SOME NEW METHODS IN COAL PETROGRAPHY

By C. Y. Hsieu* RS
{Coniribution from the Sin Yuan Fud_Labomtory,
Geological Survey of China No. 8)

' I. Imnonuermn

‘The nucroscoplca] studv of coal either by t.hm section . or. by poh.shed
‘section has formed now a special branch of geologlc.nl science which is called
in Germany. *'Kohlenpetrogiaphie.” This name is not at all a satisfactory one
as, so far as I know, it has been followed neither in America nor in European
countries ontside Germany. However as there exists now no better term than
this, T can only use it until some better one be created.

The coal petrography is a science which has been developed only within
recent ten years. Thanks to the pioneer works of Jeffrey, Thiessen and Winter
and followed afterwards by Duparque, Seyler, Gothan, Stach, Potonie, Bode
etc., this scitnce has made such remarkable-progress that its practical value
as well as theoretical significance have now been fully recognized.

For the technique part of the petrographical study of coal we should:
mention first of all the name of Jeffrey (x), whose ingénions method in cut-
ting coal thin slice by a microtome was indeed a marvelous invention. The
improvement of grinding method (the same as$ in making a thin section of
rock) by Lomax (2) and Thiesses {3) has made possible the making of ¢oal thin,
section in a simplef and quicker way than required in the method of Jeifrey.
In spite of all these invention and improvement, the preparation of coal thin
section transparent enoogh to show every -detail and permitting microphoto-
graphy under higher magnification still remains a difticult task for most of
the coal investigators. In the case of anthracite, however, no method is yet
known as to its preparation of thin and even translucent section.

On account of the difficulties involved in the preparation of transparent
thin section of coal, most investigators have now turned their attention to
polished section, a method well known in metallography and mineragraphy but
was first adopted to coal investigation by Winter as late as in x913. This was
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followed by Gothan & Stach in Germany, Duparque in France, Seyler in
England, and Turner & Randall in America. Seyler’s method of etching the
polished surface of coal by chromic acid (§) and Turner and Randall’s flame
etching method (5) have both made a great progress in -the technique part of
the science, as otherwise some of the delicate and internal structure of the
vitrain would not be visible. The usefulness of the etching method especially
by the Seyler's reagent has béen well shown by the author in hls study of the
'etc]nng structure of some 'of the Clunese coals (6). '

From what has’ been sald above it is evident that ‘the present state
of the nucr_oscqpt,cal.study of coal has utilized all possible facilities $uch as
thin scction, polished section and etching methods {To this should be added
also the maceration method) the last two methods were Jargely shared from the
metallographic and mineragraphic sciences. However those who are familiar
with the newly developed mineragraphic methods (7) in connection with ore
investigation will at once be struck by the fact that coal petrographer has
utilized only a part and not yet the whole of the principle and method as now
known to the mineragrapher. The reason is that coal research falls now largely
in the hands of palaeobotanist or chemist who care but little with cither the
'newly developed petrographic or _mineragraphic methods.

In the new model of the Leitz ore microscope, a polariser has been set in
front of the vertical illuminator and an analyser in the microscopic tube above
the specimen, so that ore surface can be stndied in polarized light and in
crossed nicols. By this arrangement, anisotropism, internal structure and
other- phenomenon could be accurately determined: The internal refléction
color of the ore and gangue can be best seen by oil immersion, by which the
image acquires at the same time a better contrast and more -distinct aspect.
All these methods seem to be adaptable to coat petrographical research; yet to
our great surprise, no such attempt has ever been made by coal investigator.
The present paper is intended to describe some of the experience and result
obtained in our attempt to apply mineragraphic methods to coal research.

