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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 19S0s, 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 aI., 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: (I) 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 Jiqing
(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 developerl
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-I.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
Songqiao (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 540 North and 180 North and between
latitudes 730 East and 1390 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-I). 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-I, Table I-I; Xue
Muqiao, 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 Songqiao, 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 I, 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-I (from Xue Muqiao, 1982)

NORTH CHINA
I. Beijing Municipality
2. Tianjin Municipality
3. Hebei Province
4. Shanxi Province

5a. Western Half of
Nei Monggol
Autonomous Region

NORTHEAST CHINA
5b. Eastern half of

Nei Monggol
Autonomous Region

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

EAST CHINA
9. Shanghai Municipality

10. Jiangsu Province
II. Zhejiang Province
12. Anhui Province
13. Jiangxi Province
14. Fujian Province
15. Shandong Province

CENTRAL-SOUTH CHINA
16. Henan Province
17. Hubei Province
18. Hunan Province
19. Guangdong Province
20. Guangxi Zhuang

Autonomous Region

SOUTHWEST CHINA
21. Sichuan Province
22. Guizhou Province
23. Yunnan Province
24. Xizang (Tibet)

Autonomous Region

NORTHWEST CHINA
25. Shaanxi Province
26. Gansu Province
27. Qi!1ghai Province
28. Ningxia Hui

Autonomous Region
29. Xinjiang Uygur

Autonomous Region
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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 1-2), 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

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 1-2). 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,

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:
(I) 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
O°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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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, Nyainqentanglha
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 II

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: (I)
Paleontological Stratigraphy (Fang et aI., 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 aI., 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



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

• 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 Jiqing
(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.

8 CHAPTER II

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 Jiqing et
al. (1980) The Geotectonic Evolution of China, Wang and
Liu (1980) Historical Geology of China, and Wang
Shangwen's (1983) Petroleum Geology ofChina. 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-I).
Subordinate numbers represent subdivision. For exam
ple: D 1 refers to Early Devonian rocks; D2 to Middle
Devonian rocks; and DJ to Late Devonian rocks.

PRE-SINIAN

General (Tables II-2 and II-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

System

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

Paleogene
Neogene

Quaternary

Letter (s)

Ar
Pt
Z
C
o
S
D
C
P
T
J
Cr
Tr
Pg"
N
Q

Table 11-2. 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)

- f--XINGKAIAN- FORMATION OF - CAMBRIANw EARLY
PALEOZOIC CAMBRIAN '" MOST MEDIAN

< MASSIFS f------ 570 -

~~
CALEDONIAN

800 < ~ACARAN
UPPER SINIAN ffi STAGE

CHENGJIANGIAN 700-
PROTEROZOIC 1--800 ::Ii JINNINGIAN-f- FORMATION OF CRYOGIAN

OINGBAIKOUAN YANGZI -900-

1.050- PLATFORM RIFTIAN

MIDDLE
JINNINGIAN -SIBAOAN - -1.200-

JIXIANIAN UNDESCRIBED
-1.400- = r----- 1.400-

PROTEROZOIC w STAGE EUKARYOTtAN
CHANGCHENGIAN '" r----- 1•600 -<... ROUGIAN

1.650- III LULIANGIAN- FORMATION OF 1.800-<

'" (ZHONGTIAOAN) N. CHINA AND TARIM OROGENIANHUTUOAN w LULIANGIANLOWER ::Ii PROTOPLATFORMS

1--2.300- STAGE r--WUTAIAN -
f---2.100 -

PROTEROZOIC
WUTA'AN FERRIAN

2.600 FUPINGIAN~ FORMATION OF 2.500-
UPPER

FUPINGIAN - CONTINENTAL
ARCHAEN w

3,100- '" NUCLEI
LOWER < FUPINGIAN

OIANXIAN ... ARCHEANARCHEAN III
3.800- < STAGE

'".. HADEAN w
::Ii

4.500
From Wang and 0180 (1984)
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Terminologies used for the Precambrian are shown on
Tables 11-2 and 11-3.

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 II-I). 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 1-2).
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 1-2).

The most extensive exposures lie in the northeast.

I
100·

500

KM

I
Kunming.

I
I

(

r-"

..../

\
120°

Fig. II-I. 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-I). 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-I) is the northern (Siberia
Mongolia) continental domain (la = Junggar-Altay
superregion, and Ib = the Hinggan-Nei Monggol su
perregion); II is the North China continental domain
(IIa = 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 III-I 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 11-2; 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 II

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 III-I).

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 hav'e 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 11-2).

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 11-2 is a generalized sum
mary of the type section, the location of which appears
on Figure II-I.

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 II-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,
amphibolite, various kinds of schist, and taconite (bed-
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Fig. 11-2. Composite stratigraphic column of pre-Sinian in the area of Wutai Shan-Taihang Shan. North China (from Fang et aI., 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 ofthe 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 aI., 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 11-2 and Table 11-3).
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 11-3).

Some Chinese geologists recently have challenged the
traditional interpretation (adopted in this book) shown
on Figure 11-2, and have suggested that the Hutuo and
Wutai 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; Zhanget aI., 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 Jiqing 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 11-3). 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
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Sino-Korean (North China) platform reaches a thickness
of 10,000 m and occurs in two basins.

The Changcheng contains five formations (Figure 11
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 11-3 and Figure II-3 (Compi
lation Group, 1976; Fang et aI., 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 11-3). Its type section
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Fig. 11-4. Stratigraphic column of Kunyang Group, Middle Proterozoic in eastern Yunnan Province, Southwest China (modified from Fang et aI.,
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 11-4) 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 11-3, 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
jiang 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 eugeosynclinallow-grade metamorphosed vol
cano-sedimentary sequences, with an aggregate thickness
of more than 20,000 m (Guo et aI., 1984; Huang Jiqing,
1984; Lee, 1984; Wang and Qiao, 1984; Zhang et aI.,
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
Cambrian 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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Lu/iang 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.l.) and sensu stricto (s.s.) to the Proterozoic. Sinian
s.s. indicates late Proterozoic (850 to 570 Ma), Sinian
s.1. 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 II-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 11-6), 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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Chao (1924). Other 'classic' sections measured and
described from North China by Kao et a1. (1934) now
are known to be older than the Yangzi Gorges section,

and which belong to the Sinian s.1., 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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18 CHAPTER II

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 B-7). In eastern Lia- •
oning Province (Figure B-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 B-4). In eastern Liaoning

(
1

-Hohhol >-
r·..J )

/"oJ"·_· {

./
.I

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

I\~

12f~

YELLOW SEA

SINIAN SYSTEM

_ North China Type

~ South China Type

X Location ot type section
ot the North China Type

Fig. 11-7. Outcrop distribution map of Sinian System in North China and northern South China (from Fang et aI., 1979).



