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PREFACE

(by André DurarquE)

The research work carried out by Mr, John R.
Fanshawe at the geological laboratory of the Univer-
sity of lalle has produced an ifnportant contribution
to the microscopical study of coal, and permits the

deciding of certain divers controversies.

First of all, the method of investigation used in these
researches — not having given satisflactory results to
all who have employed it — has provoked criticism and
has given rise to erroneous statements,; entirely unjus-
tified. The most serious of them 1s to admit with
Legray, Turner, Baridall, and Seyler that attack only
ran bring the structure of anthracites into evidence.
The figures conlained m plates I and II of this
memoire, which have been obtened from surfaces merely
polished, are suffictent to refute that statement and to
show that one can obtain, by polish alone, structure
much clearer than any other figures of anthracites

which have been polished and attacked.

Although the identity of arigin of the bituminous
coals and the anihracifes has been affirmed mary
times, the study of the intermediary coals (semi-bitu-

minous or coking coals), which in this hypothesis consti-
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tute the link of the chain betwceen these extreme types,
has hardly been touched except in France where 1t
has recieved a satisfactory explanation. The reasons for
this lack of study must be found m the fact that
these fragile coals have proved unworkable for nearly
every other mcthod of preparation for microscopical
investigation and that the method of simple polish has
proved effective. The study of American coking coals
has allowed Mr. Fanshawe to show the identity of the
structure of those combhustibles with the same rank
voals of the north ol France, which 1 have deseribed
and pictured, and to show at the same time the diffe-
rences thal exist- between them and the bituminous
coals on the one hand, and on the other hand the pre-
sence of ligno-cellulisic coals in the American coal

measures, which fact has been mentioned by Jeffrey.

Secondly, the study of the unthracites ol Pennsylvania,

which —— like the houilles anthracileuses of the north
of France — reveals their duality of origin coming

from deposits similar 1o those which have developed
into coking coals (ligno-cellulosic deposits), and those
which have become bituminous coals (deposits rich
in cutine), shows that if, belween the {rue anthracites
and the semi-anthracites, there exists a difference in
chemical composttion their litholagical structures are

strictly identical.

The observations of Mr. Fanshawe on the Ame-
rican coking coals and anthraciles go very nicely to
complete Jeffrey's observations on the bituminous

coals. From the combination of these works one can
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conclude that the American coals present exactly the
same general characteristics as those from the north of
France which are derived, as I have previously pointed
out, from two types of initial deposit, one of which
was chiefly rich in lignified tissues (wood, scleren-
chyme) while the other contained almost exclusively
cutinised vegetable bodies (spores, cuticles). The paleo-
zoic American coals, then, fall naturally into two large
combustible classes to which I have applied, in the
northern and central parts of France, the terms houilles

ligno-cellulosiques and houilles de cutine.

The plates with this mémoire show that, in the
present stage of our developments, the method of
preparation of surfaces of paleozoic coals for exami-
nation with the metallographic microscope by polish
alone gives results much superior to those gotten hy
the other methods of investigation (thin-sections,
microtome sections, macerations, and incineration or
ash methods).

Moreover, this method, which has been used since
1922 at the University of Lille in the coal era museum
and in the geological laboratory where all the organi-
zation 1s due to the initiative of M. Charles Barrois,
recommends itself by its great simplicity, and can he
used indiscriminately for paleozoic coals of all cate-

gories and for combustibles more recent.

Employing
no process of atlack or enrobage, this method has,
above all, the advantage of violating in no way the
natural structure of the combustible sediment so sen-

sible to reagents, especially oxydants.
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The contribution now brought forth by Mr.
Fanshawe to ard our knowledge about paleozoic coals
has the high merit of generalizing the results arrived
at for the « Bassin howller » of the north of France
and of applying and verifying them with a certam

number of American coals.

LILLE, June 10, 1930.
Anporé DUPARQUE,

Laboratoire de Géologie el Minéralogie
de UUniversité de Lille.



Figure 1

Typical coking coal from the Miller seam






INTRODUCTION

The purpose of this work 1s two-fold : 10 miroduce
a quick and useful method of preparing coal for study
under the microscope ; and by the application of this
method, to show certain relations and differences het-
ween coking coals and anthracites. T had also in mind
to corapare American semibituminous and anthracite
coals with those of France, but as the former are
nearly identical in form and structure, I have empha-
sised the more interesting and instructive problem of
comparing the two ranks of coal mentioned. As far
as I know, no work of any importance has been done
on coking coals [rom the pomnl ol view of microscopical
structure and contents (except for those of Duparque)** *
on account of their fragility and the consequent diffi-
culty in preparing specimens for scrutiny under the

microscope, either as thin sections or polished surfaces.

(¥} Numbers are references to the Bibliography at
the end of the text.
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That fact, together with new mteresting data on the
- coals in question, are the reasons for presuming to
present this work for publication. It 1s submitted in
the hope of aiding and furthering our limited know-

ledge about coal.

As an interesting side issue, there will be found an
attempled correlation between the Pennsylvama forma-
tions of the Appalachians and the Wesiphalian and
Stephanian formalions of France, especially those of
the Bassin du Nord. It is difficult because of different
names for some of the plants, and the different time
ranges [or some species ; so 1 can vouch for 1t as being
only approximate. At present, not enough accurate
data 1s to be had for a good comparative tabulation of
the two regions.

I have spent one year at Lille in preparing this the-
sis, and I leave with regret. I wish to thank the
Facully for their cordiality to me, and above all to
express my gratitude and appreciation to Professor
Pierre Pruvost, because of whom I first came to Lille,
for the assistance, friendly interest, and invaluable
comradeship that he has continually had for me.
Having made his acquaintance and worked with him
are privileges never to be forgotten. To Professor
André Duparque, whose excellent previous research
has made this work possible and under whose instruc-
tion 1t has been prepared — especially the photographs
— I am also indebted. Professor Charles Barrois, a
one-time student of James Hall, although now retired

from teaching geology, still occupies himself with the


file:///ouch

— 15 —

students ; and has furnished many helptul deas n
discussions. Paul Bertrand, Professor of Paleobotany,
has been very kind and aided me greatly i the work

of chronological corelation.

In America, T want 1o thank Doctor W. T. Thom
of Princcton Universily for lis constant help and for
the spectmens he sent; Professor H. . Turner of
Leheigh  University, for his publications and coal
samples ; Mr. J. II. Rose of the Koppers Company in
Puttsburg for the samples of cokings coal so kindly
fornarded ; and Professor Richard M. Field of Prin-
ceton Unuversity, who was responsible for sclecting
Lille, and who - 1 céperation with Doctor Pruvost —

made 1t possible for me to work 1 La Belle France.
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COMPARISON OF THEORIES
ON COAL FORMATION

All sciences are founded upon wrecks of discarded
theories, and this is especially true of Geology. What
was accepted as truth yesterday, 1s doubled today and
discarded tomorrow, perhaps for ever or to reappear
in later times in a changed form, again supreme. This
changing path, the stepping stones from past to
present, this evolution of common sense, presents a
fascinating story on which is based our still imperfect

sclence.

Unfortunately destruction 1s easier than construc-
tion, and while 1t 15 often an easy matter to point out
faults in an existing or past thery, to reconstruct that
1dea or to produce another one that holds water more

effectively 1s a problem often undertaken unsuccess-
fully.

To better present any work on coal formation, a
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résumé of Iwo principal eaisting theories on coal for-
mation would not be amiss. Men in whose works thes

2 Jules Cornet '™ and

can be found are H. Potonié
Murray Stewart ™ ; and each theory has many suppor-
ters as well as proofs or pownts in its favour. An unders-
tanding of these large scale ilems 1s necessary before
the study of the microstructure can be helpful ; for
one must work with some hypothesis in mind,
following the evidence presented — whether 1t destroys

or strengthens one’s beliefs of the moment.

Todav, the fact that coal is of vegetable, not mimeral,
origin 1s generallv accepted ; and all theories are based
on that premise. The problem is © How did such huee
masses of plants come to be accumulated ; and after
the acenmulation, how have thev reached their present
form > A bed of coal, according to some savants,
represents but one fourth of the original thickness ;
so 1t can be easily appreciated what a stupendous
primary deposit is represented by a vein two melres
thich. To explain this, we must grant the existance of
huge forests of rapid groning plants, in or near water,
together with a climate favourable for their continued
flonrishing, The fossil stumps and tree trunks found
throuchout the World’s carboniferous deposits show
no seasonal growth rmgs, mdicate a remarkable abi-
iy for absorbing much waler, 2rew rapidly, and have
a marked similarity to our present day torrid zone

13
H

swamp flora. Professor P. Bertrand because of
these poimnts, 1= of the opimon that the then chimate
was warm, humid or rainv, and uniform ; perhaps

corresponding to our subiropical climate in Spring.
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Doctor David White ** agrees with these conclusions,
and has noted the beginning of (limatic variations in
the Upper Stephanian because of the appearance of
larger and stronger trees containmg faint growth rings
w their horizontal trunk cross-section. Although con-
trary 1o anvthing which exists today, that explanation
seemns to be the onlv one which can account for a
source for the coal as we find 1t.

These things being 0. we have a double split in
the theories that are based on it. The origin of coal s
vegetable, granted, but was it formed and deposited
n {or nearly in) place ; or was 1t formed in one loca-
litv and deposited in another as any other geologteal
sediment ? This 1s followed by the question : Was the
original composition of the coal responsible for its
present form ; or 1s that present form a result of
mechanical and chemical forces of metamorphism 1n
operalion after its deposit

Coal formation 1s dependent on three major factors :
tvpe of vegetation : impurities present in the water or
place of deposition ; and amount of bacterial decay,
governed by drainage and locality. However, al a given
instant i two netehbouring coal forming localities the
conditions will vary, Amount of water ; speed of cur-
rents ; hind of water (salt, stagnant, or fresh) ; lpu-
rities present — such as mud, silt or minerals i solu-
tion ; hinds of vegetalion ; degree of decay ; elc. ;
all those thangs may be different, affecting the nature
of the deposit. Whether this variation accounts for the
present form of the coal, whether 1l 15 a modifier for

the metamorphizmn to [HHow. or whether 1t is of no
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importance in the light of that metamorphism ; that

15 our second difficulty.

To Grand Eury '* goes the credit for the best begin-
nings on the study of coal formation. His first work
was done 1n the Loire district, and was good enough
to clarily the very hazy ideas held on the subject at
that time. He began publishing his geological disco-
veries 1 180Gg, continuing until 1gr2. Among the
very important items found are the following :

lle was the first to show clearly the existence of

successive stages i the ( terrain howller y», well

characteristic and easily recognisable by their flora.

He was also the first to show the all important réle
of foss1l plants 1n the stratagraphical determination of
that « terrain houiller ».

Due to his work on the coal basin of the Loire 1s
the Europcan term « Stephanian ».

Alter starting with a theory of autochtony, then
— under the miluence of Fayol — changing to alloch-
tony to explain coal formation, he returns finally to his
first 1dea of formation « in situ ». This idea was held
by others (Lyell, Lindley, Hutton, Binney, Gé&ppert,
Stur, etc.) but to him belongs all credit because of
his pamstaking work and the definite proofs he esta-
blished.

