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Abstract: Coal is the main energy in China, which has already played and will continue to play an
important role in the national economy. Coal geology, as a practical science, has an access to gradual
development with the growth and prosperity of China. From the meaning of the coalfield geology, this
paper introduces the research progress and status of coalfield geology, including the research on coal
basin, stratigraphy of coal-bearing stratigraphic sequences, coal-forming process, structural geology
of coalfields, and exploration and development status of coal resources. The paper specially focuses on
coal-forming process, including coal formation in terrestrial facies and transgressive / regression
events, and introduces new technology which has been applied to research progress in structural
geology of coalfield. This paper puts forward a new comprehensive exploration system for coal
exploration and reviews regional coal geological exploration results in recent years, such as coal-poor
regions of seven provinces in southern China and the coal resources area in northwest China, which
will be an important coal-producing area in the future.
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Coal is the earliest used (Peng, 2009), the richest and
most inexpensive fossil fuel in the world (Tian, 2015;
ChinalRN.com, 2014). China is rich in coal resources, and
the total amount of resources is about 5.9 trillion tons, and
also has abundant coalbed methane resources about 36.8
trillion m® within 2000 m in depth (Wang, 2009). In recent
years, China’s energy demand continues to increase with
rapid development of economy, and the rapid growth of
coal production ensures the energy supply and makes
tremendous contributions to the development of national
economy and the social functioning. The real economy is
the main part of the national construction, and mineral
resources are the foundation of national development.
China’s energy security must be based on safety coal
energy in the future (Peng et al., 2013). As one of the most
important subjects of geosciences and geological practice,
coal geology has made fruitful development both in China
and in many other countries. With the development of
modern geosciences, the research area of coal geology is
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gradually increasing. It has practical significance to
analyze some new progress of coal geology made in recent
years in China and summarize the theoretical and
technological achievements of coalfield geology.

1 Coal Geology Research Develops into Coal
Geology

The human gains knowledge about anything by stages
and deepens the knowledge with social development and
broadening of human vision. The concept of coal geology
is no exception. In the tide of China’s economic
construction, the meaning of coal geology is changing and
developing in the process of exploration and utilization of
coal resources (Han, 1986; Yang, 1987; Xiao, 1998). Coal
geology has become a subject of resource-economy-
environment-society type from a subject of a single-
resource type. The relationship between coal geology and
technical economy, coal development, mine safety,
ecological environment has become closer and closer

© 2016 Geological Society of China



Aug. 2016

ACTA GEOLOGICA SINICA (English Edition)
http://www.geojournals.cn/dzxben/ch/index.aspx

Vol. 90 No. 4 1285

http://mc.manuscriptcentral.com/ags

(Zhang et al., 2003; Xie, 2007). From the discrimination
of terminology in coal geology, Cao Daiyong and Wang
Tong et al. (2010) summarized and compared different
definitions of coal geology in production and scientific
research. For instance, the definition of coal geology in
China Coal Industry Encyclopedia (Geology and Survey
Volume) (1996) is coalfield geology, also called coal
geology, is a subject to research the genesis, composition,
properties and distribution rules of coal, coal seams, coal-
bearing rock series with geology theory and method. The
research contents include researches of coal petrology,
coal chemistry, coal-forming process, coal seams, coal-
bearing rock series, coal basin analysis, coal-accumulating
pattern, genetic relationship of coal, oil and gas (Yang and
Zhou, 1996). In Dictionary of Earth Sciences (2006), coal
geology, also called coalfield geology, is a branch of
geology and a subject to research geologic characteristics,
genesis, distribution laws and industrial value of coal, coal
seams, and coal-bearing rock series. The main contents
include: (1) composition, properties and genesis of coal;
(2) characteristics and
petrographic compositions and sedimentary facies of coal
and coal measures; (3) genesis and distribution rules of
coal-accumulating process, coal-accumulation basin and
coal-rich zone, coal resources exploration, etc. The use of
term “Coal Geology” in western countries and the
description of The International Journal of Coal Geology
on its title page about the scope of this journal, to some
extent, reflect the understanding of international academia

formation conditions of
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for the term “Coal Geology”. The International Journal of
Coal Geology is committed to treating the basic and
applied aspects of the geology and petrology of coal in a
scholarly manner. Its scope encompasses: the genesis of
coal and coal seams, including studies of modern coal-
forming process and environments. The metamorphosis of
coal materials in coal seams is dispersed in other rock
types. Geology of coal measures includes stratigraphic,
structural, geomorphic, paleogeographic, paleoecologic,
hydrogeologic,  Paleontologic,  paleozoologic  and
paleobotanic facets of the subject. Petrology and
petrography of coal and coal seams include coal
mineralogy, geochemistry and chemical and physical
constitution of coal. Coalbed gases, including coalbed
methane and CO, sequestration. In consideration of related
research fields of the current coalfield geological research,
including  coalfield  geology, mining  geology,
hydrogeology, engineering geology and environmental
geology, geophysical prospecting, mineral comprehensive
evaluation, exploration engineering, laboratory test,
remote sensing geology, mathematical geology, coalbed
methane, geological economy and managing forum, etc.,
the concept of coalfield geology has even broader research
content and more complex research system (Fig. 1), which
has been extended to the research of the whole process,
including formation, exploration, exploitation and
utilization of coal resources. Therefore, the preliminary
scientific definition is that “coal geology” is a
comprehensive discipline to study the genesis, properties,
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Fig. 1. Evolution of nomenclature in coal geology (after Cao et al., 2010).
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occurrence regularity, exploitation and utilization and
environmental effect of coal resources, including coal,
coalbed methane and other associated minerals, with
geology theory and methods; the content of coal geology
includes not only basic theory research, but also resource
evaluation and exploration, coal processing and utilization
and environmental protection, etc. (Cao et al., 2010).

