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Preface

This volume concerns the geology of China, and it
examines that concern by expositions of the stratigraphy,
the paleogeography, and the tectonics of that remarkable
country. In this sense, therefore, our aims and purposes
are explicit in the title. The senior author and his
colleagues, furthermore, do not have in mind any special
or specific audience. This volume is quite simply for
all geologists. By far the majority will be those whose
native tongue is English, or those who understand
English. Not to be overlooked, moreover, is the large
number of Chinese geologists who not only read English
but also who themselves write studies in English that
appear in publications in both their homeland and
abroad.

A constantly growing interest in the geology of China
makes likely the appearance of several books on the
subject in the remaining ten years of this century. Our
own studies date back to 1949, when the senior author
attended a course on the geology of China. From that
time to this, he, and later he and his colleagues, have
assumed, compiled and synthesized every significant
presentation in geology and geophysics, including many
written in Chinese. All four of us, additionally, have
practised petroleum geology for many years, and all have
published on a variety of subjects in that field. This
is a type of experience that has brought about an
appreciation of the vertical parameter in structure, and
more, an understanding of the special meaning of the
third dimension in geology.

In stratigraphy, we deal amply with China’s regional
patterns, from Archean gneiss more than three billion
years old, through Proterozoic deposits, and onward in
time through the Phanerozoic to the present. As few
others are likely to do, two of our contributors have
consulted twelve volumes of stratigraphy and peleonto-
logy written in Chinese in the 1950s, with the result
that important data and concepts appear in our own
compendium. All lithostratigraphic and chronostratigra-
phic systems are present at outcrop in China. While

all such systems are important, the Proterozoic column
possibly is unique in its continuous sedimentary devel-
opment and in its reference section of global rank.

In paleogeography, this volume describes and illustra-
tes first the broad distribution of Proterozoic deposits.
Succeeding descriptions and illustrations trace the ebb
and flow of shallow marine waters across China as
Phanerozoic time of more than 600 million years elapses
from the beginning of the Cambrian to the present.

In structure, this volume emphasizes the importance
of paraplatforms, platforms, geosynclines, and great
east-west zones of fracture in the Precambian, also the
effects of these early structural elements on structure
in the ensuing Phanerozoic. In the Phanerozoic itself,
north-south stress developed in the pre-Phanerozoic
continued through much of the Paleozoic. During the
Mesozoic and the Cenozoic, on the contrary, the di-
rection of stresses in many parts of the eastern half of
China swung to NW-SE and finally to WNW-ESE. Both
of these directions, and the systems of horsts and grabens
that appeared with them, constitute significant factors
in the accumulation of important deposits of oil and
gas.

We believe that this study will prove to be distinguished
by the alternatives that it offers to prevailing explana-
tions put forward in paleogeography and structure. In
paleogeography, explanations that depend on geodyna-
mic separation of Gondwana on the south from Tethys
on the north appear to us invalid on a full and careful
study of the evidence. In structure, explanations that
depend on geodynamic separation of large discrete
blocks in some cases, on an geodynamic collisions in
others, appear to us equally invalid. Cohesion, in our
view, has characterized not only China itself but also
large regions of greater Asia, through more than three
billion years of geological passage.

May 20, 1990
Maurice Kamen-Kaye
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Chapter 1

Introduction

China occupies a major area of Eastern Asia and
manifests a considerable variety of geographic and
geomorphologic forms. Within its boundaries there
flourished and developed some of the oldest civilizations
in human history. In the spheres of technology and of
utilization, the usage of metals dates back to the period
of 2000 B.C. (Yang Zunyi et al.,, 1986). Technology
continued to flourish in China through the centuries,
and before 771 B.C. Chinese engineers had accomplished
the feat of extracting hydrocarbons mechanically far in
advance of other civilizations. Primitive tools were used
to drill wells by hand (Li Kexiang, 1980). Confucius
was among those who wrote of the drilling of deep wells
for the recovery of salt brine, in the Sichuan basin of
Southwest China about 600 B.C. (Owen, 1975): at depths
of some 200 meters these wells were not only deep but
also ultra-deep for their times. Strubell (1968) presented
evidence that the drilling of a well specifically for gas
took place also in the Sichuan basin at least as long
ago as 211 B.C. Cheng Xirong (1986), in addition,
reported that the tract ‘Peaceful Miscellanea’ of the

North Song Dynasty written in 980 A.D. contains

records of oil wells drilled in today’s Yanchang County,

Shaanxi Province (Eerduos basin).

Geological observations by Chinese scholars, in ad-
dition to the above achievements in economic geology,
are recorded in Chinese literature as far back as at least
500 B.C. Needham (1959) summarized systematically all
descriptions related to geology in the early civilizations.
Of these summaries we give two examples cited by
Grabau (1924).

1. ‘Said Ma-Ka unto Wang-fan-pien: *Since I followed
you I have three times seen the Eastern Sea become
a land of mulberry trees.” written by Ke-hung, 400
A.D.

2. ‘In high mountains there are shells. They probably
occur in the rocks which are the soils of older days,
and the shells once lived in the water. The low places
became high, and the soft mud turned into hard rock.’
written by Chu-hsi, 1200 A.D.

Development of modern geology in China can be divided

into three periods: (1) pre-1912; (2) 1912-1949; and (3)

1949 to present. During the first period, with no official
institutions in China to carry out geological research
and exploration, these were conducted mainly by foreign
scientists. The first modern research in stratigraphy and
paleontology in China began with the work of Pumpelly
in the nineteenth century according to Grabau (1924).
This was followed by the famous expedition of Ferdinand
F. von Richthofen and his colleagues (1860-1872), an
expedition which laid the foundation of Chinese geology.
Five years later, L. von Loczy (1877-1880) and his team
explored many regions not covered by von Richthofen’s
expedition and thus complement it. After these initial
expeditions, several more were launched by scientists
from various countries. Prominent among these are V. A.
Obrutschew (1892-1909), Sven Hedin (1893-1908, 1929-
1933), and B. Willis and E. Blackwelder (1903-1904).

During the second period (1912-1949), Chinese ge-
ological institutions were established. In 1912 two or-
ganizations were founded under the Ministry of Agri-
culture and Commerce: the first of these two was the
section of geology that later became the Geological
Survey of China, and the second was the Geological
Institute, that was to educate geologists. Huang Jiging
(1986) briefly reviewed geological sciences in China for
this period and the next (1949 to present) in his speech
to the Geological Society of China’s 60th-year celebra-
tion in 1982. Until 1949 the number of geologists in
China did not pass a few hundreds (300 to 400), but
their accomplishments were considerable.

Since 1949 (date of the foundation of the People’s
Republic of China), geological sciences have developed
and improved both in quality and in quantity. The
number of educational and research institutions as well
as economic institutions (dealing with geology, oil, coal,
mining companies) has increased dramatically to meet
the demands of this most populous country in the world.
In the early 1980s, about 60,000 geologists were active
in geological sciences in China, a number that is likely
to grow steadily through the decade of the 1990s.
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Fig. I-1.Administrative-economic regions and provinces of People’s Republic of China.

Physical Geography

In this section we describe and discuss briefly certain
aspects of the physical features of China, using Zhao
Songgiao (1986) as our main source of information.

Area and population

China, which covers 9.6 million square kilometers (6.5
percent of the earth’s land surface) in eastern Asia, lies
between longitudes 54° North and 18° North and between
latitudes 73° East and 139° East. Its territory measures
about 5,500 kilometers east-west. The land boundary
that it shares with its neighbors measures about 22,800
kilometers in length. These neighbors are Korea to the
northeast, Soviet Union to the northeast and northwest,
People’s Republic of Mongolia to the north, Afghanistan
and Pakistan to the west, India, Nepal, Sikkim, and
Bhutan to the southwest, and Burma, Laos, and Vietnam
to the south (Figure I-1). In the east and the southeast,
marginal seas (Yellow Sea, East China Sea, and South
China Sea) separate China from Japan, Philippines,

Malaysia, and Indonesia. The total length of coastline
is about 18,000 kilometers.

China is divided into six administrative economic
regions, and these are divided additionally into twenty-
nine administrative units (Figure I-1, Table I-1; Xue
Mugiao, ed., 1982). Some authors classify Qinghai
Province and Xizang (Tibet) Autonomous Region to-
gether as a Qinghai-Xizang Plateau administrative econ-
omic region (e.g. Zhao Songgiao, 1986). In the ensuing
text, where we refer to an official administrative division,
we use capital letters (e.g. North China). For areas less
exact than the official division we use small letters. Where
we wish to designate an area not greatly different from
the official one we use the shorter of two adjectives,
e.g. ‘north China;’ for a more diffuse areas we use the
longer adjective, e.g. ‘northern China.’

China is the most populous country in the world, with
a census of 1,008,880,000 as of July 1, 1982. Although
about eighty percent of the population lives in rural
areas, urban population is increasing drastically due
mainly to emigration from such rural areas to the cities.
Most of the population at present is concentrated in



Table 1-1. Administrative-Economic divisions of China. These divisions
are shown on Figure I-1 (from Xue Mugiao, 1982)

NORTH CHINA CENTRAL-SOUTH CHINA
1. Beijing Municipality 16. Henan Province
2. Tianjin Municipality 17. Hubei Province
3. Hebei Province 18. Hunan Province
4. Shanxi Province 19. Guangdong Province
Sa. Western Half of 20. Guangxi Zhuang

Nei Monggol
Autonomous Region

Autonomous Region

NORTHEAST CHINA SOUTHWEST CHINA
Sb. Eastern half of 21. Sichuan Province
Nei Monggol 22. Guizhou Province

23. Yunnan Province
24. Xizang (Tibet)
Autonomous Region

Autonomous Region
6. Liaoning Province
7. Jilin Province
8. Heilongjiang Province

EAST CHINA NORTHWEST CHINA

9. Shanghai Municipality 25. Shaanxi Province

10. Jiangsu Province 26. Gansu Province

11. Zhejiang Province 27. Qinghai Province

12. Anhui Province 28. Ningxia Hui

13. Jiangxi Province Autonomous Region
14. Fujian Province 29. Xinjiang Uygur

15. Shandong Province Autonomous Region

North China, East China, and Central-South China.
Physiography

China’s physical features vary in type and size. Moun-
tains in China occupy about thirty-three percent of the
total area, plateaux about twenty-five percent, hills about
ten percent, basins about nineteen percent, and plains
about twelve percent. Topographic relief in China de-
creases from west to east in stepwise fashion. Average
elevation of the Qinghai-Xizang (Tibet) Plateau, 4,500
meters in the west, is followed by a region of plateaux
and basins with average elevations of 1,000 to 2,000
meters across to the Da Hinggan-Taihang-Wu line of
mountains (Figure I-2). The next step, between the Da
Hinggan-Taihang-Wu line of mountains and the coast
line, is represented by great plains whose elevation is
below 500 meters. Interestingly enough, these steps of
topography are reflected well on the map of Mohorovicic
discontinuity, for which refer to our chapter on tectonics
and structure.

The mountains in China can be grouped into four
systems: (1) the east-west mountain system (also called
latitudinal system), whose major elements are the Tian
Shan-Yin Shan-Yan Shan, the Kunlun Shan-Qin Ling
- Dabie Shan, the Tanggula Shan, the Gangdise Shan,
the Himalaya, and the Nan Ling; (2) the north-south
mountain system, which includes the Helan Shan, the
Liupan Shan, the Longmen Shan and the Hengduan
Shan; (3) the northeast-southwest and north-northeast-
south-southwest mountain system, dominant only to the
east of the north-south mountain system. The prominent
elements of this system are the Da Hinggan Ling,

INTRODUCTION 3

Taihang Shan, Wushan, and Wuyi Shan; and (4) the
northwest-southeast mountain system, examples of
which are the Altay Mountains, the Qilian Shan, and
the Xiao Hinggan Mountains.

Unusually large physiographic basins exist in central
and northwestern China (Figure I-2), and these essen-
tially are intermontane in character (e.g. Junggar, Tarim,
Sichuan).

The Qinghai-Xizang (Tibet) Plateau lies in southwes-
tern China, where it covers about 2.5 millions square
kilometers (over twenty-five percent of the total land
area of China). Elevations in the Qinghai-Xizang Plateau
average 4,000 to 4,500 meters, reason enough to call
this great area the ‘roof of the world.” Three more
plateaux lie in China, and three of them are aligned
north-south in central China; the Nei Monggol Plateau
and the Loess Plateau north of the Sichuan basin, and
the Yunnan-Guizhou Plateau south of the Sichuan basin.
The elevations of these plateaux range from 1,000 to
2,000 meters.

The plains and the lesser hills lie mainly in eastern
China.

Climate

Because of its vast area and its complex topographic
features, China experiences different and greatly con-
trasted types of climates. On the whole, however, the
Qinghai-Xizang (Tibet) Plateau exerts a most powerful
influence on climate in China.

China generally is divided into three climatic realms:
(1) Eastern Monsoon realm, (2) Northwestern Arid
realm, and (3) Qinghai-Xizang (Tibet) Frigid Plateau
realm. The eastern monsoon realm naturally is subject
to its monsoon winds, but also to decreases of tem-
perature from south to north with sharp differences in
winter, and with plentiful precipitation. The eastern
monsoon realm is subdivided further into zones such
as temperate, humid, and subhumid, warm-temperate
humid and subhumid, subtropical humid, and tropical
humid regions from north to south.

The northwest arid realm spreads from the Da Hing-
gan Ling westward to the Junggar and the Tarim basins,
and it is characterized by moderate solar radiation,
sharply different temperature between summer and win-
ter, and by low precipitation. It is subdivided into two
regions; temperate grassland, and warm-temperate and
temperate desert.

The Qinghai-Xizang (Tibet) frigid plateau realm ex-
periences low temperature (mean temperature below
0°C), high solar radiation, strong winds, and precipi-
tation that ranges from moderate in the south to low
in the north. The high peaks in this realm are snow-
capped, and permafrost is widely distributed.

Hydrology

China contains about 50,000 rivers with drainage area
greater than 100 square kilometers, and of these about
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Fig. I-2. Major physical features of China.

1,500 possess a drainage area greater than 1,000 square
kilometers. The Chang Jiang (Yangzi River), the largest,
receives waters from a drainage area of 1.8 million square
kilometers, and it flows along a total length of 6,300
kilometers.

Rivers in China divide into two large systems: inland
and oceanic. The great divide between inland (internal)
and oceanic (external) river systems in China runs
essentially northeast-southwest. Beginning at the sout-
hern end of the Da Hinggan Mountains of northeastern
China, this divide passes through the Yan Shan, Helan
Shan, eastern Qilian Shan, Bayan Har, Nyaingentanglha
and Gangdise mountains. The inland system, thirty-six
percent of the total land area of China, lies mainly in
Northwest China and in the northwestern area of the
Qinghai-Xizang Plateau, with only a few perennial rivers.
All inland rivers flow into saline inland lakes, or die
away in sandy deserts or salt marshes. The inland river
system in China is subdivided into four drainage areas:
(1) Nei Monggol, (2) Gansu-Xinjiang, (3) Qaidam Basin,
and (4) northern Qinghai-Xizang.

The oceanic river system in China, about sixty-four
percent of the total land area of China, is subdivided
into three drainage basins: Pacific, Indian, and Arctic.
The Pacific drainage basin, the most important, accounts
for 88.9 percent of the oceanic system and 56.7 percent
of the total land area of China. A majority of large
rivers in China flow into the Pacific Ocean. Among these
are the Heilong Jiang (Jiang = River), Chang Jiang,
Huang He (Yellow River; He = River), Zhujiang, and
Yuan Jiang (Red River).

The Indian drainage subsystem occupies 10.3 percent
of the total oceanic system and 6.5 percent of the total
land area of China. Rivers flowing into the Indian Ocean
come from upper reaches in China, and these are the
Nu Jiang (Salween), the Yarlung Zangbo (Brahmaputra
River), and the Shiquan (Indus River).

The arctic subsystem in China contains only one large
river, the Ertix River, in the northern Junggar basin
of Northwest China. The Ertix River is tributary to the
Ob River which itself flows into the Kara Sea of the
Arctic Ocean.



China contains also a large number of lakes, 2,800
natural lakes each with an area greater than one square
kilometer. Total area of these lakes exceeds 80,000 square
kilometers.

Transliteration

We use two systems of romanization for the translite-
ration of Chinese words. Wade-Giles was the most widely
used system for many years, but since the 1960s, and
especially since the late 1970s, Pinyin, a more phonetic
system, has replaced Wade-Giles. In this book we use
Pinyin as much as possible, and we take geographic
names in Pinyin from the Atlas of the Provinces of the
People’s Republic of China, that is, Zhonghua Renmin
Gonghuego Fen Sheng Dituji (Beijing (Peking), Atlas

INTRODUCTION 5

Publications, 1977). Some traditional Wade-Giles names
are so well known that we attach them in parenthesis,
as in Atlas ... , cited in the previous sentence. Other
examples of this usage are: Tianjin (Tientsin), or Xizang
(Tibet). Some names could not be found on maps, and
we used whatever romanized word was available. Where
this was done the word is followed by (sic).

Locations cited in the text

We have successfully located almost all geographic
localities. In some cases, we were obliged to guess, and
our guesses are labelled with (?). Political boundaries
changed twice during preparation of this book; we hope
we have caught the most important changes, but un-
doubtedly a few have slipped through the net.



Chapter 11

Stratigraphy and Paleontology

INTRODUCTION
Sources

Stratigraphy and paleontology in China enjoy the ad-
vantage of a solid foundation, particularly that created
by the pioneer studies of A. W. Grabau (Zhao, 1961).
The two volumes of Grabau’s Stratigraphy of China
appeared in 1923-1924 and 1928 respectively. Both
volumes, which present much of China’s ‘classic’ ge-
ological information, contain still invaluable references,
and they form a lasting monument to the profound
influences that Grabau himself exercised upon the ge-
ology of China. Also of great importance in the history
of China’s geology was the publication in 1939 of Li
Siguang’s (J. S. Lee) Geology of China in English.

In 1959 the Chinese National Committee of Strati-
graphy convened a symposium on the stratigraphy of
China. The twelve volumes that resulted from this
symposium appeared in 1962, and these constitute the
first significant contributions to the stratigraphy and the
paleontology of China since Grabau’s time. The author
of each volume was a leading Chinese authority (or
authorities) on a specific aspect of China’s stratigraphy
and paleontology. Together, these volumes provide a
fund of knowledge that is basic to the geology of Asia,
and they also provide a tribute to advances in geology
within the People’s Republic of China (PRC). Because
the text of all twelve volumes is in Chinese, their material
remains almost unknown outside of China, especially
because abstracts and summaries in other languages have
not circulated (Research Group, 1962).

Each volume covers one major age group, and be-
ginning with the oldest division, covers the following
topics: (1) the regions in which rocks of each group
occur (with or without subdivision of the strata of each
age in each region, depending on the volume of know-
ledge available); (2) a standard lithostratigraphic column
for each region; (3) biostratigraphy and zones of index
fossils for each series; (4) variations of lithofacies and
environments of deposition; (5) classification of each
geologic system, and criteria for selecting its upper and

lower boundaries; (6) correlations of the lithostratigra-
phic columns in each region; (7) correlation of the
standard columns in China with those in other parts
of the world; (8) paleogeography, with or without maps;
(9) economic mineral deposits; (10) tectonics and tec-
togenesis of strata (geosynclines and platforms), inclu-
ding orogenies; and (11) discussion of other significant
subjects.

In recent years, two important series of books on
biostratigraphy have appeared.

The first series consists of three books, one each by
Hao Yichun et al. (1974), Ye et al. (1976), and Gao
and Zhao (1976). These books deal mainly with micro-
fossil zonation of the Cretaceous and with assemblages
of microfossils in the freshwater Songliao basin of
Heilongjiang and Jilin Provinces. Those by Hao Yichun
et al. and by Ye et al. deal with fossil ostracods. That
by Gao and Zhao deals principally with fossil pollen
and fossil spores.

The second series consists of six volumes that deal
mainly with lower Tertiary biostratigraphic assemblages
of microfossils and nannofossils from coastal Bohai Bay
in the eastern part of the North China basins. Hou et
al. (1979) described the foraminifera. Wang et al. (1978)
described the charophytes. Song et al. (1978a) described
the pollen and the spores. Song et al. (1978b) described
the dinoflagellates and the acritarchs. Yu et al. (1978)
reviewed the gastropods.

