MICROSCOPIC STRUCTURE OF TZUHSIEN COALS AND ITS
BEARING ON COKING PROPERTY?

By C. C, Wang (&)
{The Geological Suraey of Ching)

InTRODUCTION.

The samples for microscopic stady ate all collected from the Heiteo
coal field situated sbout 50 Y northwest of the Tzubsien city and 40 li east of
the Matouchen station of Pinghan Raflway.  In order to understand the

- geologieal occarrence of the different cos) seams from which the samples were
taken, the general topographic features and an outline of the geology in the
region should be briefly stated firat.

. Between Matouchen and Hisitsotoun there appears a gentle rolling land
in which the highest ridge, for example on the south of Lintan, is not over 40
meters.  Near Hsitsotsun the fand s much flatter though active vertical cutting
due to recent upwarp of the land surface sl exists <o 8 to form a tumber of
east-westward namow steep valleys, the depth of which is generally from a
few to twenty or thitty meters. West of Hsitsotsun the topography be-
comes raugher into a hilly land.

The writer 35 much indebted to Mi. C. Y. Hsieh who gave maoy
eriticisms duning the microscopic work. He alio expresses his thanks to M.

C. H. P'an for his field help. '

STRATIGRAPHY.,

1. Ordovician limestore. The oldest formation in the region under
study 15 the Ordovician lisestone exposed along the Kushan mange. It often
constitutes hills of sboat 200 or 300 meters in height and thus forms the west-
em boundary of the Hsitso coal held. .

2. Caoboniferous and Permo-Cerboniferous coal series. On the Ordo-
vician limestone tests. the Cusboniferous and Pexmo-Carboniferous coal sertes
with numerous workable coal seams.  fis lower portion being in proximity with
the Ordovician Jimestone, is generally well exposed along the eastern foot of

I Reeeived for publication Apnif 1933, Contabution from the Sinyuan Fuel Labara.
tory Mo, 12,
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Kushan, while its middle and upper ones are nearly all covered by loess and
allovim.  ft 3s thus impossible to find a section of compicte succession of the
rock seres though considersble effort has been made in the field. On the
northwest of Fengfengtsun {#£2# ), however, an Incomplete section (Fig.
.} along a steam valley has becn surveyed as destvibed below: —
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Fig. 1. Section of the Carboviferous strata, N. W, of Fengfengtsun. 1, Ordovician
limestone; 2, Grayish white sandstone; 3, Bluish clay shale; 4, Hriachiz coal seam; 3, Bluish
clay: 6, Taching coal seam; 7, Desp gray limestone with 8int nodules {Taching jimesione);
8, Guayish limestone (Hsizocling bimestone); 9, Goayish sandy shale; 10, Yellowish gray
limestone with fint nodules {Fuching fimestone).

In the above mentioned section the contart between the cosl series and
the Ordovician limestone is not exhibited. The lowest bed observed in the
coal series is 8 white gray sandstone partly tinted reddish yellow with jron and
it is believed 1o be u member near the boltom of the coal series.  Above the
sandstone s a blue clayey shale about 10 m. thick, and extensively used for por-
celain industry by the natives. This is succeeded by a coal seam sbout one
foot thick as estimated from its exposure and probably equivalent to the so-called
Hslachiamei by the natives. From this upwards appear a blue clay at a
thickness of about 1.5 f., & coal seam about 2 it. thick and called Tachingrel
by the natives, and a deep gray limestone called Tachingshih by the natives
with numerous flint-nodules at a thickness of about 5 ft.  Above Tachingshih
the steste are all buried by sands and gravels, but from here down the valley 1o
- distance of about {70 meters crops out a gray limestone about 3 m. thick and
probably equivalent to the so-called Hsiaochingshih of the natives. Then the
strata ate buried again to & distance of about 120 m. until anather gray limestone
containing  few fint nodules comes out'at a thickness-of about Z. m. This lime-
stotte is probably equivalent to the Fuchingshih of the natives. From here up
to Fengfengtaun no rock exposures are observed.  But on the west of the village
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Fengfengtsun thete is a native coal pit and the coal scam being worked is said
to be Shanchinghsiaotan about |.5 ft. thick. According to the native report,
there should be a horizon of limestore called Shanchingstih between Shanching-
hstaotan and Fuchingshib. Moreover, on the east of Shanchinghsiaotan there
should be seme other limestone horzon named Yehchimgshih und the impostant
coal seams such as Ttsciel, Tachingmei, ctc. are all above the last limestone.