2 Geological Research and Classification of
Coal Basins

Predecessors have conducted relevant researches about
the classification of coal-bearing basins. Scholars of the
former Soviet Union have done a lot of very useful work
for the classification of coal basins. Their classification
was based on stable regions (platforms) and active zones
(geosynclines) with a view to tectonic genesis of coal-
accumulation basins and coal-bearing formation (Huang et
al., 2006). From the perspective of the geodepression
theory, Tong Yuming et al. (1984) further divided the
genetic types of geodepression coal basins. Based on
geodynamic conditions, location and crustal nature of the
basin when it formed, Ren Wenzhong (1992) divided
Chinese coal-bearing basins into seven types. According
to the stability of basins during coal-forming period and
tectonic reworking characteristics of coal measures after
basins are formed, Mang Donghong et al. (1994)
established dual classification of structural types of coal
basins. From the view of plate tectonics, Wang Rennong
et al. (1995) divided Chinese coal-bearing basins into the
following types: internal depression of craton, continental
accretion belt, rift valley within continents after collision
and basin in active rim zones, etc. Cheng Aiguo et al.
(2000) divided Chinese coal-accumulation basin types by
the index of plate location, type of earth crust, type of

Table 1 the type of coal-bearing basins in China

basin, thickness of coal seam, stability of tectonics and
coal seam and coal accumulating quantity etc. Sun Wanlu
et al. took a comprehensive analysis of tectonic epochs
when sedimentary basins were formed and characteristics
of sedimentary characteristics in basins, then divided the
distribution of Chinese coal-bearing basin into five
tectonic domains according to the tectonic location. Song
Lijun et al. (2009) proposed a dual-level classification and
naming scheme for coalbed methane basins, which is a
prototype type of coal-accumulation basins and a type of
reform action (tectonic style). Cao Daiyong et al. (2016)
established a comprehensive classification scheme of
basins from seven aspects including structure type,
basemental attribute, morphostructure, scale, dynamic
environment, paleogeography and
process, which is shown in Table 1.

coal-accmnulation

3 Important Progress in Sequence Stratigraphy
of Coal-bearing Strata

3.1 Research on coal-bearing strata

Sequence stratigraphy was initially applied as seismic
stratigraphy sequentially and has subsequently applied to
petroleum and coal. So far, the stratigraphic resolution
becomes higher (Chen, 1994, 1995; Li, 1993), and its
inversion interpretation software tends to be more realistic
and humanized, especially the research of high-resolution
sequence stratigraphy on the outcrop scale was
successfully utilized in the prediction of underground
phase and mineral resources, which has been greatly
improved the accuracy of people’s understanding of
lithofacies geometry and reservoir distribution frame (Li,
1999). These new sedimentological research methods have
been extensively used in the research of coal-bearing rock
series, and pushed forward rapid development of coal-
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bearing rock series sedimentology forward. A large
number of research results have been achieved in the past
20 years or so, especially the sequence stratigraphic model
in the coal-accumulation basin in epicontinental sea has
been basically mature, and the theory and model of
sequence stratigraphy of continental coal accumulation
basin have been basically formed. These results not only
fully and flexibly used the key ideas of classic sequence
stratigraphy, but also adhered to the basic principles of
classic sequence stratigraphy, thus receiving significant
attention and recognition of domestic and foreign
counterparts (Chen, 1994; Li, 1999; Shao et al., 1999; Li
et al., 2001). Based on the achievements of sequence
stratigraphic  analysis for coal-bearing strata, the
characteristics of sequence stratigraphic analysis of coal-
bearing strata can be summarized as follows:

The main
accumulation basin are tectonic movement and climate
condition, and the secondary factor is the change of
basin’s water level and supply of sediments, among which
the tectonic movement is the most important control factor
on the continental basin.

(2) Coal-bearing strata sequence stratigraphic models
have diversity, which may have double-layer structure (the
lower part for transgressive system tract, while the upper
part of highstand system tract), and can also be divided
into three structures (lowstand system tract, transgressive
system tract and highstand system tract), and even four
element structures or multi-layer structures. Moreover, a
sequence stratigraphic model of a certain basin cannot be
used in another basin arbitrarily.

(3) As for the coal formation process, there are the
regression model and the transgression model, and coal
seams may be isochronous or diachronous. Coal formation
system tract types are also diversified, namely coal
formation mechanism is characterized by diversity: coal
could be formed through lowstand system tracts,
highstand system tracts or transgressive system tracts.
This research has enriched the theory of coal formation.

(4) In some coal-bearing strata, marine sediments
appear alternatively with coal seams, pelite and clastic
rock, which is the important basis of high resolution
sequence and high frequency sequence division. However,
the high resolution sequence and high frequency sequence
are two different sequences. In an epicontinental sea basin,
the high frequency sequence may be high resolution
sequence, but in other types of coal accumulation basins,
the “high resolution rate” and “high frequency” should not
be confused.

(5) Taking the system tract or high resolution sequence
as the mapping unit for lithofacies paleogeography of
coal-bearing basins has become the basis of high-precision

control factors of continental coal

lithofacies paleogeography mapping, and a good guidance
for accurate prediction of coal and associated minerals. At
present, there is a kind of abnormal phenomenon, that is,
some research applies the theory and method of sequence
stratigraphy in the analysis of basin filling, while uses
traditional methods in paleogeographic analysis.