Additions to the two series described above are: (1)
Paleontological Stratigraphy (Fang et al., 1979); (2) An
Outline of the Geology of China (Compilation Group
of the Geological Map of China, Chinese Academy of
Geological Sciences, 1976); and (3) Paleontology in
China, 1979 (Teichert et al., 1981). Fang et al. contains
good summations of each geologic era, together with
columnar sections and figures for each geologic system,
including the Sinian interval of the Proterozoic. The
Compilation Group (1976) outlined the structural fra-
mework of China, its stratigraphic sequences, and its
igneous episodes. An English version of its outline
appeared in 1976. The volume by Teichert et al. is entirely
in English, and deals with different faunas and floras
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in China, from Cambrian through Miocene.

Beginning in 1979 and 1980, several significant re-
gional works appeared, among them Han and Yang’s
(1979, 1980) Coal Geology of China, Huang Jiging et
al. (1980) The Geotectonic Evolution of China, Wang and
Liu (1980) Historical Geology of China, and Wang
Shangwen’s (1983) Petroleum Geology of China. In 1986,
Yang Zunyi et al. Geology of China appeared, the first
such book in the English language since J. S. Lee’s (Li
Siguang) classic work in 1939. These are but five of
more than 30 major works that have appeared within
the last ten years.

Symbols

In this book, symbols used for the ages of strata, and
for groups and formations, are of two types. Letters
represent the major divisions of the Precambrian and
the major divisions of the Phanerozoic (Table II-1).
Subordinate numbers represent subdivision. For exam-
ple: D, refers to Early Devonian rocks; D, to Middle
Devonian rocks; and D, to Late Devonian rocks.

PRE-SINIAN
General (Tables II-2 and 1I-3)

The traditional pre-Sinian complexes of China (Com-
pilation Group, 1976; Fang et al., 1979; Wang and Qiao,
1984) include Archeozoic (Archean) and lower Prote-
rozoic metamorphic rocks, igneous intrusions, volcanic
rocks, and some sedimentary strata. These yield radio-
metric ages that range from almost 3,200 Ma to 1,800
or 1,700 Ma. Other pre-Sinian rocks include a thick

Table II-1. Letter abbreviations for Pre-Cambrian stratigraphic Divi-
sions and Phanerozoic Geologic Systems

System Letter (s)

Archean (Archeozoic) Ar
Proterozoic
Sinian
Cambrian
Ordovician
Silurian
Devonian
Carboniferous
Permian
Triassic
Jurassic
Cretaceous
Tertiary
Paleogene
Neogene
Quaternary

OZ;{:%_‘OHH'UOUWOQNE

a In some cross sections prepared by the Ministry of Petroleum
Industry and other petroleum-oriented groups, the letter ‘E’ is used
instead of ‘Pg’.

middle and upper Proterozoic section (1,800 to 850 Ma),
formerly placed in the Sinian by Grabau (1923-1924).
The section younger than the interval 1,800 Ma to 850
Ma, known generally as the Sinian suberathem, has been
informally named the ‘Jidong sequence’ by Huang Jiging
(1984). Wang and Qiao’s (1984) English-language sum-
mary presents the major changes and revisions made
in recent years, some of them for the purpose of
correlating Chinese sections more easily with those in
other parts of the world. A major treatise on the
Precambrian of China appeared in 1985 (Chen Jinbiao,
comp., 1985), valuable because a great deal of petroleum
formed and accumulated in the Precambrian itself.

Table II-2. Chronostratigraphic subdivision of the Pre-Cambrian and the Pre-Cambrian tectonic stages (from Wang and Qiao, 1984)

ERA AND TECTONIC OROGENIC GEOLOGICAL SCHEME (PRECAMBRIAN
SUB-ERA PERIOD STAGES MOVEMENTS EVENTS SUBCOMMISSION 1982)
= l~~ XINGKAIAN —~~— FORMATION OF — CAMBRIAN
§| EARLY MOST MEDIAN
PALEOZOIC CAMBRIAN
5 CALEDONIAN MASSIFS b—— 570
600 2l srace EDIACARAN
UPPER SINIAN w | CHENGJIANGIAN 700
PROTEROZOIC 800 JINNINGIAN—~~— FORMATION OF — CRYOGIAN
QINGBAIKOUAN YANGZI 900
1,060 PLATFORM RIFTIAN
JINNINGIAN [~ 5 1BAOAN ~] 1,200
MIDDLE JIXIANIAN UNDESCRIBED
1,400 = 1,400
PROTEROZOIC el STAGE EUKARYOTIAN
1AN 1,600
CHANGCHENG < o800~
1,850 2 LULIANGIAN-~} FORMATION OF 1,800
I (ZHONGTIAOAN) |N. CHINA AND TARIM
w - OROGENIAN
LOWER HUTUOAN 2 | LuuaNGIAN PROTOPLATFORMS A
PROTEROZOIC 2,300 STAGE [~ WUTAIAN —~~
WUTAIAN FERRIAN
2,800 FUPINGIAN «~~- FORMATION OF 2,500
ARGHAEN FUPINGIAN | §, CONTINENTAL
3,100 o NUCLEI
LOWER < | FUPINGIAN
ARCHEAN QIANXIAN | & ARCHEAN
3.800— & STAGE
w
<—————— HADEAN g
4,500

From Wang and Qiao (1984)
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Terminologies used for the Precambrian are shown on
Tables I1-2 and II-3.

Distribution

Archeozoic and pre-Sinian Proterozoic complexes occur
mainly in three parts of China - the northeastern part,
the southeastern, and western China (Research Center,
1962; Figure I1-1). The western outcrops are separated
from those of the northeast and the southeast by a line
of five north-south mountain ranges in Ningxia Huizu

Autonomous Region and in the provinces Gansu,
Shanxi, Sichuan, and Yunnan. In north-to-south order,
these ranges are the Helan Shan, Liupan Shan, Longmen
Shan, Hengduan Shan, and Ailoa Shan (Figure I-2).
Northeastern and the southeastern China generally are
separated by a series of east-west ranges, approximately
on strike. These extend from the Kunlun Shan and Qilian
Shan on the west through parts of the provinces of
Shaanxi, Henan, Hubei, Anhui, and Zhejiang. In order,
from west to east, these are the Huaiyang Shan, Qin
Ling, Dabie Shan, and Huang Shan (Figure I-2).

The most extensive exposures lie in the northeast.

Fig. II-1. Distribution map of pre-Sinian outcrops of East China.



Exposures in the west thus are more limited in com-
parison. The least extensive exposures occur in the
southeast (Figure II-1). Outcrops of the northern tier
of China belong mainly to the Tian Shan tectonic belt
on the west and to the Kunlun Shan-Qin Ling tectonic
trend from west to center, as well as to the intervening
folded uplift.

Wang and Qiao (1984) recognized the same three areas
as the Research Group (1962), but subdivided them
further into ‘domains,” according to the stratigraphy.
Thus domain I (Figure III-1) is the northern (Siberia-
Mongolia) continental domain (Ia = Junggar-Altay
superregion, and Ib = the Hinggan-Nei Monggol su-
perregion); II is the North China continental domain
(ITa = Northwest China superregion; IIb = North China
superregion); III is the South China continental domain
(Yangzi superregion); IV is the southern (Gondwana)
continental domain (Xizang or Tibet superregion); and
V is the Southeast China continental margin domain
(Southeast superregion). The Precambrian basement
below these is shown in Figure I1I-1 together with the
major structural elements. We shall note the essential
contiguity and continuity of China by the late Prote-
rozoic.

Table II-2 is a chronostratigraphic correlation chart
that also shows the tectonic stages of the Chinese
Precambrian. Table II-3 presents more detail, region
by region, of the Archeozoic (Archean), lower Prote-
rozoic, middle Proterozoic, and most of the upper
Proterozoic (pre-Sinian) of China.

Definition of Pre-Sinian

Baron von Richthofen (1882, 1912) invoked China (=
Sino) in naming the Sinian System, and assigned to it
all unfossiliferous sedimentary rocks between the un-
derlying, metamorphosed, and intruded Wutai Group
and the next higher major unconformity in the section
- generally above the Ordovician. Thus, as defined
originally, the Sinian was a Precambrian to early Pa-
leozoic unit.

Willis and others (1911 - 1913) restricted the name
Sinian to Cambro-Ordovician formations, but Grabau
(1920) assigned all unmetamorphosed, or only mildly
metamorphosed section above the Wutai and below the
Cambrian to the Sinian. Although Grabau assigned the
section that he called Sinian to the Paleozoic, Grabau’s
usage continued until the 1950s, after which detailed
mapping and successive refinements resulted in a gradual
reduction of the Sinian, first from the base of the
Changchengian to the base of the Cambrian, and later
to the post-Qingbaikouan section (Table I1-2; Lee, 1939;
Chang Da, 1959 (Chang Ta, 1963); Research Group,
1962; Liu Hung-yun et al., 1973; Compilation Group,
1976; Fang et al., 1979; Wang and Qiao, 1984).

The Sinian has been called ‘Eocambrian,” but today
most geologists would assign the Sinian to the Prote-
rozoic, and they would correlate it with the Vendian

STRATIGRAPHY AND PALEONTOLOGY 11

System of the U.S.S.R. Rocks dated 1,800 to 1,700 Ma
to 850 Ma that formerly comprised the basal unit of
Grabau’s Sinian have been called the Jidong sequence
by Huang Jiqing (1980; see Table I11-1).

Type Section

Like their Western and Japanese counterparts, Chinese
geologists customarily establish type sections for each
unit and succession of units within a region. Unlike
geologists in Western countries, however, Chinese geo-
logists have established type sections not only for for-
mations and groups, but also for whole systems. The
type sections for the systems consist of composite sec-
tions for one geologic province and obviously cannot
be extrapolated into other geologic provinces (e.g. a
platformal section cannot be extrapolated into a geo-
synclinal section). We present some of the type sections
of China, especially those that are important to petro-
leum exploration. We omit illustrations of all other type
sections.

Chinese geologists have established no type section
for the oldest rocks in China, the lower Archeozoic.
Archeozoic rocks, however, have been recognized for
more than 100 years, and they were described and named
by von Richthofen (1882, 1912). Wherever found, they
consist of strongly metamorphosed and severely defor-
med gneisses (including hypersthene gneiss) and granu-
lites. Their upper age limit is about 3,100 Ma (dated
at 3,145 Ma in eastern Liaoning Province: Compilation
Group, 1976), and an unconformity separates the lower
Archeozoic from the upper (Table I1-2).

The upper Archeozoic Fuping Group (Table II-2) and
its equivalents overlie the lower Archeozoic, and ranges
in age from approximately 3,100 to 2,600 Ma. The
Anshan Group is a partial equivalent. The Fuping
consists of gneiss, amphibolite, and granulite. In some
localities, light-red or pink granitic gneiss and thick
sections of amphibole-chlorite schist predominate (Aca-
demia Sinica, 1958; Compilation Group, 1962; Fang et
al., 1979). An unconformity everywhere separates the
Fuping from younger rocks. The type section for north-
ern China is in the Wutai Shan and the Taihang Shan
of northeastern Shanxi Province and western Hebei
Province respectively. Figure II-2 is a generalized sum-
mary of the type section, the location of which appears
on Figure II-1.

In North China and Northeast China, consolidation
of the basement took place at the close of the early
Proterozoic (Sino-Korean, or North China platform).
Hence the basement consists here of Archeozoic and
lower Proterozoic rocks. Its type section, also shown
on Figure 11-2, lies just west of the Wutai Shan on the
Shanxi Plateau.

The Wutai is well exposed on the Shanxi Plateau, in
the Wutai Shan, and in the Taihang Shan (Wang and
Qiao, 1984). It consists of 5,000 to 6,000 m of granulite,
ampbhibolite, various kinds of schist, and taconite (bed-
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Fig. I1-2. Composite stratigraphic column of pre-Sinian in the area of Wutai Shan-Taihang Shan, North China (from Fang et al., 1979).

ded iron formation = BIF type). On the Shanxi Plateau,
the unit originally included only a sequence of spilite
and ophiolite in greenstone metamorphic facies. The
equivalent section is widely exposed in the great uplifted
blocks of northern China from the Kunlun Shan and
Tian Shan on the west, to the Yin Shan and the Qin
Ling on the east. In addition to spilite and ophiolite,
the metamorphic sequence includes thick units of ori-
ginally clayey rocks associated with the ophiolite (now
metaophiolite). The present rocks consist of the medium-
to low-grade metamorphic varieties; hence, migmatite
and granitized rock are scarce. Locally, magnesian
marble and ferruginous quartzite are strongly developed,
and these form the Anshan-type, or banded, iron ores
of China, best known in Liaoning Province of Northeast
China (Chang Da, 1959; Compilation Group, 1976; Fang
et al., 1979). These banded ores occur mainly in the
middle and upper parts of the Wutai.

The Hutuo Group of the same region, generally
believed to postdate the Wutai, also belongs to the early
Proterozoic and is divided into three units: a lower

terrigenous-clastic unit with marble; a middle argilla-
ceous unit with basal metabasite and stromatolite-bear-
ing rocks in the middle and upper parts; and, uncon-
formable on the lower units, an upward-coarsening
(reversed) molasse unit that formed after an early pulse
of the Luliang orogeny (Figure II-2 and Table II-3).
These units were first recognized by Fang et al. (1979),
who noted that the lower unit contains uraniferous and
auriferous conglomeratic beds; the stromatolites of the
middle unit contain magnesian carbonate. Intrusions of
granite and pegmatite are common in the lower and
middle units. An angular unconformity, dated appro-
ximately 1,850 Ma, lies at the top, and is extensive in
China (Table II-3).

Some Chinese geologists recently have challenged the
traditional interpretation (adopted in this book) shown
on Figure II-2, and have suggested that the Hutuo and
Wautai are partly or wholly equivalent. We mention this
dispute only to emphasize the many uncertainties that
exist in old long-standing interpretations.

In southern China, an equivalent of the Hutuo forms



part of the basement. This equivalent consists of pla-
giogneiss and amphibolite below the Sinian in the Yangzi
Gorges; in central Yunnan Province, a correlative unit
is a sequence of alternate beds of metavolcanic and
metasedimentary rocks. The equivalent unit in North-
west China is believed to be widespread, as it is in the
Qinghai-Xizang Plateau (Wang and Qiao, 1984; Chang
and Pan, 1984; Zhang et al., 1984). In the Qinghai-Xizang
Plateau, we believe that an important and large stable
Precambrian block is present, contrary to the conclusions
of Huang Jiqing (1978) and Huang Jiging et al. (1980).

The middle and upper Proterozoic consists, from base
to top, of the Changcheng, Jixian, and Qingbaikou
Groups which Wang and Qiao (1984) show as chro-
nolithologic units or stages (Table II-3). These three
units are well developed in Jixian County, Hebei Pro-
vince, where the type section of North China is located
(Figure II-3). The middle and upper Proterozoic on the

STRATIGRAPHY AND PALEONTOLOGY 13
Sino-Korean (North China) platform reaches a thickness
of 10,000 m and occurs in two basins.

The Changcheng contains five formations (Figure II-
3). The lower, limited in extent, appears fluviatile,
littoral, and/or restricted marine; the second and fourth
formations contain alkali volcanics (Chuanglinggou and
Dahongyu) and transgressive carbonates (Gaoyu-
zhuang). The Jixian consists of a thick continuous
sequence of carbonate rocks, some showing turbulent
and slump structures. The Qingbaikou, formed on a
stable platform, includes three formations. Additional
details appear on Table II-3 and Figure II-3 (Compi-
lation Group, 1976; Fang et al., 1979; Wang and Qiao,
1984).

In southern China, the middle and upper Proterozoic
sections, preserved in three different areas, are repre-
sented by different sedimentary facies. One of these is
the Shennongjia Group (Table II-3). Its type section
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(by)|_athem Group tion |Section| Ne3S Major lithology Major Fossils deoosits Australia
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Fig. II-3. Stratigraphic column of Middle-Upper Proterozoic in Jixian County, Hebei Province, North China (modified from Fang et al., 1979

and Compilation Group, 1976).
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Metamorphosed siltstones,
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Fig. II-4. Stratigraphic column of Kunyang Group, Middle Proterozoic in eastern Yunnan Province, Southwest China (modified from Fang et al.,

1979 and Compilation Group, 1976).

(in the northern interior, on the uplift of the same name)
consists mainly of carbonate with terrigenous clastic
intercalations of Changchengian and Jixianian ages. At
the top is a molassic unit (equivalent to the Qingbai-
kouan).

A second assemblage of facies, called the Kunyang
Group, crops out in eastern and southeastern Yunnan
Province and in western Guizhou Province. The Ku-
nyang Group (Figure 1I-4) consists of phyllite, slate,
quartzite, schist, and red sandstone, which are inter-
calated with limestone lenses. Its thickness ranges from
2,000 to 10,000 m.

A third assemblage of facies, with various names in
Table II-3, is well exposed for a distance of about 1,000

km along the Jiangnan uplift in the southeastern part
of the Yangzi platform. The sequence of this assemblage
extends from the border area between Anhui and Zhe-
jlang Provinces, through northern Jiangxi Province and
northern and western Hunan Province, and terminates
in northern Guangxi Zhuang Autonomous Region and
southeastern Guizhou Province. The exposed sections
show well-developed zones of parallel facies. These are
typically eugeosynclinal low-grade metamorphosed vol-
cano-sedimentary sequences, with an aggregate thickness
of more than 20,000 m (Guo et al., 1984; Huang Jiqing,
1984; Lee, 1984; Wang and Qiao, 1984; Zhang et al.,
1984).

Middle and late Proterozoic sections crop out exten-



sively in the Tian Shan, Kunlun Shan, Qilian Shan, and
Alxa massif in Northwest China. The Quruktagh section,
north of the Tarim basin, is well studied, and consists
of immature terrigenous clastics (Changchengian) in the
lower part, mainly carbonate (Jixianian) in the middle,
and littoral terrigenous clastics (Qingbaikouan) at the
top (Wang and Qiao, 1984).

On the Qinghai-Xizang (Tibet) Plateau, the Precam-
brian is poorly known, the only exception being the
region of the High Himalayas adjacent to Nepal, India
and Bhutan. Numerous large areas (on both the Lhasa
block and the Qiangtang block) are known, however,
where Pre-Cambrian is overlain unconformably by Late
Campbrian to Ordovician and younger marine platformal
strata (Chang and Pan, 1986).

A generalized paleogeographic map of the Middle and
Upper Proterozoic, from Wang and Liu (1980) is shown
as Figure II-5. The large blank areas of the Qinghai-
Xizang Plateau contain scarcely-studied Precambrian
rocks.

Magmatic Activity

The intensity of magmatism and of crustal movements
differed from place to place and at different times during
the pre-Sinian. In general the magmatic intrusions in
southern China are more extensive in Middle to Late
Proterozoic rocks; they consist, moreover, of types
associated with tectonic belts. In the northern areas of
China, magmatism associated with tectonic belts is less
prominent. In the northeastern areas of China, this type
of association does not exist at all. The Compilation
Group (1976) recognized six magmatic episodes belong-
ing to the Pre-Sinian.

Early Fuping Intrusive Episode

Several Archeozoic silicic intrusives thought to belong
to the Fuping episode (2600 Ma) have been dated as
early or pre-Fuping (3100 Ma). The extent of these
ancient rocks is still unknown.

Fuping Intrusive Episode

Intrusives of the Fuping orogeny include granites, peg-
matites, mafic rocks, and ultramafic rocks; some of the
granites are partly migmatized.

Wutai Intrusive Episode

This is the earliest of the Proterozoic magmatic events.
Intrusions include granite, pegmatite, diorite, and some
mafic rocks. These intrusives occur in most of China
except for areas of the northeast and western Shandong
Province.
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Luliang Intrusive Episode

These intrusives include the pegmatite dikes of the Wutai
Shan and Taihang Shan, the Lianshanguan granite, the
Gongzhangling granites of the Liaodong Peninsula of
Liaoning Province, and some granites of the Longshou
Shan in Gansu Province. Numerous pegmatites are
present in the Daqing Shan and the Yan Shan.

