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Atlas for Coal Petrography of China

Abstract

Coal petrography is a discipline in which coal is studied by means of the petrographic methods. It is
also a frontier science closely related to the disciplines of coal geology, paleontology, coal chemistry,
and coal technology etc.. Based upon coal petrography, the characteristics of the petrographic con-
stituents, 6rigin, texture, properties, and technical properties of coal are investigated mainly with the
aid of physical methods such as microscope, combining with macroscopic observation and some testing
methods.

Until the nineteen thirties, the viewpoint that coal is derived from plant residues was firstly estab-
lished by the European scientists using the optical microscope, and the various parts of palaeobotanical
residues in coal were accurately described. In 1924, the term “coal petrography” was suggested firstly
by R. Potcnié, a German coal petrographer, in his work “Einfuhrung in die allgemeine Kohlenpetro-
graphie” and was universally accepted, which symbolized the formal establishment of the science. From
1925 to 1928, E. Stach, a German coal petrographer, applied successfully the technique of both polished
coal block and oil-immersion objectives to the examination of coal, and created the technique of polished
grain mounts. In the early twenties, coal petrography developed progressively into a independent disci-
pline, and started to expand into the practical application.

The study of coal petrography in China began in the thirties of this century. In 1933, Xie Jiarong
found and named the “Lopingnite”, an important genetic type of coals, from the Leping, Jiangxi, Chi-
na, which was one of the important academic achievements in international coal science at that time. In
the same year, Wang Zhuquan published his work “Study on coal seams and coal petrography in Cixian,
Hebei, China”. The two outstanding geologists may be rated as the forerunners in the field of coal
petrography of China.

Since the founding of the People’s Republic of China in 1949, the research of coal petrography in
China has been greatly advanced with the rapid development of coal exploration, exploitation and pro-
cessing in a large scale. In the early fifties, the organizations for the study of coal petrography were es-
tablished respectively by the Academia Sinica , the Ministry of Geology and Mineral Resources , the Mi-
nistry of Coal Industry, the Ministry of Metallurgical Industry, the Ministry of Oil Industry and so on,
by which the professional contingent was trained and the identification of coal samples from the coal ex-
ploration was undertaken, Until the sixties, the professional contingent of more than one handred em-
ployees had come into being, the basic study of coal petrography had been carried out besides the identi-
fication of samples from exploration. As a result, the macroscopic and microscopic characteristics of
coals formed during major coal-forming periods, especially, the inherent correlation between the petro-
graphic constituents and the chemical-technical properties of coals, were prelimilarily considered and
summarized. From the se-venties onwards, the study of coal petrography had been constantly expanded
and deepened, and overlapped and combined with related sciences, and successfully applied to the corre-
lation of coal seams, the classifications of coalification stages and types, the classification of coals, the

assessment of coal washability, the combustion, gasification and liquefaction of coals, the preparation of
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coal-water slurry, the coking blends and the prediction of coke quality as well as the exploration of
petroleum and natural gas. All the activities laid a foundation for joining to the international trade and
classification of coals. It has been shown that the method of coal petrography is the most convenient to
identify the quality of coal products, and begin to be applied to the coal market at present.

In the early eighties, the academic organization “Coal Petrography Group of Coal Geology Commit-
tee”, under the China Society of Coal and the China Society of Geology, was established. Meanwhile,
much attention was paid to the standardization of the terms and method of coal petrography. For
example, the terminology of coal petrography was normalized respectively in the Chinese Great Encyclo-
pedia and the Coal Encyclopedia; twelve National or (and) Coal Industrial Standards were suggested, in
which ten standards were promulgated and carried out, and the method and rules for unified assessment
to improve the quality of coal petrography examination were drawn up under the organization of the
“Standardization Committee of Ministry of Coal Industry”. As for the testing and analyzing approaches,
the internationally advanced techniques and instruments such as computer and image auto-analyzer have
been extensively used, which advances the study of coal petrography to a higher level as a whole. In the
past more than forty years, the coal petrography in China has greatly contributed to the economic con-
struction of China, and would expand further its application in the future.