3.2 Research of sequence stratigraphy and coal
accumulation

Coal accumulation of marine-terrigenous facies coal
basins is closely related to the change of sea level because
the change of sea level controls the formation of coal-rich
units and the migration of coal-rich zones (Li et al., 2001).
Peat swamp system or peat swamp facies is a building block
of sequence stratigraphy. In space, it interrelates and is
mutually adjacent to other sedimentary systems or
sedimentary facies; in time, the thickness of a coal bed is a
function of tectonic movement, sea level change and
sediment supply (Li et al., 2003). During the transformation
period of the lowstand system tract and the transgressive
system tract, clastic activity is weakened, continental scale
exposed, sea level decline rate slowed down and gradually
begin to rise, peat swamp begins to develop in low-lying
areas and rapidly expand into the whole region. In the
process of peat accumulation, the sea level is rising
gradually, and the diving surface is improved, which
provides a sufficient source of water for the development of
peat swamp. The sedimentation rate, the sea level
fluctuation rate and the peat accumulation rate are balanced,
and therefore the coal seam is formed, which is widely
distributed and has a large thickness. In the late stage of
peat swamp development, the sea level rises rapidly, and the
peat swamp is terminated (Li et al., 2000, 2001 and 2003).
The coal seam is formed during transgression and
sometimes the coal seam bottom could be the initial
flooding surface (Kang, 1998). During the transformation
period of the transgressive system tract and highstand
system tract, the sea level rise rate is significantly slowed
down, the basin sedimentation rate, the sea level rise rate
and the material accumulation rate achieve balance,
accommodation space is significantly reduced and gradually
close to zero. This period is favorable to form thick coal
seams, but the distribution is generally smaller than that
which formed in the transformation period of the low
system tract and the high system tract.

In terms of system tracts, at the stage of transgressive
system tract deposition, sea level rises on the whole,
basins expand rapidly, parasequence rise over coast onlap
and the diving surface rises at the same time, clastic
thickness weakens relatively, peat swamp is well
developed compared with highstand system tracts.
Highstand system tracts are formed at a high sea level and
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in a quickly declined period of sea level. The early
highstand system tract is formed in high water-level
period, and coal strata are well developed, but distributed
in a limited area. For the lowstand system tract and late
highstand system tract, the sea level is declined quickly,
and clastic movement is stronger, which is not conducive
to the development of peat swamp, and therefore coal
strata are normally thin.

It needs to be emphasized that for continental fault
basins and large down-warped basins, there are still some
differences between sequence stratigraphy and coal
accumulation. The research about continental sequence
stratigraphy will be discussed specially in research
progress of coal geological exploration in Northwest
China, but it should be emphasized that the foundation and
transformation of continental coal-bearing basins are more
complicated. Fault basins have strong tectonism and the
basin area is normally small. And because of the
difference of tectonic part and tectonic activity, some
basins may lack the upper coal formation or lower coal
formation, and coal accumulation may not happen in the
basin expansion stage. Large depression basins developed
in cratons or large land blocks have no obvious two stages
of coal accumulation due to stable tectonic activity. Coal
accumulation bears a close relationship with the
subsequence and there are no clear differences between
systems as regards coal accumulation.

3.3 Sequence stratigraphic division of coal-bearing
strata in epicontinental basins

The late Paleozoic (C2-P3) sedimentary basins in North
China are actually large composite basins (Shang et al.,
1997). According to the filling characteristics of composite
basins in the late Paleozoic, they can be divided into three
structural sequences, and the interface is a transform face of
the regional unconformity of the basin (at the top and
bottom of basins filling sequences) and the tectonic stress
field (Li, 1998). The transform face of the tectonic stress
field is a structural interface formed due to the change of
tectonic movement nature or type, which leads to transform
of tectonic stress field (often shown as unconformities
interface or large area erosion interface), and the transform
of the stress field changes the basin system, which is shown
as the transform of system tracts in depositions, and the
sedimentary characteristics of interface are completely
different. In the late Middle Permian to the early Late
Permian (Shangshihezi deposition period), because the
south China plate was pushed towards the north, significant
change in the tectonic stress field and overall uplift of the
North China platform took place and there was significant
terrain elevation difference, meanwhile extensive scouring
was shown. The unconformity between the Shangshihezi

Formation and the Shigianfeng Formation formed due to the
transform of tectonic stress field is a dividing interface of
tectonic sequences. Grade III sequence interface of coal-
bearing strata in epicontinental basins can be identified and
continuously traced with drilling cores, logging curves and
outcrops. Besides, based on the biostratigraphy method the
interface comparison problem can be correctly resolved,
and the common long-term disputes about stratigraphic ages
and boundaries in the history of geology could be avoid
(Diessel, 1992). The following three interfaces are typical
divisions of Grade Il sequence interface of coal-bearing
strata in epicontinental basins.