T
ab

le
11

-4
.

S
tr

at
ig

ra
ph

ic
co

rr
el

at
io

n
ch

ar
t

o
f

th
e

S
in

ia
n

Sy
st

em
in

C
hi

na

S
O

U
T

H
W

E
S

T
C

H
IN

A
S

O
U

T
H

E
A

S
T

C
H

IN
A

N
O

R
T

H
C

H
IN

A
~
!
~
~
_
~
_
~
_
T

_
_

_
_
~
~
I
~
A
.
~

S
O

U
T

H
IN

O
R

T
H

I
W

E
S

T
.-

...
_-

-
(1

)
(2

)
(3

)
(4

)
(5

)
(6

)
(7

)
(8

)
(9

)
('

0
)

(1
1

)

W
E

S
T

E
A

S
T

S
O

U
T

H
W

E
S

T
N

O
R

T
H

E
.

A
N

H
U

I-
S

O
U

T
H

W
E

S
T

N
O

R
T

H
I

A
U

S
T

R
A

L
IA

le
U

R
O

P
E

IA
F

R
IC

A
H

U
B

E
I

Y
U

N
N

A
N

S
IC

H
U

A
N

G
U

A
N

G
X

I
N

.
J
IA

N
G

S
U

A
N

H
U

I
Z

H
E

J
IB

IA
N

G
ll

A
O

O
Q

N
G

H
U

A
IN

A
N

O
U

R
U

K
TA

G
H

Q
A

IO
A

M
~
-

._
-

HI
c
m

,
C

m
,

C
m

,
C

m
,

C
m

,
C

m
,

C
m

,
C

m
,

C
m

,
C

m
,

C
m

,

o
~

T
1

E
N

Z
H

U
$

H
A

N
F

M
.

H
U

A
N

G
L

IS
H

U
H

U
A

N
G

B
O

H
E

T
A

N
G

X
IS

H
A

N
B

U
lA

K
X

IA
O

G
A

O
L

U
M

E
I$

H
U

C
U

N
F

M
.

M
A

ID
IP

IN
G

F
M

.
Q

IN
G

X
I

F
M

.
F

M
.

LI
N

G
F

M
.

F
M

.
JI

A
N

C
H

A
N

G
F

M
.

H
O

U
J
IA

$
H

A
N

F
M

.
F

..
..

F
M

.

8
0

0
--

--
--

--
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-

D
E

N
G

Y
IN

G
F

M
.

D
E

N
G

Y
IN

G
F

M
.

H
O

N
G

C
H

U
N

P
IN

G
L

A
O

S
A

O
D

E
N

G
Y

IN
G

P
IY

U
A

N
C

U
N

X
IF

E
N

G
S

I
X

IN
M

IN
C

U
N

G
O

U
H

O
U

F
M

.
Z

H
O

U
J
IE

S
H

A
N

F
M

.
F

M
.

F
M

.
F

M
F

...
.

F
..

..
H

A
N

G
E

lH
A

O
K

F
..

..

V
E

N
D

O
T

A
E

N
IA

1
1

6
m

S
A

B
E

ll
lT

iD
IO

S
P

O
U

N
D

""
C

R
H

Y
$

T
R

ID
IU

A
f

A
C

U
S

B
O

X
O

N
IA

F
M

.
2

2
m

O
ll

l.
C

H
A

R
N

IA
J
IN

S
H

A
N

Z
H

A
I

F
M

.
-
-
-
-
-
-
-

A
C

T
IN

O
P

H
Y

C
U

S
..

2
9

2
m

4
6

5
m

D
E

N
G

Y
IN

G
E

N
S

IS
M

U
L

T
IS

IP
H

O
N

IA
~

"
H

O
N

G
T

IE
G

O
U

L
O

P
H

O
M

IN
U

S
C

U
L

A
B

A
U

O
S

0
C

U
IJ

IA
T

U
N

F
M

.
2

3
m

...
a:

F
..

..
"

"
~

7
9

m
-
-
-
-
-
-
-
-

1
1

0
m

~I
I

I
I

I
1

,1
0

0
m
I

I
I~

W
A

N
G

S
H

A
N

F
M

.
a:

..
M

A
J
tA

T
U

N
F

M
.

$
H

U
IO

U
A

N
F

M
.

H
E

IT
U

P
Q

F
M

.
II

I
"0

3
7

7
m

T
A

E
N

IA
T

U
M

a:
2

5
0

-6
7

0
m

1
6

7
-7

4
5

m
9

4
0

m
1

3
1

m
8

0
m

1
7

0
m

,.
R

A
E

S
O

L
E

N
O

-
5

0
m

"
x

P
O

R
A

S
H

tJ
IA

F
M

"
1

9
9

m
"

Z
M

U
L

T
IS

IP
H

O
N

IA
3

3
1

m
H

O
N

G
Z

A
O

S
H

A
N

z
z

"
'"

"
S

H
I$

A
N

lI
T

A
I

9
0

2
m

F
M

.
0

-'

D
O

U
S

H
A

N
T

U
O

F
M

.
W

A
N

G
JI

A
W

A
N

F
M

.
G

U
A

N
Y

IN
Y

A
F

...
.

D
Q

U
S

H
A

N
T

U
O

O
O

U
S

H
A

N
T

U
Q

L
A

N
T

IA
N

S
A

N
L

lT
IN

G
z

w
F

..
..

0

F
M

.
F

M
.

F
M

.
F

..
..

1
5

5
m

W
E

IJ
I

F
M

.
M

IC
R

H
Y

S
T

R
ID

IU
M

ii'
z

tO
P

H
O

S
P

H
A

E
R

IO
-

'"
"

M
IC

R
H

Y
S

T
R

ID
IU

M
IU

M
P

A
L

A
E

O
M

IC
R

O
·

2
2

4
m

"
"

M
A

R
G

O
M

IN
U

S
C

U
L

A
C

Y
S

T
IS

Y
IN

G
C

H
E

N
G

Z
I

Z
H

A
N

G
O

U
F

M
.

