8
30 Cr-12-B 79 8.6
31 Cr-14-B 6.0 8.6
32 Cr-11-B 89 7.0
33 Cr-13-B 5.8 12.2
34 Cr-10-B 6.9 8.5
35 Ck-1-B 6.4 8.6
37 Lt-1-B 4.7 10.6
Average 72 9.4
Mineral coal

1 Cr-2-M 133 54
2 Cr-4-M 94 8.8
3 Cr-3-M 7.7 89
9 Cr-8-M 44 139
15 Ck-5-M 9.7 7.7
16 Ck-4-M 12.7 6.5
18 Ck-2-M 13.3 ) 6.1
Average 10.1 8.2

Croweburg coal

8 Cr-1-C 2.8 16.2

*Hydrogenation residue determined as follows: opaque attritus, 38 percent; fusain,
100 percent; all other constituents, none .
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“translucency ratio.” An opacity ratio might have been used except
that such values would have a narrow distribution for Kansas coals.
This devise provides a simple method for characterizing the trans-
lucency or opacity of a coal in terms of a single value and could be
used as a basis for describing regional variation.

No attempt has been made to plot regional variation in the
Mineral and Bevier coals because the values seem to be erratic on
the basis of relatively few data. Certain general observations
can be made nevertheless. (1) The Bevier coal has a lower average
translucency ratio than the Mineral coal and could thus be ex-
pected to produce a lower liquefaction yield. (2) The Mineral coal
data are suggestive of a trend which could be substantiated only
with additional information. Just north of Frontenac, the coal has
a low translucency ratio and hence probably a low liquefaction
yield. Both north and south of this low, the ratios increase although
there is a considerable interval between this point and the nearest
point to the south. (3) The coals are probably amenable to hydro-
genation and should produce good yields except for the high ash
content which contributes to the total residue. Beneficiation would
undoubtedly make them more desirable for this purpose.

SIGNIFICANCE oF MINERAL MATTER

The distribution of the mineral matter in the coal is important
from the standpoint of beneficiation. It has been shown that the
principal minerals are pyrite and calcite which are intimately as-
sociated with the coal. The larger quantity of pyrite is finely dis-
seminated and much of the calcite occurs either in fusain or in the
finely branching parts of the fractures and cleats. Such a distribu-
tion means that the coal must be crushed to a fine size if most of the
mineral matter is to be released or that a substantial part of the
coal must be rejected as refuse if it is cleaned in a low specific grav-
ity zinc chloride solution. However, some of the pyrite and calcite
can be removed in the nodular form. It thus seems that the coals
can be improved to a certain extent but that preparation of a low-
ash coal concentrate is not economically feasible. In an effort to test
this contention, ash determinations were run on two of the minus
60 mesh samples which were the float fractions from the 1.70 spe-
cific gravity separation. Ash determinations had also been made on
the original samples. In one sample the ash content decreased from
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12.0 to 6.6 percent and in the other it decreased from 10.0 to 7.4 per-
cent (decreases of 45 and 26 percent, respectively). In ordinary
cleaning it would be impractical to grind the coal so finely or to use
such a high-gravity solution.

No effort has been made to determine the effect of the mineral
matter content on the chemical and physical properties of the coal.
However, Gauger (1936) has been able to show the effect of min-
eral composition of the slagging characteristics of coal in carboniza-
tion studies.

SUMMARY AND CONCLUSIONS

The petrographic as well as the chemical and physical proper-
ties of the Mineral and Bevier coals of southeastern Kansas have
‘been described in detail. Correlations which have been established
are significant in the more effective utilization of the coals. The re-
sults of the study are summarized below.

(1) The average proximate chemical analysis (moisture- and
ash-free basis) of the Mineral coal is 14,980 B.t.u., 5.1 percent sul-
fur, and 58.7 percent fixed carbon. The average ash content is 13.4
percent (moisture-free basis). The coal is remarkably uniform in
composition. It is a high volatile A bituminous coal (A.S.T.M. rank
designation) and should make a fair coke except for the high sulfur
content. The average analysis of the Bevier coal is 14,690 B.t.u., 3.9
percent sulfur, 57.1 percent fixed carbon, and 17.7 percent ash. The
rank and coking qualities are similar to those of the Mineral coal.

(2) The coals exhiibt a small, systematic regional variation in
fixed carbon content which may be related to geologic structure.
Fixed carbon increases from southwest to northeast.

(3) The coals were analyzed petrographically. They are finely
banded attrital coals in which the anthraxylon bands do not exceed
5 mm in width, fusain is conspicuous, and opaque attritus is a rela-
tively minor constituent. The types of coal and the percentage of
components have been shown graphically for 22 column samples.
The coals are bright coals which may contain thin bands of splint
or semisplint coal near the top or bottom of the bed. The Mineral
coal contains an average of 30.2 percent anthraxylon, 60.1 percent
translucent attritus, 3.2 percent opaque attritus, and 6.9 percent
fusain. The Bevier contains 37.9 percent anthraxylon, 49.2 percent
translucent attritus, 5.9 percent opaque attritus, and 13.1 percent
fusain,
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(4) The opaque constituents of the coal are difficult to identify
due to a gradational relation with other constituents. The process
which produces opacity in bituminous coals is uncertain. However,
study of Kansas coals indicates that (a) the process (here called
fusinization ) which produces fusain may act upon any of the plant
materials and the resulting degree of opacity is dependent upon the
intensity and duration of the process, and (b) fusinization is opera-
tive in the early stages of coalification and may be local in nature.

(5) The ribbon transect method of analysis can be used for the
comparison of column samples of coal. There are, however, a num-
ber of serious disadvantages. (a) The differences between an-
thraxylon and attritus, as well as between opaque attritus and fu-
sain, are based on arbitrary critical size limits. Since the differences
are of a more fundamental nature, they should be defined by signifi-
cant chemical or physical criteria. (b) Another basis for differen-
tiation is opacity. There are no critical limits for distinguishing opa-
city which is a function of the degree of fusinization, the thickness
of the section, and the kind of illumination. Although it is difficult
to cut coal sections to uniform thickness, standard illumination
should be defined. (c¢) The term “opaque attritus” is misleading in
those places where its gradation to anthraxylon is obvious. (d) Fu-
sain is classified largely on the basis of its open cell structure. In
those cases where the open spaces have not been supported by min-
eral matter, the crushed fusain resembles opaque attritus. Much
fusain has undoubtedly been classified as opaque attritus. (e) The
type classifications in current usage are not completely adequate.
The results of petrographic analysis will be more reliable when a
satisfactory classification has been devised.

(6) The essential mineral constituents of Kansas coals are cal-
cite and pyrite. Aragonite, marcasite, sphalerite, quartz, apatite,
and clay minerals are lesser constituents. Calcite occurs in cleats
and fractures in the coal as well as in the open spaces of fusain. It
is also the impregnating agent of “coal balls.” Pyrite is found dis-
seminated in the attrital material and replacing calcite and plant
material.

(7) The relation of petrographic composition to coal utilization
shows that there is a linear relation between the sum of anthraxy-
lon plus fusain and the friability of the coal. On the basis of the
percentage of opaque constituents, it is possible to predict the
probable amenability of the coals to hydrogenation. Except for the
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high ash content, the coals should hydrogenate readily. Since most
of the mineral matter in the coals is finely disseminated and inti-
mately associated with the coal, it is doubtful that a low-ash con-
centrate is economically feasible. Ash determinations on two of the
float fractions from 1.70 specific gravity separation show reductions
in ash of 45 and 26 percent respectively.
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