(1) Interfaces of basin regional unconformities

In the wvast area of North China, between the
Carboniferous-Permian and the Ordovician, disconformity
interfaces are  prevalent, long-term
discontinuities in the history of geology, so they became
typical interfaces dividing structural sequences and third-
order sequences in this area. In the Luxi and Jiyang
depressions, such interfaces are also very clear.

which are

(2) Interfaces of regional regression events

Due to sea-level changes in the late Paleozoic in North
China and tectonic movement which led to significant
drop of the relative sea level in a short time interval, the
north-south lifting differences in the North China coal-
bearing basins were increased, seawater retreated to the
south and finally exited out of the basin (thereafter there
was no more long-term and full-basin transgression event),
eventually changed the coal-bearing basin environment
and the ancient geographic landscape and the coal-bearing
district moved southwards to the southern margin of North
China (such as South Anhui and South Henan). The
regional regression event interface is essentially deposition
discontinuities in coal-accumulation basins in northern
China, continental sedimentary assemblages appear
mainly in the upper part, and sea-level change is no longer
a direct control and influence over the sedimentation of
the North China basin.

(3) Interface of the greatest regressive event

The greatest regressive event interface was identified
through the comparison of the temporal and spatial scales
of marine transgression and regression (recognition of sea-
level change grades), and observation of the changes of
regional sedimentary system and tracts
configuration relationship. Transgression of sudden, large-
scale events and the greatest regressive events are the
main events in third-order sea-level changes in the
epicontinental basin. In epicontinental basin filling
sequence of alternating land and sea coal-bearing party we

system
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identified a regional unconformity interface which is
located at the bottom of the basin filling sequence, a
regional recession the event interface is located at the top
of the basin filling sequence and two greatest regressive
events interfaces are inside the basin filling sequence.

Based on the above characteristics of sequence
boundary and comparison, the sequence stratigraphic
framework of the upper Paleozoic in North China was
established, and each sequence is a binary structure,
namely “transgressive system tract-highstand system
tract”, which is significantly different from some three-
segment sequence that were found in some foreign
countries (Li, 1996).

4 Great Progress of Coalfield Structure
Research in Eastern China

4.1 Basin dynamics and structural coal-control in
Eastern China attracted more attention

Basin dynamics directly
occurrence of various geological processes, the basin types
and their evolution (Wang et al., 1992; Li, 1988), and
further restricts the occurrence of coal beds. Coal basins in
China have experienced complicated tectonic-thermal
history, especially in Eastern China in the late Paleozoic,
which experienced different periods of tectonic movement
and deep process, such as Indosinian, Yanshanian and
Himalayan, etc. Within the coal basin, non-isostatic
uplifting, tilting, deeply buried, tectonic deformation,
compound modification in different degrees took place.
Intensive study has been done on coal field structure in
Eastern China. Owing to the research of nappes and
extension structures conducted since the 1980s, massive
coal resources and new directions of coal prospecting have
been found in China, and great progress has been made in
the understanding of coalfield structure theory. Based on
the research of the transform of two tectonic regimes and
the mechanism of lithospheric thinning, the discussion on
structural control over coal beds in different periods and
different tectonic regimes has attracted much attention.
Coal basins in North China in the late Paleozoic
experienced the collision and amalgamation between the
south and north plates in the Indo-Sinian and structural
superposition in the Yanshanian, which made the tectonic
regime transfer from extrusion to extension, and had an
important effect on the model reform of coal deposits and
emplacement along with multi-period and multi-type
magmatic activity.

tectonic controls  the

4.2 Research of coal-control structural style and coal
exploration model
Structural style was used to describe folds, but it was

widely used in oil and gas basins structure analyses. We
adopt the mainstream division of coal-control structural
styles, namely the geodynamic classification, which divides
the coal-control structural style into the extending tectonic
style, compression tectonic style, shear and rotation tectonic
style, and inverse tectonic style characterized by structural
superposition and composition. Based on this, we care
about the structural feature of coalfields. For example,
sliding structure is common in coalfields, which can form
different stress environments. Thus, we define the sliding
structure style separately from other coalfield structure
styles. The CNACG, based on the project of coal-poor
regions in South China, summarized the occurrence
regularity of coal resources, built the coal accumulation
model in different coalfields and 8 types of coal-control
structural styles (intraplate stable region paleostructure coal-
control style, mobile belt margin
paleostructure coal-control style, synsedimentary fold coal-
control style, synsedimentary faulting coal-control style,
fold coal-control style, faulting coal-control style, sliding
structure coal-control style and rheological structure coal-
control style) (Wang, 2003). It provided a sufficient
geological foundation for coal resource forecasting. The
CNACG carried out coal resource grade assessment for 281
coal-poor units in South China, totally 3.749 billion tons,
including 25 favorable coal units with the first utilized
resources of 1.061 billion tons in total, 120 near-favorable
coal units with recently available resources of 2.013 billion
tons in total, and 136 coal-poor units with forward available
resources of 6.675 billion tons in total. The establishment of
coal-control tectonic style is the continuation and
development of the research on the coalfield sliding
structure. And it is of great importance to understand
coalfield structure, direct coal resource assessment and coal
resource prospecting.