>
1

0
0

m
'"

a:
F

...
.

Y
U

K
E

N
G

O
L

F
M

.
z

..
w

a:
IL

O
P

H
O

S
P

H
A

E
R

ID
-

V
E

R
R

U
C

O
S

A
8

9
4

m
w

::
>

..
1

3
2

m
..

0
..

~
lU

ll
I-

-
JI

U
D

IN
G

S
H

A
N

S
8

3
m

:!
a:

~
::>

..
..

;<
"

::>
G

A
N

JI
N

G
Z

I
F

M
.

::>
F

M
.

w
4

0
0

m
0

2
4

3
m

0
a:

0

"
Y

IY
U

A
N

F
M

.
w

N
A

N
G

U
A

N
L

IN
G

2
4

2
m

"0
F

..
..

4
0

0
m

S
ID

IN
G

S
H

A
N

F
M

.
Z

H
A

M
O

K
T

t
F

M
.

$
H

IY
IN

G
lI

A
N

G
.. ..

I
'"

1
4

4
m

I-

1
5

2
-2

3
0

m
I

1
8

0
-3

6
0

m
I

4
7

m
I

4
9

m
I

7
9

6
m

I
6

5
m

I
6

8
m

I.
.

C
H

A
N

G
lI

N
G

Z
I

~-
L

F
M

.
JI

U
L

lQ
IZ

O
F

M
7

9
3

m
1

5
0

m
::> 0

S
A

B
E

L
lI

T
ID

ID
$

5
1

0
m

6
8

0
f
-
-
-
-
-
-

--
--

-
-
-
-
-

_
._

-
-
-
-
-

--
_

._
- 1

-
-
-
-
-

_
_

_
_

_
_

a:
.
~

--
-

-_
..

-
--

-
-

-
-

--
-
~
L
.
.
6
8
0
-

N
A

N
T

U
O

F
M

.
N

A
N

T
U

O
F

M
L

lE
G

U
lI

U
F

M
.

N
A

N
T

U
O

F
M

$
U

J1
A

W
A

N
M

A
JI

N
F

M
.

L
E

IG
O

N
G

W
U

"
M

IC
R

Y
S

T
R

ID
IU

M
ti

l

I
-l

T
R

A
C

H
V

S
P

H
A

E
R

ID
-

F
M

.
F

M
.

1
5

9
m

T
E

R
E

E
C

K
E

N
F

M
.

w
:::

0
IU

M
Z

~
;l>

Z

'"
'"

j
~

ILA
M

/N
A

R
lr

E
S

K
U

B
O

M
U

F
M

.
;:::

"
>=

i
A

N
T

tO
U

IS
S

IM
U

S
;;:

a:
z

..;
Cl

"
'"

Z
J:

~
a:

"
:::

0

'"
~

~
a:

0
;l>

J:
2

,6
8

5
m

w
-
'

~
>

..
-'

"0

"
::>

'"
:r:

9
0

-1
5

0
m

0
-3

3
m

0
-2

0
4

m
9

6
7

m
1,

O
O

O
m

8
8

m
1

2
7

m
Z

2
0

0
m

0
"

'"
a:

~
-<

--
_.

__
.
-

1
-
-
-
-
-
-
-
-

--
--

--
-
_

.-
J:

~
-
-

-
-
-
-
-

-
--

"
-
-

r--
---

---
-

"
::>

;l>
L

1
A

N
T

U
O

F
M

.
C

H
E

N
G

JI
A

N
G

F
M

.
K

A
IJ

IA
N

O
IA

O
F

M
.

F
U

L
U

F
M

.
Z

H
O

U
G

A
N

G
X

IU
N

IN
G

Z
H

IT
A

N
G

;<
Z

H
A

O
B

I$
H

A
N

"
Z

M
A

H
U

A
N

G
G

O
U

z

~
L

A
M

IN
A

R
IT

E
S

C
F

.
F

M
.

F
M

.
F

...
.

F
M

F
M

.
Z

3
0

6
7

5
m

:!
w

g
A

N
T

IO
U

IS
S

IM
U

S
~

"
0

"0
5

7
0

m
z

'"
z

w
;l>

w
..

"
I-

C
H

A
N

G
A

N
Q

IA
O

T
O

U
F

M
.

a:
~

"
:]

r-
F

M
.

B
A

IY
tS

I
F

M
.

a:
:::i

a:
I'T

1
~

w
;::

0
5

0
-2

6
0

m
W
.
.
,
~
·
r.

.,.
~

..,.
,,,.

.".
9

6
6

-4
,2

0
0

m
5

6
5

m
1

,5
6

0
m

4
0

0
m

;<
..;

Z
g

"0
-l

8
0

0
-
-
-
-
-
-
-

-
-
-
-
?
-
-
-
-
-
-

-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-

8
5

0

I

I-
0

P
t,

P
t 2

. 3
P

t3
P

t3
P

l 3
P

l 3
P

I,
P

'3
P

'3
P

'3
P

I,
~

5
S

A
N

D
O

U
P

IN
G

G
O

N
G

D
O

N
G

Z
H

A
N

G
B

A
L

IN
G

P
U

L
IN

G
S

H
A

N
G

$
H

U
P

A
R

G
A

N
G

T
A

G
D

A
K

O
A

B
A

N
W

ll
L

O
U

R
A

N
a:

G
R

O
U

P
K

U
N

Y
A

N
G

G
R

O
U

P
S

U
X

IO
N

G
F

M
.

F
M

.
I

G
R

O
U

P
_

_
l
_
~
_
M
.

G
R

O
U

P
X

IH
E

G
R

O
U

P
H

U
A

IA
N

G
R

O
U

P
G

R
O

U
P

G
R

O
U

P
'"

C
l

-
-<

F
ro

m
W

a
n

g
a

n
d

0
1

9
0

(1
9

8
4

)

\0



20 CHAPTER II

(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 11-4). 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, tufT, 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 11-4). 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
Jiqing, 1978; Wang and Qiao, 1984; Zhang et aI., 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 aI., 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 11-8.