In 1900, B. Renault *° presented the theory that the
various tvpes of coal were determined by their original
composition. Lignite 1s always lignite, bituminous coal
is alWays biluminous, ete. ; each {ype dependent on

natural pressure to reach its form, with further change
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impossible because ol the original constituants. Accor-
ding to him, coal formation consists of the following
phases :

1. Maceration under the fermenting agents contained
in the plants themselves, aided by bacteria.

2. In the substance thus formed, by « microbes
acrobles », a fermentation occurs liberating CO*
leaving a product rich mn carbon.

3. Later, when the combustible has been covered by
some sediments and deprived of air, a second fermen-
tation by the « microbes anaérobies » occurs, desol-
ving the ccll walls, liherating marsh gas (CH*) and
more CO?. This activity 1s terminated because by their
excretions the microbes become suicides.

Carbonwation 1s now finished. There exists a coal,
formed ol a « pite » (which 15 the result of the disso-
lution of cellulose and vegetable material) and vegetable
matter altered bul not destroved, with some mineral
material or organic fossils enclosed therein. Then the
tvpe of coal 1s established, and pressure merely com-
pacts 1t.

It was probably from this or a similar basis that
evolved the opposing theories of Potonié — Cornet
vs. that of Stewart. The former is autochtonist (for-
mation of coal in place of growth) the latter allochtonist
(formation by natural geological sedimentation) and
the two theories are mutually not in accord.

Cornet was activated entirely by Potonié but he
clarified his writings (that were difficult to read and

understand) and added to them some original ideas.



To Potoné really belongs the credit of the theory so
well propounded by Cornet. He accepts the proposal
of I'rancis Nauman to divide all coal deposils mto two
classes = 1. Those formed m the vicinity and under
the mifluence of the sea — paralic basing ; and 2. those
foraied land — limnic basins. Examples of the for-
mer type are the basins of the Appalachians, of England

Scotland | of France-Belgium-Westphalia, ete. ; of the

;
latter [vpe are those of Bohemia, central I'rance (St.
Etienne, Gard, etc.), Saxony (Zwickau), etc. lafer
deposits, up to the present day, also it mto this classi-
ficat on. The main difference between these two types
1« that the limnic basins are smaller, and the coal scams
are more apt 1o vary 1n characler and thickness. He
states that the autochtonic formation of the seaboard
dnision is incontestable, and that it constitutes the
major portion of all localities of coal deposition. e
preseuts his theory of formation in the parahc basins
as follows :

There 15 a vast, gently rolhng maritime plamn, the
surface of which 1s verv nearly that of sea level, with
the sea and the land occupying about equial portions.
Inland there 15 a topography of strong relicf. The
lowness of the plain permits the formation of salty,
stagnant, or fresh water lahes and lagoons, around and
in which grow the coal flora. A sudden drop of the
land surface permits the encroachment of the sca and
natural sediments are deposited. A long period of calm
now enisls until the trees have again lahen possession
of the plain and the coal begins to be formed. Then

the process repeats itsell. He calls this down movement
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« saccaddée » which means a movement quick, abrupt,
and not of great size. The coal belds represent periods
ol stability, and the roof is formed by this down move-
ment, which causes shales, sandstones or conglome-
rates 1o be deposited over the new-born coal seam. The
large amount of sandstones and conglomerates (espe-
cially in the Bassin du Nord from where he takes most
of his proofs) must have been due to emergent conti-
nental masses, as many of the pebbles indicate a distant

powt of origin.

The above paragraph is a farly accurate translation
or paraphrase of his words, but hefore gning us this,
he presents a number of interesting points in favour
of autochtony. He begins by admitting that some coals
are undoubtedly not formed 1n place, as well as some
conglomerates contamning coal pebbles, but that these
isolated cases — though numerons (see Ch. Bar-

rots *.

- %), are but a tiny portion of the majority of
coals. He then ciles the following items, taken chiefly
from Belgium and France’s Bassin du Nord.

1. Most coals present a quite remarkable stratified
appearance, or are formed hyv alternating thin heds of
vitramn and claram, which suggaest allochtony ; but as
definite stratification 1s observed in present peats of
know autochtonic origin, this cannot be regarded as
a proof either wav. The alternation of the thin beds
was due to momentary changes in the conditions of

the place of dep()si[.

2. Some coal seams present a thickness fairly

regular and extend for great distances (the Pitt<burg
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bed averages 1.80 metres and extends over 25.000 hilo-
metres), so formalion in such a case by running water
would be difficult. Though irregular, the coal scam
itself 1s much more even in texture and thichness than

either its floor or roof.

3. When plant {ossils in coal beds are recognisable,
it must be due to rapid preservation, almost in place,
for transport would destroy the characteristics.

. In general, coals of known structure ave composed
of one or two plant species alone. This 1s difficult to
explain by a transport theory. '

o. The purity of the coal 1s remarhable. From a
table of 2.658 analvses of coals of Europe and America,
compiled by X. Stanier, 11 is shown that 50 % have less

o/ o

than 5 % of ash content, that 85 % of the analyses
show Jess than 1o % ash, and that 5 % to 10 % is
the most common ash content — a condition less than

that found in most peats of today.

6i. The study of floor and roof shows that one often
finds Stigmaria in place m the floor with roots tra-
versing it in all senses but never in the roof, The roof
is more stratified and may be micaceous, usually
shalev. The flcor is not well stratified and has an irre-
aular cleavage, typical even though the roof follows

direetly without any mter-coal seam.

=. Belween the roof and {loor there 1s a difference
of 50 % I 1ron content, easily explicable if one grants
that the floor represents an ancient soil of vegetation —
not only contaming little 1ron, but mmpoverished of its

iron by the direct or indirect action of the vegetation...
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Those are the mainstays of his theory of autochtony,
the force of which we shall not dispute at the moment.
We shall now look at Murray Stewarl's opinion on
deposits by transport. Thirty vears after Jukes, that
theory was brollantly set forth by II. Favol, who
applied it to the Commentry coal deposils of central
France ; and made many detailed observations and
striking experiments. Whe refer those interesied. 1o his

R

famous memoir ** on the « Théorie des Deltas ».

Stewart, citing theories that hold metamorphism
alone responsible for the present variations m different
coals, and those that claim the variations to be due to
both plant content and metamorphism, arrives at the
following conclusions, following the ideas of Jukes *
some eighty vears befare him. Coal is uniquely depen-
dent on the material forming 1t for 1its final form —
that 1s, the past amount of baclerial action alone 1s
responsible for the condition of coal as we find 1t today.
It was a black carbonaceous mud, formed in a lagoon
by decay or puirefaction of plant material ; and was
carried out to sea by a broaching of the lagoon, caused
by a land movement of the time. Remembering that
the transportnig power of water varies with the cube
of 1ts speed, 1t will he seen that, with the salt water
as g classifier of the materials, a sheet of sediment will
result having nearest shore a conglomerate, and 1n
unbroken series a sandstone, a shale (pure mud), coal
(carbonaceous mud), and a hmestone. Coal is thus a
natural geological sediment, dependent on lagoonal
action for its stage of putrefaction before the broaching

of the lagoon and sequent open sea deposition.
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He claims this to be a great advance on the old idea
that vegetable matter, buried in geological sednments,
underwent slow change through the stages of lignite
and brown coal to true coal ; as 1t 1s know today how
important s the role of the bacterial action in the
formation of the sediment. Therefore, a lignite 1s a
lignite because of that alteration which is also respon-
sible for all variations i combustible Tossils,

American geologists in general are of the opimon
that the terms peat, lignite, brown coal (or sub-bitu-

minous), hituminous coal, semi-bituminons, and

anthracite represent stages 1 the evolution of a
combustible of vegetable origin. The idea of lTagoonal
putrefaction and deposition 1s also acnerally accepted.
Doctor W. T. Thom **, of Princeton University, holds
to the same beliefs as Jules Cornet, but he states deli-
nitely that the above terms are grades in natural coal
changes. ITe ciles the case of a peat bed cat by a lava
intrusion. At the point of contact, the peat scam was
altered to schungite and imperceptibly graded through
anthracite, bituminous and lignite to peat. He believes
the continued heal and pressure, culminating through
the long eras that have passed aller the deposition of
the bed, to be responsible in a areat measure, for the
form ol the coal as we mow find it — modiied
somewhat by the variations in its composition. D.
White *® makes the observation thal most of the U. S.
Secondary and Tertiary coals repose on an anciens soil

of vegetation, and is an autochtonist Iike Cornet and

Potonié *2. W. B. Scott *", R. Thiessen **, H. G.



Turner ™, and many other American savants are in

accord with these 1deas of formation in place.

In all the theories that exist, 1t 15 admitted that
coal beds sometimes repose on an ancient soil of vege-
tation (1n paralic basins). Fossil soil itself 1s umversally
eranted to be of autochtonic origin, but the contro-
versy arrives in delermiing whether the coal directly
over 1t 1s a snlar kind of deposit. One cannot answer
this question withoul a close scrutiny of the true
structure of many coal velns -— so we propose now

to turn lo that source of information.
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SPECIMENS EMPILOYED

The coal specimens, used in connection with this :

report, with my serial numbers, are tabulated below.

1. Anthracite. — Buck Mt. Bed. — Richards Col-
liery, West Mahanoy district, Pa. U.S. A,

2. Anthracite. — Buck Mt. Bed. — Olyphant Col-
liery, Carbondale district, Pa. U. 5. A.

3. Anthracite. — Mammouth Bed. — Olyphant
Colliery, Carbondale district, Pa. U. S. A.

4. Fusain, — Forge Split of Mammouth Bed. —
Nantikole, Pa, U. S. A.

5. Anthracite. — Top Split of Mammouth Bed. —
Glendower Colliery, West Schuylkill District, Pa. U.
S. AL

6. Anthracite. - — Top Split of Mammouth Bed. —
Glendower Colliery, West Schuylkill District, Pa. U.
S. Al



7. Anthracite. — Primrose Bed. — Lyile Colliery,
West Schuylkill District, Pa. U. 5. A.

8. CGoking Goal. — Veine Delloye. — Fosse Dechy,

Ftage 511, Mines d'Aniche, Bassin du Nord, France.

0. Coking Coal. — Veine N° 13. — ditto.

10. Coking Coal. — Veine Bernicourt. - ditto.
11. Coking Coal. — Veine Le Francois. — ditlo.
12. Coking Coal. — Veine Lallier. — ditto.
13. Coking Coal. — Veine Dejardin. . ditto.
a1, Coking Coal. — Top of Seam N° 3 Poca-

hontas, Macdowell County, W. Va, U. S, A.

22. Coking Coal. — 16" from top of seam A° 3
Pocahontas, dillo.

23. Coking Coal. — Bottom of seam X° 3 Poca-
hontes, ditto.

24. — Coking Coal. — Top of seam N° 4 Poca-
hontas, ditto.

95. Coking Coal. — 18" jrom top of seam A° 4
Pocahontas, ditto.

2f. Coking Coal. — 8" from bottom of scam N° 4
Pocahontas, ditlo. '

27, 28, 29. Coking Coal. — 16" from roof of
Sewell seam, Raleigh County W. Va. U. 5. A.

30, 31, 32. Coking Coal. — 36" from roof of
Beelley scam, ditto. ' :
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33. Coking Coal. — Centre of « B » or Miller
seam, Fayetle County, Pa. U. §. A,

34. Coking Coal. — 6” from bottom of « B » or
Miller Seam, ditto.

35. Coking Coal. — 6" underncath bone coal of
« B » or Miller Seam, ditto.

The ones from France previously described by
Duparque are not figured in the report, having been
studied with the intention of finding contrasting mate-
rial for the same type of American coal. Being quite
similar, T judget it best to concentrate on the compa-
rison ol the anthracies and coking coals from our

Appalachian basin.