of continental

5 Research Status of Coal-poor Areas in
Southern China

Coal prospecting in coal-poor areas in South China
started in the late 1800s with a history of over 100 years.
After the founding of New China, South China attaches
great importance to coal prospecting and development,
and thus many technical coal geological exploration teams
were established. In dozens of years, great progress was
made in coal geological exploration. Since 2008, the
CNACG carried out the ‘“research on coal resource
occurrence regularity and exploration and utilization in
South China coal-poor area” (Wang, 2011). According to
incomplete statistics, by the end of December 2007, South
China coal-poor areas have submitted 1671 coal
geological prospecting reports, involving totally 117.93
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billion tons of coal. It lays a foundation for coal resource
exploration and utilization in South China. Coal-bearing
strata in South China are Lower Carboniferous, Lower
Permian, Upper Permian, Upper Triassic, Lower Jurassic,
Upper Jurassic, Paleocene and Neocene. The Upper
Permian Longtan Formation, Wujiaping Formation,
Xuanwei Formation are widely spread in South China,
where minable coal seams are well developed, and coal-
rich areas include Liupanshui, Guizhou province, Junlian,
Sichuan, central Jiangxi, south-central Hunan and northern
Hubei provinces. South China coal-bearing regions are
located in the junction of the Tethyan tectonic domain and
the Circum-Pacific Ocean tectonic field, which crosses the
Yangtze platform and South China fold system. The coal-
bearing deformation in the Yangtze platform is
characterized by approximately concentric ring structure.
Almost all types of coal are discovered in South China
coal-bearing regions. Non-coking coal takes up a large
proportion and coking coal is distributed in Yunan and
Guizhou provinces. The major coal-forming period in
South China coal-bearing regions is the Permian. The
Lower Permian Liangshan Formation coal-bearing strata
are distributed in the junction of Hunan, Hubei and
Sichuan provinces, whose coal-bearing property is poor
with only local minable seams. The coal-bearing property
in the Middle Permian Tongziyan Formation and
Shangrao Formation coal-bearing strata in Southwest
Fujian and central Guangdong provinces is good and the
coal seams are minable or partially minable.

The South China coal-bearing regions cross the Yangtze
platform and South China fold system and are mainly Late
Permian coal-accumulation basins. During the Late
Triassic the South China coal-bearing regions experienced
intense transformation that lead to well-developed uplifts
and folds in the caprock in the middle and eastern parts. A
bundle of fold appear in parallel with the margins of the
coal-bearing regions, WNW- and nearly E-W-striking
from the northern margin to eastern Hubei, and N-S and
NW-striking on the southwest margin and in southwest
Guangxi. In the central party, the coal-bearing regions in
West Hubei province are characterized by complete
continuing gentle fold belts. Southeast Hubei, Hunan,
Jiangxi and north Guangdong provinces are located in the
South China and southeast coast fold systems, which are
characterized by intensive deformation, development of
folds, concentrated faults and nappe structure. The
Tertiary coal-bearing basins appear mostly as down-
faulted basins with weak magmatism. After reformation,
the basin morphology is concordant with regional tectonic
directions. The South China coal-bearing regions cross the
Yangtze platform and South China fold system, and are
mainly Late Permian coal-accumulation basins. During the

Late Triassic, the South China coal-bearing regions
experienced intense transformation. In the Longmen
Mountains on the western margin, intense folds and
overthrusts are developed. A bundle of fold appear in
parallel with the margins of the coal-bearing regions, N-S-
and NW-striking in the Kangdian area and South Yunnan.
In the central part, East and South Sichuan, and North and
East Guizhou provinces are characterized by complete
continues barrier-like and trough-like folds. During the
Late Permian, the geological structural was complicated
with faults and folds well developed, causing serious
damage to coal seams. In the Late Triassic the structure of
coal seams was still moderately or very complex. Tertiary
coal-bearing basins are mainly distributed in basins of
eastern Yunnan province, occurring as down-faulted
basins with weak deformation and magmatism. The basin
morphology is concordant with the regional tectonics
directions. Totally 56 million tons of coal resources were
ascertained by applying the sliding structure theory to coal
prospecting under nappe and laterite beds in poor-coal
provinces, such as Fujian, Jiangxi and Hunan provinces.

6 Research Status and Achievements in
Northwest China

Since the 1950s the coal geological exploration teams of
Qinghai, Gansu, Xinjiang and other provinces or
autonomous regions have carried out coalfield geological
exploration in Northwest China, and accumulated a large
number of coalfield geological data. At the same time,
with the implementation of the western development
strategy of China, the geological, mineral and petroleum
sectors also carried out prospecting work aiming at
Jurassic strata in large basins. On the basis of these data,
Wang Tong, Shao Longyi, etc. (Wang, 2012, 2013) made
further research on the relation of basin structure, basin-
range coupling, sedimentary facies palaeogeography, coal
accumulation, and petroleum system in Jurassic basins in
northeastern parts of China. They conducted research on
the accumulation law of Jurassic coal resources,
established a continental sequence  stratigraphic
framework, made unified comparison for the Jurassic coal
system strata, so as to reach unified understanding about
the geological environment of northwest China. Wang
Tong made assessment for 126 mining areas in 80
coalfields, whose area is 37622.55 km® and gave total coal
resources of 18.2441 billion tons (Wang, 2013). Based on
the geological backgrounds, filling characteristics of
different coal accumulation basins and by means of the
latest basic data from analysis of outcrops, drill cores,
seismic profiles and logging curves, the boundary types
and identification features of of Jurassic sequences in
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Northwest China were summarized and fifteen system
tract in five third-order sequences were defined. A
sequence stratigraphic framework of the coal and rock
series in the area was established and it was confirmed that
the late stage of the lake transgressive systems of SQ1 and
SQ3 is the time when thick coal seams were accumulated.
It was proposed that the overall structure of the coalfields
in the Xinjiang area is complicated on the margins of coal-
bearing basins, mainly high-angle faults, and tends to be
relatively simple inwards. The Xinjiang Uyghur Coalfield
Geology Bureau discovered the large Santanghu coalfield,
Naomaohu coalfield, etc. during coal resources survey in
Kamusite Mining district, Kubai, south Anhui, Barkol-
Santanghu and Tuha coalfields with total coal resources of
159.78 billion tons, so as to guarantee the needs in mineral
resource for establishing the large Xinjiang energy base.