Coal is main energy in China, and makes up more than 70 percent of national energy consuming con-
stitution. China is very rich in coal resources, and the measured and indicated as well as inferred re-
serves add up to about 5. 52 X 10" tons, and was preserved extensively in all the provinces or au-
tonomous regions of China. In those resources, brown coal shares about 5 percent, bituminous coal
about 85 percent (coking coal approximately 25 percent) and anthracite about 10 percent. The coal pro-
duction of China is the largest in the world. Especially, the reserves of anthracita is so large that it has
a significantly important pésition in the world coal reserves . The coal deposits in China were accumula-
ted throughout the geohistory from Cambrian to Quaternary. Major coal-forming periods include the Car-
boniferous, the Permian, the Triassic, the Jurassic, the Cretaceous and the Tertiary, among which the
Jurassic is the most important one. The coal-forming plants evolved from lower Thallophyta to higher
Angiosperm with rich kinds of flora. Coal ranks range from brown coal to anthracite, with a certain
amount of natural coke. The petrographic constituents of the coals formed during all the coal-forming
periods are greatly various, and the genetic types of coals are complete. Humic coal is dominant of coal
resources , with other genetic types of coals such as sapropelite , humosapropelic coal , cutinitic lipto-
biolith, lopingnite, resinitic liptobiolith as well as the Yunnan light brown coal whose origin remains de-
bated still at present.

The work “Atlas for Coal Petrography of China” consists of two parts, i. e. , fundamentals of coal
petrography and petrography of coals formed during major coal-forming periods. In the Atlas,the macro-
scopic constituents, macerals, mineral matters, microlithotypes as well as the texture and structure of
coals were systematically expounded, the petrography of the coals, which formed during major coal-
forming periods and occur in a few of the large-scale coalfields, is summed up, and the outline of coal
petrography in China is set up. _

1. The lower Paleozoic “Stone-like Coal” in China was predominantly derived from the Lower Thal-
lophyta. It has a sapropelic origin, and has become the high-rank sapanthracite due to a long-term coali-
fication. The stone-like coal was mostly accumulated in the epicontinental environment with deep waters

or the rift zone, remarkably different from the coals formed during other geological periods. The occur-
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rence of the middle Devonian coal in Luquan, Yunnan, China, represented that, from the early Paleo-
zoic to the Late Paleozoic, the coal-forming plants had developed from sea to continent and the coal-
forming environments migrated from deep waters to littoral lowland, which raised the curtain on the
large-scale coal-accumulating process during the Late Paleozoic.

2. In the Early Carboniferous, the forest swamps occurred in littoral environment with flourishing
of terrestrial plants and, then, the earliest humic coal with commercial value in China was accumulated.
The coals are generally characterized by rich vitrinite and rich pyrite except for the coal that occurs in
Jinzhushan, Hunan. The latter is extremely poor in sulfur, and is the high-quality anthracite seldom
found in the South China.

3. The Permo-carboniferous coals in the North China are predominant of humic those, with the thin
beds or interbeds of sapropelite and humosapropelic coals. The macerals in the coals consist mainly of
vitrinite, adding up from 50 percent to 80 percent. The content of inertinite ranges commonly from 15
percent to 35 percent, and tends to increase from the southeastern part to the northern margin of the
North China basin. The exinite is relatively poor, generally less than 10 percent, but is notably rich in
the northern margin of the basin and in the areas where the sapropelite occurs, with more than 30 per-
cent in some coal plies. As for the content of vitrinite, the coals in the Taiyuan formation take first
place, those in the Shihezi formation come second, and those in the Shanxi formation remain last. As for
the Taiyuan formation, the vitrinite in coals underwent a relatively strong degradation, and is mostly
hydrogenous or fluorescing . The coals are relatively rich in pyrite and in vitrain band , with a rather re-
gular and horizontal bedded structure, which gives expression to the paralic low moor with deeper wa-
ters. As for the Shanxi formation, the vitrinite in coals underwent a weak degradation, and the coals
show mostly the lenticular, thready and micro-wave bedding, revealing the character of limnic low-tran-
sitional moor with relatively shallow waters. The coal seams in the Shihezi formation are developed only
in the southern North China basin. The content of exinite in the seams is rather high, mostly more than
10 percent, and tends to increase in ascending order of seam horizon, up to 20 percent. In the macerals
of exinite group, the barkinite is relatively rich, and the barkinite in the upper seams of the Upper Shi-
hezi formation shows some characteristics similar to the barkinite in the Lopingnite of the South China,
which gives an insight into the course during which the paleoecological environment in the North China
plate tended to become similar to that in the Yangtze plate and the two plates progressively matched each
other at that time.