The photograph (fig. 1) is a natural size of speci-
men N° 35. The parts indicated by A and C show
the characteristics common to all semi-bituminous
coals, while B is a lenticular bed much more compact.
Further description of this specimen will follow 1n

the later discussion.
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IV

CHRONOLOGICAL CORRELATION

The fact that two of my specimens from the two
countries were very close in respect to geologic age
(those from the Miller 8eam and from the Veine
Delloye) led me to altempt a Lime corelation between
the coal measures from which they came. The task
soon proved to be one which T was mncompetent to do
with detailled accuracy, so the result shown n fig. 4
must be taken as a next best. The plant names are
often different in in America and France, their ranges
also may not be the same, and the thickness of the
deposits is practically useless as a guide. However,
after consulting the geological surveys of W. Va_,
Pa., and other references (especially numbers ' %
and **) and with the kind assistance of Professors
Paul Bertrand and Pierre Pruvost the indicated time
table evolved. I believe it to be essentially correct,
but for a more exact work of its kind it 1s necessary

that experienced paleobotanists spend much time on
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a mmute comparison of the characteristic fossil plant

species of the far distant regions.

For me the chart serves its purpose in showing the
ages ol the specimens on which this report is based,
and their approximate relations to each other. Their
actual geographic source can be seen on the maps of
the respective regions (Figs. 2 & 3), as well as the
similar type distribution of the ranks of coal. It will
be noticed that if one turns the French map so that
the semi-anthracites arve on the right, the sequence
of anthracite, semi-bituminous, and bituminous loca-
lities is identical. Whether it indicates an increase of
metamorphism on the anthracitic side in both cases,
or whether 1t indicates a progressive change in the
conditions of deposit, I do not know. Doctor Thom **
is of the former opinion, Professor Duparque holds
to the latier ; and both are logically possible. The
fact that bitmininous coals contain a multitude of spo-
res and cuticles that are but rarely found 1n semi-
bituminous coals 1s hard to explain if ove attributes
it to pressure alone. Some sorl of compromise 1s
clearly necessary but we shall leave this point until

after we have looked at a few samples at close range.



METHODS OF MICROSTUDY

In any scientific research problem there are two
very important considerations 1o be mastered before
results can be produced. There must be a method of
study adequale in making clear the facts on hand ;
there must be the ability to interprete correctly those
facts when revealed. The best of savants slip on one
point or the other, but at last we are parlly releved
from the former difficulty — at least when working

on the microstructure of coal.

The controversy m coal microstudy now is one of
thin sections and ordinary petrographic methods vs.
polished surfaces and reflected right. We shall discuss

each, beginning with the former.
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ORDINARY
PETROGRAPHIC METHODS

C. Eg. Bertrand ' and B. Renault * were the
first to study « combustible fossils » with a micros-
cope. Their efforts were not directed towards coal
proper but towards the bogheads or « charbons
d’Algues ». They emploved thin sections, Bertrand
achieving some excellent results as a pioneer in thal

field of study.

J. Lomax *°

, in 191/, produced a work on the
composition of the banded bituminous coals n an
article on spontaneous combustion, in " which he
published 8o figures of thin section photographs. The
most obvious kinds of structure (such as macrospores
and resins) are well shown, as is some of the finer
structure, but evidently the sections were not thin
or clear enough to permit exacting study or high-
power enlargements. However, his figures are much
better than many of those who published works more

recentlv (Stopes and Grounds, for instance).

?7

Marie Stopes " is largely responsible for the termi-
nology used in Europe at the moment because of
her concise work on the constituants of banded hitu-

minous coal. With the cooperation of R. V. Wheeler
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7 bis, g similar work was published, using four of
the same figures to illustrate it. The two works were
a description of bituminous coal and their contents,
contaming the defimtions and explanations of the
terms Fusaimn, Durain, Clarain, and vitrain. The
figures (microphotographs of thin sections) were very
poor the ones illustrating Clarain and Vitrain sho-
wing practically nothing. They have a dull reddish
yellow colour, caused by the thickness of the slides,
which also accounts for their opaqueness and 1ndis-
tinctness. Even so, these two works are a reference-
base for laler ones and are the beginning ol improved
microscopical research. Before 1gr/ there was little
published about coal structure, but Stopes’ work
marks the start of many other such investigations.
Her method of study was the ordinary one of grinding
thin sections, but Stopes and Wheeler remarked 7 Dis
that the sections have a « most annoying amount of
scratches » and are difficult to grind evenly. A look
at their figures will show that it is‘only a beginning

for better developments.

1923 marks the appearance of many coal students
using both types of methods.

* tried thin sections with anthracites

A. Grounds
in studying them for ash content; but as far as method
and photographic results were concerned, there 1s
very [ittle of good that can be said.

R. Thiessen ™, ™ bis hgs developed an excellent
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method of study. He prepares thin and opaque sec-
tions, stuaies them under the microscope, then studies
them further by sphiting and dissecting them. By the
use of Schulze’s reagent, he has isolated many spores
and cuticles from the coal. Whether that system can
be applied to all ranks of coals 1s rather doubtful,
but 1t 1s certainly very good with bituminous speci-

mers

as his results show.

E. C. Jefirey °°, as far as I have been able to find
oul, has produced the best results with thin sections.
Iis method 1s applicable to all ranks of coals, but
takes much time and care. The principal 1s to
take out all impurities, impregnate the specimen with
cellulose to harden it, and slice off thin sections of
less than five micrometers. With bituminous and
newer coals he gets very good results, bul has diili-
culty with coking coals because of their fragility, and
with anthracites because of their exireme hardness.
From the description of his method, it seems that a
minimum of 21 days 1s required for the 'preparation
of a specimen, and to prepare anthracites may be a
question of months. There 1s no doubt but that his
figures and results are better than any others who
have used petrographic methods — as well as most of
those who have wmsed .polish or polish and attack
(except for Duparque and Stach). Perhaps the ques-
tion of lime 1s not very umportant, but 1s must be

annoyving to work for a month on an anthracite spe-



— 4y

cimen that could be better prepared by another

method in twenty minutes.

The men previously mentioned are those who use
petrographic methods of study. From any pomnt of
view this way of study is logically the correct one.
The difficulty lies in preparing,the specimens. At pre-
senl, the seclions are always loo thick, being
too opaque to show clearly the fine structure.
If a section could be much thinner than hitherto
has been accomplished, npt destroying the intricacies
of the cementing substance, study would be much
facilitated, and much more knowledge about this sedi-
ment would be forthcoming. Also, a method of dis-
section 1s good for isolating some various types of
vegetable débris composing the coal, but must destroy
or give misconception about the structureless mass

holding the coal together.

We shall now look at the works of thase who use the

metallographical microscope in their study.



METALLOGRAPHIC METHODS

1° PoLise AND ATTACK

Winter may be considered as the originator of this
method. He has been using 1t for over sixleen years
with fair results. A specimen is ground to a plane on
a revolving disc  with  successively [iner emery
powders, or on a stationary piece of plate glass by
hand ; then 1t is polished on cloth covered discs with
polishing powder. Schulze's reagent 1s then used to

°2 He clains the coal to have

bring out the structure
been formed from a colloidal glue or jellv, for which
reason thin seclions do nof show well the structure —
light being too powerful for the eve and frequently 11
cannot distinguish [ine structure, even il visible. For
that reason he uses a method of study with reflected
light. In a later work *° he uses thin sections to verify
his attacked-surface results. The photographs that he
has published are not too clear — certainly inferior
to those of Sevler, Thiessen, Jelirey, Stach, and
Duparque. .

A. Gradenwitz published a note on coal *° in which
were four photographs, three of Cannel coals, one of
bituminous, but they were all very vague. He follows
Winter's method, but with less success.

Legraye ** also uses a method of polish, and attack
by acid, but he has not gotten extraordinary results.

He claims that Pa. anthracites, even when attacked,
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B

show no structure **, but a glance at my photographs

will show an error somewhere.

Clarence A. Seyler uses the same procedure as
Winter except for having substituted for Schulze’s
reagent a mixture of chromic and sulfuric acids and

has some excellent results ®

+ #. In some figures the
confenis are hazy and his enlargements of over 4oo
diameters show structure, but it 1s never clean cut
enough to determine. Generally they are better than
those of the other men using the same method.

H G. Turner . *% * has evolved a complicated
but fairly good method * of etching a polished sur-
face. He deals mainly-with anthracites, which — next
to the coking coals — are the most difficull to study.
A flat surface is cut and ground on an iron disc with
carborundum powder, then smoothed by hand on
plate glass using one minute tripoh powder and water,
then polished by rubbing in one direction on a nova-
culite hone stone with a thick paste of rouge and
water. A few brisk rubs on chamois with rouge, or
broad cloth, finishes the polishing and leaves the
specimen with a high gloss, but evidently very little
structure 1s brought into evidence at this point and
it 1s not free from scratches. It is heated to 220° C.
to avoid splitting during the etching process. Then
the polished surface 1s brought to a red heat by means
of the blow pipe flame. This produces a differential
oxydation, bringing out the structure without des-
troying the polish to any great extent, except for an
imperceptible film of ash. On regarding the figures
with his works, 1t will be seen that his method does
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bring out the structure, bult a comparison with the
figures in plates I, and IT will show a large difference.
My anthracite specimens are praclically the same as

those deseribed by him in 1925 °*

°. The originality
of the method is remarkable, but the trouble of

etching considerable.

Just recently Chozo Iwasaki *°

has published a
report of his studies on the Japanese coals. Ile fol-
lowed the method of Winter, with the néw addition
of attack by tetraline. Iis results however are inferior

to those of Duparque and Stach.

2° PorLisn WITHOUT ATTACK

Duparque 1s the next one to be considered (having
begun four vears before Stach), but we shall speak
of hiny a bit further on, as 1t 15 his method employed
in this work.

Legray also used a method of simple polish **°°
but with poor results. '

Stach "™ uses a method of polish without any
attack and gets excellent results. He grinds specimens
to a flat plane and polishes them by means of cloth-
covered discs with finer and finer alumina. If the
specimen 1s soft he hardens it by the introduction of
a solution of CGanada balsam and marine glue. This
relief polishing produces a clean surface on which the
structure 1s well brought out and which can be easily

photographed even to 780 diameters as he has done.
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I believe his method 15 good for any kind of coal
except for our tough Pennsylvania anthracites. In his
last work ™ the figures exhibit much the same struc-
ture as some of my photographs. His method is
easily superior to the others discussed above and 1s
a good example of the worth of polish without attack.

THE METHOD OF DUPARQUE

The method 1 have employed 1s that of A.
Duparque *-**, and it 1s also one of polish without
the aid of reagents. As he 1s just about to publish a
full and detailed account of this method, I shall only
give 1t briefly. It evolved from that of Winter, being
also metallographic. The specimen is cut parallel or
perpendicular to the stratification plane whith a hack saw
and ground to a perfectly flat surface by hand on’squares
of plate glass using successively finer emery and water.

It 1s best to contmue this smoothing on each plate
until the paste formed by the emery, coal and water,
1s largely of coal dust so as to obliterate as many of

the scralches as possible. Then 1t 1s often well to use
a third piece of plate glass with nothing but water,
so as to still further reduce the inevitable scraiches.
The specimen can be immediately put to the second
or polishing part of the method, but 1t 1s best to let
it dry first.