Sibao Intrusive Episode

This episode is characterized by both silicic and alkaline
intrusives. In North China the silicic rocks include
oligoclase rapakivi granites (wiborgites) near Beijing,
and pegmatites of the Wutai Shan and the Luliang Shan,
both in Shanxi Province. In Central-South China (nort-
hern Guangxi Zhuang Autonomous Region), the igneous
rocks consist of ultramafic and mafic associations with
diorite. These alkaline rocks intrude the lower part of
the middle Proterozic, and are overlain unconformably
by its upper part.

Jinning Intrusive Episode

This is part of the Jinning tectogenesis, with radiometric
dates of about 1,000 Ma, about 900 Ma, and 800 +
50 Ma. In this episode the magmatic intrusions lie
unconformable beneath the Sinian (S.S.). In Central-
South China, granitic and other intrusives characterize
the Jinning episode. In North China they are less
abundant. In Northeast China they are scarce. The Sinian
unconformably overlies all of these silicic rocks.

In Central-South China, strong crustal movements
produced rugged topography and downfaulted basins.
In North China, where tectonics were moderate, a
general regression of marine waters took place, accom-
panied by local erosion.

SINIAN

Chinese geologists assign the Sinian System, both sensu
lato (s.1.) and sensu stricto (s.s.) to the Proterozoic. Sinian
s.s. indicates Late Proterozoic (850 to 570 Ma), Sinian
s.l. indicates middle and later Proterozoic (1,400 to 600
Ma; Compilation Group, 1976). As noted above, the
attribution of Sinian has been restricted to rock sections
from 850 to 800 Ma at the base to 600 to 570 Ma at
the top. These Sinian s.s., sections comprise the highest
and youngest system of the Proterozoic (Table 11-2;
Wang and Qiao, 1984; Xing Yusheng, 1984).

Sinian s.s. applies also to a thick sequence of unme-
tamorphosed to slightly metamorphosed carbonate and
terrigenous-clastic strata, mainly in marine facies. Vol-
canic rocks and presumed glacial beds also are present.
The type section of the Yangzi Gorges in northwestern
Hubei Province (Figure I11-6), with an extension wes-
tward into eastern Sichuan Province, was designated,
measured, and described by J. S. Lee (Li Siguang) and
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Fig. II-5. Paleogeographic and lithofacies map of Middle Proterozoic, China.
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and which belong to the Sinian s.l., which, in this work,
we do not place in the Sinian. Instead, we follow Wang
and Qiao (1984) and Xing Yusheng (1984).
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Distribution and Facies

Sinian rocks crop out widely in northern areas of China
and in southeastern China, as well as in the mountains
of western China. In northern areas of China, the Sinian
crops out mainly along the borders of the Sino-Korean

(North China) platform (Figure 1I-7). In eastern Lia- "

oning Province (Figure II-7), the section ranges in
thickness from 2,200 to 4,350 m, and consists of littoral,
neritic terrigenous-clastic, and carbonate lithofacies,
many of whose units are rich in micro- and megascopic
algae, stromatolites, and soft-bodied metazoans. Some
units are rich in organic carbon and probably contained
good source rocks for petroleum, as does the Proterozoic
in many parts of China. The Sinian is divided into an
Upper and Lower series (Table 11-4). In eastern Liaoning

Province, the Lower series includes two formations of
grayish-white to white quartz sandstone, arkosic sands-
tone, glauconitic sandstone, and grayish-green to
grayish-brown siltstone and shale. The Upper series
consists mainly of gray, dark-gray, and purplish-red
marl, stromatolitic limestone, dolomite, and some shale
in the lower part and of yellowish-brown to gray
sandstone, siltstone, shale, and limestone in the upper
part. The Sinian is conformable on older rocks, but
unconformable below the Lower Cambrian. In northern
Anhui Province, the section is thinner; the Lower series
includes a small amount of limestone; and the Upper
series consists mainly of carbonates that contain some
chert.

In southern to southeastern areas of China, the
lithologic description of the Yangzi Gorges section

Fig. II-7. Outcrop distribution map of Sinian System in North China and northern South China (from Fang et al., 1979).
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(Figure 11-6) is generally applicable to other parts of
the Yangzi Platform. Thickness ranges from 1,000 to
3,000 m. Tillite and glaciofluvial beds are omnipresent.
Lava flows appear in the basal part of the Lower series
in western Sichuan Province, and somewhat higher
(upper part of the Lower series) in southern Anhui
Province. Bone coal, or sapromyxite, is common, and
is mined for use as a fuel, especially for thermal power
plants. Thin-bedded chert is common in the upper part
of the section. The lower contact generally is uncon-
formable; the upper contact is gradational or slightly
disconformable with the Cambrian. Fossils are abun-
dant.

The Sinian of western areas of China, well exposed
along the northwestern and northeastern margins of the
Tarim basin lies unconformably on all older units, and
is disconformable with overlying phosphate-bearing Lo-
wer Cambrian (Table 1I-4). The Lower series here
consists of about 2,000 m of grayish-green sandy shale,
siltstone, sandstone, and conglomerate. The Upper series
contains in its lower part a section, 300 to 900 m thick,
of sandstone, siltstone, sandy shale, tuff, and terrestrial
lavas (extruded either subaerially or on a shallow sea
floor). The upper part of the Upper series consists of
160 to 350 m of massive dolomite, oncolitic dolomite,

and minor siltstone. Microflora is abundant throughout.

In the Kuruktag (tag = mountains) of the easternmost
Tarim basin north of Lop Nur, the Sinian, exceptionally
thick, ranges from 3,000 to 8,000 m (Table I11-4). Within
the Lower series are three separate glacial (diamictite)
units interbedded with thick terrigenous clastics and
volcanic rocks (bottom two thirds of the Sinian). The
upper third (= Upper series) comprises mainly a thick
section (1,000 to 2,000 m or more) of carbonates (Huang
Jiging, 1978; Wang and Qiao, 1984; Zhang et al., 1984).

In eastern and southeastern Yunnan Province, the
Sinian consists of molasse-type sandstone and glacioge-
nic red conglomerate (Lower series), 250 to 2,500 m
thick; and of oolitic and cross-laminated dolomite,
bituminous limestone, siliceous limestone, and birdseye
dolomite, 600 to 900 m thick (Upper series). The Lower

. (Chengjiang) and Upper (mainly Dengying) series are

separated by an unconformity (Table 11-4; Li, 1984,
Wang and Qiao, 1984). Beds of gypsum and halite,
common on the Sichuan platform (Sichuan basin) just
east of the Yunnan fold belt (Liu Hung-yun et al., 1973),
form seals for Sinian gas reservoirs. Sources of the gas
in the Sinian carbonates of the Dengying Formation
are in the Sinian itself.

A generalized paleogeographic map of the Sinian is
presented on Figure I1-8.

Fig. 1I-8. Paleogeographic and lithofacies map of Sinian, China.



Magmatic Activity
Changjiang Intrusive Episode

This episode, with a radiometric date of about 700 Ma,
included moderate tectogenesis in Central-South China.
Granite and other intrusive rocks are found at the
disconformity between Zz, and Zz,.

Post-Changjiang

Post-Changjiang deposits contain diamictites, and from
these has arisen an inference of extensive glaciation in
the late Sinian. On this inference, glaciation took place
in Central-South China, in the southern part of North
China, and in the Tian Shan of Northwest China. The
radiometric date of this episode is 700 to 600 Ma. A
smooth and flattened topography emerged. Transgres-
sion of marine waters followed, as evidenced by the rich
biota of Zz; and Zz,. Erosion took place in North China
(Fang et al., 1979).

The end of the Sinian is marked by unconformities.
In North China, unconformity is associated with mo-
derate crustal movement. In Central-South China, un-
conformity is associated with a regression of marine
waters.
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PALEOZOIC

General

Paleozoic sequences are well developed and widely
distributed in China. Richly fossiliferous marine deposits
predominate in the lower Paleozoic. In contrast, cont-
inental non-marine sedimentary rocks are much more
conspicuous in the upper Paleozoic.

The Compilation Group (1976) divided the Paleozoic
of China into three tectonic belts and eight sedimentary
regions (Figutre II-9). The three tectonic belts are: (1)
the Northern Tectonic belt (Junggar-Hinggan), and the
north of the Tian Shan and the Yin Shan; (2) the Middle
Tectonic belt (Tarim-North China), between the Tian
Shan and the Yin Shan on the north and the Kunlun
Shan and the Qin Ling on the south; and (3) the Southern
Tectonic belt (Qinghai-Xizang-Central-South China),
south of the Kunlun Shan and the Qin Ling. The eight
sedimentary regions (Figure II-9) are: (1) Junggar-
Hinggan; (2) Tarim; (3) North China; (4) Kunlun-Qilian-
Qin Ling; (5) Xizang (Tibet)-West Yunnan; (6) Yangzi
(Yangtze); (7) Southeast; and (8) Himalayas.

CHINA
—s0° X1ZANG - QINLING .
_ WEST
h YUNNAN
YANG2ZI
HIMALAYA )
— 200 A SOUTHEAST
>'"';ﬁ CHINA
q ¢ g P 20°-
A VIET e ™
NAM
90° 100° A 110° 120° 130°

[ ! | 1 \

Fig. II-9. Paleozoic sedimentary regions of China (from Compilation Group, 1976).
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Junggar-Hinggan

This region (Northern Tectonic belt) stretches across the
whole of northern China along latitudes north of the
Tian Shan, the Yin Shan, and the drainage basin of
the Songhua Jiang. Among its geographic features are
the Junggar depression of Xinjiang Uygur Autonomous
Region in Northwest China and the mountainous Da
Hinggan Ling (Great Khingan Range) of northeastern
Nei Monggol Autonomous Region and western Heil-
ongjiang, Jilin, and Liaoning Provinces in Northeast
China. Marine waters invaded this region from the north,
and their deposits were thick and complex. Scattered
outcrops of lower Paleozoic strata consist mainly of
slightly metamorphosed marine terrigenous-clastic
rocks, with intercalated carbonates and terrigenous cla-
stics. A facies change in the Upper Silurian brings
purplish-red terrigenous-clastic strata into the lower
Paleozoic column. The lower Paleozoic fauna consists
chiefly of pelagic agnostid trilobites, archaeocyathids,
graptolites, and brachiopods. Studies made in the 1970s
suggest that the so-called ‘Bei Shan complex’ of western
Gansu Province belongs mainly to the Ordovician and
the Silurian.

The upper Paleozoic consists mainly of marine to
paralic strata. Present is an abundant benthos of bra-
chiopods and corals of the Boreal Pacific realm, as well
as an Angaran (northern) flora. Other constituents of
the column are terrigenous-clastic and pyroclastic rocks.
The Upper Devonian is extensive, with continental to
littoral deposits. In contrast, the Upper Permian consists
mainly of continental strata with an Angaran flora,
although with local interbeds of marine strata.

Tarim

In this region of the Middle Tectonic belt, Paleozoic
rocks crop out around the margins of the Tarim basin
and along the northern slopes of the western Kunlun
Shan, both in southwestern Xinjiang Uygur Autono-
mous Region. In both areas the column is relatively
complete. The Cambrian to Middle Ordovician consists
mainly of carbonates and terrigenous-clastic strata in-
tercalated with volcanic rocks. The Lower Cambrian
consists of phosphatic carbonaceous shale, silicilith, and
limestone, with a rich benthos of trilobites and brachi-
opods; cephalopods also are numerous. Parts of the
Silurian and the Devonian contain neritic to littoral red
sandstone and shale interbedded with limestone. The
Carboniferous and Lower Permian consist of paralic
carbonates, sandstone, and shale, locally with beds of
coal. The upper Permian consists of continental clastics.

North China

This region covers a large area, bounded on the north
by the Yin Shan, on the south by the Qin Ling and
the Huang He (Yellow River), and on the west by the
Helan Shan. Parts of the Silurian, Devonian, and Car-

boniferous are absent. The Cambrian and the Ordovician
consist mainly of neritic limestone and dolomite, inter-
calated with sandstone and shale. In the western part
of Shandong Province and in the Yin Shan of Nei
Monggol Autonomous Region, relatively complete and
richly fossiliferous columns contain type sections of the
Cambrian and the Ordovician for China. Benthic tri-
lobites of the Cambrian are so abundant that they yield
a total of nineteen fossil zones. During the 1970s, beds
with the trilobite Paleolenus were discovered in the
middle lower Cambrian Tsanglangpu Formation across
wide areas of North China, as well as in the southern
part of Northeast China. Above the Cambrian, actino-
cerid cephalopods characterize the Ordovician. The
Middle and Upper Carboniferous and the Permian of
the Taiyuan and Ningwu areas of central and northern
Shanxi Province, respectively consist mainly of continen-
tal terrigenous clastics interbedded with marine lime-
stones and volcanics. In the Upper Permian, a rich
Cathaysian flora is present.

Kunlun-Qilian-Qin Ling

This region also is part of the Middle Tectonic belt,
and its Paleozoic deposits are thick and widespread. The
lower Paleozoic column consists mainly of slightly me-
tamorphosed marine carbonates and terrigenous-clastic
strata interbedded with volcanic rocks. The upper Pa-
leozoic sequence consists of paralic deposits. The Upper
Devonian and the Upper Permian consist of continental
deposits with plant remains. The Paleozoic of this region
attains an aggregate thickness of 10,000 to 20,000 m.

Xizang (Tibet)-West Yunnan

This region west of the Jinsha Jiang (Jinsha River) lies
within the Southern Tectonic belt. There the lower
Paleozoic part of the column lies mainly in western
Yunnan Province. The Cambrian consists of a thick
sequence of flysch and flyschoid deposits. The Ordo-
vician and the Silurian include both graptolitic shale
and shelly limestone rich in cephalopods and corals.
Graptolites also occur in the shelly facies. From western
Yunnan Province, the fossiliferous Cambrian and Or-
dovician continue northwestward into eastern Xizang
(Tibet) Autonomous Region. Devonian, Carboniferous,
and Permian, widespread through the later region,
contain a lithology mainly of marine sandstone, shale,
and carbonates, interbedded locally with extrusive vol-
canics and beds of coal.

Yangzi (Yangtze)

This region also lies within the Southern Tectonic belt,
and the development of its Paleozoic column is much
more complete than in many parts of China. The
Cambrian and the Ordovician consist mostly of neritic
limestone, sandstone, and shale. The basal Cambrian
faunas contain abundant trilobites, hyolithids, and ar-



chaeocyathids. The Ordovician contains cephalopods
such as Vaginoceras and Sinoceras, together with nu-
merous graptolites.

The Silurian consists mainly of graptolitic shale and
shelly sandstone. Intercalations of redbeds in the upper
part are rich in graptolites, brachiopods, and corals. The
Devonian and the Carboniferous, well developed in the
southwestern part of this region, consist primarily of
marine limestone, sandstone, and shale, locally inter-
calated with siliciliths and with volcanic rocks. These
strata, however, mostly are absent in the southeastern
part of the Sichuan basin. The Maoshan Formation of
the lower Yangzi, long placed in the Upper Silurian,
more recently has been placed largely in the Lower and
Middle Devonian, following a discovery of antiarchs
(ostracoderms).

The Permian is widespread, with a lower part in neritic
limestone and an upper part in paralic limestone and
coal. The Permian also contains the widely distributed
Emei Shan Basalt (at the boundary between Lower and
Upper Permian) in the upper Yangzi, a unit associated
with several major world-class mineral deposits (e.g.,
Panizhihua). In central Guangxi Zhuang Autonomous
Region, intermediate to silicic volcanic rocks occur.

Many taxa contribute to the rich upper Paleozoic
fauna in this region. The Devonian contains primarily
brachiopods, corals, primitive ammonoids (including the
wocklumerid ‘goniatite’ fauna), tentaculities, and fish.
The marine Carboniferous and Permian contain abun-
dant fusulinids, corals, and brachiopods, whereas the
continental Permian contains the well-known Cathay-
sian flora with Gigantopteris as its representative,

Southeast

This region southeast of the Yangzi includes the islands
of Hainan and Taiwan. Its lower Paleozoic consists of
a thick series of slightly metamorphosed sedimentary
rocks. Cambrian and Ordovician sequences of this series
contain mostly flysch and flyschoid deposits, graptolitic
beds, siliciliths, carbonaceous shale, and coal. Australian
and Atlantic taxa are associated with endemic Chinese
taxa. Devonian and Lower Carboniferous columns con-
sist mainly of paralic deposits. In the Guangxi Zhuang
Autonomous Region, Monograptus uniformis and M.
yukonesis indicate the base of the Devonian. The upper
Paleozoic is similar to that of the Yangzi region, both
in lithofacies and biotas. Upper Carboniferous and
Permian contain interbedded coal measures. On Taiwan,
crystalline limestone of the Upper Carboniferous and
the Permian contain fusulinids and corals in the lower
part of the Nanao Group.

Himalayas

This is the last of the regions within the Southern
Tectonic belt, and its Paleozoic is well developed. Re-
latively detailed studies on the northern slope of Qo-
molangma Feng (Mt. Everest) show a column mainly
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of neritic sandstone, shale, and limestone from Ordo-
vician through Permian. Among rich faunal assemblages,
that of the ‘transitional beds’ across the Silurian-De-
vonian boundary contains the monograptids Neomon-
ograptus himalayensis and Monograptus thomasi. This
same fauna occurs in western Sichuan Province, in the
western part of the Junggar basin of the Xinjiang Uygur
Autonomous Region, in Yunnan Province, and in the
Guangxi Zhuang Autonomous Region. Evidently the
fauna is widespread also in Northwest and Southwest
China, especially in deposits of the Qin Ling, the Qilian
Shan, and the Kunlun Shan.

Faunal Zones

Figures II-10 and II-11 show the major faunal zones
of the Paleozoic of China and their correlatives in other
parts of the world.

CAMBRIAN SYSTEM

Distribution and Facies

With the exception of Taiwan, northern Nei Monggol
Autonomous Region (Inner Mongolia), and the Junggar
basin of the Xinjiang Uygur (Sinkiang-Uighur) Auto-
nomous Region, the Cambrian is ubiquitous in China
(Figure II-12). Its strata are mainly marine, and they
contain rich faunas, characteristics that led Lu (1962)
to the recognition of five Cambrian ‘regions’ or sub-
provinces, each with a distinctive fauna and each with
a distinctive lithology. A later study of faunas (Lu, 1981)
suggested the existence of three Cambrian ‘realms’ of
trilobites (Table II-5). Wang et al. (1981) presented a
tabulation of Cambrian brachiopod assemblages (Table
I1-6). Huo Shicheng et al. (1989) reported on distribution
of the Cambrian bradoriida (marine small bivalve), and
on the Cambrian stratigraphic successions throughout
China. The main conclusion of their study is that during
Cambrian time, though the lithologic successions vary,
all seas were connected with each other.

We discuss briefly the five ‘regions’ described by Lu
(1962).

Northern Part of Northeast China and Southern Part of
Nei Monggol

The Cambrian sequence, about 4,000 m thick in Da
Hinggan Ling (Greater Khingan Range), consists of
partly metamorphosed carbonates. The spores in these
rocks suggest a close relationship with similar strata in
Siberia (U.S.S.R.).