7 Octothorpe(#) Distribution and Sudoku-
pattern Distribution of Resources

China’s coal resources are hosted in different types of
coal basins in different geological periods, and China is
well known for its huge amount of resources (Wang et al.,
1995; Jia et al., 2009). According to statistics, the number
of coal-bearing basins in China has reached 300 or more.
In addition to large well-known large basins include the
Ordos, Junggar, Tarim, Sichuan, Qaidam,Songliao Basins,
etc., China also has some middle- and small-scale coal
basins such as the Tuha, Yanqi, Datong, Qinshui, Mohe,
Chuxiong, Shiwandashan Basins. With respect to the
distribution, number, scale and type of coal basins and the
macro structural deformation of coal measures, one can
see obvious differentiation characteristics.

Carboniferous-Permian  coal basins are mainly
distributed in eastern China, while the North China Basin
of Late Carboniferous and Early Permian and the Southern
China Basin of Late Permian are the most important giant
coal basins in China during the late Paleozoic. Coal basins
of the Late Triassic are mostly distributed in southern
China, namely Sichuan, Yunnan, Jiangxi, Hunan,
Guangdong, etc. Secondly, the northeast of Ordos, Qamdo
and Qingtang in Tibet and the northern margin of the
Tarim Basin in Xinjiang are also coal basins in the Late
Triassic. The area of coal basins of Early-Middle Jurassic
is second only to the North China basin and Southern
China basin. In addition to the Junggar Basin and Ordos
Basin, the basins’ areas are not large and they are
sporadically distributed. However, they have abundant
coal resources. For example, the Turpan-Hami Basin and
the northern margin of the Tarim Basin are very famous.
Besides, there are coal resources in the northern and
northeast parts of North China, such as Datong, West

Beijing, Liaoning, Daqingshan, Da Hinggan Mountains,
high poplar and Western Hexi Corridor. The total amount
of coal resources reached 3 trillion tons, and about half of
the resources are from the Ordos Basin. The coal basins of
Early Cretaceous are small, dispersed, and they often
appear in groups. Among them, the Hailar-Erlian basin
group is the largest one, and its total amount of coal
resources is more than 200 billion tons.

What’s more, there are also sporadic coal basins from
the Jixi-Hegang to West Beishan area. The distribution
area of this kind of basin is very large, about 450 thousand
km?, and it contains hundreds of basins of different sizes.
Among the whole basin, coal-bearing property shows
obvious difference. Even a single basin can have coal
resources more than 10 billion tons. The coal basins of
Tertiary are mainly distributed in the eastern coast of
China, and a few of them hide in the East China Sea and
the South China Sea. Besides, some of them are found in
the south of the Hengduan Mountains. As for the basins’
distribution characteristics, part of them are small,
dispersed, and they also appear in groups, such as basins
of Neogene in Western and Eastern Yunnan, which have
better coal formation during Miocene. The northern
(mainly northeast) region is characterized by coal basins
of Paleogene. Its total amount of coal resources is more
than 20 billion tons. Generally, lignite is the most
abundant one among all kinds of coal.

Since the Chinese Academy of Engineering carried out
the major consulting project of “Strategic studies of the
clean, efficient, sustainable development and utilization of
China’s coal” in 2010, Peng Suping, Wang Tong et al.
(2014) have done related research and came up with
significant innovation results: The #-shaped structure
pattern composed of two zonal orogenic belts, named the
Tianshan-Yinshan-Yanshan zone and the Kunlun-Qinling-
Dabie Mountains zone, and two longitudinal orogenic
belts, called the Xingmeng-Taihang-Xuefeng Mountain
belt and the Helan-Liupan-Longmen Mountain belts,
control China’s basic characteristics of coal geology and
resource distribution obviously (Fig. 2). Combining this
study and #-shaped coal basins’ scale, they finally
proposed the Sudoku-pattern distribution of resources.

From north to south, and from east to west, the Sudoku
-pattern distribution of coal resources can be divided into
the following three areas: Eastern region: the coal-bearing
area of northeast-coal reserve partition of Liaoning, Jilin,
Heilongjiang Province, the coal-bearing area of North
China-coal reserve partition of the Yellow River and
Huaihai (Hebei, Shandong, Henan, Beijing, Tianjin, North
Jiangsu and North Anhui), the coal-bearing area of South
China-coal reserve partition of the South China coal-poor
regions (Fujian, Zhejiang, Jiangxi, South of Jiangsu,
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Fig. 2. Sketch map of coal resources distribution (after Wang et al., 2014).

Anhui, Hubei, Hunan, Guangdong, Guangxi and Hainan);
Central area: the coal-bearing area of northeast-coal
reserve partition of eastern Inner Mongolia, the coal-
bearing area of North China-coal reserve partition of
Shanxi, Shaanxi, Gansu, East Ningxia, West Inner
Mongolia, the coal-bearing area of South China-coal
reserve partition of southwest region (Yunnan, Guizhou,
Sichuan, Chonggqing City); Western area: the coal-bearing
area of northwest-coal reserve partition of North Xinjiang
and South Xinjiang (Qinghai, Gansu, Longxi, Hexi and
the south of Xinjiang), the coal-bearing area of Dianzang
(Tibet, West Yunnan and West Sichuan). The Sudoku -
pattern distribution of coal resources show differences on
sedimentary characteristics of coal-bearing series, resource
accumulation and reserve, coal quality, etc. Besides,
different partitions have distinct geographical conditions,
climate, water resources, ecological characteristics, etc.
Furthermore, the distribution of coal resources is
consistent with different areas’ economic and social
development situation in China.