1° METHOD FOR COALS PROPER

The polishing is accomplished by means of three

leather discs, one dry, the other two for successively
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finer alumina in suspended solution. It requires a
great deal of practice to know exactly how to obtain
perfect results. It is a question of knowing the discs,
how much solution to use, how much pressure to
apply on the specimen, etc., and above all — when
to stop. One may polish all day (as I did at first) and
get nothing. It 1s a question of touch and knack in
finishing the specimen quickly. Dirt from the solu-
tion may not be completely cleaned off m the
polishing, and under the microscope it may make
beds of vitrain look like fusain or bogen-structur ;
or plays other tricks making one believe he has found

some extraordinary new coal structure.

2° I\’IETH()D FOR ANTHRACITES

For semi-bituminous and bituminous coals this
method is nearly perfect, as can be seen by plates III
and TV and those figures of Duparque — but 1t was
found that, with hard anthracites, 1t took too long
and the scratches could never be sufficiently elimi-
nated. Another procedure had to be found for them.
- After trving everything from soap to solutions on an
iron disc, 1t was found that an ordinary liquid copper
polish on a leather disc produced a surface so clear
that one could see onesell m 1t. No (or very few)
scratches, and the structure is exceptionally well visi-
ble (see plates T and II). Care must be taken not to
employ the same discs used for the other coals, as
the polish 1s not good for softer types,
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" It can be seen that this method has much merit,
by looking at the photographic records of it. It 1s
suitable for all ranks of coal, produces a surface nearly
frec from scratches, has no possible destroying or
alterating effect on structure, resorts to no reagents,
produces a surface 1deal for study under the metallo-
graphic microscope, makes possible photographs of
almost unlimited magmfication (2,020 diameters have
already been made by Duparque) and it 1s compara-
tively quick and easy. It 1s, I believe, a greal advan-
cement over former methods. The only one that 1s

in the same class 1s that of Stach.

Of course, one cannot say thal metallographic
methods are superior to ordinary petrographic methods
with thin sections ; only that, at the moment, we have

made better progress along the former line.






VI

MACROSCOPIC AND MICROSCOPIC
TERMINOLOGY EMPLOYED

CONSTITUANTS OF COAL

The French and American coal termimology dif-
fers ; but as the former 1s fuller, more exact and casier
to manage, I am employing almost entirely that used

by Duparque.

It one regards a piece of coal with the naked eye,
it will be seen to be composed of alternating layers
of brighter and duller material ; with occasionally a
dull black fibrous substance, in lenticles or on parting
surfaces, that crumbles on the fingers like the char-
red end of a burnt match stick ; and possibly some
foreign minerals such as pyrite or a shale inclusion.
In describing biturminous coals. Marie Stopes. ™"

roduced the terminology of vitrain, clarain, and
D.y ’ H
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durain to apply to the three types of banding, and
fusain [or the fibrous substance. The aim was to give
a concise and useful terminology to students of coal
morphology that could be applied to all ranks of coal.
It as fallen short because coals differ just enough to
make the divisions between these terms very confu-
sing. A macroscopic terminology has very little
meaning in regard to coal, 1t 1s merely a concise way
of stating the physical characteristics of a coal for a
primary understanding. The large details are not
what makes coal what 1t 1s: the minute particles forming
them are all important factor. Just the same, one
must have a convement terminology for them ; one
that 1s self explanatory, does not require discussion
to find out the exact meaning of the terms, and that
can be applied indescriminately to all ranks of coal.
This 1s 1mperative, because gencrally anthracites and
coking coals lack the durain of Stopes, and the two
remaining bands present different characteristics. 1
am employing a translation of Duparque’s terms
which will| T think, be quite satisfactory as to qual-
fications. The figure N° 5 shows these terms and

their existing equivalents as used in various countries.

The same piece of coal, after polish and having
been put under the microscope, presents a very dif-
ferent appearance. One sees the various layers to be

composed of much vegetable débris held or cemented

in a « Pate * ».

(*) Pate will be used throughout this work uniquely
to mean the cemening substance of coal. It is Du-
parque’s « substance fondamentale ».
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or ground mass, amorphous, with no visible structure
even with an enlargement of 1.000 diameters. When
it is found in beds, 1t is partly synonomous with
anthraxylon or vitrain. On regarding many specimens
one finds that the micro-constituants are as follows :
A. Plant débris :
1. Wood, fragments (Plates I to IV, text figs.
1, 12, 13). >
a) Fusain or mineral charcoal
b) Partly gelified wood
c) Gelified wood.
2. Cutinmized vegetable matter.
a) Exines of spores (text figs. 6, 7, 8).
b) Cuticles (text fig. 9).
3. Resin (text fig. 10 ; Plates I to IV, figs.
1, 4, 7, 8 9, 10, 12, 13, 14, 16, 17).
B. Algues
C. The Pate. (esp. text fig. 13 and Plate IV, fig.
19).

ALcues are very rare In coals proper but they
are entirely responsible for the formation of the
bogheads, and are important in some cannel coals.

As for the plant débris, it alone is responsible for
the coal, being also the source for the péte.

1. Woop Fraements. — The frame work of
plants 1s made up of 'woody tissue. These tissues with
walls strengthened and thickened by lignine are of
two kinds ;

A. In many present plants, especially the trees, the
stiffness 1s insured by the nourishment-producing

tissue itself. The woody arteries, by means of which
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the sap mounts osmusically, form the main parts of
the plant (roots, trunk, branches) and give to the
tree 1ts rigidity.

B. With the coal flora, this was not the case, espe-
cially the huge swamp trees of the time (the sigil-
laria and lepidodendrons) whose trunk core held
nothing but very thin walled soft woody arteries. The
work of support was left for the hgnified fibres situa-
ted in the outer bark zone. This part was formed of
sclerenchyne — allongated, thick-walled, greatly

and 1s often carbonized as a fossi ;

lignified cells -
flat, because the inner soft pulp could not resist pres-
sure or decayed quickly; or round with the inner
space as a mould (except in rare cases of complete sili-
cification). Parls of these lignified tissues are found in
coal as minute débris. Even when they are present in
great numbers, they are 1 small pieces at all angles
to one another and always in the horizontal plane of
the bedding. In vertical section these fragments are
generally of a lenticular shape. A cross section paral-
lel to the lenticular axis is different to one perpendi-
cular to that axis ; as in the latter case they present
a normal characteristic cell grouping and, in the former
case, the cells are elongated. Naturally all gradations
between the two extremes are found.

These wood fragments may be found in coal mn
the following stages of alteration :

a) Fusain, presenting a generally neat structure,
the woody origin of which cannot be doubted.

b) Gelified wood still recognisable by form and

shape, retaining a good or faint cell structure.
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These terms represent stages in the arrested decay
of these woody tissues. Sometimes the change from
nearly gelified wood to pdte can be observed. Fusain
may appear in a compressed, altered form called
« structure étoilée » or « siructure en arc ». Pieces
of wood may be found in all sorts of odd forms. They
can be m thin tiny strips with a high brilliance,
completelv gelified ; or in long curved pointed strips
like cuticle ; or i ovals like spores, but with a more
rigid appearance. The brilliance of the gelified pieces
1s the one main item that identifies them delmitely,
as they are brighter than the pite, whereas the
culicles and spores are duller, having a grevish
aspect. This is one advantage that a method of polish
has over one ol polish and attack, for with attack one
is apt 1o spoil these distinctive characteristics so
valuable in the determination of the particular kind
of plant débris.

2. Currnizep Marerian. — Cutine 1s a subs-
tance related to fatty acids, and its chemical compo-
sition is imperfectly know. It forms an impermeable
covering of protection on certain exposed parts of trees
(leaves, voung sprouts, spores, grains of pollen, etc.).
It is very resistanl to bacterial action, to such an
extent that the microchemical reaction of cutine in
anciens coals 1s sinilar to that ol living plants (*).
Cutine is quite abundant in some coals and 1s of two
types. :

a) Spore exines.

b) Cuticle.

(*) A. Brongniart, Ann. Soc. Nal 1930.
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a) Spore exines. — Most of the coal era plants
were of the order of vascular cryptograms, which
reproduced by spores. There were often two kinds,
macrospores (female), and microspores {malc), being
practically alike except for size, and very well adapted
to transportation by wind or water. They were com-
posed of a relatively thick outer cutine membrane
(exine) which 1s tough and resistant against agents
of destruction, and a thinner inner cellulose mem-
brane (intine) surrouding the protoplasm which
contained a kernel.

In coal the macrospores are fairly easy to reco-
gnise. In horizontal section, they have a disc-like
form ; in vertical section, they are like flattened sacks,
lving parallel with the bedding plane. Most frequently
the two walls are nearly touching and the former cen-
tre is represented by a thin line. The appearance of
the spore may vary (thackness of the gcentre line,
comparative vertical and horizontal axes) depending
on whether the polished section happens to, have cut
it well in the centre or along a shorter chord.

Microspores are more often in fragments but pre-
sent the same general characteristics on a smaller
scale when {ound whole.

These spore exines are always well parallel to each
other. They are elongated and flattened with the plan
of stratification of the coal bed, often .curving against
any other kind of débris present, being morc pliable,
and are sometimes so numerous that other kinds of
vegelable débris present are in the minorily, even in a
bed a metre thick — except for the péte (see text Figs.

6-R).
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In the South of the Bassin du Nord in France,
these spores are found in prodigious quantities. This
must be only a part of the ones produced, as we know
not what percentage were fotally destroyed by decay
or kept to their natural role as reproductive agents.
This great abundance can only be explamed by veri-
table rains of spores in those times, a phenomena for
which we know no parallel case today.

b) Cuticle. — As 1s the case with our present
plants, the leaves and young sprouts of the Carboni-
ferous flora had a thin protecting laver of culine.
The external walls of the cellules, forming the outer
layer of the epidermus, were changed into cutines
where they were 1n contact with the atmosphere. This
formed an impermeable envelope for the organ thus
covered, and no exchange of substances between the
air and the plant could be eflccted except through
natvral perforations (stomates).

“Those particles in coal identified as cuticle repre-
sent that cover, or fragments of 1t, the parts adjacent
having undergone a partial or total transformation by
the decay agents. The exines of spores are also cuti-
cles, but they will always be referred to as spore exines
or spore débris. The term « cuticle » will be used in
a resiricted sense, applying only to those lypes of
cutine here described.

31

According to Duparque **, nearly all the cuticle
in coal comes from the leaves of the coal forming
forests. They may be found in more or less continuous
bands or in 1solaled fragments. When present, the
state of preservation of cuticle and sporc exines is

nearly perfect in great contrast to the almost total



alteration of the adjacent tissucs. The presence of
cuticle, naturally argues a deposit of leaves and young
sprouts, which in time were all transformed except
the cutine covering. The converse of this fact has
been suggested, but cannot be held as proof. If no
cuticle 1s present, what 1s to prevent one from sup-
posing that the conditions of deposit were the same
as in the case of a coal containing cuticle, but that
difference in the final product was due to a different
type or intensity of bacterial action — on which latter
fact the character of the humus deposit was greatly
dependant. Thus cuticle presupposes a deposit of
leaves, but absence of cuticle does not presuppose
(though 1t 1s more probable than what I am here
suggesting) an absence of cutine in the original
deposit.