North China-Southern Part of Northeast China

Here the Cambrian consists of shale, carbonates (lime-
stone and dolostone), argillaceous limestone, and sands-
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System

Series

Form-
ation

Fossil Zonation or
Representative Fossils

Correlation with
foreign countries

Silurian

Upper

Pristiograptus tumescens zone
Bohemigraptus bohemicus
Pristiograptus nilssoni zone

Pridelian

Ludlovian

Middle

S

Monograptus flexilis zone
Cyrtograptus rigidus zone
Monograptus riccartonensis zone
Cyrtograptus murchisoni zone

Wenlockian

Lower

Sy

Oktavites spiralis=
Glyptograptus
Persculptus zones

Llandoverian

Ordovician

Upper

Dicellograptus szechuanensis zone
Dicellograptus complanatus zone

Ashgillian

Pleurograptus lui zone
Sinoceras chinense (Foord) zone

Caradocian

Middle

Nemagraptus gracilis zone
Glyptograptus teretiusculus zone

Llandeilian

Pterograptus elegans. Amplexograptus
confertus, Glyptograptus
austrodentatus three zones

Lianvirnian

Lower

Didymograptus hirundo zone
Didymograptus deflexus zone
Dichagraptus separatus zone

Arenigian

Clonograptus tenellus zone
Dictyonema flabelliforme zone

Tremadocian

Cambrian

Upper

Tellerina=Calvinella zone
Quadraticephalus=-Dictyella zone
Ptychaspis-Tsinania zone

Trempealeauan

Kaolishania zone
Changshania zone
Chuangia zone

Franconian

Drepanura zone
Blackwelderia zone

Dresbachian

Middle

Damesella, Amphoton, Crepicephalina
Liaoyangaspis four zones

Bailiella, Poriagraulos abrota.
Sunaspis, Kochaspis hsuchuangensis
four zones

Shantungaspis zone

Albertian

Lower

Redlichia murakamii-
Hoffetella zone

Megapalaeolenus, Palaeolenus.
Drepanuroides. Malungia four zones

Eoredlichia. Hyolithus two zones

Wacoubian

Fig. 11-10. Fossil zonation of lower Paleozoic in China and correlation with other parts of the world.
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System|Series|Form-| Fossil Zonation or Correlation with
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B P Yabeina zone Kunaurian
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2 > Cancellina
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Py Pseudoschwagerina zone Asselian
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- C Bashkirian
o ° 3 K
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- s Namurian
g subsolana zone
. .
pu C Yuanophyllum zone Viséan
8 ™ 2 Kueichouphyllum sinensis zone
5 . Tournaisian
S C Pseudouralinia zone
1 . Etroeungtian
Cystophrentis zone
~ Yunnanella- Fammenian
g_ Dsg Yunnanellina zone
a . . .
b D, Cyrtospirifer sinensis zone Frasnian
o Stringocephalus zone .
- D¢ g P . Givetian
) Parabornharatina zone
<
< Acrospirifer houershanonensis=- e 1s
2 Ds p . . . Eifelian
Utaratuia sinensis zones
: Euryspirifer paradoxus-
'z Dy Trepezophyllum cystosum zone | Emsian
o Otospirifer daleensis zone
: Subcuspidalla trigonata zone
a - . ‘ .
o D, Euryspirifer tonkinensis-
3 Xystriphyllum nobilis zones Siegenian
o
-~ D, Orientospirifer
nakaolingensis zone
D Polybranchiaspis = Gedinian
! Yunnanolepis zones
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Fig. II-11. Fossil zonation of upper Paleozoic in China and correlation with other parts of the world.

tone. These deposits accumulated in a wide stretch of
shallow-marine waters under conditions of high energy.
Lithofacies change vertically more than laterally. Fossils
are abundant, and are related closely to Indo-Pacific
types.

Along the southeastern margin of the Eerduos basin,
Cambrian strata crop out from Lishi in Shanxi Province
to Hancheng in Shaanxi Province. At Hejin, in south-
western Shanxi Province, Zhang Wei (1983) designated
a type section with 56 genera of trilobites distributed

among 23 families. In this type section the Cambrian-
Ordovician boundary falls within an interval of dolomitic
limestone, and between the Cambrian trilobite Calvinella
and the Ordovician trilobite Aotiaspis cp. karaipsis.
Lithology and fauna suggest to us a transitional boun-
dary.

Northwest China

The Lower Cambrian consists of volcanic rocks that
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Fig. I1-12. Paleographic and lithofacies map of Early Cambrian, China.

alternate with marine deposits. The Middle and Upper

Cambrian deposits and faunas of the Tian Shan and (U.S.S.R)
of the northern part of the Qilian Shan are almost

identical with those in Central-South and East China,

whereas the faunas of the southern part of the Qilian

Table II-5. Cambrian realms of Trilobites in China (from Lu, 1981)

Shan are similar to those of North China and Siberia

Central-South and East China

The Lower Cambrian consists of medium- to fine-
grained terrigenous clastics with some siliceous and

I. Oriental Realm:

I. North China Province
A. North China~-southern East China Subprovince
B. Yangzi-Qinghai-Sichuan=Xizang Subprovince

Il. Southeast China Province
A. Jiangnan~Northwest China Subprovince
B. Zhu-Jian Subprovince

WL Transitional mixture of North China and Southeast
China Provinces

Il. Occidental Realm:
1. North American Province {or "Pacific’ Province)
il. Atlantic Province

Ill. Transitional mixture of North American Province
and Atlantic Province

. Transitional or mixed faunas

Intermediate areas between Oriental and Occidental
faunas

carbonate deposits. The Middle and Upper Cambrian

Table II-6. Cambrian brachiopod assemblages in China (from Wang

et al., 1981)

Stage

Assemblage

Upper Cambrian
Fengshan Stage
Changshan Stage

Middle Cambrian
Hsichuang Stage

Lower Cambrian
Maochuang Stage
Manto Stage
Tsanglangpu Stage
Chiongchussu Stages

Meischucun Stage

Mesonomia=-Huenella Assemblage

Eoorthis-Palaeostrophia Assemblage

Wimanella-Wynnia Assemblage

Paterina-Cambrotrophia Assemblage
Nisusia=Eoconcha Assemblage
Kutorgina-Israelaria Assemblage
Diandongia Assemblage

Ocruranus-Scambocris Assemblage
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Table II-7. Correlation of Lower Cambrian biostratigraphy in Central and Southwest China (from Yuan and Zhang, 1981)

2| Stage Zones or Western Region ] Central Region Eastern Region
H assembliages East Yunnan South Shaanxi North Guizhou North Siehuan | West Hubei
2 (West) {Chengkou)
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£ guizhouensis Zone ungwang.mlao ongmingdong ingxu .ong ihlung ung
3 o 8 Formation Formation Formation Formation
258 3| Rediichia murakamii-
£209 4
S Ewv | Hoffetella Zone
g’ < | Megapalacolenus Zone Wulongjing Tianheban Formation
L2040 Lo
Sc o Member Chingtingshan L
=71 . - - .
3 Palaeolenus Zone Shihpai Fm
Yangwangbian Yingzuiyan
Paokannia— c . . .
® Si ° Formation Formation Formation
£ ichuanolenus ZLone 5 Shuijingtuo
o
cla Metaredlichioides - § Hongjingshao Formation
o Chengkouia Zone uw
<l a S 9 °n 5 | Member
‘2 g % o| Drepanuroides Zone ES
o c
ol5|lc @ i
U | 2]:= 8| Yunnanaspis- % / Minghsingssu
_|ls]o% . g
2l co Yiliangella Zone 5 . . .
;’ =123 K. Xiannidong Formation Lianashuiiin
) Malungia Zone Formation 9 e
o
ichi iutit Formati
& 5 Eoredlichia Zone Chiungchussu Kuojiaba Niutitang ormatton
2320 t
_g ‘:3 g Parabadiella- Formation Formation Formation
Uown Mianxiandiscus Zone
Siphogonuchites— . ? Huangshandong
i Meishucun Kuanchuanpu
' Zhijintes -Sachites
2 . , Member
£ ° assemblage Formation Formation
2 o
; é;i: Anabarites=Circotheca=
Protohertzina assemblage L
Late Precambrian Tongying Formation

Table II-8. Comparison and range of important Cambrian Archaeocyathids and Trilobites of Central China and Southwest China and of

Siberia (from Yuan and Zhang, 1981)

Atdaba-
nian

Lenian

uoy
[Fowwoy
uoiw
-ojog

Ajacicyathus

Robustocyathus

Archaeofungia

Taylorcyathus

Coscinocyathus - -

Clathricoscinus

Erugatocyathus

Dictyocyathus

Protopharetra »

Archaeocyathus

Neocobboldia

Pagetia

Kootenia

Protolenids

e -
@ ? ; EQ Tsang long pu E g é
a ,:::— g¢§ Stage ° £
sc|s E,. «?
T
Ajacicyathus -
Rotundocyathus —
Archaeofungia m———
Taylorcyathus —————
Coscinocyathus e
Clathricoscinus mama—— -
Erugatocyathus —
Dictyocyathus PR SRS
Protopharetra
Archaeocyathus —
Neocobboldia J—
Pagetia
Kootenia ———
Protolenids —

section is composed mostly of thin layers of black
limestone. Faunas are more abundant above the Lower
Cambrian. Most of the taxa are planktonic (e.g., the
trilobite Agnostus, and abundant cephalopods; Chen and
Qi, 1981). A few taxa are benthic. These are closely
related.to Atlantic faunas.

Central-Southwest China

This region contains an unusually well-developed Lower
Cambrian sequence of shale, sandstone, and oolitic
limestone. During the Middle and Late Cambrian a large
marine basin formed, and this received thick deposits
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Table I1-9. Tentative correlation of Lower Cambrian of some areas of the World (from Yuan and Zhang, 1981)

China Siberia South Australia Morocco North America
Lungwangmiao No. 7 Nweo'u d’Ouriken
Stage Lenian d 'Ourmast
Bonnia-
Asrir
S Wulongjing ] Olenellus
a Subst Clastics z
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Note: Units not drawn to scale.

of dolomitic limestone, dolostone, and limestone. Ben-
thic Indo-Pacific faunas, abundant on the margins of
the basin, are less abundant in the central part. Yuan
and Zhang (1981) presented a correlation of Lower
Cambrian biostratigraphy (Table I1-7), a fauna of Lower
Cambrian archaeocyathids and trilobites (Table 11-8),
and a tentative Lower Cambrian global correlation
(Table II-9).

Also, Zhang Senqui (1989) studied the archaeocy-
athids distribution of Lower Cambrian in China and
he concluded that all the regions south of the Tian Shan-
Da Hinggan belt belong to the Oriental Realm. The
Tian Shan-Da Hinggan is considered part of the In-
termediate Realm together with the Siberian Platform.

Blank Areas

Several blank areas shown on Figure II-12 in western
China such as the Qinghai-Xizang (Tibet) Plateau, are
covered by thick sections of younger rock. Cambrian
shallow-water facies have been penetrated locally in the
Tarim basin, but is absent in other wells. The distribution
of Cambrian strata in these blank areas of western China
therefore still remains to be determined.

Type Sections

North China

As noted above, Zhang Wei (1983) designated a type
section of the Cambrian for North China at Hejin in

southwestern Shanxi Province. Another type section
(Fang et al., 1979) lies in Shandong Province (Figure
11-13). An angular unconformity separates the Lower
Cambrian from the underlying Archean, and the total
thickness of the Cambrian section is 810 m. Obviously
a long period of erosion took place after the Luliang
movement (Table II-2). Only €, (part of the upper third)
is present in the Lower Cambrian of this type section,
with purplish-red shale (containing halite pseudo-
morphs) and interbedded argillaceous limestone. In the
present Sichuan basin, evaporite beds are present (Wang
and Liu, 1980). This section and fauna are nearly
identical to equivalent sections on the Indian shield, in
Kashmir, Iran, and Oman (Wolfart and Kursten, 1974;
Wolfart, 1983).

The Middle Cambrian forms a transitional sequence
from the predominantly purple shale below to limestone
(€., €,) above and to oolitic limestone (€,) at the top.
The latter is notably rich in trilobites. The Upper
Cambrian consists of basal conglomerate and of intra-
formational edgewise limestone breccia interbedded with
thin layers of limestone and purplish-red shale. Basal
conglomerates indicate the presence of depositional hiati.
Calcareous cement has indurated the conglomerates. A
major discovery in recent years has been the finding
of a rich cephalopod fauna in the Upper Cambrian of
North China, the oldest such fauna known in the world
(Chen Jun-yuan et al., 1979a, 1979b).

Southwest China

The type section of the Cambrian in Southwest China
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Fig. II-13. Type stratigraphic column of Cambrian System in Shangdong Province, North China. Location is shown on Figure II-13 (from

Fang et al., 1979; mineral deposits after Lu, 1962).

lies in the eastern part of Yunnan Province where the
Lower Cambrian is best developed (Figure 11-14). Lu
(1962) discussed the problem of the lower boundary of
the Cambrian in this region. A thin layer below €, con-
sists mainly of dark-gray, fine-grained, terrigenous-clas-
tic strata and chert containing the enigmatic Hyolithus
with a phosphatic bed at the base. Some geologists
considered this phosphatic bed to be latest Sinian (latest
Proterozoic); others considered it Early Cambrian; still
others considered it transitional between the two. In
some areas the layer in question appears to be either
conformable or only slightly disconformable on Zz,
(uppermost Sinian). (For an excellent discussion of the
age, see Misch, 1942).

Chang (1980) also discussed the problem of the lower
boundary of the Cambrian in eastern Yunnan Province,
especially in the column exposed at Jinning (Junyang).
Below the trilobite Parabadiella there occurs a shelly
fauna with hyolithids, brachiopods, gastropods, mono-
placophorids, tommotidiids, conodontophorids, rostro-
conchidiids, and merismoconchidiids. These and other
taxa constitute the Meishucunian, an evident correlative
of the Tommotian of Siberia (U.S.S.R.). Chang placed
the lower boundary of the Cambrian at the base of the
shelly Meishucunian in the column at Jinning (Kunyang;
Jiang Zhiwen et al., 1989).

The €, and the €, divisions of the Cambrian are well
developed in Southwest China (Fang et al., 1979), from

where they wedge out gradually toward the northeast
(Figure II-12). Even in Southwest China, however, the
lower member of €, covers only a limited area. The
€, division of South-Central and East China, moreover,
and the €, division of North China, overstep the €,
onto older Proterozoic, and, in many places, onto
Archean. This relation indicates a gradual marine trans-
gression from southwest to north during the Early
Cambrian (Zhang Sengui, 1989).

Paleoecology and Paleogeography

Lu et al. (1965) published one of the most complete
studies of the paleogeography and lithofacies of the
Cambrian. His maps now are largely out of date, and
regrettably they contain numerous errors. One point,
however, is clear from his maps: the distribution of land
and sea during Cambrian time changed greatly in re-
sponse to differing types and differing amounts of crustal
movement after the close of the Sinian (late Proterozoic).
One of the principal phenomena illustrated by the maps
of Lu et al. (1965) is a diverse topography in the region
of what is now China.

Figure I1-12, a lithofacies and paleogeographic map
of the Early Cambrian, is modified from the work of
Wang and Liu (1980). During €,, earliest Early Cam-
brian, marine waters began to invade a flat-lying area
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II-12 (from Fang et al., 1979; mineral deposits after Lu, 1962).

in both Southwest and Central-South China during a
transgression from the Indo-Pacific realm (Lu et al., 1965;
Wang and Liu, 1980). The advance took place in two
directions; east-northeastward; and northwestward.
Chinese geologists refer to the transgressed area as the
Shang Yangzi (Upper Yangtze) Sea. The east-north-
eastern branch of this sea was bounded by three con-
nected ancient land areas, here called ‘oldlands.” The
Huaiyang oldland lay mainly on the east, Huaxia
(Cathay) mainly on the southeast, and Nei Monggol-
Zhongchao (Sino-Korea) mainly on the north (Figure
11-12). The predominantly argillaceous deposits of €,
time (Figures II-14, II-15, and II-16) are interbedded
with sandstone in the northeast, and probably reflect
the existence of shoal and coastal environments. The
source area of the terrigenous clastics presumably was
in the highland of the Huaxia oldland in the southeast
(Figure 11-12).

Land in the northwest stood noticeably low (Lu et
al., 1965). The northwestern branch of the sea extended
to the present Qilian Shan and Tian Shan, thereby
connecting with Tethys. The resulting Tian Shan-Qilian

Shan geosyncline was bounded by a postulated, but
unproved, Junggar oldland on the north (Figure 1I-12)
and by a second postulated, also unproved, oldland on
the south (Xizang (Tibet)-Tarim oldland). The Tian
Shan-Qilian Shan geosyncline was filled mainly with
volcanic rocks interbedded with sandstones in the central
part of the basin, and with carbonates in the western
part. The carbonates indicate the existence of a stable
and relatively shallow depositional environment in the
west.

During €,, the middle part of the Early Cambrian
(Figures IT1-12 and II-15), the sea transgressed from the
Shang Yangzi region toward the east-northeast, thereby
separating the Huaxia-Huaiyang oldlands from the Nei
Monggol-Zhongchao oldland (Lu et al., 1965). The
widespread distribution of carbonate rocks and of the
trilobite Paleolenus in these areas may indicate the former
presence of a neritic environment. Reduced volcanic
activity, and more carbonate deposition with the trilobite
genus Kingaspis, characterized the geosyncline of Tian
Shan and Qilian Shan. The presence of Kingaspis in-
dicates an increasing water depth and suggests the
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possibility that these waters were connected with those
of middle and western Siberia (U.S.S.R.). The sea also
transgressed into the Tethys of the present Himalayas
region. Abundant archaeocyathids, correlative with
those in Australia, Siberia, and the Mediterranean,
appeared in Central-South China (Table I1-8).

During €,, the latest part of the Early Cambrian,
continued subsidence and marine ingression brought
about a gradual diminution of the Nei Monggol-Zhong-
chao and Huaxia oldlands (Lu et al., 1965; Figure II-
12). Most of northern China became part of a shallow
continental shelf whose neritic sediments include pur-

plish-red shales with a few sandstone and limestone beds.
Halite pseudomorphs, present in some areas, indicate
a high rate of evaporation typical of a hot arid climate.
Carbonates predominate in the more subsident sectors.
In Central-South and East China, a comparative stag-
nation of waters and an onset of reducing conditions
took place (Figure II-12), with deposition of black
carbonaceous pyritic shale. In Central-South and South-
west China, a stable basin with somewhat deeper marine
water was characterized by a warm humid climate.
Sediments deposited in this basin now form thick car-
bonates with some oolitic and edgewise intraformational
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Fig. II-16. Cambrian lithofacies and environment changes in southern China, from Yunnan Province to Fujiang Province-Taiwan (from Lu, 1981).
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limestone conglomerate. The €, faunas of North China,
northern Central-South China, and Southwest China are
similar. The fauna common to southern Central-South
China and East China is quite distinctive, and different
from faunas in the north.

During €;, in the middle part of the Cambrian, a
maximum marine transgression took place (Lu et al.,
1965). Neritic carbonates formed widely, whereas ter-
rigenous-clastic deposition was mainly in areas that
fringed exposed oldlands and islands. In North China
and in the southern part of Northeast China, a change
from predominantly purple shale (€, and €;) to thick
carbonate units with oolitic limestone (such as €)
characterizes the Middle Cambrian. An increase in the
area and depth of marine water, as well as a more
abundant trilobite fauna, accompanied marine transgres-
sion and a warmer climate. In Central-South and South-
west China, carbonates also formed in transgressing
marine waters and under a warm climate. In southern
Central-South China, coarser-than-normal terrigenous
clastics accumulated near the source areas of the Huaxia
oldland, while finer grained terrigenous clastics, carbo-
nates, and deposits with carbonaceous constituents,
accumulated farther from the oldland (Figure II-16).
In Northwest China, volcanism continued.

At the same time (€), the diversity of marine taxa
reached its peak in an environment whose favorable
elements were adequate water depth, good circulation,
and a warm climate. This is particularly evident in North,
Northeast, Southwest, and northern Central-South
China. The character of the trilobite fauna in these
regions is close to that of the typical Indo-Pacific fauna.
In southern Central-South and East China, on the other
hand, a reducing environment predominated and was
not favorable to the growth of benthos (Figure 1I-17).
In these regions a pelagic fauna with the trilobite
Agnostus is closely related to Atlantic fauna. In North-
west China, faunas are mixed, but the Atlantic type
predominates.

Some general diastrophism took place between €, and
€, (Middle and Late Cambrian), but in North China
diastrophism took the form of local uplift (Lu et al.,
1965), whereas in the southern part of Northeast China,

gradual subsidence occurred.

During€,, in North China, edgewise limestone conglo-
merate accumulated as a result of wave erosion along
beaches. Reddish rims around the components of these
conglomerates may indicate oxidation under shoal con-
ditions of high energy, changing water depth, and a warm
climate. The purplish-red color of accompanying shale
also may indicate a warm climate. In Central-South
China and Southwest China, the depositional environ-
ment was similar to environments of North China, and
to environments of the southern part of Northeast China.
Volcanism continued in the orogenic belts of Northwest
China. Terrigenous clastics with flyschoid depositional
patterns accumulated near the Huaxia oldland (Figure
11-12) whereas fossiliferous carbonates dominated more
distal sectors.

The depositional environment of €5 was closely similar
to that of €, (Lu et al., 1965). Marine transgression,
however, was slightly stronger, and it increased still more
in €,, with a corresponding increase in depositions of
carbonate. Dominance of the Indo-Pacific and Atlantic
faunas persisted throughout the Late Cambrian.