SEA I~LUZON \
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Fig. 11-8. 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 ZZI and ZZ2'

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 ZZ3 and ZZ4' Erosion took place in North China
(Fang et ai., 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 (Figure 11-9). The three tectonic belts are: (I)
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 11-9) are: (I) 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.
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Fig. 11-9. Paleozoic sedimentary regions of China (from Compilation Group, 1976).



22 CHAPTER II

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 Riv.er), 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-IO and II-II 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
II-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 ofNortheast China

Here the Cambrian consists of shale, carbonates (lime
stone and dolostone), argillaceous limestone, and sands-
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System Series
Form- Fossil Zonation or Correlation with
at ion Representative Fossils foreign countries
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Fig. 11-10. Fossil zonation of lower Paleozoic in China and correlation with other parts of the world.
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Fig. 11-11. 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 ofdolomitic
limestone, and between the Cambrian trilobite Calvinella
and the Ordovician trilobite Aotiaspis cpo 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. 11-12. 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
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 11-5. Cambrian realms of Trilobites in China (from Lu, 1981)

I.Orientol Realm.

Shan are similar to those of North China and Siberia
(U.S.S.R.)

Central-South and East China

The Lower Cambrian consists of medium- to fine
grained terrigenous clastics with some siliceous and
carbonate deposits. The Middle and Upper Cambrian

Table 11-6. Cambrian brachiopod assemblages in China (from Wang
et aI., 1981)

North China Province

A. North China-southern East China Subprovince

B. Yangzi-Qinghai-Sichuon-Xizang Subprovince

II. Southeast China Province

A. Jiangnan-Northwest China Subprovince
B. Zhu-Jian Subprovince

III. Transitional mixture of North China and Southeast
Chino Provinces

II. Occidental Realm.

I. North American Province (or "Pacific" Province)

II. Atlantic Province

III. Transitional mixture of North American Province

and Atla ntic Province

III. Transitional or mixed faunas

Intermediate areas be~ween Oriental and Occidental
faunas

Stoge

Upper Cambrian

Fengshon Stage

Chong.hon Stoge

Middle Combrion

Hsuchuong Stage

lower Cambrian

Moochuang Stage

Manto Stage

Tsanglongpu Stage

Chiongchussu Stages

Meischucun Stage

Assembloge

Mesonomia-Huenel/a Assemblage

Eoorthis-Palaeoslrophia Assemblage

Wimanella-Wynnia Assemblage

Pater;na-Cambrorrophia Assemblage

Nisusia-Eoconcha Assemblage

Kutorgina-Israelaria Assemblage

Diandongia Assemblage

Ocruranus-Scambocris Assemblage
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Table 11-7. Correlation of Lower Cambrian biostratigraphy in Central and Southwest China (from Yuan and Zhang, 1981)
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Late Precambrian Tongying Formation

Table 11-8. Comparison and range of important Cambrian Archaeocyathids and Trilobites of Central China and Southwest China and of
Siberia (from Yuan and Zhang, 1981)

Atdabo
nion

Lenign

hong long pu

Sfoge

~ ~- ~
Q Q ,

'" 0 '"
~ j

I

Ajac;cyathus

Robusrocyathus

Archaeolungia

TaylofCY8thus

Coscinocyathus
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Rotundocyarhu$
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f'\

Clath,icoscinus

Erugatocyathus

Dictyocyathus

Proropharetra

Archaeocvathus

Neocobboldia -->--- -

CJathricoscinus

Erugalocyarhus

Dlcryocyarhu$

Prolopharetra

Archaeocyathus
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-

z

Pageria PagelJa

Koorenia

Proro/enids -
Kootenl8

Protolentds

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 11-9. 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
Niveau d 'Ouriken

Stage Lenian d 'Ourmast
Bonni8-

Asrir
OlenellusWulongjing:>

ClasticsQ.
Substage Zone

c ~q, Botomian Issafence0 o 01.- - 0 No. 4..
01-..0 cV) Hongjingshaoe 0 Atdabanian Ajax limestone Amouslekien Nevadel/8 Zone

0 oil Substage....U Ouneinien Fal/ot8spis Zone..
q, No. 2
~ Chiungchaussu

Adoudounien Pre- trilobite Zone0..... Stage Tommotian No. 1
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Parachilna Fm.
Meishucun

~UlilllJ]lStage Uratanna Fm.

~.~
Adoudounien

ll." Tong y ing Judoma Pound
Inferieur..0

Formation Suite Quartzite.!e
00

..... v

Note: Units not dra wn 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 11-7), a fauna of Lower
Cambrian archaeocyathids and trilobites (Table 11-8),
and a tentative Lower Cambrian global correlation
(Table 11-9).

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 11-12 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 aI., 1979) lies in Shandong Province (Figure
II-B). 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 11-2). OnlY£3 (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
(£4' (5) above and to oolitic limestone (£6) 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 ofdepositional 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 aI., 1979a, 1979b).

Southwest China

The type section of the Cambrian in Southwest China
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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 ZZ4
(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 Parabadie/la 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 aI., 1989).

The £, and the £2 divisions of the Cambrian are well
developed in Southwest China (Fang et aI., 1979), from

where they wedge out gradually toward the northeast
(Figure 11-12). Even in Southwest China, however, the
lower member of £) covers only a limited area. The
£2 division of South-Central and East China, moreover,
and the £3 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 ofland
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 11-12, 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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in both Southwest and Central-South China during a
transgression from the Indo-Pacific realm (Lu et ai., 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 £1
time (Figures 11-14, II-IS, and 11-16) 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
ai., 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 11-12)
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 £2' the middle part of the Early Cambrian
(Figures 11-12 and II-IS), 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 ai., 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



STRATIGRAPHY AND PALEONTOLOGY 31

E. Yunnan.
S.W. China

£~

W. Hubei. Yang,i.
Central China

£~

Huainan.
Central-East China

£~

Shandong.
Nort" China

£~

Redlichia

(

200M

100

o

P81aeolenus

chinensis
II
'I
II

\..§'~a- -J I

I,
Ich8ngi8

PycnoidocY8thus

Pal8eolenus

Redlichi8 chinensis

z

I

Eoredl ichi8

Pal8eolenus
Redlichia mai

Redlichia chinensis
Miem8cc8

z

ErIl Limestones ~ Breccia

B3J Argillaceous Is. 1::::.:1 Sandstones

EiiS3 Dolomitic Is. 1:::1 Sandy shale

~ Siliceous Is. ~ Shale

813 Oolitic Is.

Fig. II-IS. Stratigraphic correlation of Lower Cambrian from Southwest China to North China (after Geological College of Chengdu, 1974
in Fang et aI., 1979).