2. ANISOTROPISM IN Coal

Coal is an amorphous rock comsisting of material of colloidal nature;
consequently it must be isotropic i. e. dark between crossed nicols and showing
no change of color intensity when the stage is rotated. In reality Lhis is not
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the.case. In most of the.coals examined there shows always some anisotropism,*
which becomes most distinct and marked in the case of anthrac:te whereas in
bituminous coal the anisotropism seems to vary from faint and. unqotmeable to
strong and well marked just as anthracite. In the case of llgmte {Lignite from
Kirin, China, Glanzbraunkohle from Peissenberg, Bavara etc) and some of the
sub-bituminous coal.(For example he Fushnno coal, the coal of Pa Tao HQ.
Fengtien) there. shows a distinct isotropic character; the coal howaver never
becomes perfectly dark when'the nicols are crossed as does 1sotrop:c mmeral
but jts dark gray color remains unchanged when the stage is being rotated.

- In studying amsotmplsm and other characters of the polished coal sur-
face, a strong. source of light must be used, as otherwise the weak reflecting
power of the coaly substances will transmit very little light to enable accorate
investigation. A Leitz Liliput arc lamp of 4-5 amp. is used , throughout the
present work, a.nd the matt glass must also be.removed in order to. mctease the
light intensity.

It s well known in Mineralogy that 1sotroplc mmerals such as gamet
often show optical anomalies when it has sulfered intense dyna.nnc metamor-
phism. The stress thus created has forced the mineral to rearrange mterna.lly
and thus appears as anisotropic in crossed nicols. The same explanation could
perhaps be applied to the optical anomalies of coal, though in detailed process
it may not be exactly the same. As the degree of metamorphism is expressed
in the different ranks of coal, that is to say anthracite has suffered the greatest
stress while the lignite the least. Theoretically then anthracite must show
greatest anomalies i. e. anisotropism whereas lignite the'least or none i. e.
isotropic. And this is just what I have found in the Chinese coals,

3. THE ORIGINAL STRUCTURE OF ANTHRACITE.

_ As aresult of the strong anisotropic character of anthracite, its original
banded structure and structures showing original cellular forms or grain
bounderies can be marvelously shown when the analyser is crossed. Two of
the examples are given in the illustration PL.I, Fig. 1 & 2. When examining in
parailel nicols, the polished surface of the coal aside from a few lenses or
fragments of fusain shows almost a perfect, homogenous and structureless
vitrain. 1In fact most of the work dealing with microscopic structure of
anthracite has described it as consist in essentially of an structureless mass of
vitrain intercalating only here and there with some lenses of fusain. Now

* Study of anisotropism in coal by thin section mathod has already been reade by C S. Fox.
See Nature, Dec, 23, 1926, p. 913 and Oct. 15, 1927. P 547.
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when the upper nicol is crossed, an entirely différent aspect is obtained; it
shows a distirict'banded structure of vitrain, darain and fusain ‘just as bitu.-
minous coal (Plate I & Plate II). The durain is composed of an aggregate of
cellular material together with perhaps some microspore exines and other
substance, their récognition is however not possible even under very strong
’ magmf:cation., Most of the ¢ellular material - seems to ‘show some degree of
. 'granulation, and crushlng. in other words a cafaclastic structure (see Plate I, a).
This structire is very important s by its existénce we are led to realize what
an enormons degtee ‘of stress the coal has sufféred ‘in its changing from
bituminous coal to anthracité.” This seems to give another evidence to support
the dynamic stress as one of the important factor in anthracite formation.

The ongmal banded structure as well as vegetable tissué in anthracite
were not visible unt:l when the ingenious method of flame etching by Turner
and Randall was discovered. Now since the same structure can be observed
more easily and distincty with polarized Jight and crossed nicols, it is needless -
to say that the flame etching becomes not necessary. The flame etching
method s:mple as it is, takes alwa}rs some time and i some cases it is rather
difficnlt to conduct. Moreover it is difficult to compare the unetched striicture .
with that of the etched ome, aereas in using polarized light and crossed -
nicols, the companson is a very ample moatter,

The original banding and other structure in anthracite becomes more
distinet and marked when a drop of oil (Cedarwood oil or Glycerine) is
introduced between the objective (oil immersion cbjective} and the coal
surface.