Figure II-18 shows, in generalized form, the paleo-
zoogeographic provinces of China during the Cambrian,
as interpreted by Lu (1981).

ORDOVICIAN SYSTEM

Chang (1962) asserted that the best and most complete
sequences of the Ordovician in the entire world occur
in China. These sequences consist of richly fossiliferous
carbonates. Marine transgression in China reached a
maximum during the Ordovician, and the population
of marine invertebrates reached a peak.

Distribution and Facies

Chang (1962) recognized eight distinct regions of Or-
dovician rocks, based on their fossil assemblages and
their sedimentary tectonics. These regions are shown on
Figure 11-19, a paleogeographic map of China for the
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Fig. II-17. Ecology of Cambrian Seas in southern China (from Lu, 1981).
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Fig. 11-18. Cambrian paleozoogeography map of China.

Early Ordovician (Wang and Liu, 1980). These regions
are: (I) Da Hinggan Ling; (II) North China (southern
part of Northeast China); (III) Northwest China; (IV)
Qin Ling; (V) Central-Southwest China; (VI) southern
Central-South and East China; (VII) western Yunnan
Province; and (VIII) Xizang (Tibet) Autonomous Re-
gion. Most regions, especially (I), (IV), (V), (VII), and
(VIII) were geosynclinal depositional regimes with fossil
assemblages of southern affinities similar to those found
in Europe. The depositional environment of (II) was
that of a platform, with more northern fossil assemblages
related somewhat closely to Pacific faunas. Within (VI),
a parageosyncline is present with a southern type of
fauna. In (III), the best-known regime is geosynclinal,
with a southern type of fauna, although fossils of both
the northern type and the platform occur. Places that
appear blank on Lu’s paleogeographic map, such as the
Tarim platform, yield sections of Ordovician platforms
facies in a few exploratory wells, while in other explo-
ratory wells the Ordovician section is missing. The extent
of Ordovician strata in these blank areas thus still is
unknown.

Type Sections
Central-South China

A complete Ordovician sequence without faunal breaks
of any consequence crops out at Yichang in the Yangzi
Gorges of Central-South China (Figure 11-20; also see
Figure II-10). Ordovician boundaries with the under-
lying Cambrian and the overlying Silurian in this region
are mainly transitional. The Lower Ordovician contains
principally carbonates interbedded with a few thin layers
of shale rich in trilobites, brachiopods, cephalopods, and
graptolites. The lower and middle parts of the Middle
Ordovician consist predominantly of nodular limestone
with polygonal patterns, rich in orthoceratid cephalop-
ods. The upper part of the Middle Ordovician consists
of black shale with abundant graptolites.

The Upper Ordovician sequence closely resembles that
of the upper part of the Middle Ordovician. Sheng (1974)
stated that a layer rich in the trilobite genus Dalmanitina
(widely distributed in northern Central-South China and
Southwest China) represents the uppermost part of the
Upper Ordovician. The sequences on the west consist
mainly of terrigenous-clastic strata, whereas the sequen-
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Fig. I1-19. Paleogeographic and lithofacies map of Early Ordovician, China.

ces on the east consist entirely of carbonate rocks. The
terrigenous clastics indicate provenance from an ancient
highland on the west, whereas the carbonates indicate
a comparative deepening of marine waters on the east.

North China

Most of the Ordovician sequence in North China consists
of limestone (Figure 1I-21) deposited principally in a
transgressive sea. Much of this has metasomatized to
dolomite today. The entire area sank slowly during the
Ordovician, and in some areas this submergence had
continued unbroken from the latest Cambrian. As noted
in a preceding section, the section at Hejin in south-
western Shanxi Province is unbroken by hiati. In dol-
omitic limestone embracing the Cambrian-Ordovician
boundary, the trilobite Calvinella indicates latest Cam-
brian; the trilobite Aotiaspis cf. karaipsis indicates earliest
Ordovician. In other sectors a faunal change takes place,
even though no lithologic change is apparent. Evidence
for discontinuity at the Cambrian-Ordovician boundary
in some areas is provided by a basal conglomerate.
Whereas Saukia sp. and other trilobites are abundant
in €, of the Cambrian, graptolites and brachiopods
become dominant in O, of the Ordovician. Interlayered

limestone, edgewise limestone conglomerate, and shale
that are present in the section appear to have formed
while slow transgression and regression took place in
the epicontinental sea of the latest Cambrian and the
earliest Ordovician.

In O, (Figure II-21), the latest Early Ordovician, a
lower richly fossiliferous limestone grades upward into
a dolostone with sparse fossils. The Middle Ordovician
consists of thick limestone beds with gastropods and
cephalopods, interbedded with dolostone, dolomitic li-
mestone, and/or cherty limestone. A disconformity
separates the Lower Ordovician from the Middle Or-
dovician. At the end of the Ordovician, uplift affected
North China and persisted until the Middle Carboni-
ferous. Despite the consequent great stratigraphic hiatus,
only a disconformity separates Ordovician from Middle
Carboniferous across the Sino-Korean platform, an area
of tens of thousands of square kilometers. On this
platform, the youngest Ordovician usually is Middle
Ordovician, but locally is Caradocian (early Late Or-
dovician, Mu En-zhi et al., 1986). No agreement exists
concerning reasons for the absence of pre-Carboniferous,
post-Caradocian strata on this platform.



. |F i ick—~
System(Series (Ormc':'or)‘ C°'"’f‘"~ Thick Major fossils
member){secti i
Silur. |Lower =
[e) —— Dalmanitina (T)
5 5 6 UJ -EE\ 2 Dicellograptus (G
a s-V/EEEN o
o — Nankinolithus (T
SRCTELY,S-E S i
s=t /] Richarsonoceras
o | O4=U (c)
3 Oa-L Sinoceras (C)
c B O3 Glyptograptus (G)
5 Nemagraptus (G)
2 02
v
S - Dideroceras (C)
o T
o 0=V = 26
o) ILT 222 Yangtzeella (B)
° ==
) .
3 : X Cameroceras (C)
° T 53
O -1 I Acanthograptus
! T Dictyonema (G)
T g0
T " | Dactylocephalus
(T
e
Camb.|Upper ot

[Te1]
E Shale Nodular (warty) limestone

E Limestone @ Dolostones

Fig. I1-20. Stratigraphic type section of Ordovician System in Yichang
(Yangzi Gorges), Hubei Province, Central-South China. Location is
shown on Figure II-19 (from Fang et al., 1979).

Faunal Boundaries

The base of the Ordovician corresponds with the lowest
appearance of the graptolites Rhabdinopora flabelliforme
and Staurograptus, the trilobites Leiostegium and Yosi-
muraspis, the conodont Cordylodus intermedius (Chen
Jun-yuan et al., 1988).

An (1981) proposed a Cambrian-Ordovician boundary
based upon the transition from paraconodont types to
euconodont types (Table I1-10). The two lower zones,
with Proconodontus and Cordylodus proavus, contain
paraconodont types believed to represent the Cambrian.
The two upper zones, with Drepanodus simplex and
‘Acodus’ oneotensis-Acantodus costatus, contain euco-
nodont types believed to be of Ordovician age.

Sheng (1980) discussed the boundaries between sub-
divisions of the Ordovician in China in terms of grap-
tolite zones. The zone of Didymograptus abnormis or
of Azygograptus suecius and the zone of Oncograptus
presumably represent respectively the top of the Lower
Ordovician and the base of the Middle Ordovician.
Graptolites are the index fossils for the boundary be-
tween the Middle Ordovician and the Upper Ordovician.
In faunal terms, the boundary lies at the base of the
Climacograptus wilsoni zone or at the base of the C.
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spiniferus zone. He (1978) recognized the coral assem-
blages of Borelasma and Sinkiangolasma as the upper-
most faunal zone of the Ordovician in the Yangzi region.
For the Ordovician-Silurian boundary in southern
South-Central China, the faunal indicator is the highest
occurrence of the trilobite Dalmanitina (Sheng, 1980).

Paleoecology and Paleogeography

Because no major crustal movement took place between
the Cambrian and the Ordovician in China, both the
distribution and the geological characteristics of marine
basins during the Ordovician were very similar to those
during the Late Cambrian (Lu, 1975). After continuous
transgression during the early Ordovician, marine waters
reached their maximum extent during the Middle Or-
dovician. At the end of the Middle Ordovician, a crustal
uplift reduced the areas of marine basins and brought
on a concomitant increase of land by the Late Ordo-
vician.
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Table II-10. Approximate correlation of Cambrian- Ordovician Conodont zones in China and other parts of the world (from An, 1981)
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Early Ordovician (Tremadocian and Arenigian)

In the basin of northern Central-South China and in
Southwest China (region V of Figure 11-19), a littoral
zone was present along the western margin near the
Kangdian oldland. The depth of marine waters increased
gradually toward the east and southeast. Accordingly,
Lower Ordovician lithofacies change from reddish to
purplish sandstone on the west, where a notably dry
coastal climate is presumed to have prevailed, to al-
ternate shale and limestone deposited in shallow to
neritic waters at the middle of the basin (largely a
carbonate shelf), and, farther east, to limestone deposited
in neritic to deep water (Figure 11-22). In present-day
southeastern Shanxi, southern Hebei, northern Henan,
and western Shandong Provinces, beds of anhydrite and
halite formed in large lagoons on this carbonate shelf
(Wang and Liu, 1980). The marine shelfal carbonate
basins of North China (Region II) and Northeast China
(Region I) had become largely isolated from southern
and southwestern China, but they connected with the
ancestral Boreal Pacific Ocean on the east.

Data are limited for the rest of China, but a carbonate-
shelf regime existed in the Tarim region of Northwest
China, on the Gangdise block east and west of Lhasa
in Xizang (Tibet) Autonomous Region, and in Qomo-
langma Feng (Mt. Everest) of the Himalayas block (Mu

Anzi et al., 1973; Yin Jixiang et al., 1983). Here, nearly
900 to 1,070 m of carbonates was deposited on the shelf
of an epeiric sea from the Arenigian to the middle
Caradocian. These figures are approximately the same
as those of central China, of the Yangzi platform, and
of Nei Monggol Autonomous Region, from which this
area was never far removed. Nei Monggol Autonomous
Region, northern Xinjiang Uygur Autonomous Region,
northern Gansu Province, and northernmost Heilong-
jlang Province were the sites of terrigenous-clastic de-
position, possibly in an environment of shelf margin
or of slope. Mafic volcanic breccias are present in
southern Gansu Province and in northernmost Heilong-
jiang Province (Lai, 1984).

Middle Ordovician (Llanvirnian and Llandeilian)

The maximum transgression of the Ordovician sea took
place during the middle of the Middle Ordovician. The
Kangdian oldland on the west (Figure 11-19) diminished
considerably. In northern Central-South China and in
Southwest China, terrigenous-clastic deposits accumu-
lated in the west (Figure 11-23), finer grained than those
of the Early Ordovician. An alternation of shale and
limestone accumulated in the middle of the area, and
limestone formed on the east (Figure I1-23). Deposition
of carbonates may have taken place in a distinctly quiet
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neritic environment. The basins of North China, North-
west China, and Northeast China also were inundated
by marine waters, and thereby they probably acquired
marine connections not only with each other but also
with basins in northern Central-South China, Southwest
China, and East China. Marine waters in the geosynclines
of the Tian Shan and the Qilian Shan of Northwest
China may have covered marginal areas of the Xizang-
Tarim oldland south of these geosynclines and the
Junggar oldland north of them (Figure I1-19). The
Middle Ordovician sequence of North China consists
of a few layers of dolostone and dolomitic limestone,
indicative of a hypersaline environment that evidently
was hostile to most flora and fauna.

At the end of the Middle Ordovician much of China
rose epeirogenically, and thereby isolated many basins.
In basins where stagnant conditions prevailed, black
shale with abundant graptolites formed locally. All of
North China stood above sea level.

Late Ordovician (Caradocian and Ashgillian)

Marine waters continued to regress during the Late
Ordovician, and three depositional environments mark
three stages in this regression. At the beginning of the
Late Ordovician, carbonate deposition gradually de-
creased and gave way to terrigenous muds (now yellow
to green shale) with abundant shelly benthic fauna. In
the middle of the Late Ordovician, sandy muds with

shelly benthic fauna predominated, but some graptolites
also are present (plankton or nekton). At the end of
the late Ordovician, the sea floor deepened, and a
reducing environment in the deepest parts of the basin
diminished the benthos, but graptolites from surface
waters accumulated in black muds at the bottom of deep
basins.

Paleobiogeography

Lu et al. (1976) recognized four Ordovician biogeogra-
phic provinces in China, based upon the ecological
habitats of trilobites, graptolites, and nautiloid cephal-
opods. Lai Caigen (1989) also divided China into four
Ordovician biogeographic provinces only based on Ce-
phalopods, thus his province boundaries somewhat differ
from Lu et al.’s. Here we discuss only Lu et al.’s
Ordovician biogeographic provinces.

Faunal Province 1

This province, in North China, is notable for its pre-
dominant cephalopod zones in carbonates. Trilobites,
graptolites, and ostracods also occur. The important
cephalopod zones are based upon (1) Tremadocian
Protocameroceratidae; (2) Arenigian Ordosoceras, Poly-
desma, Manchuroceras, and Coreanoceras; (3) Llanvir-
nian Tofongoceras, Discoactinoceras, and Steroplasmo-
ceras; and (4) Caradocian Gonioceras. Much of the fauna
consisted of benthons or of demersal nektons in a
relatively clean shallow-marine environment, and most
forms in this fauna are similar to North American forms.

Faunal Province 11

This province in the Yangzi River valley is faunally
notable for its graptolite zones, mostly in black shale,
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and mostly correlative with forms in Europe, the Middle
East, and North America. In carbonates, trilobites and
a few brachiopods and cephalopods also are present.
The cephalopods Richardonoceras and Sinoceras charac-
terize two zones in the Caradocian. The faunas contain
both benthons and planktons. In the latest Ordovician,
a semi-isolated basin with relatively quiet water occupied
the Yangzi region. Its predecessors in the Middle Or-
dovician and in the Early Ordovician may have con-
nected with other basins.

Faunal Province I11

This province covers two regions: (1) South-Central
China and East China and (2) Northwest China. En-
vironments similar to those in other regions provide
similar fossil zones. In general, ceratopygid and olenid
trilobites predominate. Graptolites usually are not abun-
dant, except in the Llanvirnian, in which stage they are
related mostly to forms in Australia. As carbonates
decrease, strata of terrigenous clastics increase and enter
the column as layers of black shale and chert. In South-
Central China and East China, Jiangnan and Zhujiang
form two subprovinces, based upon sedimentological
characteristics. The Zhujiang (Pearl River) Subprovince
contains a thick lithofacies of flysch with important zones
of graptolites, whereas the Jiangnan (south of the
Yangzi), devoid of flysch, contains important trilobites.
Spinose trilobites, preserved with graptolites in black
shale, may represent the plankton or the nekton of
muddy waters.

Faunal Province IV

This province constitutes a transitional or intermediate
center where a mixture of faunas of Provinces 1, 11, and/
or III occurs in varying degree. The two regions of this
faunal province are Southwest China and the northern
part of South-Central China.

Lu (1981) considered that Occidental trilobites ori-
ginated in the Americas, especially in North America,
and that Oriental trilobites originated in south China,
Southeast Asia, and Oceania. Occidental trilobites could
have migrated from west to east, whereas Oriental
trilobites could have migrated from east to west. In the
places of their meeting and their juncture, an interme-
diate fauna could have formed. In Asia, Oriental tri-
lobites seem to have dispersed most conspicuously in
the Cambrian and in the Ordovician.

In the above terms, migration of Occidental fauna
would have been a common occurrence. For example,
the trilobite Dalmanitina, found in the Middle Ordovician
of the Occidental realm flourished in China during the
Late Ordovician (Lu and Wu, 1979). After the Ordo-
vician, when marine interconnections persisted for long
periods, endemism in trilobites in their respective Orien-
tal and Occidental realms disappeared progressively.

SILURIAN SYSTEM
Distribution

Silurian rocks are widely distributed in China (Figure
11-24), the exceptions being North China, many parts
of Central-South China and East China, and Taiwan
(Mu Enzhi, 1962). The absence of Silurian in North
China resulted from major uplift and erosion between
the Middle Ordovician and the Middle Carboniferous.
In East China and Central-South China, as well as on
Taiwan, Silurian has been discovered in few places, and
its development generally is a result of local factors,
especially topography, orogeny, and epeirogeny. Blank
areas on Figure 11-24, particularly in Southwest China
and Northwest China, may be filled in part as additional
field mapping and subsurface drilling are conducted.

An important summary of the Silurian of China was
published by Mu Enzhi (1962). Since the time of that
publication, additional studies have appeared, including
the excellent summaries by Wang and Liu (1980), Wang
and Ho (1981), and Wang Yu et al. (1984). A mono-
graphic work on the Silurian of all China appeared in
1986 (Mu En-zhi et al., 1986).

Facies

In general, three Silurian platform facies exist: (1) a facies
of graptolitic shale through entire sequences, as in parts
of Hunan and Guandong Provinces and Guangxi Zhu-
ang Autonomous Region; (2) a facies of shelly limestone
that is highly fossiliferous (e.g. Xinjiang, Xizang, etc.);
and (3) a mixture of shelly and graptolitic facies, where
the lower part contains mostly graptolitic shale and the
upper parts contain shelly limestone (all other regions,
outside of the geosynclinal complexes). The striking
contrast between the shelly and the graptolitic facies
in the lower Paleozoic of China is wholly reminiscent
of a similar contrast in northwestern Europe. There,
the contrast has attracted the attention of geologists and
paleontologists for nearly a century.

Between the platforms lie thick geosynclinal associ-
ations of flysch with sparsely fossiliferous flysch and
paraflysch, associated with siliciliths, mafic to interme-
diate (locally silicic) volcanic rocks, and a few deep water
carbonates. At the margins of subsiding troughs, de-
position of shale and sandstone along shelving shorelines
gave way to deposition onshore and to the accumulation
of continental deposits. The Guangxi movement (late
Caledonian tectogenesis) brought the Silurian to a close,
and affected almost all of the area of modern China.
Tectogenesis was especially severe in the geosynclinal
troughs. Granitic intrusions accompanied and followed
folding. The Guangxi movement, which corresponds to
the last Caledonian phase in Europe, took place mainly
in Central-South China (Hunan-Guangdong-Guangxi)
and Northwest China (Tian Shan, Qilian Shan, Qin Ling,
Kunlun Shan, etc.), and it affected all of China’s major
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Fig. I1-24. Paleogeographic and lithofacies map of Early-Middle Silurian, China.

Paleozoic geosynclines (Huang Jiging, 1978, 1980, 1984a,
1984b).

Type Section

The type section for the Silurian in China is at Yichang,
in the region of the Yangzi Gorges of Hubei Province
(Figure II-25; also see Figure II-10). In that locality
the Ordovician-Silurian boundary is transitional. The
three Silurian divisions present a complete depositional
cycle of marine transgression and regression. The lit-
hologic changes from dominant graptolitic shale in the
lower division to predominant shelly and coralline li-
mestone in the middle division reflect changes of en-
vironment, from conditions of quiet and stagnant-water
in a basin to strongly oxidizing conditions on a broad
neritic shelf. In the upper division, the deposition of
shale, mudstone, siltstone, and sandstone indicates the
former existence of a coastal environment associated
with marine regression. A disconformity caused by the
Guangxi movement separates the Silurian from the
overlying Devonian.

Distribution, Paleoecology and
Paleogeography

Figure II-24 is the Wang and Liu (1980) paleogeographic
and lithofacies map, also used by Wang and Ho (1981).
Wang and Ho divided China into six sedimentational-
biogeographic domains, some of which were divided into
subdomains or ‘regions.” These are shown on Figure
11-26. Following Wang and Ho (1981), and Mu En-
zhi et al. (1986), we describe briefly the main domains.

Northern Mobile Domain

Wang and Ho (p. 60) also called this the ‘northern
geosynclinal domain.” It includes the Altay-Argun geo-
synclinal complex and the Da Hinggan Ling mobile zone.
The Da Hinggan region of Northeast China is charac-
terized by associations that grade from poorly fossili-
ferous graptolitic shales to unfossiliferous graywacke
rich in volcanic materials, mainly silicic to intermediate
in composition, with some mafic volcanics. Terrigenous-
clastic flysch, argillaceous flysch, paraflysch, and other
flysch-like sediments are abundant, with locally abun-
dant beds of siliciliths (Zhang and Tang, 1989). The fauna
belongs to the Boreal realm.
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Fig. 11-25. Stratigraphic column of Silurian in Yichang (Yangzi Gorges), Hubei Province, Central-South China (from Fang et al., 1979).