In consequence of the scarcity of the exposures of the coal sertes its dis-
tribution is hardly 1o be swveyed in detaill,  Fortunatcly, there are numerous
- pative coal pits which may be utilized for indicating the existence of the coal
series. The strata in the coal series generally dip toward the east. The up-
permost workable coal seam is Tamed and thus cast of the coal pits mining Temeal
there should be near the top of the coal series unless special faults or folds oo~
cur.  From Hsitsotsun and Fengfengisun up to Chicnethchuang, a great num-
ber of native coal pits are scatiered hete and there.  Between Chienerhchuang
and Tungtzufang there exists a modem coal shaft by Chungho coal mine with’
a few native coal pits. Hence, from the distibution of the coal pits it scems
that the coal series forms a narmow north-south belt from Hiitsotsun thiough
Fengfengtoun and Chienerhchuang up to Tungtzufang.

3. Pemdan ond Permo-Triassic yellow shales. Overlying Carboni-°
ferous and Permo-Carboniferous coal series is the altemative beds of yellow
shale and yeliow greenish sandstone hete included umder the name of Permian
and Permo-Triassic yellow shales, for rom the simslar formation in Shensi'
numerous Permisn and Permo-Triasic plant fossils were collected.  Though
the contaet between the yellow shale tormation and the Pamo-Carboniferous
coal seties is all covared by lowss and alluvium, the detailed svecession of the
formex is well exposed along the valley of Tungkou, 5. E. of Hsitsotsun. Fur-

ther, a great number of plant fossils has been collected there and determined
by Mr. C, H. Pan as follows 1w )

Pecopleris gcuaia Halle
Protoblechnum cf, wongi Halle

1. C C. Wang: Sustigraphy of Pao Teh Chou, N. W. Shens, Bull. Gesl. Surv.
China, No. 4. 1922,
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Mcuropleris flexuose Brongniart
Cardiopleris sp.

The total thickness of the yellow shale formation i esumated to about
220 m. or mote.

4. Trigssic red sandstene. The exposute of this formation is very
poor 1n the region visited, but it is cvident that the change of the lithological
characters and colors of the transitivas) beds from the Permian yellow shale o
the Triassic red sandstone is very gradual without any sharp boundary.

5. Cenozoic conglomerote, reddish cloy and loess.  Between Ma-
touchen station and Lintan there is a groop of low gentle ddges composed main-
ly of coarse conglomerate with rounded quartzite and hmestone pebbles.  Some-
times a layer of sandstone intercalated in the conglomerate exhibits more o less
melination. lts geological age may belong to the Plincene wn equivalence to
the Sanmen Series. Above the conglomerate yeddish clay and loess often ac-
cumulate in great thickness, and probably belong to Pleistocene.

GEOLOGICAL STRUCTURES.

The geslogical struchure of the Haitso coal field is simple uad off the
strata generally dip toward the east. As the coal feld is mainly buried under

the Cenozoic deposits of the Hopel great plain, detailed structure is hardly
detected, though local fanlt and fold are certainly present.

Coal, Seams.

To correlate the different coal seams in the Hsitso coal field is difficult,
for the exposures of the coal series are rare.  Valuable inforations have been,
however, olten obtained from native coal pits.  According to the records given
by the Hii Coal Mine, a columnar section for the different coal seams should be
as in Plate I,

From the columpar section, there should be seven workable roal scams,
but during the author’s visit only three scams, namely, Yehchingmei, Hsomed,
end Tamei, are in operation. The lakter two seams ave more important, as.
!hey are 'goad in quality. Tamei is the thickest seam in the coal feld, though

it is often divided into two sub-seamns called Toumel and Evhmei by a layer of
black shale.
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QuaLsTy OF THE (OALS.

About 10 [ north of Hsitsotsun, the coal all becomes anthracite or semi-
bituminous coal.  The true bituminous coal occurs only from Hsitsotsun south-
ward to Liuhokou at a distance of shout 60 . Farther south anthracite appears
again. The so-called Hisitso coal field occupies the north portion of the above
bituminous coal area. According to the native mining experience, Tamei and
ftsomel are both colang and the latter is much betier, while all the sther caal
seams are never used for buming coke. Cosl samples from five coal scams
have been analysed in the Survey Laboratory, showing the following results:

Lecaliies Coal Class® Mout. Volat. Fized Ash Suiphur  Coke Heat value

EQAMS Matter Carbon
fi Coal Toumei Bhi 062 2032 7278 6.28 0.65 Caking & 8141 cal.
Mine ’ v swelling :
»  Echmei Bh}-0.44-17.94 7226 9.56 0.68 " m .,
o - Toumei Bhi 0.24 2120 7210 6.46 0.65 o 8isy .,
o Erhmei Bhj} 0.28 2104 7308 5460 057 " g222 |,
w  Twomei Bhl 0322110 7362 496 0.74  Cokig & 8272 .,
. nen-swelling
" Ychd'lmg«
ek Bht 052 1997 7081 870 150 n 7.
v Shanching- '
belactan Bh¥ 0.32 21.00 58.80 i9.52 3.50 Cabing & 6795 ,
swellg
Chunghs  Toumei-
Coal Mine hsiavtan Brod  0.55 24.60 53.86 20.99 1.20 - 8801 .,
" Tamei Bh?t 0.58 21.62 64.32 13.48 0.94 ” 7500 L,
Rsomel Bmd 126 2200 63.43 13.30 380 ve FLY
Yehehing-
mei Bl 188 22.86 64.56 10.70 2.00 . 7624,

t. For the meaning of the syrpbols, see W. H. Wong, Classification of Chincse
coels. Bull, Geol. Sury. China, No. 8, 1926,
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From the above analyses it is evident that the ash and sulphur contents
are generally low in Toumei, Frhmei, and Itsoraci whose coke characters are
all caxing and swelling.  The agreement of the analyses with the native mining
expenience is exceedingly interesting. On the other hand the ash and sulphur
contents in Yehchingmel, Shanchinghsiaotan, and Foumeihsiaotan, are mostly
too high for making good coke.

Coal RESERVES.

The estimation of the coal reserves in the Hsitso field &5 vesticted to
the coal-praducing area between Hiitsotsug and Tungtzufang. To this area
the coal series extends at a distance, of B,000 m. and generally dips toward
the east at angles varying from 10° ko 30° or averaging a1 20°.  If the workable
depth of the coal seams is considered %o be 600 m. and the average specific

gavity of the coals to be 1.3, the coal reserves should be caleulated as shown in
the following table:

Coal seams Average thickness Coal reserves

Tamei . 5 m. 1,208,000 tons
Ttsomei ' 0.7 m. S 12,769,120,
Yehchingmei 1.5 m. 27,362,400 ,,
Shanchiigmei : 1.5 m.. 27.362,400 ,,
Hsiaochingmet 1.7 m. 30107220,
Tachingmei - I m. 18,241,600 .,
Hstachianei 2 m. 36,483,200 ,
Total , 244,437,440,

The coal seams of which the thickness is helow 2 1., are not included
in the above table. 1 4,400,000 tons of coal are assurned to have been ex-
tincted by the native coal pits, the 1eal total reserve should be 240,000,000
tons. I regard to the coking coals of good qualily such as Tames and Itsomed,
2 real reserve of 100,000,000 tons scems at least to be present,
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Micrescopic sTUDY oF THE CoaLS,

Toumsi seam,

Under the microscope the polished sections show that the coal is com-
posed mainly of dursin in which fragments of fusain are wsually abundant.
Regular lenses of fusain are also present and generally exhibit distinct cellular
stuctwee. (PL L, Fig, 2). Seroted cells probably derived from secondary
sylem ave not ivfrequently met with, while cortex is also commonly found in
well preserved cells (PL 111, Fig. ). A few narow bands of vitram generally
~occur in structureless mass. Argillaceous material is cccasionally in great
amount. Pretty woody tissue {PL. I, Fig. 4} is sometimes well preserved by
siuch material, In the durain cuticles are only rarely found though not entirely

absent.

Erbmei seam.

Durain is the gosential constituent of the coal though in certain sections
fusain bands seem also abundunt, Generally speaking, lenticles of vitrain are
rate and scarcely over 3 mm. in width.  Fig. 1 {Plate IV) represents a section
of serated cells of secondary xylem with their lumens mostly filled by ash
material.  Very fine fibers. of primary wood of some lepidodendrids are often
well preserved especially when the Gssue is panly filled and replaced by in-
organic matter as shown in fig. 2 {(Plate 1V). Even in the dursin some fragments
of wood can occasionally be recognised by numerous dots in definite disposi-
tion, indicating the lumens of the cells. A few grains of pyrite are found
in some sections.  So far as the writer’s observation goes, no cutinized materials
such as spore exines, cuticles, etc. appear. This phenomenon may be inter-
preted zs {1} they have been destroyed during the process of coalification or as
(2} they were originally rare in the formation of the coal. In view of the abund-
ance of well preserved wood cells the latter explanation seems more probable.

{tsormei team.