" 4 OIL IMMERSION METHOD.

Oil immersion in mineragraphy is used for several pnrpeses: {1} to
increase detail and fineness of the image when examining under strong
magnification, (2} to detect in an approximate way the rate of decreasing of
reflecting power which in the case of opaque mineral varies largely with the
index of absorption; (3) to detect internal reflection color, i, e. the true ¢olor
of the substance.

In applying oil immersion method to coal petrographical research, very
excellent results some of them are of diagnostic value, have been obtained.
First of all when a drop of glycerine or cedarwood oil is introduced between
the objective and the coal surface, the image becomes more sharp and distinet:
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unevenness of the infage due to relief or scratch of the polished sarface can to
some extent be improved by oil immersion, thus it permits the taking of
better microphotographs, (Plate IIT & Plate IV) though the exposnre time must
be considerablly increased.

The reflecting power of different constituents in the coal will be reduced
when a drop of oil is introduced, The rate of reduction varies inﬁreraefly with
the index nf 'abs.orptio‘n and diminishes directly with the index of refraction.
Those substances which ahsorb most will reduce least their reflecting power,
therefore exhibit still a bright luster after ofl immersion. On the other hand
" when a highly refracting substance is examined by oil immetsion, its reduction:
in luster will only be very slight and in contrast with the strongly reduced
mass of coaly matter, the svbstance appears asif its reflesting power were
increased. In this ﬁay we are enabled to distinguish mineral matter from

the coal masg as will be described below.

When examining a coal surface under oil Inmmersion, fusain seems to
reduce little or none of its -reflecting  power so that it remains always in a
bright state of yellow color. Vitrain bas suffered great reduction and showing
therefore a darker color, while exines of both microspores and macrospores,
cuticles, resinous bodies etc have greatest reduction so that they become dark
gray or mearly black when oil immersion- is applied. Xylainic debriz or
tissues exhibit a luster intermediate between fusain and vitrain. In this way
we are-enabled to obtain a better contrast view an the different constituents
in the coal and what is more important is the surer distinction between frue
fusain (charred wood) and xylain {uncharred wood} since both are callular in
structure and are in some cases almost indistinguishable when . examined by
dry system objective alone.

The m'icmphbtographs thus obtained are distinet enough as to be com-
parable with those taken by Jeffrey and Thiessen with their thin section
method, while the photographing of polished section by the ordinary
method, such a contrast view has hitherto not vet been reached. If a positive
be made from the negative from which a print i3 again made, the exines of
both microspores and macrospores will appear white just same as in the
microphotographs of thin section.

The internal reflection color is beautifully shown in the case of resin
which appears brown, reddish brown or yellow when oll immersion and
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especially crossed nicols are applied. The color becomes more distinct whk~n
scrafches or :b\ores occur in the resin body and thereby light is enabled to
penetrate and then to reflect again, A lignite from Holunghsien (Fis3i#%) in
Kirin province was found to contain abundant nicely preserved wood in which
crushed tracheids and rectangular, uncrushed cells are beautifully
shown. This latter cell was supposed to be resinous filling in the wood
parenchyma, but such 1deut1f1cat:on was only morphological and not conclu-
sive. Now by the use of oll immersion method, very distinct reddisk brown
color is shown in practically all of the rectangu.la.r cells, therefore their
resinous nature is proved,

Another application of tlfé_ oil immerston method is in the identificaton
of mineral matter in the coal. A"s_ has been stated above reduction of reflect-
ing power varies inversely with index of absorption and directly with index of
refraction. Mineral matter such as calcite, quartz are all transparent, but
having higher indices of refraction as compared with sporic constituent or
Tesinous bodies which are also transparent, so that after oil immersion they
are found to show a more bright luster and translucent color. Sometimes the
shombohedral cleavnge of caleite is equally well shown. The earthy ierrug1-
nous matter is characterized by a yellow color while quartz is white and
translucent, devoid of any cleavage: From these charcaters we can sce that by
oil immersion method it is not only possible to distinguish between coaly and
mineral matter but a discrimination among the common species of

minerals in a pollshcd section of coal is equally feasible.
5. STUDY OF JET.