In eastern Jilin Province, in an area isolated from
the Da Hinggan Ling section on the west, and where
the Upper Silurian Erdaoguo Formation is present, it
consists of shallow-water shelf limestones. This section
overlies a graptolitic facies of Lower and Middle Silurian
shale.

In the Altay and Bei Shan regions of western Nei
Monggol Autonomous Region, western Gansu Province,
and northern Xinjiang Uygur Autonomous Region, the
section is dominated by unfossiliferous argillaceous
flysch and paraflysch, with graptolitic shale and small
areas of clastic flysch and silicilith. Intermediate to mafic
volcanigenic rocks are abundant west of the Junggar
basin and in western Nei Monggol. On the southern
flank of the Altay Shan, the lower part of the section
is graptolitic and shaley, whereas the upper part is shelly

and carbonate-rich (Mu En-zhi et al., 1986). The fauna
is Boreal.

Northern Stable Domain

The Sino-Korean platform (Nei Monggol-Zhongchao

oldland) was exposed during the Silurian, as was a part
of the Tarim platform (proved by well records). Around
the margins of the Sino-Korean platform light-gray-
green sandstone, siltstone, and phyllitic to schistose shale
were deposited. Fossils are scarce. The Middle Silurian
consists of carbonates with corals. The Silurian does
not lap onto the platform.

In the area of the Junggar basin, terrigenous-clastic,
shallow-water, greenish-gray sandstone, siltstone, and
shale contain brachiopods and corals.

The Tian Shan is underlain by thick sections of mildly
metamorphosed deep-water argillaceous flysch, paraf-
lysch, thin-bedded carbonates, silicilith, andesite por-
phyry, and andesite tuff. Corals are present. The Lower
Silurian is absent, except locally (Mu En-zhi et al., 1986).
The reminder of the Silurian consists of a lower grap-
tolitic facies and an upper carbonate facies (Mu En-
zhi et al., 1986).

Along the northern margin of the Tarim basin, up
to 6,000 m of andesitic volcanic rocks, argillaceous
flysch, and paraflysch grade southward into shaly sands-
tone, siltstone, and silty-to-sandy shale. The Lower
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Fig. I11-26. Silurian sedimentation and biogeographical domains of China (from Wang and Ho, 1981).

Silurian consists largely of graptolitic shale and slate; Median Mobile Domain

the Middle Silurian comprises mainly shelly limestone

and limestone; the Upper Silurian is in shelly facies This domain of northwestern and north-central China
interbedded with sandstone and shale, together with consists of the Kunlun, Qilian, and Qin Ling geosynclinal
scarce volcanic rocks and redbeds. The Lower Silurian complex. Unusually thick sections of terrigenous-clastic
west of the Tarim basin, includes, in addition to gray and argillaceous flysch are interbedded with mafic and
graptolitic shale, thick units of unfossiliferous mudstone intermediate volcanigenic rocks. In the Qilian Shan, the
(Mu En-zhi et al., 1986). Lower Silurian consists of graptolitic shale, which cha-

racterizes both the Lower and Middle Silurian of the
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Qin Ling (Chen Xu, 1984). The Middle Silurian of the
Qilian Shan consists of coralline limestone with inter-
bedded shale, and the Upper Silurian includes shale,
pink siltstone, fine-grained sandstone, and flysch. Some
corals and trilobites are present in shallow-water facies.
The Qin Ling section is partly metamorphosed. Volcanic
rocks occur mainly in the west, from the Qilian Shan
to the Kunlun Shan.

Southern Stable Domain

The best studied sections of this domain occur on the
Yangzi platform. Fossiliferous strata younger than early
Wenlockian (early Middle Silurian) are absent, except
in northeastern Yunnan Province, where Upper Silurian
predominates. Lower Silurian consists largely of a grap-
tolitic facies, with shale dominant in the west, and shale
with siltstone in the east, succeeded by a Lower to Middle
Silurian shelly or ‘mixed’ facies and a graptolite-shale
facies. A shelly unit above the ‘mixed’ unit includes
sandstone, mudstone, shale, and minor limestone. In
general, the carbonate content decreases from west to
east. Above the fossiliferous Middle Silurian, scattered
outcrops of unfossiliferous (late Wenlockian) redbeds
are preserved. The succeeding Devonian is everywhere
unconformable (Mu En-zhi et al., 1986). Rough topo-
graphy on the platform, especially in the southern part,
caused (1) many local hiati to develop, and (2) the
development of erratic, abrupt, facies changes.

In Xizang (Tibet) Autonomous Region, a broad stable
platform existed (Wang and Ho, 1981; Wang Hongzhen,
1983). North of the Indus-Yarlung fault zone, the Lower
Silurian strata contain limestone with a shelly fauna of
corals and cephalopods. The Middle and Upper Silurian
strata consist of siliceous limestone and sandstone,
mainly with a fauna of brachiopods and other shelly
elements.

In western Yunnan Province near the Burma border,
paraflysch is present in thick masses. Lateral facies
changes are numerous and abrupt.

East and south of the shelf section of the Yangzi
platform (Central-South China and East China), occur-
rences of the Silurian are erratic. Where found, the
Silurian includes gray shale, some black shale, thin-
bedded siltstone and sandstone, and carbonates. The
shale is overwhelmingly in graptolitic facies (Mu En-
zhi et al., 1986). The Upper Silurian consists mainly
of sandstone with only scattered fossils. The graptolitic
shale-siltstone facies characterizes southern Hunan Pro-
vince, Guangxi Zhuang Autonomous Region, and Gu-
angdong Province. Early Silurian is absent in southern
Guizhou Province and eastern Yunnan Province, but
the Middle Silurian and younger beds are of shallow-
water origin. In Jiangxi, Anhui, and Zhejiang Provinces,
the Silurian consists mostly of sandstone and shale.
Graptolites are present in the lower part of the section;
brachiopods, trilobites, and pelecypods occur in the
middle and upper part. No geosynclinal facies are present
(Mu En-zhi et al., 1986).

Gondwana Domain

This domain occupied the present site of the Himalayas.
The section is dominated by shallow-water shelf car-
bonates, but shelf sandstone, siltstone, and shale also
are present. The Silurian section on the northern flank
of Qomolongma Feng (Mt. Everest), for example, al-
though incomplete, includes a lower section of 136 m
of graptolitic black shale, shallow-water marine sand-
stone and gray shale, overlain by Middle and Upper
Silurian that is predominantly shallow-water limestone,
capped by sandy and clean platform-type limestones (Mu
En-zhi (Anzi et al., 1972). The fauna is similar to that
in equivalent section on the Yangzi platform toward the
east.

Detailed studies of all Cambrian through pre-tillite
Permian sections in the Qinghai-Xizang Plateau and in
the Himalayas have led to the nearly unanimous con-
clusion by Chinese geologists that this area was always
a part of Asia (see excellent summary by Mu En-zhi,
Boucot, et al., 1986). The close affinities, in places near-
identities, of the shallow- and warm-water faunas and
lithofacies with those of the Yangzi platform, Nei Mong-
gol, Siberia, and Western Europe leave little room for
doubt. The Indian Block, at least that part of it where
the Himalayas is now located, was always a part of Asia
(Saxena, 1978; Crawford, 1979; Gansser, 1981; Chang
and Pan, 1981; 1984; Waterhouse, 1983; Bhat, 1984,
Stocklin, 1984; Mu En-zhi et al., 1986).

Biogeographic Realms

Wang and Ho (1981) recognized three Silurian bioge-
ographic realms, based mainly on rugose corals and
partly on brachiopods. These realms are: (1) Boreal; (2)
Tethyan; and (3) Australo-Pacific (Figure 11-26). As-
sociated with them are two belts with mixed faunas:
one with Boreal and Tethyan elements; and another with
Boreal and Australo-Pacific elements. Table 1I-11 gives
details of assemblages in China that contain rugose corals
and brachiopods.

Boreal Realm

Regionals 1 and 1p belong to the Boreal realm (Figure
11-26). Their representative faunas include the coral
Tungussophyllum and the brachiopods Tuvaella and Tun-
guspirifer. The brachiopod genera of this realm are
widely distributed from the Hinggan and Mongolia to
the Altay, the Sayan (U.S.S.R.), and Siberia (U.S.S.R.).

Tethyan Realm

This is the largest of all three realms, with regions I,
g, 1114, IR, Illc, IVa, IV, V4, and VI (Figure 11-
26). Early and Middle Silurian assemblages of rugose
corals occur in the Yangzi region (Table 11-11), where
they indicate the presence of epicontinental marine
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Table II-11. Silurian assemblages of brachiopods, cephalopods, and rugose corals in China. The Llandoverian and Wenlockian corals occur
in the Yangzi region, the Ludlovian and Pridolian corals in the Nei Monggol region.

GEOLOGICAL | BRACHIOPOD ASSEMBLAGES IN SOUTH CHINA RUGOSA CORAL ASSEMBLAGES CEPHALOPOD ASSEMBLAGES IN
TIME (Wang Yu et al., 1981) {Wang and Ho, 1981) SOUTHWEST CHINA (Chen et al., 1981)
PRIDOLIAN UNNAMED ASSEMBLAGE MUCOPHYLLUM -PSEUDOMICROPLASMA YUNNANOCERAS
ASSEMBLAGE ASSEMBLAGE
PROTATHYRISINA PLICATA-SCHIZOPHORIA HESTA ’
ASSEMBLAGE
- OCERA
LUDLOVIAN PROTATHYRISINA UNIPLICATA-ATRYNIDEA WEISSERMELIA- ALTAJA EUT’:YSOSEL‘:‘ CERAS
QUJINCANSIS ASSEMBLAGE ASSEMBLAGE LAGE
MICULA-KETA KETOPHYLLUM
WENLOCKIAN ASSEMBLAGE HEYUNCUNOCERAS ASSEMBLAGE
SALOPINA-XINANOSPIRIFER KYPHOPHYLLUM-IDIOPHYLLUM SICHUANOCERAS ASSEMBLAGE
ASSEMBLAGE ASSEMBLAGE
HALIVKINIA-NUCLEOSPIRA YICHANGOCERAS
) ASSEMBLAGE ASSEMBLAGE
LLANDOVERIAN|PARACONCHIDIUM- [PENTAMERUS- |STRICKLANDIA-
VIRGIANELLA EOSPIRIFER | MERCIELLA KODONOPHYLLUM-MAIKOTTIA SONGHANOCERAS
ASSEMBLAGE  |ASSEMBLAGE | ASSEMBLAGE ASSEMBLAGE ASSEMBLAGE
BOREALIS-KRITORHYNCHIA DINOPHYLLUM- RHABDOCYCLUS
ASSEMBLADGE ASSEMBLAGE

waters connected with the troughs of Qin Ling and
Sanjiang. Faunas of this whole geogeographic province
show a pronounced endemism.

Australo-Pacific Realm

Regions Vg and V¢ of southern South-Central China
and East China belong to this realm (Figure 11-26). A
few of its species of rugose corals, of Late Silurian age,
relate to Australian forms.

Mixed Faunas

As noted above, Wang and Ho (1981) designated two

belts with mixed faunas:
Mixed Tethyan and Boreal - Silurian rugose corals
of Tian Shan-Bei Shan (I¢) correlate with both
Russian, Uralian, and western European forms.
Mixed Boreal and Australo-Pacific - Silurian corals
of Nei Monggol-Jiliao (Ip) correlate with both north-
ern Asian forms and Australian forms.

DEVONIAN SYSTEM

As a result of uplift in a ‘Caledonian’ tectogenesis
(Guangxi movement) at the end of the Silurian, marine
waters receded from much of the Chinese mainland, and
apparently remained absent from the Sino-Korean plat-
form throughout the Devonian. In Northwest China (the
Xinjiang Uygur Autonomous Region) and in Southwest
China (Xizang Autonomous Region and Yunnan Pro-
vince), the sea persisted from the Silurian into the
Devonian (Wang and Yu, 1962). The greatly enlarged
landmasses of Early Devonian time in China, however,
suggest that a complex topography was present, and
that it consisted of numerous dissected uplifts, plateaux,
platforms, and intermontane basins. Marine waters soon
returned, and as deposition resumed with them a new
marine fauna proliferated.

Distribution and Facies

Wang and Yu (1962) recognized five major geographic
divisions of the Devonian (Figure 11-27): (1) northern
part of Northeast China and Nei Monggol Autonomous
Region; (2) Northwest China; (3) Central-South China;
(4) Southwest China; and (5) East China.

Cai and Li (1980) recognized four major geographic
divisions of the Devonian: (1) Central-South China; (2)
western Yunnan-Xizang (Tibet); (3) Qilian Shan, and
(4) Junggar-Hinggan.

Yang et al., (1981) recognized eight major geographic
divisions of the Devonian: (1) Junggar-Hinggan; (2)
southern Tian Shan; (3) Qilian Shan; (4) Longmen Shan;
(5) Central-South China; (6) East China; (7) western
Sichuan-northern Xizang (Tibet); and (8) Himalaya-
western Yunnan.

The description that follows uses the five divisions
of Wang and Yu (1962), but also includes five tabulations
of corresponding Devonian sequences from Yang et al.
(1981).

Northern Part of Northeast China and Nei Monggol

This was a region of geosynclinal deposition (Altay-
Argun geosynclinal complex), thus one of thick Devo-
nian sequences, mainly hard sandstone and sandy shale
interbedded with agglomerate, andesite, and rhyolite.
Complete sections generally are absent because of com-
plex structure produced by folding and faulting. A close
relation to faunas of the Soviet Union (U.S.S.R.) and
of eastern North America indicates a transgression of

“marine waters from the north.

Cai and Li (1980) noted the presence of alternate
marine and non-marine deposits in the Middle and Upper
Devonian together with a richness in plants of Angaran
affinities. The Middle Devonian contains the plant
Protolepidodendron scharyanum.

For the sector of Da Hinggan Ling (‘Great Khinghan
Range’), Yang et al. (1981) described a column that
appears in Table 11-12.



44  CHAPTERII

Fig. [1-27. Paleogeography and lithofacies map of Early Devonian, China.

Table II-12. Devonian sequence - Da Hinggan Ling region - Northeast China

Shangdamingshan Andesitic porphyry, upper part; sandstone, lower part; zones of 60 m
Upper Formation Platyclymenia wolcotti and Cheiloceras subpartitum (ammonoids)
Ziadamingshan Tuffaceous sandstone and intermediate to silicic lava; Temnophyllum 183 m
Formation tomense, Macgeea solitaria, (corals) Peneckiella (brachiopod)
Hebaoshan Formation Limestone, conglomerate; Endophyllum abditum and Temnophyllum 137 m
Middle ornatum (corals)
DEVONIAN Beikuang Formation Calcareous siltstone, intercalated with slate; sandstone; Breviphyllum 140 m
lenense (corals), Cayugaea subcylindrica
Unuoer Formation Bioclastic limestone, siltstone; Lyrielasma, Leptoinophyllum sp., N.A.
Lower Tryplasma hercynica, Amplexiphyllum hamiltonae (corals); Wilsonella

grandis, Howellella amurensis (brachiopods)

Luotuoshan Formation

Siltstone, sandstone intercalated with limestone lenses; Cymostrophia 90 m

alpha, Protathyris praecursor, Howellalla sp., and Ancolitoechia sp.

(brachiopods)

Northwest China

As in Northeast China and Nei Monggol, this was a
region of geosynclinal deposition (Altay-Argun geosyn-
clinal complex), thus a region characterized by thick
sequences. These, however, are commonly metamorpho-
sed. In addition, lithofacies differs greatly from area to
area. In the Altay, columns corisist of phyllite, sandstone,

quartzite, silicic volcanics, and a few interbeds of len-
ticular fossiliferous limestone. In the Tian Shan, schist,
shale, and argillaceous limestone are the main rock types.
Southward in the Tian Shan, only red fine-grained
sandstone and conglomerate are present in shoreline
facies. Continental terrigenous-clastic beds are interca-
lated. In the Qilian Shan, the lithology consists of
quartzite and argillaceous siltstone. In the Kunlun Shan,
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Table I1-13. Devonian Sequence in Kiziltag, southern Tian Shan - Northwest China

Upper Harzirbulak Formation Intermediate to silicic volcanic rocks intercalated with limestone in 2,000 to
upper part, terrigenous clastics in lower; Yunnanella sp. and 2,500 m
Yunnanellina sp. (brachiopods); Tabulophylium sp. (coral)
Saermin Formation Terrigenous clastics intercalated with andesitic porphyry; limestone; 250 to
Middle Stringocephalus obesus (brachiopod); Cyathophyllum sp. (coral) 1,200 m
DEVONIAN Alatag Formation Schist, metamorphosed limestone, volcanic rocks; Favosites sp., 500 to
Heliolites sp. (corals) Atrypa sp. (brachiopod) 1,000 m
Lower Alpishemeibulak Lightly metamorphosed schist, marble, lenticular limestone; 2,600 to
Formation Tryplasma sp., Favosites sp., Squameofavosites sp. (corals) 6,500 m

argillaceous limestone and some shale layers constitute
most of the section.

Yang et al. (1981) provided detailed descriptions of
three Devonian sequences in the southern segment of
the Tian Shan. Of these, the sequence at Kiziltag appears
in Table II-13.

The Early Devonian fauna relates closely to that of
the adjacent Soviet Union (U.S.S.R.), whereas the Middle
Devonian and the Late Devonian faunas are almost
identical with those of Central-South China. These
relations indicate that the Early Devonian sea connected
directly with a seaway in the Soviet Union, whereas the
Middle Devonian and the Late Devonian seas spread
uninterruptedly into Central-South China.

Central-South China

The environment of deposition in this region during the
Devonian was mainly that of a platform. Exceptions
are the parageosynclines of the present Qin Ling and
northwestern Sichuan Province, and parts of Hunan and
Guangdong Provinces and the Guangxi Zhuang Auto-
nomous Region. Differing rates of subsidence, and

consequent differences between geosynclines and plat-
forms, resulted in marked changes of the section from
area to area.

Rocks near the base of the section consist mainly of
reddish-purple conglomerate and sandstone that grade
upward into reddish and purplish shale and mudstone.
The latter grade upward, in turn, into shale and mud-
stone interbedded with a few layers of limestone. Car-
bonates dominate the upper part of the section. All
divisions of the section undergo lateral changes of facies.
Some of the Devonian faunas of this region contain
cosmopolitan genera such as the brachiopod Stringo-
cephalus, the coral Calceola, and the ammonoid Man-
ticoceras, all strongly represented in northwestern
Europe. Endemic genera also occur, as for example the
brachiopod Yunnanella. Rich plant remains in continen-
tal facies of the Devonian sequence constitute the ‘South
China type’ of flora (Cai and Li, 1980).

Yang et al., (1981) provided detailed descriptions of
five Devonian sequences in South China. The most
complete of these, at Nandan in Guangxi Zhuang
Autonomous Region, appears in Table I1-14.