8 A New System about China’s Comprehensive
Exploration of Coal Geology

8.1 Main framework of the
informationized exploration system

Because of the complexity of coal geological conditions
and the differences of natural and geographical conditions
in China, it is difficult to apply a single exploration
technology to solve the problem of exploration targets
under complex geological conditions. Exploration work at
different stages in different regions should be aimed at
obtaining the best prospecting results. We should consider
specific  geographical, geological and geophysical
conditions of the exploration area and select the most
appropriate exploration technology and combination.
According to the geological characteristics of the West
Henan coalfield, Wang Tong (1992) put forward the basic
thinking of the classification principle and method of
exploration type in the West Henan coalfield.

In recent years, through continuous summary of coal

stereoscopic and
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geological exploration experience, a new basic framework
of coal geological prospecting technical system was
formed. Based on systematic analysis of the regular
occurrence pattern of coal resources in China, Wang Tong,
Cao Daiyong, Li Zengxue et al. reestablished the basic
principles of coal geological prospecting according to the
characteristics of coal geological exploration in China.
They developed “Coal geological prospecting” to
“Comprehensive exploration of coal resources” that covers
coal exploration, mine construction, production safety,
environmental protection, etc., and they put forward a new
system of comprehensive exploration technology for coal
resources, which is suitable for the contemporary needs
(Wang et al., 1992).

According to the distribution characteristics of the coal
resources in China, under the support of the new
development of coal geological theory in China, based on
the coal geological exploration standard under the new
situation, on the basis of the systematic analysis of the
regular occurrence pattern of coal resources and the
characteristics of coal geological exploration in China, they
reestablished the basic principles of coal geological
prospecting and developed “coalfield geological
exploration” into “the comprehensive exploration of coal

geology”, which cover the whole process of geological
work including the resources survey, geological survey,
mine construction, production safety,
protection etc. Under the support of the new development
of coal geological theory in China, based on the coal
geological exploration standard under the new situation,
the theory and technology system of modern coal
geological exploration was established, which include coal
geological remote sensing technology, high precision
geophysical exploration technology, fast and accurate
geological drilling technology, coal geological survey
information technology, coal mining area environmental
monitoring technology and other core technologies (Fig.
3). “The new theory and technology system of
comprehensive exploration of China’s coal resources”

environmental

consists of “an innovative thinking, two major support
theory, five key technologies, a set of standards and
norms”.

An innovative idea is to put forward a new idea
composed of coal exploration, mine construction, safety
production, environmental protection as one of the
“comprehensive exploration of coal resources”. Based on
the system analysis of the occurrence regularity of China’s
coal resources and characteristics of coal resources
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prospecting, they developed “Coal geological prospecting”
into “Comprehensive exploration of coal resources” that
includes coal exploration, mine construction, production
safety, environmental protection etc. Under the support of
the new development of coal geological theory in China,
based on the coal geological exploration standard under the
new situation, the theory and technology system of modern
coal geological exploration was established, which
includes remote sensing technology of coal resources, high
precision geophysical exploration technology, fast and
accurate geological drilling technology, informationized
technology of coal resource exploration, environmental
remote sensing monitoring technology in coal mining area
and other core technologies.

Two major supporting theories, i.e., research of coal
accumulation regularity and structural coal-control action,
has made outstanding progress, which provides a strong
theoretical support for the comprehensive exploration
technology system of coal resources. Coal resources
comprehensive exploration technology system is based on
coalfield geological theory. In recent years, the research of
coal accumulation regularity and structural coal-control
action has made outstanding progress; the new ideas of
high resolution sequence stratigraphic model of coal
measures, model of terrestrial facies of coal, marine coal
forming model, episodic coal formation, etc. deepened
people’s understanding of the regularity of coal
accumulation; some new results including the analysis of
basin dynamics, study of the slip structure of coal field,
division of coal-control structure etc., promoted the
structural coal-control action more and more in-depth and
practical, so as to provide a strong theoretical support for

the establishment of comprehensive exploration
technology system of coal resources.
Five key technologies, namely remote sensing

technology of coal resources, high precision geophysical
exploration technology, fast and accurate geological
drilling technology, informationized technology of coal
resource exploration and environmental remote sensing
monitoring technology, have formed the main body of the
new comprehensive theory and technology system for the
exploration of coal resources in China.

The establishment of the new comprehensive theory and
technology system for the exploration of coal resources in
China is the actual demand of China’s coal geological
workers in complicated geological conditions of the
country and is an integrated achievement based on long-
term scientific research and engineering practice, which
multiple aspects including coal
exploration, before-mining construction, mining, and post-
harvest treatment, widely uses the most advanced
technology and methods in China and overseas, and

covers resources

realized the developments of coal geological exploration
theory and technology by leaps and bounds, and greatly
promoted Chinese coal geological exploration, and has
made many breakthroughs on comprehensive exploration
of coal resources in practice.