4. The lithological character of the Upper Permian coals in the western South China varies regularly
eastwards from the Xikang-Yunnan palaeocontinent with the transformation of coal-accumulating envi-
ronments from the alluvial facies, through the deltaic and littoral plain facies, to the carbonate platform
facies. Owerall, the ratio of vitrinite to inertinite (V/I) and the content of pyrite tend to increase, and
the contents of inertinite,. exinite and mineral matters tend to decrease , that is to say, there exists a
progressively increasing trend of both vitrinite degradation and organic matter abundance from the west
to the east. Commonly, there exists the barkinite in the coals contained in alluvial and deltaic facies. The
coals of the Upper Permian Longtan formation in Leping, Changxing, Guangde and Yixin of the eastern
South China, where typical barkinitic liptobiolith occurs, are well-known for rich-barkinite in them.

5. The Upper Triassic strata were mostly deposited in the paralic environment, in which the con-
tent of vitrinite tends to deduce and that of mineral matters tends to increase from the south to the north

and from the east to the west. The semivitrinite and the inertinite are relatively rich in the coals of the
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southwestern South China where the macrinite and the inertodetrinite take a very high proportion to the
macerals of inertinite group. So, it was shown that there existed the swamps with rather shallow wa-
ters, and frequent fluctuation and briel exposure of water table, giving rise to the formation of thin-lay-
er trimacerite.

6. As the Jurassic coals are concerned, the seams with relatively or extremely rich inertinite are de-
veloped widespreadly in an east-west tonal area stretching from the Datong, Ningwu and Ordos basins
lying to the south of the Yingshan Mountain Ranges, through the middle Qilianshan Mountain Ranges,
to the Turpan-Hami and Yili basins in the Tianshan Mountain Ranges. In the area, the content of the
inertinite in coals ranges commonly from 35 percent to 50 percent, up to 80 percent, most notable in the
Dongsheng and Shuishijing mining districts of the Ordos basin, and in the Datong, Minhe and Yili
basins. The exinite in the Jurassic coals is poor, generally less than 3 percent, so that there is a relation-
ship of growth and decline between the contents of vitrinite and inertinite. The seams are mostly related
to the alluvial depositional system, and were formed in both drier forest swamps and raised bogs with
very shallow waters. As the sea water had regressed far from the coal-accumulating areas since the
Mesozoic, the drought-enduring plants such as Ginkgo and Coniferales flourished, which laid a matter
foundation for coal accumulation. The low-ash coals were generally depcsited in the drier moor where
the water was nearly stagnant with weakly input of inorganic matters. Moreover, there occur often the
seams with rich vitrinite, sometimes up to more than 90 percent, in the Junggar, Turpan-Hami and
Yanji basins, and some basins in the middle Qilianshan Mountain Ranges as well as the northern
Shaanxi of the Ordos basin, and there are also the seams with very poor mineral matters in a few areas.
Those seams were formed in the water-covered forest swamp related to the depositional systems made up
by both lacustrine delta and shallow-water lake.

7. The Lower Cretaceous coals, occurring mostly in the eastern Inner Mongolia and the Northeast
China, are characterized by rich vitrinite or huminite, but the content of the macerals in the terrestrial
coals varies greatly. As for the exinite group, the resinite is commonly seen, with the resinitic liptobi-
olith in a few coalfields, the suberinite is easily found, and the phyllovitrinite occurs extensively. Those
characteristics show a significant difference of the Lower Cretaceous coals from the Lower - Middle Jura-
ssic coals and indicate an increasing impact of the coniferous plants to the primay coalforming matters.