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 11-8).

During £3, 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 aI., 1965; Figure 11
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 11-12), 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. 11-16. 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 £3 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 £6' in the middle part of the Cambrian, a
maximum marine transgression took place (Lu et aI.,
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 (£4 and £5) to thick
carbonate units with oolitic limestone (such as £6)
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 11-16).
In Northwest China, volcanism continued.

At the same time (£6)' 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 11-17).
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 £6 and
£7 (Middle and Late Cambrian), but in North China
diastrophism took the form of local uplift (Lu et aI.,
1965), whereas in the southern part of Northeast China,

gradual subsidence occurred.
During£7' 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£8 was closely similar
to that of £7 (Lu et aI., 1965). Marine transgression,
however, was slightly stronger, and it increased still more
in £9' with a corresponding increase in depositions of
carbonate. Dominance of the Indo-Pacific and Atlantic
faunas persisted throughout the Late Cambrian.

Figure 11-18 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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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 11-10). 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. 11-19. 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 II-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 Calvine/la 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 £9 of the Cambrian, graptolites and brachiopods
become dominant in 0 1 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 O2 (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 aI., 1986). No agreement exists
concerning reasons for the absence ofpre-Carboniferous,
post-Caradocian strata on this platform.
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Faunal Boundaries

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

An (1981) proposed a Cambrian-Ordovician boundary
based upon the transition from paraconodont types to
euconodont types (Table II-lO). 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.

Fig. 11-21. Stratigraphic type section of Ordovician System in Tangs
han, Hebei Province, North China. Location is shown on Figure 11-19
(from Fang et aI., 1979).

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 11-10. Approximate correlation of Cambrian- Ordovician Conodont zones in China and other parts of the world (from An, 1981)
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(Muller. 1913) (Druce and J,>nes. 1911) (Miller. 1916)

Chosonodina herfurthi-

Acodus Zone

1 c:
0 Cordy/odus rotundatus-

"Acodus" oneotensis- .~ C. angu/alUs Zone
Chosonodina

OJ

0 Cordy/odus prion- C/avohamu/us
herfurthi Zone 3

Sc%podus Zone hintzei Subzone
c: (Zolle 4) OJ

c: .!! c: c: c:
c: 0a a 0 0 0 N

.'t E v .'t v
6 Cordy/odus ol</ahomensis- .- ..> (; > > > ::>0

IL
0 0 C. Iindstroemi Zone

0 :.
~ ~ "E " .,
0 ::c 0 0 <5 c Hirsutodontus

OJ Orepanodus simp/ex 5 c: Orepanodus simp/ex- Q.
>- 0 simp/ex

Zone c: Oneororlus bicuspalUs ..
" C/avohamu/us primi/us

(Zone )) ~ Zone
"t>

0 ~ Subzone
0 :..

Cordy/odus proavus Zone ~ Fryxellodontus
c

inorna/us Subzoneu

Cordy/odus proavus 4 Hirsutodontus

Zone hirsutus Subzone
c: (Zone 2).!!

OJ
0 c: Ois/odus minulUS
E 0

c: (; c: c: c: c: N Subzone
!! .!! .!! 0 0 ..

IL

.D c: .0 ::>
.D c: Proconodon/us Zone 3 .D 2 <: Proconodontus
E a E E c: E c

notchpeal<ens~ Subzone0
~ (Zonel) 0 0 :.. 0 "t>

U U U U C
0> 0 c::
c: .... c ProconodontusOJ v

IL <:> muelleri Subzoneet

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
jiang 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 (L/anvirnian and L/andei/ian)

The maximum transgression of the Ordovician sea took
place during the middle of the Middle Ordovician. The
Kangdian oldland on the west (Figure 11- I9) 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 11-23). Deposition
of carbonates may have taken place in a distinctly quiet
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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.

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 11-19). 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

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 I

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 (I) 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 II

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 III

This province covers two regions: (I) 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 L1anvirnian, 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 I, II, 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 (\ 962). 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 aI., 1986).

Facies

In general, three Silurian platform facies exist: (I) 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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Paleozoic geosynclines (Huang Jiqing, 1978, 1980, 1984a,
1984b).

Distribution, Paleoecology and
Paleogeography

Type Section

The type section for the Silurian in China is at Yichang,
in the region of the Yangzi Gorges of Hubei Province
(Figure 11-25; also see Figure 11-10). 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.

Figure 11-24 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. (\ 986), 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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System
Series Formation Column. Thick- Series

lithology Major fossils
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Major
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No fossils.... -c

U .... . . 193 -c of fine ss., cross-bedding.. . . · .· ... · . ~ ripple marks.. . . · .

S3 ..-- -- Upper: yellow-green
Retioclimacis (G)... --- mudstones and shale~

M ----QI · .....
SpinochonatesQ. ..

357
lower: silty mudstones

Q. interbedded with fine 55. (B)
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\J 52 0
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Is. (thin lenses) Streptograptus(G
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0 lower: black bituminous
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with siliceous shales

...
U 0.3 argil. Is. HirnantiaOrdo- QI Dark-gray

vieian
Q. °6 f----J
Q. L Dicellograptus::> Shales

Fig. 11-2S. Stratigraphic column of Silurian in Yichang (Yangzi Gorges), Hubei Province, Central-South China (from Fang et aI., 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 aI., 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
Iysch, thin-bedded carbonates, silicilith, andesite por
phyry, and andesite tufT. Corals are present. The Lower
Silurian is absent, except locally (Mu En-zhi et aI., 1986).
The reminder of the Silurian consists of a lower grap
tolitic facies and an upper carbonate facies (Mu En
zhi et aI., 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. 11-26. Silurian sedimentation and biogeographical domains of China (from Wang and Ho, 1981).

Silurian consists largely of graptolitic shale and slate;
the Middle Silurian comprises mainly shelly limestone
and limestone; the Upper Silurian is in shelly facies
interbedded with sandstone and shale, together with
scarce volcanic rocks and redbeds. The Lower Silurian
west of the Tarim basin, includes, in addition to gray
graptolitic shale, thick units of unfossiliferous mudstone
(Mu En-zhi et aI., 1986).