Thete ate a great many lenticles of zylain exhibiting distinct celfular
structure. (PL IV, Fig. 3).  The lumens of such cells when filled by mineral
matter, have apparently suffered Iittle compression, but these in the ends of
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some lenticles are often reduced 1o dots or short lines which in some cases, have
lost their definite outline and become grannlar.  Ash bands are abundant and
generally imegulacly distributed here and there in some sections. Vitain s
scarcely visible though xylo-vitrain with a few gramdles indicating the position
of the lumens, is not infrequently met with,

Fusain occurs both in lenses and fragments, in which the cells are often
intensely compressed and thus usually partially obliterated though their genersl
outline is still well waceable. Pyrite is sbundant in some samples especially
1 those taken from the Chungho coal mine. It generally oceurs in fine grains
either uniformly disseminated through the section &1 aggregated in thick masses.

Yehchingmei seam.

The samples of the Yehehing coal scam were collected hoth from the
i and Chungho coal minss, |

The polished sections made from those of the former are speciatly in.
teresting for microscopic structures:  Fusain bands mostly occur in Jenbicular
form. Their cell sructures are generally in ill-preservation and usually only
represented by Hny dots for the lumens. Esxceptional cases are, however, pre-
sent.  For example, in figure 5 {PL. IV} not only the lumens of the
eells are well preserved but the intercellular spaces are also distinet.  Durain
constitutes the main part of most sechons, in which cuticles are often observed,
Fig. 4 (PL. V) shows a transverse section of a leaf in durain with its hoth
uppee and lower cuticles, when the parenchyma between s chiefly oblterated
due to advanced coalification. Vitrain is generally rare and when present it
cccins only in thin layess,  In fig. 2 (PL. VY, there are three bands of xylain
in parallel disposition 2nd aliemative with structureless zones, This phenomenon
may be interpreted by two possible explanations.  In one possibility, the xylain
bands represent the thick-walled cells of antumn wood while the structureless
zones indicate the spring wood. In another onc, each band of xylain shows a
separate lenticle of xylem while the structureless portions are durain.  Which
of these two possibilities is more reasonsble is hard to say. But'it is under-
stood that unnual rings of growth in Paleczoic coals are very rare.
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The polished sections from the samples of the Chunghe coal mine often
exhibit a few pynte gains and sometimes a great amount of ash in bands. In
a leaticle of Fusain as shown in Fig. 3 (PL V) the Jumens of the kells are
particularly conspicuous in oval forms and partly filed by inorgamic matter
giving dark areas under microscope and partly filled by bumic material show-
ing more or less bright natwe. Further, the infiliration of the lumens by ash is
alto frequently observed here and there in the tylain.  All the features de-
scribed seem to show that the quality of the coal in the Chunghe Coal Mine
is much inferior to that in the Il mine.  This is also confirmed by the chemical
analyses a3 shown in the coal analytical table,

The following two coal seams ace not important in sconomic sighifi-
cance, but they are very interesting from scientific point of view.

Shanchingtsiasten seam.

The special feature of this coal is rich of argillaceous matter. Some-
times shale bands altemative with thifi layers of coal may be visible even with
naked eyes. Pyrite is aboundent in some sections and in one case a band of
pyrite is as wide as from abomt 2 to 4 mm, It is, therefore, obvious that the
coal is much inferior in quality. I a comparison between the Tmicroscopic
‘exammation and the i:fiemiw!.'ana}yses is made, there is a notable agreement,

Avother special featwre of this coal is of the common presence of frag-
mented cells. This phenomenon indicates that the natwe of the chemical
changes which eccarred in the cell walls of this coal is somewhat diffcrent from
those for other coals and so0 the walls were brittle and easily fractured under
preswre.  Fig. 4 (Pl V) shows a longitudinal section of fragmented elongated
cells in a band of fusain, while fig. 5 {PL. V) represents the bogen structure of
the broken cells in a transverse section.  Xylain is in great amount and its cell
tumens are generally Blled with argillaceons material. By enlargement of the
inhltration of the lumens in seriated disposition, argillaceous bands may thus
be established. '
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Tousungtsiaotan sean.

The coal is composed essentially of durain ntercalated with a few
bands of fussin, vitrain and inorganic matter. In certain layers of durain the
 abundance of spore-exines attracts special attention, Both mégaspores and micro-
spores are preset.  The exines of the former are nsually thin-walled while those
of the latter generally appear as minute bright objects. Fig. 1 (Pl Vi) is of
an excellent iltustration for spores. Fragments of megaspore exines arc some-
hmes abundant, Basicies, there often ocour some bright oval bodies {Pl. Vi,
fig. 2} in the dwain under microscope, which are probably resinised substances
though their exact nature is hardly to be detected in polished sections due to
their advanced coalification.