8. The Tertiary coals are primarily characterized by very poor inertinite and rich telinite or textinite
with well-preserved cell tissues. The Lower Tertiary coals occur mainly in the Northeast China, and are
rich in vitrinite or huminite, poor in inertinite and rare in exinite, commonly with larger-grained resinite
(amber) that might be concentrated as an amber coal. The Upper Tertiary coals, distributed mainly in
Yunnan, are characterized by rich vitrinite, poor exinite and very varied inertinite, and there exists the
Baipao coal, a light lignite. The Tertiary coals in Taiwan consist mainly of vitrinite and exinite, with
minor inertinite, and the content of the desmocollinite in the coals is closely related to the hydrogen in-
dex indicating the hydrocarbon-generated potential.

9. In general, only the peats are formed in the Quaternary. However, the Quaternary soft brown
coal occurs in the Tengchong basin, Yunnan, and it is very rich in huminite, richer in exinite and rela-
tively poor in inertinite. The Tengchong region lies on the transitional zone between the Eurasian and
Indian plates where the phenomenon of high geothermal gradients is remarkable, and the activities of the

Quaternary volcanoes are violent. The geological setting has promoted the transformation of the peat in-
to soft brown coal.

e
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The major achievements in the work “Atlas for Coal Petrography of China” are as follows

1. A sufficient attention has been paid to the recent achievements in paleobotany made by Chinese
scholars, and some methods of paleobotany used for reference. The analyzing and identifying results to
the thallogen from coals suggested that the thallogen not only was the primary matters of the lower
Paleozoic stone - like coal , but also participated in the accumulation of coals during succeeding geological
periods. ’

2. Based upon the study on paleophytoanatomical textures of textinite, telinite, fusinite and cuti-
nite, many new species of paleophyte have been found and identified, and, then, new understandings on
the species that were transformed really and truly into peat have been acquired, which would give certain
impetus to the study on coal-forming plants deduced only by sporopollen analysis of coals or identifica-
tion of {ossils from the roof and floor of coal seam. In the meantime, the origin and species of the
plants, from which huminite, telinite and fusinite were derived, have been newly recognized in the light
of their paleophytoanatomical textures, and, thus, the foundation for establishing new macerals is set
up, leading to the identification of coal macerals to a new- level.

3. So far as the maceral classification goes, nine new maceral varieties have been distinguished in
light of their paleophytoanatomical textures and supplied into the classification scheme of this Atlas on
the basis of the international classification of coal macerals. Five varieties of them are those of brown
coal, i. e. , pinotextinite, betulotextinite, tdxodiotexitinite, fungotinite and pinopollinite. Another four
varieties are those of bituminous coal, including ginkgotelinite, lepidophytofusinite, psaroniofusinite
and ginkgofusinite. The macerals that were previously suggested by other authors, such as cordaitoteli-
nite, lepidophytotelinite, pila-alginite and reinschia-alginite, were described in detail, with the corres-
ponding photomicrographs attached to the Atlas. Basing upon those achievements, the authors have
made a new contribution to coal petrography. '

4. The lithological constituents and characteristics of the coals and their three-dimensional variances
in some large-scale coal basins are systematically summarized, and the general framework of coal petrog-
raphy in China are represented, which would provide a regional setting for the further study of coal geol-
ogy and for the exploitation and rational utilization of coal resources in China.

5. It is not occasional that there is rich hydrogencus vitrinite in the Upper Paleozoic (Taiyuan for-
mation) coals of the North China. This type of vitrinite occurs not only in the southeastern North China
basin, but in the coals of the Datong, Pingshuo mining districts etc. s with a regional distribution.
Though many standpoints had been suggested for the paleobotanical species from which the barkinite in
the Upper Permian “Lopingnite” of the South China was derived, the authors consider preliminarily the
barkinite as being an autochthonous maceral originated from the cortical tissue of gymnosperm in accor-
dance with its features of cell texture and the aerial root tissues.

6. In the Atlas, most of the photomicrographs were taken under transmitted, reflected and fluores-
cent microscopes, with a few of the photomicrographs taken under scanning and transmitted electron mi-
croscopes so as to show the submicrostructure of some macerals. Simultaneously, some precious and
rare photomicrographs of the zoolite in coals and the dispersed organic matters in hydrocarbon-generated
rocks were collected, which has enriched and widened the Atlas. The lithological characteristics of
brown coal, bituminous coal, anthracite and natural coke are normatively described, and laid out in or-

der of fundamentals and coal-accumulating periods, which would fill the gaps that there was no reference

book in coal geology.
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