Median Mobile Domain

This domain of northwestern and north-central China
consists of the Kunlun, Qilian, and Qin Ling geosynclinal
complex. Unusually thick sections of terrigenous-clastic
and argillaceous flysch are interbedded with mafic and
intermediate volcanigenic rocks. In the Qilian Shan, the
Lower Silurian consists of graptolitic shale, which cha
racterizes both the Lower and Middle Silurian of the



42 CHAPTER II

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 aI., 1986). Rough topo
graphy on the platform, especially in the southern part,
caused (I) 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 aI., 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 aI., 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 aI., 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 aI., 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 aI., 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: (I) 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 II-II gives
details of assemblages in China that contain rugose corals
and brachiopods.

Boreal Realm

Regionals l A and IB 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 IIA ,

lIB, IlIA, IIIB, IIIC, IVA, IVB, VA, 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-II. 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 el al.. 19811 (Wang and Ho. 19811 SOUTHWEST CHINA (Chen el at. 1981l

UNNAMED ASSEMBLAGE
MUCOPHYLLUM ·PSEUOOM/CROPLASMA YUNNANOCERAS

PRIDOLIAN
ASSEMBLAGE ASSEMBLAGE

PROTA TH YRISINA PLICA TA ·SCHIZOPHORIA HESTA
7

ASSEMBLAGE

LUDLOVIAN PROTATHYRISINA UNIPLICATA-A TRYNIOEA
WEISSEIiMELlA- AL TAJA EUTHYOCYCLOCERAS

QUJINCANSIS ASSEMBLAGE ASSEMBLAGE ASSEMBLAGE

M/CULA-KETA KETOPHYLLUM
WENLOCKIAN ASSEMBLAGE HEYUNCUNOCERAS ASSEMBLAGE

SALOPINA-XINANOSPIRIFER KYPHOPHYLLUM·IOIOPHYLLUM
SICHUANOCERAS ASSEMBLAGE

ASSEMBLAGE I\SSEMBLAGE

HALlVKINIA·NUCLEOSPIRA YICHANGOCERAS

ASSEMBLAGE ASSEMBLAGE

LLANDOVERIAN PARACONCHIOIUM-IPENTAMERUS-rTRICKLANOIA-
KOOONOPHYLLUM-MAIKOTTIA SONGHANOCERAS

VIRGIANELLA EOSPIR/FER MERC/ELLA
ASSEMBLAGE ASSEMBLAGE ASSEMBLAGE ASSEMBLAGE ASSEMBLAGE

BOREALIS-KR/TORHYNCHIA OINOPHYLLUM- RHABDOC YCLUS

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 VB and Vc 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 (Ie) correlate with both
Russian, Uralian, and western European forms.
Mixed Boreal and Australo-Pacific - Silurian corals
ofNei Monggol-Jiliao (lD) 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): (I) 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: (I) Central-South China; (2)
western Yunnan-Xizang (Tibet); (3) Qilian Shan, and
(4) Junggar-Hinggan.

Yang et aI., (1981) recognized eight major geographic
divisions of the Devonian: (I) 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 ofNortheast 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.
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Fig, 11-27. Paleogeography and lithofacies map of Early Devonian, China.

Table 11-12. Devonian sequence - Da Hinggan Ling region - Northeast China

DEVONIAN

Upper

Middle

Lower

Shangdamingshan
Formation

Ziadamingshan
Formation

Hebaoshan Formation

Beikuang Formation

Unuoer Formation

Luotuoshan Formation

Andesitic porphyry, upper part; sandstone, lower part; zones of
Plalyclymenia wolcotti and Cheiloceras subparlilum (ammonoids)

Tuffaceous sandstone and intermediate to silicic lava; Temnophyllum
lomense, Macgeea solitaria, (corals) Peneckiella (brachiopod)

Limestone, conglomerate; Endophyllum abdilum and Temnophyllum
ornalum (corals)

Calcareous siltstone, intercalated with slate; sandstone; Breviphyllum
lenense (corals), Cayugaea subcylindrica

Bioclastic limestone, siltstone; Lyrielasma, Leploinophyllum sp.,
Tryplasma hercynica, Amplexiphyllum hamillonae (corals); Wilsonella
grandis, Howellella amurensis (brachiopods)

Siltstone, sandstone intercalated with limestone lenses; Cymoslrophia
alpha, Protalhyris praecursor, Howellalla sp., and Ancolitoechia sp.
(brachiopods)

60m

183 m

137 m

140m

N.A.

90 m

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 consist ofphyllite, 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 11-13. 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; Yunnanel/a sp. and 2,500 m
Yunnanel/ina sp. (brachiopods); Tabulophyllum sp. (coral)

Saermin Formation Terrigenous clastics intercalated with andesitic porphyry; limestone; 250 to
Middle Stringocephalus obesus (brachiopod); Cyathophyl/um sp. (coral) 1,200 m

DEVONIAN Alatag Formation Schist, metamorphosed limestone, volcanic rocks; Favosites sp., 500 to
Heliolites sp. (corals) Atrypa sp. (brachiopod) l,OOOm

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 11-13.

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 11-14.

Table 11-14. Devonian sequence of Nandan, Guangxi Zhuang Autonomous Region, Central-South China

DEVONIAN

Upper

Middle

Lower

Daihua Formation

Xiangshuidong
Formation

Luofo Formation

Napiao Formation

Tangdian Formation

Yilan Formation

Danlin Group

Banded and nodular limestone; Zone of Worklumeria spheroides
(ammonoid); Zone of Clymenia laevigata (ammonoid); and Zone of
Dzieduszyckia baschkirica (brachiopod)

Upper member: mudstone; Uniconus sp. (tentaculite) and
Richterina latior;
Lower member: thin-bedded siliceous strata; Beloceras cf. acutum
(ammonoid)

Black mudstone intercalated with argillaceous limestone; Zone of
Nowakia otomari (tentaculite)

Upper member: Dolomitic mudstone; Zone of Nowakia sulcata
(tentaculite), and Pinacites jugleri (ammonoid);
Lower member: black mudstone; Zone of Anarcestes noeggerati
(ammonoid); Zone of Nowakia cancel/ata (tentaculite) and
Convoluticeras discordans (ammonoid)

Purplish gray mudstone; Zone of Nowakia barrandei (tentaculite) and
Erbenoceras ellipticum (ammonoid); Zone of Nowakia praecursor.
Zone of Nowakia zlichovensis (tentaculites)

Mudstone; Dicoelostrophia annamitica (brachiopod), Gravicallymene
maloungkaensis (trilobite)

Gray-white sandstone.