In reflected light, under the microscope, cutinized
substances have a characteristic clear grev appearance
and a good relief (sce text fig. g). -

3. Resin. — Some plants produce a substance
which on oxydation becomes a resin. This is an unpu-
trifiable substance, very resistant to destructive agents
and 1s often found in sedimentary rocks after all trace
of the parent plant has been obliterated. Amber is an
example, with the insects found in it as a proof of
its fossilizing power. Sometimes in the coal-resins
are found well preserved secreting organs of the coal
plants. They may be isolated cells ; in spherical or
irregular cell grouping ; or in broken lines ; or radia-
ting.

In all kinds of coal there are three common charac-

teristics of resins.
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1. Globular aspect in vertical section ; showing a
great resistance to pressure and a displacement of the
other plant débris around them.

2. They have a sirong relief being paler and clearer
than the péte.

3. Their fossilizing réle 1s well indicated by the
preservation of the isolated secreting organs in con-
trast to the alteration of the other substances.

Tue Pate. — This when pure, composes Bright
coal or vitrain and 1s the cementing substance, the
ground mass, that occupies all spaces between the
fragments of vegetable débris, and is always present
m fairly large quaniity. In some anthracites (Mam-
mouth, for exemple), 1t 1s over go % of the whole
bed. Under the nricroscope it presents a brilliant,
amorphous, structureless aspect, even up to an enlar-
gement of 1.000 diameters. It penetrates all cavities
and in 1ts earliest stages must have had a fluidity Iittle
more viscuous than water. It was formed by the
complete alteration of the plant débris during the
putrilving action of the bacteria. Its vegetable origin
is not doubled as chemical analyses show it to be
rich in hydrocarbures and poor in mineral substances
(ash). Tt can vary in chemical composition mn different
beds, though keeping always the same appearance ;
which is a good indication of the change in-the vege-
table matter composing 1t, or a change 1n the kind
of hacterial action these plant débris had undergonc.
Often it appears in thin beds, alternating with beds
containing spores, cuticle or wood tissue, and 1s
alwavs amorphous and structureless. Many Americans

call 1t a laver composed of woodv tissue, judging i



Figure 6

Spores in French Bituminous Coal

(after Duparque, 37).






Figure 7

Spores in French Bituminous Coal

(after Duparque .
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Figure 8

Spoies, horizontal section

(after Duparque).






Figure 9

Cuticle in French Bituminous Coal

(after

Duparque 31).






Figure 10

Resin in French Bituminous Coal

(after Duparque).
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Figure 11

Fusain in French Coal






Figure 12

Wood in French Coking Coal
(after Duparque, 37).






Figure 13

Structure in French Anthracite

(after Duparque, 37).
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entirely on shape. It seems that, since coal has heen
generally accepled to be of vegetable origin, and that
the Dismal.-Swamp of Virginia has been compared
o ancienl coal forming swamps, we are too anxious
to label the constitwants of coal « woody tissues »
whenever possible.

This péte 1s easily recognisable under the micros-
cope by its brilliance and lack of structure but to
give its exact source would be difficult. That wood
sometimes forms it 1s true, as we can often note the
gradual alteration i  various stages from {usain
through gellified stages to bright coal or vitrain (pure
pate). Most probably it was formed from all the plant
matter present, after complete decay through bacte-
ria]l action, having a great fluidity, permeating all
open spaces, acting as the retainer for those bodies
not totally transformed, and being a nearly pure
hydrocarbon — a black colloidal mud. In shales,
whenever a plant stem or some piece of vegetable
débris is found to be carbonized, it is always found
to be in the amorphous state of Bright coal (anthraxy-
lon or pate) which 1s a positive indication that wood
fibres can and do form péte, but I do not consider
that that fact gives us the rght to state that pite
1s uniquely formed by that substance, though it may
be lurgely due to wood. Bacterial action 1z un doub-
.ted]y a very strong factor in its formation, but
naturally it 1s dependant on the débris present for
the composition of the final product. We cannot say
whether the bacterial action was of such a kind as to
putrifv cuticles or spores with a like facility. Cerlainly

the bacterial developments could have varled with

1



different localities. Compare a coal of spores with one
composed of wood fragments, and the natural con-
clusion to draw is that m the deposit of the first there
were many spores, in the other much wood; but on
second thought one might be justified in deducing that
all the deposits were originally similar and the resulting
coal characteristics were due 1o differential baclerial
activity.

If this idea can be granted o have even a veslige
of possibility — and I firmly believe it to be true n
some cases — our lerm « anthraxylon » for the bright
layers of coal 1s a mis-nomer. It means « coal-wood »
and therefore makes one presuppose that wood alone
was responsible for its formation. Thiessen ™, with
his method of splithng sections under the microscope,
noticed that these bright bands always tapered off m
a point, but so do the other bands present. The
very fine bands of bright coal have jusl as much
right to the term anhtraxylon as their lafgor brothers,
and they are present in thin stringers, forking or
ending in a point, and always surrounding the vege-
table débris present. Therefore the term pété should
be used 1n lalking ol this bright structureless coal,
Bright coal or vitrain should be applied to it when
it forms definite layers, and anthraxylon could be
discarded.

Pite can be observed in most of the figures in

the text and in the accompanying plates.

By the study of coals with reflected hight, Duparque
has found that each rank is formed of distinet and

different types ol vegetable dcbris cemented n a péte
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which always bears the same aspect. He divides coals
inlo three groups

1° Hhigh m volatile matter (bilmhinous).

9° Volatile matler between 25 and 18 % (coking
coals).

3¢ Low in volatile matter (anthracitic).

For the first group, he states that they are almost
entively formed by the accumulation of culinized subs-
tances coming from the spores and leaves of the carbo-
niferous plants; which in some places were so nume-
rous as to have caused the formation of veins two
meters thick. Resins and woodv remams play but a
feeble secondary réle in the formation of these beds,
but may have contrihuted to the pate, which 1s gene-
rally not very abundant jorming the cement for the
spores and culicles. Besides the spore coals (lext figures
i and 7), which have been much studied, he was
the first to draw atiention to the fact that some coals
having the same chemical composition are formed uni-
quely of an accumulation of leaves, leaving onlv the
cuticles preserved (« charbons de cuticules » of Dupar
(que, text figure ).

The second group, the coking coals (lext figures 11
and 12), he finds to be composed of many minute
fragments of wood with a more or less evident pre-
served cellular structure ; some of them nearly iden-
tical to that structure found in the lignified tissues of
living plants. Spores or cuticles are observed in excep-
tionally rare cascs, while resin may occur throughout
in minor guantities. These wood fragments, well stra-
tified Tike the spores and cuticles in the first group,
are cemented in a pite quite abundant, which some-

times forms by itself the whole mass of some layers.
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The third group, anthracitic coals, he describes as
being characterized by woody tissues, well stratified as
with the coking coals, but differing from them by the
predominance of the colloidal structureless pate and
the more gehfied appearance of the wood debris {lext
figure 13). He also stales that this group can be
formed by pressure and that he has found one locality

where they are scen to contain spores.

As for this lust group, T have been able to enlarge
and modify some of the observations of M. Duparque
by the study of American material. It 1s true that 1n
France’s Bassin du Nord anthracites proper do not
exist, such as are found in Pennsylvania ; and with
these latter couls his method of polish has revealed an
origin and structure much” more complex.

The first group has been studial in various coun-
tries. The observations of Jellrey in America, and
Dupargue in France are similar in many respects ;
but rvesults in America on the coking coals have been
nearlv negligable, and this work is an eflort to fill that
gap.

The text figures 6 to 13 are from various of Dupar-
que’s works. They arc of French coals and serve to
illustrate the terminology employed in this work and
the different types of coal, as well as to furnish a
comparison with the American coals ligured n the
four plates following the text. The coking coals will
be noticed 1o be essentiallv similar, and the anthracite
coal from France resembles very much the photographs
of the Mlammouth vein (compare text fig. 13 with fig.
3, plate I).



VII

COKING COALS

Coal 1s the most obviously stratified of all sedimen-
tary deposits known. Put a sandstone or a shale —
vertical section — under a magnification of 500 dia-
melers and the bedding plane becomes indistinct,
while a magnification of that power on coal only
serves (0 make more evident the parallel arrangement
of its constituants.

A piece ol coking coal presents a shiny brilliant
aspect with two kinds of bands of stratification. One
kind has a clear black brightness like obsidian or
polished ebony, the other a silvery black brilliance.
From to time there are small lenticles of a sooty black
fibrous substance that soils the fingers, is soft, and
pulverises easily. Sometimes there are dull black
layers.

A translation for the terminology of Duparque for
these respective bands may be; Bright coal, Semi-
Bright coal, Dull coal, Fusain or Mineral Charcoal.



The three kinds of bands may be noticed to end in
tapering points, and the whole rock 1s a mass of thin
beds, dividing or finally tapering off in every direc-
tion. There 1s always a pronounced cubicle cleavage
perpendicular to the bedding plane which renders
this coal so fragile, and therefore so difficult to pre-
pare for study. If it has been subject to the pressure
of thrust folding, as the French specimens have, this
cleavage may be at many angles and therefore is more
annoying for study because of increased fragility. The
previous photograph (text figz. 1) shows this banding
and cleavage very well in the typical portions marked
A and C. Between the larger bands B and C on the
right hand edge of the specimen, it will be noticed
that one of the clear black bands divides around a
portion of the dull coal in B and ends in a point in
the lower part but continues in its upper extension.
Thiessen, with his method of dissection, also noticed
the tendency to end in pomnts for the bands in bitu-
minous coals — but for anthraxylon or vitrain only —
and here it can be seen that both types of layers end
in points as well as divide.

A magnification (without polishing the specimen)
makes these facts more obvious, and if is seen that
the division between the two types of bahding 1s an
irregular line, and that somefines there are subs-
tances that disturb the unity of colour of the clear
black bands. The semi-bright bands seem to be made
up of very fine threadlike constituants with the same
characteristics as the other type described. The dull
coal 1s infrequent in these specimens. The fusain or
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mineral charcoal shows its 4ibrous character more
clearly and makes one wonder why 1t should have
been preserved in such a manner, It 1s also found on
horizontal parting surfaces and leaves no doubts as to

s woody origin, Jeffrey °

° proposes a hypothesis of
charring from forest fires to explain 1t, Turner **
claims it is due to chemical action, and Stach ™ attri-
butes it to rapidity of buriel. Grand Eury and Dupar-

que claim it is due to drying in air before being

submitied to bacterial action.

A microscopical study of the prepared surfaces
shows very clearly what composes this banding in
coal.

The coking coals are found to be composed of three

things always present, but i varying ratios —
pate, wood and resin. The pite may appear in pure
bands as bright coal (vitrain) or as a ground mass
surrouding and holding the wood and resin. Tt may
be in stringers, thin traces, or thick bands, but is
always structurcless, with a fluid appearance espe-
cially around the vegetable débris present. Any body
recognisable in coal causes the péte to displace 1tself
and 1t does so much as the flow line of a gentle

current would indicate.

The woody tissues are found in every conceivable
example of arrested decay from fusain to nearly péte.
They may be present with almost perfectly preserved
structure (fusain), with crushed cell structure (hogen-
structure or structure-en-arc), partially decomposed
but still retaining a thickened cell wall structure, or
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having completely lost all trace of structure, recogni-
sable by form and characteristic brilliance which
distinguishes wood from pate and resins on the one
hand and spores or cuticle on the other. It may be
found in tiny fragments ; occasionally in long strips
(rarely 1 cm 1n length); or in odd shapes, such as
broken isolated cells or fractured tissues, which can
resemble anything one desires (plate IV). A little
practice and one soon learns to identify them with
one of three typical characteristics : Cell structure,

form, and kind of brilliance.