Table II-14. Devonian sequence of Nandan, Guangxi Zhuang Autonomous Region, Central-South China

Daihua Formation

Banded and nodular limestone; Zone of Worklumeria spheroides 94 m

(ammonoid); Zone of Clymenia laevigata (ammonoid); and Zone of
Upper Dzieduszyckia baschkirica (brachiopod)

Xiangshuidong

Upper member: mudstone; Uniconus sp. (tentaculite) and 98 m

Formation Richterina latior;
Lower member: thin-bedded siliceous strata; Beloceras cf. acutum 80 m
(ammonoid)

Luofo Formation Black mudstone intercalated with argillaceous limestone; Zone of 584 m

DEVONIAN Middle

Napiao Formation

Nowakia otomari (tentaculite)

Upper member: Dolomitic mudstone; Zone of Nowakia sulcata 120 m

(tentaculite), and Pinacites jugleri (ammonoid);

Lower member: black mudstone; Zone of Anarcestes noeggerati 235 m
(ammonoid); Zone of Nowakia cancellata (tentaculite) and

Convoluticeras discordans (ammonoid)

Tangdian Formation

Purplish gray mudstone; Zone of Nowakia barrandei (tentaculite) and 220 m

Erbenoceras ellipticum (ammonoid); Zone of Nowakia praecursor.
Zone of Nowakia zlichovensis (tentaculites)

Lower Yilan Formation

Mudstone; Dicoelostrophia annamitica (brachiopod), Gravicallymene 86 m

maloungkaensis (trilobite)

Danlin Group

Gray-white sandstone. 700 m
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Southwest China

This was a region of thick platformal deposition in which
the principal rocks consist of siliceous limestone and
dolostone, with local conglomerate and sandstone, in
places interbedded with volcanic rocks in the lower part
of the column. The fauna in this region relates closely
to that of Central-South China, the Western Cordillera
of North America, and central Europe. In Early De-
vonian strata, Mu and Ni (1975) discussed the occurrence
of the graptolite Monograptus in black shale, the first
such occurrence reported from China (Mu Anzi et al.,
1973) and Mu and Ni (1975) discussed occurrence of
the cosmopolitan graptolites M. thomasi and M. yuk-
onensis. A rich warm-water shelf fauna characterizes
most of the Devonian sequence on Qomolangma Feng
(Mt. Everest), where it is 350 m thick (Yin Ji-xaing et
al., 1983). Cai and Li (1980) noted the presence of paralic
deposits that contain plant remains related to the flora
of South China.

Yang et al. (1981) provided detailed descriptions of
eight Devonian sequences in West China. A complete
sequence from Southwest China appears in Table II-
15.

East China

Yang et al. (1981) reported that some investigators
classified basal red sandstones in this region as Late
Silurian, whereas most workers assigned the vertebrates
of these basal strata in continental facies to the Early
Devonian. In the latter case Lower Devonian presumably
lies conformably or paraconformably on Silurian. Until

the early 1980s, workers had not found the Middle
Devonian in East China (see ‘Hiatus’ on Table 11-16).
The Upper Devonian consists of light-colored quartzose
sandstone with remains of ostracoderm fish and plants.
Yang et al. (1981) provided detailed descriptions of
two Devonian sequences in East China. Table 11-16
contains the more northerly of these two sequences.

Type Sections

Fang et al. (1979) discussed three types of depositional
environments within the Devonian: (1) marine; (2) con-
tinental; and (3) marine-continental. All three type
sections of the Devonian in Central-South China contain
these three depositional environments. For illustration
we show only one sequence (Figure I1-28), and this is
comparable to the sequence shown in Table II-14. We
call our illustrated sequence in Central-South China, type
section A (Figure 11-27), a marine and estuarine column
deposited in Guilin, Guangxi Zhuang Autonomous
Region. D, the lowest unit of the Lower Devonian,
consists of estuarine and deltaic deposits, and is un-
conformable on rocks affected by a ‘Caledonian’ tec-
togenesis. Carbonates with corals and brachiopods in-
crease upward in the Lower Devonian from D, to Dy,
an indication that a neritic environment developed
during a marine transgressive phase. At the end of the
Early Devonian, a moderate uplift in Central-South
China caused marine waters to recede.

Middle Devonian Ds, Dy witnessed a second trans-
gression, and a corresponding expansion of neritic de-
position. During the Late Devonian, two depositional

Table II-15. Devonian sequence - Lijiang, Yunnan Province, Southwest China

Upper Platy shale, siliceous limestone, and sandstone; 800 m

Middle Siliceous rock intercalated with platy shale; Nowakia cancellata 21m

Banmandaodi Formation  Blackish-gray siliceous rocks, limestone slate; Nowakia barrandei, and 140 m
Nowakia zlichovensis (tentaculites); Erbenoceras ellipticum

(ammonoid)

DEVONIAN Lower Alengzhoa Formation

Limestone intercalated with shale, conglomerate; Nowakia acuaria 520 m

(tentaculite); Monograptus yukonensis fangensis (graptolite);
Lyrielasma chapmani and Tryplasma hercynica (corals)

Minying Formation

Limestone intercalated with shale; Paranowakia bohemica 350 m
(tentaculite)

Table 11-16. Devonian sequence, southern Jiangsu, western Zhejiang, and southern Anhui Provinces, East China

Upper Wutong

Yellow quartzite and gray shale; Sinolepis macrocephala, 50 to

S. wutungensis, Astrolepis sinensis, Holoptychius nankinensis, and 800 m
Parholoptychius lungtanensis (placoderm fish); Leptophioeum

rhombicum, Sublepidodendron mirabile, and Lepidodendropsis hirmeri

(plants); Cymbosporitis scabellus (spore); Sphenophyllum lungtanensis

(coral)
DEVONIAN Middle Hiatus

Lower Maoshan Group

Red, purple, and green sandstone, shale, and quartzite; Galeaspidae, 0to

Polybranchiaspidae (ostracoderm fish) 500 m
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Fig. I1-28. Stratigraphic type section of Devonian in Guilin area, Guangxi Zhuang Autonomous Region, China (from Fang et al., 1979).

environments developed. D, represents a quiet neritic
environment with deposition of limestone bearing a
fauna of nektonic cephalopods. Dy represents an en-
vironment of active currents, and a regime of high
temperature. Oolitic carbonates form part of the se-
quence. By the latest Devonian a marine regression
resulted in the formation of a depositional hiatus. A
disconformity is present at the base of overlying Car-
boniferous deposits.

Type section B (Figure 1I-27), in southern Jiangxi
Province, consists of alternate marine and non-marine
strata. Divisions D, to Dy of the Lower anid Middle
Devonian are missing. D of the upper Middle Devonian
consists of sandstone and conglomerate interbedded with
a silty mudstone whose flora includes Lepidodendropsis

and Protolepidodendron. Dy is strongly unconformable
on folded and metamorphosed lower Paleozoic rocks.
D, of the lower Upper Devonian consists mainly of non-
marine clastics with the plant Leptophloeum rhombicum
and the placoderm fish Bothriolepis, the latter probably
an anadromous genus inasmuch as it is found in both
non-marine and marine environments. Interbedded ma-
rine intervals of D, contain the brachiopods Tentico-
spirifer and Lingula. Dy represents the uppermost De-
vonian, and it consists mainly of fine- to medium-grained
terrigenous clastics with the plants L. rhombicum and
Sublepidodendron. Marine intervals consist of limestone
with the brachiopods Yunnanella, Crytospirifer, and
Tenticospirifer.

Type section C (Figure 11-27), a non-marine sequence,
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lies in the lower valley of the Yangzi River. The Lower
Devonian consists of purplish-red sandstone and sandy
shale with ostracoderm fish. The Middle Devonian is
missing. The Upper Devonian consists mainly of quartz
sandstone interbedded with black shale and gray clay-
stone whose flora contains the plants Leptophloeum
rhombicum and Sublepidodendron, and whose fauna
contains placoderm fish (see Table 1I-16). The environ-
ment of deposition appears to have been lacustrine and
intermontane.

Paleoecology and Paleogeography

We summarize here a discussion of Devonian geography
by Wang and Yu (1962), to which we have added on
the basis of more recently collected data. Wang and Yu
pointed out that the geography of the earliest Devonian
was produced as a result of ‘Caledonian’ movements
at the end of the Silurian, and that land areas then became
important. Mountains and plateaux formed in many
parts of China, although marine waters covered a basin
on the site of the Tian Shan geosyncline. Folded rocks
underlay most of China in the earliest Devonian, and
initial Devonian deposits consisted characteristically of
purplish-red terrigenous clastics with sparse fossils. The
climate may have been hot and dry.

During the late Early Devonian, marine waters in-
gressed from three directions: (1) from the Indo-Pacific
through the present Indochina Peninsula to Central-
South China; (2) from the present Sea of Okhotsk into
North China; and (3) from Tethys on the southwest into
the area of the Himalayas and the Qinghai-Xizang
(Tibet) Plateau. The faunas of North China relate closely
to those of the Boreal Pacific realm; those of Central-
South China are similar to those of Western Europe;
and those of Xizang (Tibet) Autonomous Region are
related to those of Western Europe, the Middle East,
and the southwestern Pacific. Small-scale movements at
the end of the Early Devonian caused local regressions
and subsequent erasion. Small-scale movement between
the Middle Devonian and the Late Devonian, in their
turn, caused a local hiatus in the southern part of Central-
South China. Transgression then reoccurred in the Late
Devonian, with an increase in depth of waters, but with
an expansion of area that reached barely into East China,
owing to the relatively higher elevation in that area.
The faunas, partly endemic, still show clear relations
with Western European, Central Asian, Mongolian, and
North American biotas. Faunas collected in the area
of Qomolangma Feng (Mt. Everest) and in northern
India also show direct relationship with Asia and Europe,
but with no affinities to the Malvinokaffric realm of
the southern continents (Gupta and Janvier, 1970; Wang
Yu et al., 1984).

CARBONIFEROUS SYSTEM

Distribution and Facies

The Carboniferous System, extremely well developed in
China, shows a wide distribution, excellent outcrops,
and an abundance of fauna and flora, both endemic
and cosmopolitan (Figure [1-29). During the late 1970s
and the first half of the 1980s, there has been some
advocacy for a two-fold division of the Carboniferous
to replace the three-fold division of the late 1950s (i.e.
Lower Carboniferous, Middle Carboniferous, and Upper
Carboniferous). The two-fold division would retain the
Lower Carboniferous as the Fengeng Series, but would
unite the Middle Carboniferous and the Upper Carbo-
niferous in the Hutian Series. The latter constitutes a
viable unit in terms of lithology and of marine faunas,
but Li Xingxue and Zhang Linxin (1983) pointed out
that a considerable difference exists between Middle and
Upper Carboniferous floras in North China. In this study
we retain the three-fold division of the Carboniferous
in China.

Yang et al. (1962) observed a notable difference
between the Carboniferous of North China and that of
Central-South China. In the south, apart from the
continental deposits of East China, the Lower Carbo-
niferous occurs mainly in marine facies. In the north,
the Middle and Upper Carboniferous exhibit alternate
sequences of marine and non-marine strata. Patterns of
distribution also changed through Carboniferous time.
The pattern of distribution for the Lower Carboniferous
remains very similar to that of the Devonian. The
patterns for the Middle and Upper Carboniferous change
gradually to that of the succeeding Permian. For the
Carboniferous as a whole, the nature of deposition and
the characters of fauna and flora have suggested a
geographic division into (Figure 11-29): (1) Central-
South China; (2) North China; (3) Northwest China;
(4) Xizang (Tibet)-western Yunnan; and (5) Tian Shan-
Hinggan (Boreal Depositional Area). Using Martinez-
Diaz (1983, gen. ed.), we note briefly the characteristics
of these five regions.

Central-South China

The main lithofacies consist of marine carbonates, richly
fossiliferous, with terrestrial intercalations through the
Middle and Upper Carboniferous. Coal measures are
associated with the terrestrial intertongues. On Taiwan,
the Carboniferous (carbonate lenses in flysch-like me-
tamorphics) may be present in the Central Range (Chang
and Liu, 1984), but the claim of Chang and Liu remains
to be proved.

North China

This region shows a notable absence of Lower Carbo-
niferous. Lithofacies of the Middle and Upper Carbo-
niferous is mainly clastic, with intercalated limestone,
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Fig. I1-29. Outcrop distribution and stratigraphic provinces of Carboniferous in China (from Yang Shihpu et al., 1983).

shale, and coal. A plentiful marine and non-marine
fauna, together with plants, is present.

Northwest China

Extensive carbonates and terrigenous clastic rocks occur
here, together with fauna and flora that resemble those
of Central-South China.

Kunlun Shan-Xizang (Tibet)-Western Yunnan

Sandstone, shale, sandy shale, siltstone and carbonate
rocks of platform facies predominate south of the
Kunlun Shan geosynclinal zone. Basaltic volcanics are
common on the Gangdise block (western Xizang), and
again in western Yunnan Province. They are interbedded
with neritic platform facies. North of the Gangdise block,
up to 7,000 m of Carboniferous and Lower Permian
is known. In the Kunlun Shan geosyncline, the rocks
consist predominantly of flysch with eugeosynclinal
mafic submarine volcanics (Yin Ji-xiang et al., 1983).
A pronounced division of floras and faunas appears,

with Cathaysian floras extending onto the Gangdise
block from the north and Gondwana floras across the
Himalaya block from the south. Glossopteris was dis-
covered north of Qomolangma Feng (Mt. Everest) for
the first time by Hsu Jen (1973, 1976). A narrow trough
of paraflysch with deep-water facies occupied an area
near Rutog extending on both the Gangdise and Qiang-
tang block. This trough cuts across the major east-west
fault zones of today (Hu Changming, 1984).

Tian Shan-Da Hinggan Ling (Boreal Depositional Area)

Along this latitudinal segment of northernmost China,
the deposits-are thick and geosynclinal, intercalated with
volcanics; Lower Carboniferous is absent in places.

Lower Carboniferous: Distribution and
Facies

The distribution of lithofacies in the Lower Carboni-
ferous of China depends upon a framework of two
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Fig. I1-30. Paleogeography and lithofacies map of Early Carboniferous, China.

latitudinal tectonic zones (Figure I1I-30). The Northern
line of the framework is formed by the Tian Shan and
the Yin Shan, and the southern line, by the Kunlun
Shan and the Qin Ling. Together, these two lines give
rise to four latitudinal areas of deposition (Yang Shihpu
et al., 1983).

Tian Shan-Da Hinggan Ling

Although the Lower Carboniferous is absent in some
places along these latitudes on the northern slopes of
the Tian Shan and the Yin Shan, generally an extremely
thick succession of shallow-water terrigenous-clastic de-
posits, carbonates, and volcanic rocks is present in an
extensive geosyncline. The coralline fauna is closely
related to that of Central-South China, whereas the
assemblage of brachiopods shows similarity to that of
the U.S.S.R. on the north. North of the Tian Shan in
the Junggar basin, the Lower Carboniferous, possibly
marine, is present in the subsurface (Lin Longdong,
1984). It is, however, mildly metamorphosed and ap-
parently in a geosynclinal (flyschoid) facies.

Western and Central China

Between the two latitudinal controls named above, a

large area possibly stayed emergent. Deposition took
place in a few areas, however, including the northern
margins of the Tarim and Qaidam basins, northern
Kunlun Shan, southern Dabie Shan, southern Tian Shan,
and along the Qin Ling (Figure I1-30). Basal beds may
be absent or only poorly developed. Apart from these,
the Lower Carboniferous sequence consists mainly of
coal-bearing terrigenous clastics and carbonates. Gyp-
sum and salt are present in lagoonal strata that crop
out along the Qilian Shan and along the southern slope
of the Tian Shan. Faunas show affinities with those of
Europe.

Southern China

Uplifts — Cathaysian, Jiangnan, and central Yunnan -
exist within this large area. Away from these uplifts,
however, the Lower Carboniferous is widespread in the
lowlands of the Yangzi River, as well as in those of
the Pearl River (Zhujiang). The sequence, characterized
by littoral and shallow-water deposits, is complete and
thick. Limestone is the main element, and this alternates
with sandstone and shale. Corals and brachiopods do-
minate an abundant fauna. The carbonates are oil-
bearing in the Beibuwan (Gulf of Tonkin). Important
coal measures developed in southeastern China, where



some gas deposits have been traced to them (Han and
Yang, 1979, 1980; Lee, 1984).

Xizang (Tibet)-Western Yunnan

The Lower Carboniferous of this large area remains
poorly known compared with other areas of China. Some
sequences contain great thicknesses of terrigenous-clastic
strata, with minor carbonates. Others contain thick
limestones and interbedded basalts. Coal measures ap-
pear to be absent. Gondwanan elements appear in
extreme southern Xizang (Tibet) Autonomous Region,
but most of the fauna is northern, and includes some
North American taxa. On Qomolangma Feng (Mt.
Everest), 126 m of gray marine shale with some marl
is present, bearing a mainly northern fauna (Mu Anzi
etal., 1973). On the opposite side of the present Qinghai-
Xizang Plateau, several thousand meters of flysch and
mafic volcanicgenic rocks accumulated in the Kunlun
Shan geosynclinal basins (Yin Ji-xiang et al., 1983).

Southern Qinghai-Xizang Plateau

On the Qinghai-Xizang Plateau, the Lower Carbonife-
rous is composed of shale, limestone, and siliciclastics
in the Himalaya, whereas in northern Xizang (Tibet)
Autonomous Region and southern Qinghai Province,
it consists mainly of shallow-water carbonate.

In this region, pre-Carboniferous faunas possess a
somewhat cosmopolitan character, although the assem-
blages contain species endemic to southeastern Asia, so
that the region has a distinctly south or southeast-Asia
flavor. The Cambrian Redlichia (trilobite) fauna, for
example, is known from Iran, the Salt Range of Pakistan,
the Tarim basin, Burma, Southwest China, and several
other large areas. Ordovician faunas include numerous
genera and some species from Europe, North America,
and northern China. Several Silurian genera have a
worldwide distribution. Numerous Devonian forms are
found in various parts of China, the U.S.S.R., Europe,
Australia, and North America.

Beginning in the Carboniferous, the present area of
the southern Qinghai-Xizang Plateau was divided
abruptly into three latitudinally oriented geogeographic
zones (Figure 11-31). The northern and central zones
appear to be separated by the Bangong-Nujiang fault
system; the central zone is separated from the southern
by the Yarlung Zangbo (Indus) fault system.

Wen (1981) described the Lower Carboniferous fauna
north of the Bangong-Nujiang fault system. Abundant
fossils occur, and these include fusulinids, corals,
brachiopods, and ammonoids. Present are genera such
as Fostaffella, Cystophrentis, Aulina, Kueichouphyllum,
Yuanophyllum, Gigantoproductus, Schuchertella, and
Praewaagenoceras. These are closely similar to the fau-
nas of South-Central China. South of the fault system
there occurs a mixed Tethyan-Gondwanan fauna domi-
nated by the brachiopods Fusella, Ovatia, Marginirugus,
Syringothyris, and Balakhonia, clearly allied to the faunas
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of Australia and the Himalaya, yet different from wholly
Gondwanan forms farther south.

All Wen (1981), Chang and Pan (1981) and Huang
and Chen (1987) interpreted the faunal distribution of
the Carboniferous, and the faunal and floral distribu-
tions of the Permian, as evidence that India-Himalaya-
Northern Xizang (the area south of the Bangong-Nujiang
fault system), separated and drifted southward from Asia
in Early Carboniferous time. During the Mesozoic, the
direction of drift is supposed to have reversed, with
collision during the Late Jurassic, the Cretaceous, and
the Paleocene-middle Eocene.

Middle Carboniferous: Distribution and
Facies

Gao Lianda et al. (1983) defined the Middle Carbo-
niferous column of China as a sedimentary succession
whose lower boundary is the lowest appearance of the
fusulinid Pseudostaffella antiqua, the brachiopod Cho-
ristites, and the ammonoids Reticuloceras and Retites;
and whose upper boundary is the highest appearance
of the fusulinids Fusulina cylindrica and F. quasicylin-
drica. Except for the uplifts of Yin Shan (Nei Monggol
Autonomous Region), Huaiyang (Henan Province), Tai-
wan, and - possibly - central Xizang (Tibet) Autono-
mous Region, the distribution of the Middle Carboni-
ferous across China is extensive. Sedimentation was
controlled by the latitudinal structural zones of Tian
Shan-Yin Shan and Kunlun Shan-Qin Ling, as well as
in the southeast-trending structural zones of Hengduan
Shan (Xizang-Yunnan) and A’nyemaqen Shan (Qinghai
Province). Stratigraphy and lithofacies change across
these zones, and five distinctive areas of deposition are
established.

Central-South China

Marine carbonates are typical in many sequences of the
Middle Carboniferous in this area. Columns commonly
are complete, with varied and abundant fossils.

North China

The Middle Carboniferous sequence consists of alternate
marine and terrestrial strata, the latter with coal me-
asures. Fossil plants occur in the coal measures. Bra-
chiopods and fusulinids characterize the marine strata.
China’s thickest Carboniferous (Middle and Upper) coal
measures occur in North China and Northeast China
(Figures 11-32 and 11-33; Li, 1962; Han and Yang, 1979,
1980; Gao Lianda et al., 1983).