94m

98 m

80 m

584m

120 m

235 m

220m

86m

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 aI.,
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
aI., 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 Il
lS.

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 11-28), and this is
comparable to the sequence shown in Table 11-14. 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 f , 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 D2 to D4,

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, D6 witnessed a second trans
gression, and a corresponding expansion of neritic de
position. During the Late Devonian, two depositional

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

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

Middle Siliceous rock intercalated with platy shale; Nowakia cancel/ata 21 m

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

DEVONIAN Lower Alengzhoa Formation

Minying Formation

Limestone intercalated with shale, conglomerate; Nowakia acuaria
(tentaculite); Monograptus yukonensis fangensis (graptolite);
Lyrielasma chapmani and Tryplasma hercynica (corals)

Limestone intercalated with shale; Paranowakia bohemica
(tentaculite)

520m

350 m

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

DEVONIAN

Upper

Middle

Lower

Wutong

Hiatus

Maoshan Group

Yellow quartzite and gray shale; Sinolepis macrocephala.
S. wutungensis. Astrolepis sinensis. Holoptychius nankinensis. and
Parholoptychius lungtanensis (placoderm fish); Leptophloeum
rhombicum. Sublepidodendron mirabile. and Lepidodendropsis hirmeri
(plants); Cymbosporitis scabellus (spore); Sphenophyl/um lungtanensis
(coral)

Red, purple, and green sandstone, shale, and quartzite; Galeaspidae.
Polybranchiaspidae (ostracoderm fish)

50 to
800 m

oto
500 m
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Fig. 11-28. Stratigraphic type section of Devonian in Guilin area. Guangxi Zhuang Autonomous Region, China (from Fang et aI., 1979).

environments developed. D 7 represents a quiet neritic
environment with deposition of limestone bearing a
fauna of nektonic cephalopods. D g 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 11-27), in southern Jiangxi
Province, consists of alternate marine and non-marine
strata. Divisions D , to D 5 of the Lower and Middle
Devonian are missing. D 6 of the upper Middle Devonian
consists ofsandstone and conglomerate interbedded with
a silty mudstone whose flora includes Lepidodendropsis

and Protolepidodendron. D 6 is strongly unconformable
on folded and metamorphosed lower Paleozoic rocks.
D 7 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 7 contain the brachiopods Tentico
spirifer and Lingula. D g 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 ofthe 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: (I) 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 erosion. 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 aI., 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 II-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 II-29): (I) 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. 11-29. 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 ofthe 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 li-xiang et aI., 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 len (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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latitudinal tectonic zones (Figure II-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 II-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
et aI., 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 aI., 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 II-3I). 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 Eostaffel/a, Cystophrentis, Aulina, Kueichouphyl/um,
Yuanophyl/um, 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 Fusel/a, 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 ofthe 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 Pseudostaffel/a 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 II-32 and II-33; Li, 1962; Han and Yang, 1979,
1980; Gao Lianda et aI., 1983).

Northwest China

Differences of tectonic development and of local pa
leogeography affect the Middle Carboniferous sequence
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Fig. 11-32. Distribution of major Carboniferous and Permian coal fields in North China,

of this area. In the Tarim basin, the sequence contains
abundant fusulinids and brachiopods. Other areas ex
hibit marine deposits with ammonoids and alternate coal
measures with plants. In the Junggar basin, Middle
Carboniferous non-marine strata overlie the Lower Car
boniferous (Lin Longdong, 1984).

Xizang (Tibet)-Western Yunnan

The Middle Carboniferous sequence of this region re
mains unclear, partly because of poor exposures and
partly because of lack of detailed investigation. In
western Yunnan Province, volcanic rocks are present
in the sequence. In the Shenzha area of Xizang (Tibet)
Autonomous Region, detrital deposits interpreted as
glaciomarine are present. Thick eugeosynclinal sections
are present in the Kunlun Shan with flysch and mafic
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.

The depositional environment is platformal, open-ma
rine. The fauna is closely related to that of Western
Europe.

Several recent publications on Xizang (Tibet) Auto
nomous Region have grouped the Middle and Late
Carboniferous into one unit; hence we discuss the two
together in the section on Late Carboniferous.

Tian Shan-Da Hinggan Ling

This area in general consisted of a mobile trough that
received great thicknesses of detrital deposits with in
tercalated volcanic rocks and volcaniclastics. More stable
sectors show a local development of neritic carbonates
and of terrigenous clastics. Brachiopods and ammonoids
dominate the fauna. Where flora is present some of its
elements belong to the early Angaran realm.
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Fig. 11-33. Generalized S - N lithofacies section of Carboniferous in North China.

Upper Carboniferous: Distribution and Facies

Li and 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.

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).

North China
Xizang (Tibet)-Western Yunnan

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 II-32 and II-33; Li, 1962;.Han and Yang, 1979,
1980). Marine and freshwater faunas are both wide
spread. The flora includes abundant leaves, trunks, and

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
II-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 11-31), 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 aI., 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 aI., 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 aI., 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 aI., 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. qeinitzianus, 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 11-31).
Its fauna includes the brachiopods Bandoproductus (mis
identified by some as Stepanoviella) hemiglobicus, Cha
oie/la latisinuata, Leiorhynchoidea sp., Praeckmannella
sp. and Syringothyris cr. 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 aI., 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 cr. freneyensis. Above are Eurydesma play
fordi, E. mytiloides, E. cr. 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 11
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 aI., used C, for a lower division,
and C2 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. 11-34. Lower Carboniferous stratigraphy in southern Guizhou Province, China (from Fang et aI., 1979).

constituent of C t , and they form also the best indicators
of neritic facies in a regime of moderate transgression.
Corals and brachiopods typify the fauna of C 1• 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 II-II).

In Cz, clastics become relatively important, with a
facies that suggests coastal environments and an episode
of moderate regression. Limestones, the highest strata
of Cz, 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 Cz exhibit septa, tabulae, disseptiments, and colu
mella. The assemblage of fossils suggests a correlation
with most of the Visean stage of 'Europe (Figure II
II ).