Resin 1s always found in these coals, but 1s scarce
and not too imporlant as a constituant. The amount
present varies with each specimen but 1s never large
enough to class 1t as an item of first-class value mn
determining the type of coal. In some specimens the
polished surface may show two or three resinous
bodies, i others they may run into the hundreds.
Their rounded and rigid character makes them very
easy to recognise, and therefore one 1s more apt to
notice them than other plant débris. Thus their
importance is subconsciously exaggerated ; but even
in the case where hundreds are found in a polished
face, the ratio of thewr importance In comparison to
wood and the pate as coal formers is about 1 to
10.000. What its importance 1s; we shall try to find
out, as well as the value and meaning ol the other
coal constituants, from the detailled study of the

samples.
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Pocahontas N' 3

The vetn Pocahontas N° 3 is one of America’s
finest coking coals. Our specimens are taken from the
bottom (N° 23), centre portion (N° 22) and top
(N° a1) of the seam. One logically begins at the bot-
tom so we will start with N° 23,

The fact first noticed 1s a negative one — namely,
the lack of resin. There are certainly not more than
two such bodies present in an area of T cm * 3 cm
and they are difficult to find unless a magnifying
power of 180 diameters 1s used. This paucity 1s unu-
sual, resin usually being found 1 some quantity m
any kind of coal. The specimen 1s composed entirely
(practically speaking) of wood flibre in all kinds of
arrested decay and pate. There are a few broad bands
of Bright coal crossing the polished face (the largest
less than 0.25 cm m thickness), but for the most part
the péte is in fine curving lines around the enclosed
fragments of wood. The wood that is not completely
pate takes varied forms, and 1s present 1s quantity —
but less than the pate. There are the very tiny gellified
strips found throughout, and a few larger pieces with
a vistble compressed cell structure. »Looking at the
specimen, one would be tempted to say that the strati-
fication was overdone ; there 1s not a piece of wood
the least bit out of hne, no matter how much or little
it has been altered, and there are na other kinds of

plant débris present.

N° 99, from the centre of Pocahontas N° 3, is an
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-extremely fragile piece with a more pronounced clea-
vage. It 1s finely stratified, with the wood concen-
trated m thin layers, and scattered throughout the
thicker clear black layers of péte. Here some of the
pate gives the impression of bemng of ‘woody origin,
“as one sees from time to time a very laint porous
cellike structure. The recognisable pieces of wood,
always very small, are in all sorts of stages of arrested
decay, and there is one thick semi-bright band in
which there are several larger pieces in good cellular
‘preservation. Some fusain partings are visible. No
‘resin,

The top of the vein, N° 21 1s very finely stratified
and 1s almost entirely made up of the semi-bright
bands. Vitrain 1s present in very thin strips and is
infrequent. There are many pyrite inclusions, a sign
of marine conditions of the deposit — or the deposit
mmediately following. It is found to be composed of
wood and pate — as are the other specimens from
‘this bed. The bands are homogenous ; that 1s to say,
1f you trace a band of péte in any direction, 1t remains
pite, but may thin or thicken, split around other
structures and confinue as two bands, or end in a
point. This is also true of the silvery black bands
(semi-bright coal) but they are always thicker than the
bright bands and are made up of wood and pate,
lustrating on a more frequent and smaller scale the
phenomena just mentioned above — which 1s typical
of this rank of coal. Resin 1s present in very small
amounts ; about three or four minute round hodies

«can be found on the polished surface.
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The bed Pocahontas N° 3, then, 1s composed of
wood and a structureless ground mass with resmn in
negligible quantities and some pyrite inclusions in ils

uppermost portion.

Pocahontas N° 4
(Plate TV, fig. 19.)

From Pocahontas N° 4 we have three specimens
from the lower (N° 26), central (N° 25), and upper
portions (N° 24). The physical characteristics are the
same as those described in the first paragraphs with
the addition that N° 25 and N° 26 have some pyrite
stains along the cleavage partings.

The specimen from the bottom of the seam 1s very
finely banded, with a few clear black bands visible to
the eye, and 1s less {ragile than the average of these
samples. It 1s found to be composed of wood and péte,
its microscopic structure illustrating very clearly the
role of the pite as a ground mass for coal. The woody
tissues are present in all varieties. When they are very
minute they do not follow any special grouping, but
when larger they are apt to be found in certain hori-
zons and not isolated. This fact may be explained by
some sort of a saturation theory on bacterial action.
When conditions are favourable for complete putre-
faction (that is, enough oxygen present) the vegetable
débris faling into the shallow waters will be trans-
formed into a black colloidal mud, with some pieces
here and there that have resisted decay. If too much

oxygen 1s used up by the bacteria, the next arrivals
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will be only partly putrified, until some small change

occurs (a shifting of currents, for instance) to reesta-

8
blish the former state of affairs. Thus the larger and
better preserved picees are found in bands, while the
tiny Iragments may be distributed anywhere. Nalu-
rally the partially altered pieces have more weight
than the péte in its early stage and they sank lightly
into 1t, as 1ts fluid character would easily allow that
to occur. This specimen, when studied with a magni-
fication of 180 diameters, bears out this idea- very
well. One or two tiny particles of pyrite are present,

but no resin.

The sample from the centre of the seam (N° 25)
is much the same -— a3 1s the top sample (N* 24),
though they contain fewer bands of large pieces of
wood, more pile, and many of the tiny [ragments.
They again bear out the fact that the pate is a ground
mass. The small bits of altered wood end in sharp or
- rounded points are sometines slightly bent or curved
and the pate completely surrounds them. A few long
fibrous pieces of wood are present, perhaps 6 m/m.
in length — which is very rare. Resin is absent or

negligible. Some pyrite is found in N° ab.

As Just seen Pocahontas N° /4 possesses practically
the same characteristics as the seam Pocahontas N° 3.
They are both formed uniquely .of wood tissue and
pite, with no visible impurities save for occasional

-beds of pyrite. The pyrite is more present in seam
N° 4.
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Sevwell

From the Sewell scam we have three specimens
from the same level, 167 from the roof (\° 2= 28
and 29). The hand specimens present a shghtly dif-
ferent aspect from the previous ones studied, being
composed almost entirely of the semi-bright tvpe of
bands with no delinite lavers of bright coal or vitrain
clearly visible. They have the same cubicle cleavage
and annoying fragility.

Under the microscope they have similar type struc-
ture and contents. There are no layers of bright coal,
vet the péte is present everywhere i its réle of ground
mass. The pieces of wood are i every degree of
arrested decay and are very numerous. The larger
kind with well preserved cell structure are in great
numbers, with the tiny fragments also distributed
throughout the specimen. It would be impossible to
draw a straight line, parallel to the bedding plane
across the polished face (2 em), that would not touch
at least one of these woody lissues. Yet there 1s much
pite above and below each little fragment. The arran-
gement of these pleces 1s like that of the slabs of
stone in an old country wall with cement (or air) space
increased many times. The péte is sometines slightly
~undulating when near a bent or wavy piece of wood.
There 1s no pyrite in these specimens, nor did T notice
any resin.



Beckley

The three samples [rom Beckley (N 3o, 31 and
32) arc all taken 36" from the to‘p of the seam. The
rough specimens, and the polished surfaces before
using the microscope are similar to those characte-

ristics of the bottom of Pocahontas N° 3.

The microscope shows a structure similar to the
other spectmens. The constituents are wood and péte,
with nothing else present. The wood fibres sometines
have the shape of cuticles or pieces of spore exines,
or are occasionally rounded like resin, but one can
tell them under high power magnification by the cell
structure, brilliance, or rigidity. These fragments are
in various kinds of alteration, and two pieces nearly
touching each other are often ol different character.
A piece may be almost structureless, a little above 1t
will be another piece with clear cellular structure, above
thatwill be a band of bright coal, and around it all will be
the péte. Bright coal or vilrainis absolutely amorphous.
However, the péte enrobing the plant débris is equally
structureless, and 1s in no way different from the
anthraxylon except for its stratification characteristics.
It 1s this fact that makes me disagree with the theory
that anthraxylon is uniquely formed from wood. If
anthraxylon is nothing but a pure band of pate (and
it 1s 1dentical except for size) it could very possibly be -
a hardened carbonized mud composed of the comple-
tely putrified vegetable substances that were present

in the ancient swamp. That 11 was soft 1s evident,



because i1t bends for other bodies on its edges, and
even in anthracite 1t 1s seen that these débris have
sunk into its one-time fluid mass. The figures (plate II,
figs 9 and 10) show many resinous bodies that have
partially occupied the normal line of stratification of
a band of vitrain or anthraxylon, and this 1s more
evident in the coking coals, as here the bands of
vitrain divide around an occasional other type of
structure, which can be seen with the naked eye (text
fig. I hetween bands B and C)or with the microscope.
Brieht Coal (Vitrain) is really péte in enlargement’
with a less fluid character.

In these specimens from the Beckley seam there is
no pyrite, and I have seen no resin or other types of

plant débrs.

« B » or Miller
(Plates III and IV)

From this seam we have two samples, one from the
centre (N° 33) and one 6" from the bottom (N° 34).
A third sample was taken 6” helow the bonecoal (35)
which in itsell furnishes a full and interesting amount
of study material (text fig. I). The specimens from
the scam itself vary more than any other two samples
mn the collection. N° 34 1s extremely fragile and seems
to be made up largely of bands of the bright coal
with the silvery or semi-bright coal present in lessen
quantity. N° 33 is less fragile, more compact and con-
tatains mostly the-semi-bright type of banding, with

less evident cleavage spaces on a freshly broken surface.
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The former sample illustrates the undependability of
macroscopic terminology. To look at 1t, even with a low
power glass, one would say that there were many bands
of bright coal and few of semi-bright coal, but the
truth 1s the opposite. The terms used to designate phy-
sical aspects of coal are useful as cubby holes to store

“things in, but must never be taken as an exact lable
for the constituents, which alone are important in
determining the hind of coal. In this specimen there 1s
much wood in all kinds of preservation, and two or
three distinet bands of bright coal - which the eve
sees more often than 1s the actual case hefore the polis-
hing process, The fragments of wood are aligned and
of varving sizes, some fairly large, always embedded in
the pate, which forms the greater part of the specimen
thonght not often as bands of bright coal. Resin and

pyrite are conspicuous by their ahsence.

The more compact semi-bright specimen was not
so deceptive as to content. Bands of bright coal are
practically non-existent, and the pite appears solely as
an enrobing substance. Wood is present in great quan-
tittes. As usual it is in all sizes and all degrees of arres-
ted decay. Some of the pieces are long and thin with
the sha})e of cuticles, others, fractured across a cell, are
a bit like spore fragments. Tiny fragments, larger pie-
ces, broken or compressed fragments, all are held in

and are

the péte — presenting a very fluid allure
very numerous. On this polished face also it would be
difficult to draw a line parallel to the stratification plane
without cutting some of the woody tissues. Resins

appear in groups or as isolated bodies, with or without
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visible secreting canal structure. At an enlargement of
70 diameters, the larger ones appear the size of an
« o » 1n this print. Pyrite inclusions are also present.