Northwest China

Differences of tectonic development and of local pa-
leogeography affect the Middle Carboniferous sequence
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Fig. I1-32. Distribution of major Carboniferous and Permian coal fields in North China.

of this area. In the Tarim basin, the sequence contains The depositional environment is platformal, open-ma-
abundant fusulinids and brachiopods. Other areas ex- rine. The fauna is closely related to that of Western
hibit marine deposits with ammonoids and alternate coal Europe.
measures with plants. In the Junggar basin, Middle Several recent publications on Xizang (Tibet) Auto-
Carboniferous non-marine strata overlie the Lower Car- nomous Region have grouped the Middle and Late
boniferous (Lin Longdong, 1984). Carboniferous into one unit; hence we discuss the two
together in the section on Late Carboniferous.
Xizang (Tibet)-Western Yunnan
Tian Shan-Da Hinggan Ling
The Middle Carboniferous sequence of this region re-

mains unclear, partly because of poor exposures and This area in general consisted of a mobile trough that
partly because of lack of detailed investigation. In received great thicknesses of detrital deposits with in-
western Yunnan Province, volcanic rocks are present tercalated volcanic rocks and volcaniclastics. More stable
in the sequence. In the Shenzha area of Xizang (Tibet) sectors show a local development of neritic carbonates
Autonomous Region, detrital deposits interpreted as and of terrigenous clastics. Brachiopods and ammonoids
glaciomarine are present. Thick eugeosynclinal sections dominate the fauna. Where flora is present some of its
are present in the Kunlun Shan with flysch and mafic elements belong to the early Angaran realm.

volcanogenic rocks. On Qomolangma Feng (Mt. Ever-
est), Mu Anzi et al. (1973) described 1,888 m of gray-
black shale, with conglomerate, sandstone, and marl.
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Upper Carboniferous: Distribution and Facies

Liand Zhang (1983) named the main uplifts of the Upper
Carboniferous as Yin Shan (Nei Monggol Autonomous
Region), southern Kam-Yunnan (Xizang and Yunnan),
and ‘Paleoyangzi’ (mainly Sichuan Province). The Kam-
Yunnan uplift is the combined Xizang (Tibet)-Kangdian
uplifts of Mu (1962). Marine deposits are extensive, but
on the Sino-Korean platform they do not extend as far
north as their predecessors of the Middle Carboniferous.
Their northern boundary, instead, is a line linking the
Datong coalfield (Shanxi Province), Beijing, and the
Benxi coalfield (Liaoning Province). The five areas of
the Middle Carboniferous persisted into the Late Car-
boniferous, although specific boundaries differ.

Central-South China

Limestone is a dominant element in the Upper Carbo-
niferous of Central-South China, but shale, sandstone,
and dolomite also are present. Fusulinids and corals
are important contributors to the fauna.

North China

In this area the Upper Carboniferous lithofacies consist
of mixed representatives of the platform. Siliciclastics
are the major contributors, with intercalations of lime-
stone and coal. Some of China’s most important Pa-
leozoic coal measures formed in the Middle Carboni-
ferous, the Late Carboniferous, and the Early Permian
(Figure 11-32 and I1-33; Li, 1962; Han and Yang, 1979,
1980). Marine and freshwater faunas are both wide-
spread. The flora includes abundant leaves, trunks, and

other large remains. Also present in the flora are sporo-
pollen assemblages typical of the Middle and Upper
Carboniferous of the Euramerican floral realm. On the
whole, however, a definitely Cathaysian character was
developing during the Late Carboniferous in North
China.

Northwest China

Upper Carboniferous deposits show several lithofacies.
In addition to marine carbonates, there are alternate
non-marine and marine deposits, partly interbedded with
thick volcanic layers. From the Qilian Shan eastward
the sequences become increasingly like the sections of
North China. To the northwest in the Junggar basin,
the Upper Carboniferous consists of interbedded marine
and non-marine dark-gray to gray-black dolomitic
mudstone and agrillaceous tuff, or tuffaceous mudstone.
These dark organic mudstones, formed in protected
lagoons, are among the oil-source beds in the north-
western Junggar basin (Lin Longdong, 1984).

Xizang (Tibet)-Western Yunnan

Carbonate and terrigenous clastic rocks both occur in
this area, and in western Yunnan Province and central
Xizang (Tibet) Autonomous Region (between the Ban-
gong-Nu Jiang and Yarlung Zangbo fault zones (Figure
11-31), they are accompanied by andesitic and basaltic
volcanic rocks, including flows and tuffs. Quartz sand-
stone, siltstone, silty shale, tuffaceous sandstone, and
minor limestone predominate in the north; quartzite,
sandstone, sandy shale, silty shale, sandy siltstone, and
marl predominate in the south. Deposition took place



on an open-marine shelf with small local depressions.
In the Rutog area (Figure II-31), a deep-water Late
Carboniferous to Early Permian trough with paraflysch
formed, along a trend across the major east-west fault
zones. A Eurydesma fauna flourished in this trough (Hu
Changming, 1984). Diamictite is present with sedimen-
tary breccias in the lower part. These diamictites have
been interpreted to be glacial and glaciomarine deposits,
but this is not proved. Recently, some Chinese geologists
have expressed the opinion that the diamictites are non-
glacial in origin (Yin Jixiang et al., 1983). Whatever
their origin, they are found in the Himalaya, south of
the Indus-Yarlung Zangbo fault zone, in the Gangdise
block, between that fault zone and the Bangong-Nu Jiang
fault zone, and in the region north of the Bangong-
Nu Jiang fault zone. In all of these areas, Gondwana
faunal and floral elements are present. The Gondwana
elements comprise but a small part of the total flora
and fauna (Waterhouse, 1983), and they disappear in
a gradational manner northward (He and Weng, 1982,
1983; Liang Dingyi et al., 1983; Liu and Cui, 1983; Wang
Hongzhen, 1983; Wang and Mu, 1983; Zhao Junpu,
1984). In the Gangdise block and in the northern
Himalaya, beds with Tethyan faunas alternate with thin
layers containing Gondwana elements, and thick zones
of mixed Tethyan and Gondwana elements (Liang Din-
gyi et al., 1983; Wang and Mu, 1983). Abrupt lithologic
and faunal changes are not associated with these major
fault zones. At least 730 m is present (Mu et al., 1973).
In the Tingri County area north of Qomolangma Feng
(Mt. Everest), the Late Carboniferous above a basal
diamictite (Chataje Diamictite) contains the Gondwana
fauna of the ‘Stepanoviella’ (brachiopod) beds. The
brachiopods include Stepanoviella gracilis, Lissochonetes
cf. geinitzianus, Trigonotreta cf. narsahensis, Attenuatella
convexa, and ‘Punctospirifer’ jilongica. The fauna is
closely related to the Gondwana-Tethyan (mixed) fauna
of Umaria on the Indian shield, in Madhya Pradesh,
650 km southeast of New Delhi (Wang and Mu, 1983).
North of the Indus-Yarlung Zangbo fault zone near
Lhasa, the approximately equivalent section lies near
the base of the Pondo Group, and was collected from
Urulung, just north of Lhasa (Wang and Mu, 1983).
This locality is on the Gangdise block between the Indus-
Yarlung Zangbo fault zone on the south and the Ban-
gong-Nu Jiang fault zone on the north (Figure II-31).
Its fauna includes the brachiopods Bandoproductus (mis-
identified by some as Stepanoviella) hemiglobicus, Cha-
oiella latisinuata, Leiorhynchoidea sp., Praeckmannella
sp. and Syringothyris cf. nagmagensis. According to
Wang and Mu (1983), this fauna lived in warmer waters
than the Tingri fauna south of the Indus-Yarlung Zangbo
fault zone. That fault zone, however, is unrelated to
the interpreted difference in water temperature, a sta-
tement proved by the Rutog section at the western end
of the Chinese part of the Gangdise block. At Rutog,
and north of it in the Gaggar Co-Duoma district, the
basal unit of the Upper Carboniferous Horpa Co (Hu-
oerpacuo) Group is the Cameng Formation, a marine
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diamictite unit. It is overlain by the Zhanjin Formation
(Liang Dingyi et al., 1983; Liu and Ciu, 1983). The lower
Zhanjin is a paraflysch, associated with slaty shale; the
upper part also is paraflysch, but includes conglomerate,
sandstone, and conglomeratic sandstone. In the lower
part are the gastropods Eurydesma perversum (the first
Chinese occurrence of Eurydesma), Nuculopsis sp., and
Mourlonia cf. freneyensis. Above are Eurydesma play-
fordi, E. mytiloides, E. cf. globosum, E. sumoratum,
Schizodus cf. occidentalis, S. cf. meekanus, and other
forms. The Zhanjin also contains the brachiopod Am-
bikella fusiformis and the corals Amplexocarinia and
Cyathaxonia.

The northern margin of the Gangdise block is the
Bangong-Nu Jiang fault zone, north of which lies the
Qiangtang block. On the Qiangtang block (Figure I1-
31), north of Rutog at Tulonggongba (Toinlunggomba),
the basal (Late Carboniferous part) Longmu Co Group
contains the warm-water fusulinids Triticites altus Pseu-
dofusulina ovata, Boultinia willsi, and Schwagerina quem-
beli pseudoregularis (Wang and Mu, 1983).

Tian Shan-Da Hinggan Ling

Along this latitudinal trend in northernmost China, the
Upper Carboniferous sequence shares the character of
the whole Carboniferous sequence of this trend in being
thick and geosynlinal, the latter feature involving the
presence of many interbedded volcanics. The Xinjiang
Uygur Autonomous Region (central) and Gansu Pro-
vince exhibit a biofacies of ammonoids and brachiopods.
The Bogda Shan of northern Xinjiang Uygur Autono-
mous Region exposes numerous outcrops of coarse-
grained silicilastics with a marine ammonoid facies in
some intervals, and with a continental plant-bearing
facies in others. Farther east, in the Nei Monggol
Autonomous Region, the Upper Carboniferous sequence
contains limestone and siliciclastics, both of which
contain a marine biofacies of fusulinids and brachiopods.
Corals are also present.

Type Sections
Lower Carboniferous

Fang et al. (1979) illustrated and tabulated the lithology
of a type section of Lower Carboniferous, and indicated
its major fossils, all representative of southern Guizhou
Province (Figure 11-34).

The strata in this sequence are marine. A hiatus is
present locally between the underlying Devonian and
the base of the Carboniferous, but in many places the
contact between the two systems is conformable, a fact
which suggests no major regression at the time boundary.
Above the base, Fang et al., used C, for a lower division,
and C, for the upper division, up to the top of the Lower
Carboniferous sequence.

As Figure 11-34 shows, limestones form an important
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Fig. II-34. Lower Carboniferous stratigraphy in southern Guizhou Province, China (from Fang et al., 1979).

constituent of C,, and they form also the best indicators
of neritic facies in a regime of moderate transgression.
Corals and brachiopods typify the fauna of C,. Among
the corals, characteristic forms are the solitary tetracorals
with septa, tabulae, and dissepiments. The assemblage
of fossils suggests a correlation with most of the Tour-
naisian stage of Europe (Figure I[I-11).

In C,, clastics become relatively important, with a
facies that suggests coastal environments and an episode
of moderate regression. Limestones, the highest strata
of C,, signal the return of transgression and presumably
a neritic environment. Corals and brachiopods typify
the fauna. Among the corals, characteristic forms are
colonial and rugose, the latter triple-zoned. All corals
in C, exhibit septa, tabulae, disseptiments, and colu-
mella. The assemblage of fossils suggests a correlation
with most of the Visean stage of Europe (Figure II-
11).

A section from East China consists mainly of cont-
inental strata with a few marine layers. This conjunction
of facies indicates the presence of an oldland, possibly
a highland, invaded from the west by marine waters
during transgressional maxima in Central-South China.
Grayish-white and purplish-red terrigenous clastics are
present, with a flora of the plants Sublepidodendron,
Rhodea, Asterocalamites, Mesocalamites, Archaeopteris,
and Neuropteris. A sparse marine fauna includes the
brachiopods Eochoristites, Echinoconchus, and Chonetes.

The later investigations of Yang Shihpu et al. (1983)
have yielded lithological and paleontological details of
more than twenty sequences of Lower Carboniferous
across their four latitudinal zones. For comparison with
Figure 1I-34, and for information on chronostratigra-
phic series and on their relations with European zones,
we present our tabulation of a sequence in Hunan
Province, Central-South China (Table II-17).
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Table II-17. Lower Carboniferous sequence - central Hunan Province - Central-South China

lower Zimengiao Formation
Namurian

Zeishui Formation
Viséan Datangian  Shidengzi Formation

Lower
Carboniferous

Liujiadang Formation

Menggongao Formation
Tournaisian Aikuanian

Shaodung Formation

Limestone and argillaceous Is.; Yuanophyllum 1Sto
kansuense, Neclisiophyllum yangtzeense (corals); 160 m
Latiproductus edelburgensis (brachiopod); Eostaffella

(fusulinid); Homoceras cf. subglobosum (ammonoid)

Quartzose sandstone and shale with intercalated 80 to
limestone and coal; Archaeocalamites prolixus, 160 m
Cardiopteridium spitsbergense, Triphyllopteris

collombiana (plants); Arachnolasma sinense (coral)

Massive bedded limestone; Thysanophyllum asiaticum, 150 m
T. shaoyangense, Kueichouphyllum sinense (corals),
Gigantoproductus giganteus (brachiopod)

Gray limestone with intercalated sandstone and shale; 140 to
Zaphrentites paralellus, Pseudouralinia tangpakouensis 300 m
(corals); Hunanoproductus hunanensis, Fusella

metatrigonalis, Maartiniella chinglungensis

(brachiopods)

Argillaceous limestone, massive bedded; Cystophrentis 60 to
kolaohoensis, Caninia cornucopiae (corals); Poulonia 90 m
menggungaoensis; Cleiothyridina serra (brachiopods)

Marl and limestone, thin-bedded; Caninia dorlodoti, 70m

Ceriphyllum elegantum (corals); Sphensospira sp.
Mesoplica sp. (brachiopods)

Yang Shihpu et al. (1983) noted three types of contact
between the Lower Carboniferous and the Devonian or
the pre-Devonian: (a) angular unconformity; (b) discon-
tormity; and (c) conformity. Angular unconformity in
Northwest China results from folding in Tianshan tec-
togenesis before the beginning of Carboniferous depo-
sition. Lower Carboniferous deposition itself may be
incomplete at the base. Disconformity occurs where
overlap of the Lower Carboniferous took place on the
eastern and western margins of the present South China
Sea, also around Nanjing along the lower part of the
present Yangzi River. To the west of these areas, in
eastern Yunnan Province, rocks below the disconformity
may belong either to Upper Devonian sequences or to
Cambrian sequences. Conformable contacts occur where
marine deposition took place continuously across the
Devonian-Carboniferous boundary, and where Early
Carboniferous taxa exhibit Devonian heritage. Three
fossil facies provide part of the evidence for conformity.
Evidence from the ammonoid facies occurs in Huishui
County, southern Guizhou Province. Evidence from the
coral-brachiopod facies occurs in central Hunan Pro-
vince and in northern Heilongjiang Province. Evidence
from the stromatoporoid-tabulate coral facies exists in
Guizhou Province and in Sichuan Province.

Middle Carboniferous

Fang et al. (1979) illustrated the lithology and the
paleontology of a type section of Middle Carboniferous
and Upper Carboniferous at Taiyuan, Shanxi Province
(Figure 11-35). At this locality the systematic stage is
C,. The Benxi Formation at the base consists of two
layers of mineral deposits, iron ore below and aluminum
ore above. The iron ore is a massive weathered and

unstratified residue of reddish-brown hematite and li-
monite disseminated in clay. This residue constitutes the
Shanxi type of iron ore, to be discussed elsewhere. In
the overlying clays, the aluminum ore is present, and
is better stratified. Brachiopods and fragments of plants
point to deposition in a subsiding coastal environment
during the lower part of C,. The middle part consists
of fusulinid limestone of inshore marine facies. The upper
part consists of sandstone and coal seams of supratidal
and paludal facies.

Gao Lianda et al. (1983) presented lithological and
paleontological details of eight sequences of the Middle
Carboniferous across China. From these we have se-
lected a sequence in Guizhou Province for tabulation
(Table II-18), also as a supplement to the sequence in
Figure II1-34. The sequence in Guizhou Province is
wholly carbonate and wholly marine. Its fauna of
fusulinids and ammonoids yields data for correlation
with equivalents in Europe, U.S.S.R., and North Ame-
rica.

Upper Carboniferous

The C, stage of the Upper Carboniferous shown in Figure
I1-35 is disconformable on the C, stage of the Middle
Carboniferous. This relationship is an expression of a
brief period of erosion before the beginning of deposition
of C,. Within the C, succession itself, sandstone deposits
are the basal strata in each of three members. An
accompaniment of coal and of limestone gives a partly
cyclothemic character to each member, and the middle
limestone represents a peak of marine incursion during
the deposition of C,. The water remained shallow, and
the fusulinid fauna suggests a depth no greater than
that of the photic zone (marine ‘meadows’). Among the
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Fig. I1-35. Stratigraphy of Middle and Upper Carboniferous in Taiyuan, Shanxi Province, North China (from Fang et al., 1979).

C, coals, three are thick and also are of great economic
importance. The non-marine facies, that includes the
coals of C,, yields a flora with taxa such as Neuropteris
pseudovata, Lepidodendron posthumi, Annularia pseudo-
stellata, and Pecopteris. These signal an early stage of
Cathaysian flora.

Li and Zhang (1983) presented lithologic and pale-
ontologic detail of more than twenty sequences of the

Upper Carboniferous. Of these we tabulate a sequence
in Shanxi Province discussed above (Table II-19). In
this tabulation we show chronostratigraphic correlations
with Europe, U.S.S.R., and North America.

Li and Zhang (1983) discussed the Cathaysian flora
shown in our Figure II-35 and tabulated in our Table
[1-19. The affinities of this flora are with the European
Stephanian flora, but a definite endemic element occurs.

Table 11-18. Middle Carboniferous sequence - Pan Xian, Guizhou Province - Central-South China

Dala Formation (upper)

Middle
Pennsylvanian

Moscovian

Westphalian Dalanian

Huashiban Formation

(upper)
Lower Bashkirian

Pennsylvanian

Huashibanian
Namurian
(middle)

Limestone; Fusulina cylindrica, 120 m
F quasicylindrica, F. schellwieni,

Fusulinella praebocki Pseudostaffella

paradoxa (fusulinids)

Limestone and dolomite; Profusulinella

prisca, P. ovata, P. pseudorhomboides,

Eofosulina triangula, Pseudostafella sp.

(fusulinids)

(lower)

Limestone and dolomite; 540 m
Gastrioceras, Brannoceras,

Reticuloceras, Retites (ammonoids),
Pseudostafella antioua (fusulinid);

Choristites mansuyi (brachiopod)
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Table 11-19. Upper Carboniferous - Taiyuan, Shanxi Province - North China

Taiyuan Formation

Missourian

Gzelian Stephanian Mapingian

Virgilian

Sandy shale, sandstone, limestone and coal 110 m
seams; Occidentoschwagerina texana,

Rugosofusulina complicata, Dunbarinella

subnathorsiti (fusulinids); Neuropteris ovata,
Lepidodendron posthumi, Annularia

pseudostellata (plants)

Geographically, the Cathaysian flora is bordered on the
north and west by the Angaran flora, and on the
southwest by the Gondwana flora. The border between
the Cathaysian and the Angaran floras corresponds
relatively closely with the southern boundary of the Tian
Shan-Da Hinggan latitudinal zone. From this boundary
southward the Cathaysian flora covers virtually the
whole of China. Only in the southern Xizang (Tibet)
Autonomous Region does a salient of Gondwana flora
enter China, on the northern slopes of the Himalaya,
and this is of Late Carboniferous-Permian age (Hsu,
1976; Yin and Kuo, 1978).

Faunas of the Upper Carboniferous in China include
fusulinids, corals, brachiopods, and ammonoids, obvi-
ously congeneric and some of them conspecific with
faunas in the U.S.S.R., Europe, and North America.
On this basis the chronostratigraphy of the Carboni-
ferous-Permian boundary should pose no problem. Yang
et al. (1962) and Sheng (1962), however, drew attention
to the unconformity or disconformity between the ‘Car-
boniferous’ and the ‘Permian’ produced after the Yunnan
movement. In China the fusulinid Pseudoschwagerina
zone lies beneath the unconformity, thereby suggesting
that at least for China this zone should be placed in
the uppermost Carboniferous, and not in the Permian,
as is customary elsew<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>