. Jet is a variety of brown coal; it is compact and tough resembling cannel

coal, butits luster is more bright and when polishing yields a splendid
polished surface. When secn under the microscope by ordinary method,

(vertical illumination) the polished surface (specimen from Fittlingen, Schwe-
ben, 5. Germiny) shows to be an homogenous vitrain exhibiting no structure
whatsoever. Now when the upper nicol is crossed and what is better when
oil immersion is also applied, a somewhat dlStlnCt woody structure of
tracheids of brown color appears. Owing to the weak anisotrotic character of
the substance the structure is only - faintly shown, though its woody
nature is proved beyond any doubt. A thin section of, the Jet shows exact-
ly the same structure. Study of -polished Jet by obllque illumination gives
the same or even better wuody structure as will be described below. Thus the
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study of polished section of ¢oal by pelarized light can be claimed as well to
replace the thin section method, which is more difficnlt to _cpnguct.

6. OBLIQUE ILLUMINATION.

The methods thus far described are all made under vertical illomination.
The study of polished section by oblique illamination has yielded also geood
and diagﬁostic result in mineragraphy and the same method could well be
appiied to coal research. Uniform oblique illumination can best be produced
when two arc lights are directed to the pelished surface from opposite sides, or
what is the same or.even better when an instrument known as Silvermann
oblique illuminator is available, (8) The high relief of the fusain with its
ellular structnre and black charcoal like internal reflection color from the
cellular open spaces are then remarkably, well shown. It is believed that a
_sur_'ei_' distinction bétween true fusain and xylain can thus be easily made in
polished section. (In thin section fusain is black and opaque so it can easily .
be distinguished from xylainic substances.) The oblique illumination method
is especially good for the study of woody structure- in lignite or brown coal.
The tesinous filling in wood from a lignite of Holunghsien, Kirin Province and
the woody structure of a Jet from S. Germany could be equally well or
even better detected by oblique illumination. The image so obtained shows
such a weak intensity of light that considerable long exposure must be used
before a good microphatograph can be taken.

7. THE CELLULOSE PRINTING METHOD FOR THE PRESERVATION -
OF ETcHING STRUCTURE OF COAL.

In spite of the fact that the study of ;}olishéd coal section -by polarized
light and oil immersion method could to a large extent replace the etching
method, but in some cases especially in coal of younger age, etching test seems
to be indispensable. The structure produced by etching is usually extremely
distinct, yet it does not last very long. The entire structure is often destroy-
ed when the section has been exposed to the air for some time. Therefore it is
necessary to devise some means to preserve the structure, so that it could be
kept for ever.

In the spring of 1930 the writer, while making some coal research work
in the Laboratory of the Preussisch Geologische Landesanstalt in Berlin has
found a cellulese printing method for the preservation of coal structure.

Detailed description of the method is given in his article on the ‘*Atzstruk-
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turen der Kohle"”, A short summary of the methad is given below: -

In making snch a print, the etehed surface of the coal must be thorough-
ly dried, or better to wait a few days after the etching has been made. The
surface must then be moistened with aceton and on it poured the cellulose
liquid until a Iayer of about 2 or 3 millimeters is formed. The layer must be
kept perfectly level and the whole thing is left in a quiet place without dis-
tarbance for abont 24 hours, The cellulose will then be evaporated and dried
to form a very thin film whick can be easily taken away by a knife. On
the lower side of the cellulose film, a print of the structure is obtained which
tan be studied under the ‘microscope either by transmitted light or by reflected
light.

It goes without saying:that the same method can be applied to the
printing of coal structure before the etching. In that case the coal surface
must be polished a little longer tham usual in order to obtain a higher
relief. Distinct prints of fusain, macrospore, as well as othet structure have
been obtained by the writer, i .