The sample N° 35 will be scen to have a lenticle of a
different physical type from the other specimens. The
pholograph (text fig. I) 1s nearly natural size, and
the three main layers are marked A, B and C. A and
C arc the same type as all the other coking coal spe-
cimens but B represents a change in the conditions
of deposit. A and C are composed of alternating bright
and semi-bright banding with the characteristic cubi-
cal cleavage and great fragility of coking coals, C being
more fragile than A. The central layer, B, intermit-
tently bounded above and below by pyrite, is compact
with no banding, has a dull lustre, and is tougher
than the other beds. This type of coal we call Dull
coal, usually corresponding to the term durain of
Stopes (spore coal) but here we have a lens of dull coal
that 1s made up of wood.

Examining the specimen under the microscope,
starting from the base of G, the following things were
noticed. There arc very small and infrequent bands of
vitrain, much péte enclosing the usual variety of
woody débris. Resin is present in small quantities. As
one approaches the compact centre zone, a vein of
pyrite is encountered, then a band of bright coal,
then another vein of pyrite — all parallel with the
stratification of zone C. Immediately above this vein
is the dull coal zone, and as soon as the pyrite has
been passed the character of the microscopic field

alters completely. 'We have a collection of wood débris
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in every imaginable kind of shape and state of preser-
vation (recognisable or otherwise). Pseudo-spores
(plate IV, fig. 16), pscudo-cuticles, more or less nor-
mal woody tissues (plate IV, fig. 15), and much resin
m a mass of what at one time must have been wood
pulp not entirely putrified. Cellular structure is beau-
tiful 1 places (Plate IV fig. 18). The fragments are
aligned In some parts only, being mostly at gentle
angles or curves from the bedding plane. The small,
nearly structureless pieces are very brillant and
numerous. Bands of vitrain or bright coal are totally
lacking. The ground mass is a heterogeneous pulp of
wood-péte not completely amorphous where tiny 1so-
lated cellules or broken tissues are frequently found.
Resins are included in quantity, being found isolated
or with wood in groups (plate IV, fig. 17) and are
generally small. The central part of zone B contains

one or two lumps of pyrite.

On approaching the upper part of this laver, we
again find a vein of pyrite. This one 1s not so
continuous as the one below the central zone, and 1t
1s paralle] with the stratification of the upper zone.
Directly above the pyfite there is no change m the
character of the constituents ; the change begins on
encountering the first definite line of pate. Then gra- .
dually we get a structure like that of C but with occa-
sional fragmentary types of B still persisiting. Moun-
ting a bit higher, we find the wood more plentiful,
well stratified, and the pite present in thin and enro-
bing lines. Resin in A is more than C but less than
the great quantities in B. Pyrite is’also present.
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The central zone 1s evidently caused by a change
in the conditions of deposit such as momentary con-
temporaneous erosion. The abrupt change from G to
B makes this point evident. The upper border shows
the gradual transition to normalcy (for this type of
coal) and indicates the tendency of the forming pro-
cesses to seek a uniform level of deposition. The
pyrite indicates marine conditions and that it should
be so pronounced on the lower border of B may par-
tially indicate the reason for its formation. No spores
or cuticles are found, nor are therc any algues, the
whole sample being wood and péte, with some resin

and impurities (pyrite).

The figure 19 of plate IV 1s typical of all coking
coals, being taken from sample 26 of Pocahontas N° 4.

CoNGLUSIONS

1. In all these specimens, I have observed no
spores or cuticles ; and 1t seems that the vegetable
constituents of a coking coal are always péte and wood
fragments, with resin sometimes present In unimpor-
tani quantity — and nothing else. This 1s much the
same as that satted by Duparque in France and in
America by Jeffrey, « Coking coals are predominantly

of woody origin ».

2. The percentages of wood and péte may vary
from bottom to top'of a vein, following no rule or law
for any level.



3. All wood fragments ol even faintly recognisable
structure are minute. A piece of 1 c¢cm. 1n length is

exceptionally rare.

4. Bright coal or vitrain is péte and not woody
tissue. If it were wood, one would expect to find more
than an occasional fragment of woody tissue recogni-
sable longer than 1 cm.

5. Resin is of little importance in the light of the
pite and woody constituents.

fi. The structure and contents of French coking

coals are nearly identical to the same rank coals in

America.



VIII

ANTHRACITES

These samples come from three of our finest anthra-
cite beds ; Buck Mountain, Mammouth, and Prim-
rose. They are exceptionally tough and hard to cut
for polishing. The banding, so distinct in the coking
coal 1s less obvious and has not the striking brilliance
of the others. The samples from the Mammouth vein
are almost entirely composed of clear-bright coal with
the stratification made cvident by occasional thin lines
of the semi-bright or the dull coal. The Buck Moun-
tain specimens are very distinctlly banded, the clear
bright layers being in a minority, noticeably ending
in tapering ends on an unpolished surface, and see-
mingly enclosed by the other tvpes of banding. One
cannot distinguish between the dull and semi-bright
coal before a polished surface has been obtained. They
look like a compacted bituminons coal. The Primrose
sample 1s also distinctly stratified, retaining some
distorted traces of a cubicle cleavage. It 1s somewhat

like a semi-biuminous specimen, as though compacted
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and glued together. It seems to be composed of bright
and semi-bright layers only. Fusain occurs in all the
veins. Each specimen has a high concoidal fracture
(though Buck Mountain specimens tend to break
parallel and perpendicular to the bedding more than
most anthracites), 1s very hard, and difficult to cut
for polishing. They present the appearance of harde-
ned pitch.

Buck Mountain
(Plate I, fig. 1, 2, 3. Plate II)

With the first specimen under the microscope a great
difference 1s observed [rom those coals previously stu-
died. The plant débris and péte are brought well into
view, but determination is difficult because of the
compaciness of the rock and possible alteration of the
contents by pressure — in spite of the exiraordinary
high polish one can put on a planed surface of this
anthracite. To check up on the vertical faces, we made
two horizontal cuts to see if we could be more certain
in naming and discussing the constituents.

The sample from Olyphant Colliery, cut in vertical
section and polished, shows a very clear and clean cut
structure. The clear bright coal is in several distinct
pure bands as well as in thin lines of péte in the
semi-bright and dull bands. A very interesting spe-
cunen, as it seems to contain a bit of everything,
though 1 the dull bands one cannot definitely deter-

mine anything. The fig. 1, Plate I seems to contain
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cuticle fragments, but as they have not the charac-
teristic grey colour and relief, those forms must be
considered as péte. Perhaps they have been plants
formed 1into plte by pressure or bacterial action
before deposit but 1t 1s imp(;ssible to say. Not enough
intensive work has been done on this coal seam, or we
would be able to find points for comparison and be
more sure. This specimen alone warrants much inten--
sive study — in corelation with samples from many
other localities of the seam.

There is structure that we can be sure of. Away
from the bright bands (Plate I, fig. 2, B) there are
fine strips of pate and occasional good structure pre-
served in the enclosed piece of wood (same figure, SB,
W). Most of this pate is in long thin curving lines,
forming the semi-bright layers. Tt takes all sorts of
forms. Wood is found in all types — except the
minute fragments remarked in the coking coals. If they
existed they have been robbed of distinctive structure by
compression. Good cell structure may be seen in
Fig. 3 of plate I (an enlargement of Fig. 2, W).

The gelified wood 1s present also, but is difficult to
recogmise unless there 1s a bit of structure still visible.
The wood does not seem to have any special grouping.

Resin is found quite frequently — always with its
characteristic globular form and good relief (Fig. I,
Plate I). There 1s no pyrite present.

The horizontal section of this sample gives little
information on the dull coal. There are the little
curved brilliant bits of débris and the long thin ones

which we now take to be pate. It does show very
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vividly wood, and resin. The section was cut across a
semi-bright band, but as the stratilication is never
exactly level, it may recut the same thin bed of pate
or distort woody structure, or present a cuticle in
fragments.

The sample from Richards Colliery in  cross
section  shows good structure but is less distinet
than the one just discussed. It 1s more compressed,
has a less aligned plan of stratification and fewer distinct
bands of clear bright coal. There are some bands of
dnll coal (Plate II, fig. 9 and 10) present in the
specimen but it 1s mostly composed of semi-bright
favers. The plant débris is, for the most part, hardly
distinguishable ; but wood with good cellular struc-
ture is found, as well as partly gelified pieces. The
resins here are often ovalled (the long axis in the
bedding plane), as well as round, and are quite fre-
quent. The horizontal section shows them very well
(Plate II, figs. 7, & R), in fact it is much more
informative than the vertical section. The wood struc-
ture is shown clearly and 1t is often different in neigh-
bouring fragments (Plate I, fig. 6, W, W1 W2), as
well as the typical forms of the resins. Some very
small wood fragments with unaltered cell formation
arc also visible (Plate II, fig. 8 W), The péte has the

same aspect 1n any section — always amorphous.

These samples are seen to present a well stratified
appearance, containing mostly pate and wood, with
some resin, There are some bodies not yet identi-
fiable ; but even so, the contents are chiefly those
mentioned. The Buck Mountain hed is an anthracite
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which 1s very different from the coking coals studied.
It contains much less wood, and many more layers
of dull coal with much unidentifiable débris. Tt s
equally well stratified less visible when fresh, but
more evident and distinct than the other coals, even

lo the naked eve after polishing.

Mammouth
(Plate I, fig. 4, 5)

Of this great anthracite coal bed, we are using three
samples all having a similar appearance. They are
tough, hard and brittle. Stratification 1s only observed
alter carelul scrutiny i a fresh specimen. They break
with a hard concoidal fracture and the splinters are
quite sharp. The besl comparison is to liken them to
obsidian, which they resemble in many ways, except
for the mineral charcoal specimen (N° /). Very thin
and frequent bands of dull or semi-bright coal may
be observed.

The polished surfaces show mostly pate, with occa-
stional woody tissues and rarer resinous bodies singly
or mn groups (Plate 1, fig. 4 ). The wood ’Tragments
are very often quite gelified, but sometimes present
good structure, as well as compressed cells (Plate T,
Fig. 4, 5 W). One can say that pate is the constituent
of this bed. The photographs represent phenomena
not too frei]uent—and the upper part of fig. 5 is typical
of the structure most often found. This péte, in places,
shows faini traces of not completely decayed plant

dcbris, so faint as to be easily passed over unnoticed.



Once seen, there is no doubt about it. It is only visi-
ble in certain localities on the polished face, usually
near distinct types of plant débris, It thins out and
disappears on following 1t along a plén of stratifi-
cation or in a vertical direction. There 1s so little
contrast mn such a type of structure, that it 1s difficult
to photograph ; but close examination of the central
part of fig. 4 plate T will show it quite well. In it can
be distinguished faint resins, and gelified wood once
in a while, but nothing else. It is probably due to
the almost complete putrefaction of débris, and subse-
quent pressure.

The specimens present much the same appearance.
This faint structure is a bit more clear in the ones
from the Mammouth Top Split, but is still not defi-
nite enough to be well identified. This has been cal-
led, I believe, « ghost structure » by some authors —
a very apt term. Whether it is due to pressure or
bacterial activity 1s the question. Naturally both forces
have operated, but decay must have been the most
important formative agent, as these débris are very
small, well altered and virtually structureless.

This bed 1s an astounding amassage of material.
The size of the original deposit and the length of time
o considerations.

8
It 15 not at all like Buck Mountain nor Primrose,

for its formation are rather staggerin

being over go % péte. The fact that these two beds
(below and above) are well stratified and sull preserve
much structure, seems to prove that the agents of
putrefaction must have been mainly responsable. It

would have been anthracite even if there were many
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more semi-bright bands present, but undoubtedly the
purity of the one-time carbonaceous mud was a great

assistance towards its present development.