In some cases ash fayers are numerous and even visible with naked eyes.
Broken cells are often found in fusain, giving rise mote or less bogen structure
which probably represents fractured secondary tissue either of xylem or of
cortex. Fig. 3 (Pl. V1) represents the Bbers of primary wood of 2 lepido-
dendrid while ig. 4 (Pl VI} shows a tangeatial section of primary wood of the

same plant, giving delicate scalariform struchuze,
CoNCLUSION,

To compare the results of chemical analyses of the samples with their
corresponding microscopic study, it is obvious that the ash contest above 10
or the pyrite percentage above | is usually fairly recognised under microscope
in polished sections, while either the former or the latter helow the given
amounts is often insignificant in sections though exceptional cases are wot en-
tirely absent. The quality of the coals may, thus, be studied with microscope
mstead of chemical analyses. The analyses and mictoscopic studies of Shan-
chingtsiaotan and Toasungtriactan offer good illustrations.

Neary in all ool scams except Tousumgtsinotan in which spore-exines
are numerous, thete are sbundant bands or lenticles of fusain, =ylain, xylo-
vitrain and vitrain, in. which fragmented or unfragmented cellular Hissues are
generally more or fess visible. It follows with the exception of Tousungtsiao-
tan, that nearly all the Tzubsien conls which sre generally coking, are composed
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esseptially of wood, or materials of woody otigin. Pasticularly in Toumei,
Erhmei. and ltsomei which offer better coking property as proved both by the
native expenence and chemical analyses, the above named bands are specially
common under miscroscope. Such conclusion well agces with Jelerey's hypo-
thesis’.  In 1925 he published a paper of *coal in relation 2o coke™ and has
pointed out thet wood should be the predomminant constituent of the original raw
malerials of coking coals and the worth of coal, from the standpoint of the
coking industry, wes in direct proportion, other things being equal, to its con-
tents of modified wood. The writer's microcepic study of Tzuhsien coals thus
- gives a good suppont to Jeferey’s statement.

1 E. C Jefery: Coal in rolation to coke, Trans, Am, fost. Min. Mer. Eag. Vol
LXXL pp. 149-164, 1925,
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Prate Tl

Fig. 1. A nest of sclerotic cells in the cotex. The lumens of the cells are
il well preserved with distinet intercellular spaces. ¥oumet }
{The uppermost coal seom).  x 1040, :

Fig. 2. A transverse section of a stem with its pith in the centre, surrounded
by xylem cells more or less compressed.  Toumei.  x 80.

Fig. 3. A band of contex showing its elongated cells, Toumel. x 90.

Fig. 4. Some wood Hisue preserved by ach bands. Towmei. x 80.
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Fig. 3 Fig. 4






Explanation of

Plate 1V.
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" Fig. 1
Fig..

Fig.

Fig.

Piate IV

Seristed cells of secondary gylem. Eshmei. x 90.

Microphotograph of the fibers of primary wood of a lepidodendnd.
Erbmel. x 90.

A leticle of xylain showing beautifal cell struchwre. The humens
are generally filled by ash. Toma. x 30,

A tramsverse section of 2 leal showing both upper and lower cuticles
though the parenchyma between is pot well preserved. Yeh-
chingmet. x 90. \

A band of fusain represeating a piece of wood with distinet inter-
celllar spaces. The filling of the lumens is mostly ash, and

the structureless portion near the centre of the wood may re-
~ present the pith.  Yehchingmei. 390,
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Plate 1V

wdicroscopic Struchme of Tzubsicn Coals
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Explanation of

Plate V.
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Fig.

Fig. 2.

Fig.

Fig,

PLATE V
Fragments of fusain showing decayed parenchyma cells. Yenching-
met. x 90,
Bands of xylain with well preserved cells are alterative with zones
of advanced decay. This may be interpreted as the spring and

autumn woods, though futther confirmation seems Becessary.
Yenchingmei. x 90.

A tusain lenticle of sclarenchyma panly filled with ash and partly
with coaly materdal. Yehchingme:, x 90.

- A fusein band showing the fragmental clongated cells. Shanching-

fstactan. % .90,

. -F'ragmented cells showing bogen structure. Shanchingtsiaotan, x 90.
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‘Explanation of

Plate VI.
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Prate VI -

Fig. 1. Microphotograph of the exines of megaspores and mierospores.

Tousungtsiactan. +x 90.
Fig. 2. Some oval resin bodies in durain. Tomﬁngtsiaotan x 90, }
Fig. 3. Microphotograph of the Bbers of primary wood of a lem&icémdmi.

Tousimgtsiactan, x 90,

Fig. 4. A section of pnmazy wood of a iepldndmdmi shamng delicate
scalariform structive. Tousunglsmotan. % 90.
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