8.2 High-precision safeguard technique of coal geology
represented by 3D seismic technology

The improvement of the overall level of discipline must
be based on modernization of research methods and
technical means (Peng, 2008, 2011). By the end of the
1980s, the exploration level of coal fields has been greatly
improved by introducing the technology of rope drill and
high resolution digital seismic exploration. The
exploration industrial test with 3D seismic first found out
a fault throw over 5 m in the Huainan Xieqiao Coal Mine
in 1993, and realized to identify fault throws by equal to or
more than 3 m fault in a depth of 700 m in the Huainan
Pansan Mine in 1997. In recent years, the interpretation of
faults and subsided columns in coal-bearing beds has an
accuracy of higher than 95%. By increasing the sampling
density and the number of coverage, studying the
excitation parameters, and using image processing and
other comprehensive interpretation technologies, the
ability of seismic recognition fault can be improved to 2
m. Since the beginning of the 21 century, by studying 3-D
three component seismic exploration technique and AVO
inversion technology, we promoted the application of 3D
seismic exploration technology in the whole country,
established the geological structure detection system of
coalmine district 3D seismic exploration with Chinese
characteristics, found an effective way of small geological
structure which affects the application of comprehensive
mechanized mining technology in coal mines.

9 Accumulation Pattern and Coordinated
Survey on Multiple Coal Resources and
Associated Minerals

9.1 Comprehensive evaluation of multiple resources of
coal measures

The natural gas content is generally 1-45 m’/t in coal
(Dai, 1979; Sun, 1989; EpmuexkoB and CxopoOorartos,
1984). According to A.K. Matveev, a geologist from the
former Soviet Union, the total amount of methane produced
from coal seams in all coal-bearing basins in this country,
theoretically, was about 2650 trillion m’. Actually,
however, there was only 240-250 trillion m® (10%), which
means 2400 trillion m® methane has been lost (other 240
trillion m’ from thin seams are not included here) (Li,
2009). Therefore, coal-measure gas during the whole
process of coal-forming period is far more than the natural
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gas conserved in coal seams. Meanwhile, contributions
made by other gas source rock outside coal seams, such as
carbonaceous argillaceous shale and mudstone, have been
confirmed, too. (Dai, 1981; Ju, 2012; Law, 2002). In resent
years, great progress has been made in exploration and
assessment on coal bed methane, shale gas, and tight
sandstone gas. 45 coal accumulation basins have coal gas of
41.5x10* km* and geological resources of 36.8x10'* m’ at a
depth of 2000 m. In the past 5 years, the annual explored
tight sandstone gas reserves of China accounted for over
50% of the explored reserves of natural gas.

Experiment on simultaneous extraction pilot for coal bed
methane and low permeability sandstone gas was taken in
the United States from 2001-2002. It was found that the
daily production of 65 wells stays at 10890 m’, up to 14375
m’, among which 60% was from coal seams, foretelling
bright exploitation prospects of coal-bed methane and tight
gas.

Based on Wang Tong’s research (2012) on coal bed
methane, shale gas and natural gas hydrate, starting from
coal bearing source rock, the exploration has the possibility
of conducting, unconventional gas of coal resource as a
system. Nowadays, the Xinjiang Coal Geology Bureau has
explored and controlled coal bed methane of 500 billion m’
in east Xinjiang, which is an significant breakthrough of
low rank coal seam gas development with assessment coal
of 1785 billion ton, coal bed methane of 7.86 trillion ton,
and assessment shale gas of 10.2 trillion m’. Combining
mining of coal bed methane gas in these large scale basins
will greatly promote the safe and green development of
energy on the one hand, and improve out energy structure
on the other hand.

9.2 Research on “3 Rarities” in coal associated
minerals

China is rich in coal-measure associated minerals with a
complete set of varieties, wide distribution, and potential
high economic value. The major minerals include kaolin,
bentonite, refractory clay, pyrite, gypsum, limestone, oil
shale, diatomite, graphite, natural coke, etc. (Dai, 2003,
2006). The rare minerals, largely contained in coal, were
wasted in exploration in the past due to poor testing
technology. reasonable  development and
utilization of these resources are important to the sustainable
and stable development of the national economy.

Wang Tong (2009) promoted comprehensive
exploration from coal bed rock systematically, explained it
later with Li Zengxue (2011) and discussed the
connotation of collaborative survey and the idea of
coexistence and enrichment of various energy resources in
the same basin collaborative exploration. In their opinion,
collaborative survey shall cover mineral exploration in the

However,

physical infrastructure, deployment guidance, technical
methods, the maximum benefit and mineral exploitation
and cooperation, joint, support and usage of other areas.
They also promoted that the collaborative survey of coal
and other mineral resources shall obey the principle of
“coordinated with order, economic with logic,
complement the advantages and disadvantages, scientific
deployment for maximum benefit”.

Recently, more attention has been attached to mineral
resources generating from rare metals, rare earth elements
and rare scattered elements contained in coal beds. For
example, investigation and evaluation of germanium
resources in coal has found a series of germanium-bearing
coal deposits. The Special Technical Exploration Center of
the Coal Geological Bureau carried out investigation and
assessment of lithium and gallium contained in coal in the
Shanxi Pingshuo Mine in 2012, and estimated that there
are 1.2966 million tons of lithium and 423,100 tons of
gallium in the Antaibao mining area.

10 Conclusions

Coal is an important mineral resource of our country and
also the major energy source. In the future, traditional
energy will remain the main energy and coal’s important
strategic position will not be fundamentally shaken in
China’s security and economic and
development. Changing the extensive mode of coal
development and utilizing clean and efficient energy is not
only the core task of China’s energy development, but also
an important symbol of the success of China’s energy
revolution. In the next few years, the high-class design of

energy social

coal resources development in China shall reflect the will of
the nation. In accordance with innovation, green, open,
coordinated and shared ideas, standing at nation’s point of
view, we should commit to exploration, development and
utilization of coal resources, improve clean coal utilization,
and realize a leap of coal resources from the fuel to the raw
material. All above shall the main task of our work.
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