Primrose

This bed 1s the most recent, i1s composed of dis-
tinct bright and semi-bright layers only, yet the
constituents are much more difficult to determine than
those in the Buck Mountain bed. About all that one
can say 1s that there is structure present, that there
are wide bands of bright coal (or vitrain), that there
is much péte, that there are occasional pieces of wood
with evident structure, some resinous bodies and a
rare band of dull coal. For instance, you have a kand
of dull coal with 1ts vague débris ; below this Land 1s
a confused and compressed mass of semi-bright coal,
which is typical of the general aspect of the specimen.
Above the dull band is a semi-bright region ;
with some layers of clear bright coal present, and
some uncertain cellular  woody structure between
them.

This bed 1s probably anthracitic mainly because
of presure. Its make-up resembles the other rank of
coal discussed, though one cannot state that 1t was
once a coking coal — on acount of the present vague- .

ness of the structure,

In the Bassin du Nord there are no true anthra-
cites. The basin has undergone complicated thrust

folding, but not the heavy pressure produced by the
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more rigid substralum of the Appalachians. The basin
1s much smaller than the American deposits, and the
similar arrangemenl of the ranks of coal is here due
to deposit and bacterial action, while in America both
causes were effective — pressure being much more
important than in France. However, the anthracites
studied by Duparque resemble very much the Mam-

mouth vein from the petrographic point of view.

CoxcLUsIONS

1. Different anthracite beds may vary more in con-

tent than different beds of any other rank of coal.

2. Vague character of structure in some anthracites
indicates an influence of pressure.

3. Metamorphic pressure 1s important in their for-
mation ; but the greater the amount of pate in the
original deposit, the more rapid a transformation into
anthracite is possible.

4. Resin may be present in any anthracite even in
great amount without altering 1t appreciably.

5. The Mammouth bed is anthracitic chiefly
because of its original constituants ; while the Buck
Mountain and Primrose beds seem to owe their state

to the results of pressure.



GENERAL CONCLUSIONS

I. FACTORS OF COAL DEPOSITION

1. Coals are too well stratified to be of autochtonic

origin.

2. Bul, the constituants of coal are too well preser-
ved to permit the possibility of transportation by rapid

currents, or for any distance by gentle ones.

3. Coal 15, then,  formed in shallow water, near its
source of origin, and stratified by gravity and very

gentle currents.

II. FACTORS OF COAL COMPOSITION

1. The most important factors in determining the
original composition of coal seem to have been both
the mechanical classification of the débris and the

selective bacterial action.

2. Coal must have been formed in a body of water

at least partially isolated, to permit the various kinds
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of incomplete putrefaction of the plant débris. The des-
cription by Jules Cornet is probably very close to
those existing conditions.

3. The value of a coking coal 1s dependent on its
purity and contents ; that 1s, it must be quite free
from ash and be made up of wood debris — with the
possible addition of resin.

ITI. FACTORS OF COAL EVOLUTION

1. The most important factor of coal evolution is

the original contents — unless a coal becomes anthra-

citized.

9. Pressure 1s necessary to give a coal its present

form (see Thom ** and Turner *).

3. Both Bituminous and Semi-bituminous coals

may become anthracites,

4. All coals proper are in a stage of evolution
towards anthracite ; but to the present moment coals
of the semi-bituminous rank (of M. V. 25-18 %) have
not been observed to contain spores of cuticles, while
all kinds of vegetable debris are found in various

35%

and Duparque *%).

anthracites (see Turner ** *

5. The final stage of a coal, or anthracitization, 1s
dependent on pressure, facilitated according to the
percentage of péte ; which accounts for the presence
of anthracites in the Bassin du Nord.



EXPLANATION OF PLATES

Key T0O SYMBOLS EMPLOYED

B. Bright Coal.

P. Pite.

SB. Semi-Bright Coal.
D. Dull Coal.

W. Woad.

F. Fusain.

R. Resm.

Ms. Macrospore.

ms. Microspore.

C. Cuticle.

St. Structure-en-arc (bogenstruktur).
We. Woody cell.

Cc. Cell cavity.

Cm. Cell membrane.
Wr. Woody remains.
Sp. Space or parting.



PLATE I

Figure 1. — Anthracite, Buck Mountain bed,
specimen 2, vertical section, x 95,

Typical banding in this anthracite, showing charac-
teristic  dufficulty in  identifying the plant bodies
composing the dull coal.

Br 1s the general aspect of pure pate in layers (bright
coal).

B2 a band of bright coal ending in a poinl.

B3 bright coal with resinous bodies partly n 1t.

P pate, bearing the same aspect as the bright coal.
Note the way the thin streamers of pite sometimes

branch into or away from the bright coal.

D dull coal. Center of the figure contains pate
shaped so as to suggest cuticles.

Figure 2. — Anthracite, Buck Mountain bed,
specimen 2, vertical section, x 55.
Shows the aspect of the four macroscopic units of

coal as scen in this anthracite.
B bright coal.
SB semi-bright coal.
D dull coal.
W wood in the state of fusain or mineral charcoal.

Note how well this anthracite 1s-stratified.

Figure 3. — FEnlargement of a portion of W
in Figure 2 Plate I, * /0.
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P pite. Presents the same aspect as the bright

bands in the previous figures.

W wood in the stale of fusain, structure-en-arc or

bogenstruktur (compressed cell structure).

Compare this wood with Jigures 5, 13, and 18.

Figure 4. — Anthracite, Mammouth bed,
specimen 3, vertical section, * 55,

Note the very different character of this anthracite.
It is predominately péte, containing highly gelified
woody lissues (esp, W2), Small bits of resin (R, Ra),
and very compacted, faint-structure, semi-bright coal
(S B).

Sp space.

R resin with fossilized secreting canals.

Ra group of resins.

W, Wi, Wo, W3 — woody tissues with cell struc-

ture 1n various stages of preservation or gelification.

Figure 5. — Anthracite, Mammouth bed,
specimen 3, vertical section, x 250.

P péte. It forms the greater % of this vein.

W woody tissue, -

St structure-en-arc.

Cc cell cavity.

Compare specimen with {igures 3, 13, 18, and text

figure 13.



PLATE 11

 Figure 6. — Anthracite, Buck Mountain bed,
specimen 1, horizontal section, x 55,

P péte. Similar appearance in any section.

W, Wi, Wa pieces of wood showring typical elon-
gated cell structure in horizontal section. Wa is pro-
bably partly pyritized.

Figure 7. — Anthracite, "Buck Mountain bed,
specimen I, horizontal section, x 55.

Group of resins (R) showing how they may be oval,
round, whole or in fragments.

Figure 8. — Anthracite, Buck Mountain bed,
specimen 1, horizontal section, x 55.

More resinous bodies in semi-bright coal.

P péte.

W small piece of wood with preserved structure.

Figure 9. — Anthracite, Buck Mountain bed,
specimen 1, vertical section, x 55.

Different type of structure for different locality of
the bed. Banding less distinct and determination more
difficult.

B bright coal ; some bands ending 1n points. Com-
pare with figure 1 (B2).

SB semi-bright coal, being made up of bright coal
as well as pate and vegetable debris.

D dull coal, contents not identifiable.
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P pate, always amorphous and similar to bright
coal.

Ri, R, R3 resins. Compare with resins in figures
4, 14, 17, and text figure 11.

Vr Vegetable remains.

Figure 10. — Enlargement of R2 in previous
figure, * Aho.

Shows characteristic form of resins in anthracites,
the difficulty of determining the compressed structure
above them, the contact between the semi-bright and
dull types of banding, and the indistinctness. of the
plant debris in the dull coal — even under fairly high

power Inagnification.

In these previous photographs, it will be noticed
that the structure and contents of the anthracites is
clearly brought out by the method of polish employed;
but that the difficulty lies in saying what it all is,
because of the compressed character of the rock. In
the following figures, as the structure is less complex,

determination will be found to be easter.

PLATE 111

Figure 11. — GCoking Coal, « B » or Miller
scam, specimen 33, vertical section, x 55.

Shows excellent preservation of wood fragments, as
will as typical make up of the semi-bright bands. In
this photograph it will be noticed that macerated
woody tissues of all sizes are practically the only cons-



tituent of this coal at this particular spot. The pieces
of wood marked F, Fa, and '3 are 1n excellent preser-
vation, and are remarkable because of their length.
Fragments are usually very minute as in the semi-
bright portions of this figure — or more often, as
seen 1n figure 19. Notice the different stages of alte-
ration of all the [ragments - even when so close to

one another.

SB. — semi-hright lavers with tiny woody frag-
ments.

W. — wood fragments.

FF1, Fa, F3. — fusain or mineral charcoal of diffe-

ring characleristics.

Figure 12. — Enlargement of F 1 and F o

of figure 11, plate Il x abo.

S B. — semi-bright coal; note how it is present

even between the nearly touching pieces of fusain
(F'1 and F 2).

Fi1, Fa. — fusain with elongated cell structure,
evidently cut « with the grain ».

R. — resin.

Ce. — cell cavity.

Cm. — cell membrane.

Figure 13. — Enlargement of F 3 to the
right of the figure 11, plate III, > 250.

F3. — fusain, cut « across grain ». Typical cellular
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structure. Compare with figures 3, 5, 18, and text

figure 171.
pP. — pate.
R. — resin.

Note how péte and semi-bright coal is found to
have penetrated the broken cells in the center of the

figure.

Figure 14. — Coking Coal, « B » or Miller

seam, specimen 33, vertical section, x 55.

Group of resins, round or iractured, in a semi-
bright area. Typical minute wood fragments also
clearly visible as well as the péte m 1ts characteristic
amorphous aspect. Compare with figures 4, 7, 9, 17,

and text figure r10.

PLATE 1V

Figure 15. — Coking Coal, under bone coal
of « B » or Miller seam, specimen 35-B (see text
figure 1), vertical section, * 55.

Aspeet of a portion of the compact layer of the
spectmen. Shows the occasional good preservation of
wood fragments as found 1n this onetime wood pulp.

The semi-bright coal 1s also mostly wood fragments.

Wi, Wo, W3, W/. — wood in various types of

preservation.

R. — resin with fossilized secreting canals.
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Figure 16. — BSame source previous figure,
x 2bo.

Pseudo-spore. Shows the odd and deceptive aspects
that can be presented by fractured or broken wood

cells.

Wx, Wri. — woody remains.

St. — 1solated or separated fragments of structure-
en-4rc. '

P. — pite.

BR. — resin.

Figure 17. — Bame source as previous figure,
x abo.

Odd shaped fragments of woody tissues and resins
in the pulpy wood-pate gorund mass from specimen

35 B.
W. — wood fragments.

Ri. — broken piece of resmn with well preserved

secreting canals.

Figure 18. — Same source as previous figure,
x 950.

Fusain, compressed cell structure or « structure-en-
arc ». Compare with figures 13, 5, 3, and text figure

11.

Figure 19. — Coking coal, Pocahontas N° 4,

specimen 26, vertical section, % 55,
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Typical aspect of coking coals. Characteristic arran-
gemenl and appearance of the wood fragments found
in them.

P. — pite, always the same.

Wi, Wa. — the most frequent type of wood found
in coking coals.

W3, W4, W5. — other types often found.

Wr, — woody remains.

Sp. — space.
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