The usefuloess of the printing method Jies not only in the fact that the
structure can be preserved for permanent study, but also that it is possibie to
8écure an accnrate compsrison of the structares produced béfore and after
the etching. As it is sometimes not easy to say from which component of
the coal does the etching structure originate, so the providing of certain means
" for accurate comparison is not at all superfluous. Another application of the
" method is to madke a series of prints from successively polished surface of the

same section, so as to facilitate the study of vertical variation of the
component found in the coal. o

8. CONCLUSION.

The present work isan attempt to apply some of the mineragraphic
methods to coal petrography. From what has been discussed it seems that
the new methods permit an accurate identification of some of the coal con-
stituents such as trme fusaiv. resin and mineral matter contained in the
section, a better presentation of original banded and cellular structure in
anthracite, and lastly a means to reveal the woody structure in jet or similar
seemingly structureless vitrain. When properly applied these new methods
could replace almost entirely .the thin section and toa large extent also the
otching method. A method for the preservation of etching or relief structure
of coal by cellulose printing is also described.
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Being 2 newlv developed science the coal petrography especially the

tecknique part of it has a splendid field for future- research. We must not only
confine ourselves to morphological study of the vegetable constituents alone,
but.a full utilization of their physical and chemical. properties as well. The
applicatiun of polarized light, oil immersion and oblique illumination as
-described -above is merely ‘one p‘.hasg_of such-.an attempt. The quantitative
determination of reflecting power of the ore mineral has been recently made
possible by the invention of Schneiderhohn-Bereck's photometer ocular (8) and
the Photoelectric method of Orcel (9). The writer wonders if such determina-
tion could also be conducted with . profit in the study of polished section of .
coal. The refractive indices.of the spore exiges, cuticles or other vegetable
tissues could perhaps also be determined and .utilized for correlation Purposes,
Thesé are some of the more . importaat phases of research which the coal
petrographer of to-day should follow. -. :
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PLATE 1.

a) Banded structure in anthracite consisting of alternating vitrain and
crushed fusain becomes visible when observed in crossed nicols, Polished
vertical section of anthracite . from Lou. Fu -'Yel:ll,v.Lien-Chen Hsien, Fukien
Province (i E A4 R E R M) X 105. ’

b) A band of crushed cell or cataclastic structure in anthracite indicat-
ing clearly what an enormous amount of 'pres'sure the coal has suffered during
its stage of developmenst Polished vertical section seen in crossed nicols.

Jen Tsun, Lu Chen Hsien, Kwangsi Province (O M B3R H). X 300.
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PLATE II

Banded structure in anthracite showing crushed fusain and a vitrain
with distinct preservation of lenticufar;" compressed cells. Locality same as
Pl I a. Polished vertical section seen in crossed micols. X 300!
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PLATE 111

Vertical crossed section of a bituminous coal as seen under oil immersion,
The microspore exines {small lenticular bodies of black color) and the gronnd-
mass (gray) have greatlv reduced theéir luster when ‘oil is introduced, whereas
fusaia (light gray with cellular structure) and xylainic debris (white) have
. reduced but slightly: thus a more. contrast view is obtained. If a print of the
positive of the plate be made, the microspore exines will appear white just
same as in a microphotograph of thin section. Seam No: 1z of the Chao Ko

Chuang . Colliery, Kaiping basin, Hopei Province. (] Jt 45 M) &% 1)
X 280,
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PLATE IV.

Microphotograph of vertical cross section of a bitumirons coal when
observed under oil immersion. ‘Both the ‘éxinés of microspores and macrg.
spores appear black, the xylainic and fosainic (with cellular structure)
materials white, the gronndmass, - dark ‘gray.. Tien Wu Tsun Wu Tai Hsien,
Shansi Province (Y} M ¥ ¥ B % :ﬁlﬂ‘) X 280.
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