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. (\983)
have yielded lithological and paleontological details of
more than twenty sequences of Lower Carboniferous
across their four latitudinal zones. For comparison with
Figure II-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-I7).
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Table 11-17. Lower Carboniferous sequence - central Hunan Province - Central-South China

15 to
160m

80 to
160 m

150 m

140 to
300 m

Zimenqiao Formation

Liujiadang Formation

Zeishui Formation

Datangian Shidengzi FormationVisean

lower
Namurian

Limestone and argillaceous Is.; Yuanophyllum
kansuense, Neclisiophyllum yangtzeense (corals);
Latiproductus edelburgensis (brachiopod); EostafJelia
(fusulinid); Homoceras cf. subglobosum (ammonoid)

Quartzose sandstone and shale with intercalated
limestone and coal; Archaeocalamites prolixus.
Cardiopteridium spitsbergense, Triphyl/opteris
collombiana (plants); Arachnolasma sinense (coral)

Massive bedded limestone; Thysanophyllum asiaticum.
T. shaoyangense, Kueichouphyl/um sinense (corals);
Gigantoproductus giganteus (brachiopod)

Gray limestone with intercalated sandstone and shale;
Zaphrentites paralellus. Pseudouralinia tangpakouensis
(corals); Hunanoproductus hunanensis, Fusella
metatrigonalis. Maarriniella chinglungensis
(brachiopods)

Menggongao Formation Argillaceous limestone, massive bedded; Cystophrenris 60 to
Tournaisian Aikuanian kolaohoensis. Caninia cornucopiae (corals); Poulonia 90 m

menggungaoensis; Cleiolhyridina serla (brachiopods)

Lower
Carboniferous

Shaodung Formation Marl and limestone, thin-bedded; Caninia dorlodoti.
Ceriphyllum elegantum (corals); Sphensospira sp.
Mesoplica sp. (brachiopods)

70m

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
furmity; 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 II-35). At this locality the systematic stage is
C3• 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 C3• 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 II-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 C4 stage of the Upper Carboniferous shown in Figure
II-35 is disconformable on the C3 stage of the Middle
Carboniferous. This relationship is an expression of a
brief period of erosion before the beginning of deposition
of C4 • Within the C4 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 C4 • 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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System Series Formation Column Thick
& member section ne~s

Major lithology Major fossils
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Fig. 11-35. Stratigraphy of Middle and Upper Carboniferous in Taiyuan, Shanxi Province, North China (from Fang et ai., 1979).

C4 coals, three are thick and also are of great economic
importance. The non-marine facies, that includes the
coals of C4 , 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 11-19). 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 11-35 and tabulated in our Table
11-19. 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

Middle Moscovian
Pennsylvanian Westphalian

Dala Formation (upper) Limestone; Fusu/ina cy/indrica.
F. quasicy/indrica. F. scheJ/wieni,

Dalanian FusulineJ/a praebocki PseudostafJel/a
paradoxa (fusulinids)

(lower) Limestone and dolomite; Profusulinel/a
prisca. P. ovata. P. pseudorhomboides.
Eofosu/ina triangu/a. PseudostafeJ/a sp.
(fusulinids)

120 m

Lower Bashkirian
Pennsylvanian

(upper)

.Namurian
(middle)

Huashiban Formation Limestone and dolomite;
Gastrioceras, Brannoceras.

Huashibanian Reticu/oceras, Retites (ammonoids);
Pseudoslafel/a antioua (fusulinid);
Choristites mansuyi (brachiopod)

540 m
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Table 11-19. Upper Carboniferous - Taiyuan. Shanxi Province - North China

Missourian

Virgilian
Gzelian Stephanian Mapingian

Taiyuan Formation Sandy shale, sandstone, limestone and coal
seams; Occidentoschwagerina texana,
Rugosofusulina complicata, Dunbarinella
subnathorsiti (fusulinids); Neuropteris ovala,
Lepidodendron posthumi, Annu/aria
pseudostellata (plants)

110 m

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 elsewhere, Japan included.

Li and Zhang (1983) discussed the Carboniferous
Permian boundary in terms of a sequence nearly 1,000
m thick near Pu'an and Qinglong in Guizhou Province.
The lithofacies of this sequence consists of neritic clastics
and limestone. Unconformity or disconformity does not
appear to enter into discussions of this sequence. At
issue in the boundary question are the top strata (Ba
omoshan Formation). These lie above the significant
ammonoid Propopanoceras, but geologists in China
believe that there continues to be room for argument.
Some consider these post-Propopanoceras strata Carbo
niferous; others Permian; and still others 'transitional.'

Paleoecology and Paleogeography

Early Carboniferous

Yang et al.(1962) wrote that the paleogeography of the
Early Carboniferous was closely similar to that of the
Late Devonian (Figure 11-30). A clear exception to this
similarity involved the submergence of the Devonian
upland in the Xizang (Tibet) Autonomous Region, and
the incursion of marine waters from the Indo-Pacific

region by way of present-day Burma. Contemporaneous
marine waters also entered and covered Central-South
China from the Indo-Pacific region, but by routes east
of present-day Burma. In Northwest China, the incursion
of marine waters may have taken place along two routes:
(I) from the west (Europe) by way of the Tian Shan
geosyncline to the Qilian Shan; and (2) from the Middle
East to the Himalaya, thence to the Kunlun Shan. East
China, North China, and the southern part of Northeast
China remained above sea level. Local uplifts at the
end of the Early Carboniferous diminished the area of
marine waters.

Yang Shihpu et al. (1983) divided the Early Carbo
niferous into a lower Aikuanian stage and an upper
Datangian stage. During Aikuanian time a marine
transgression 'extended over a comparatively small area,
divided into southern and northern domains by an uplift'
in the central area of China, which gave rise to cor
responding southern and northern biogeographic pro
vinces. During Datangian time an expansion of marine
waters united not only these two biogeographical pro
vinces but also others. Only the uplift of North China
withstood this expansion of marine waters, and some
of these waters may have come from the north, as shown
by Siberian elements in the fauna. Coal-swamp condi
tions were widespread in East and Central-South China,
where coal gas has been generated (Han and Yang, 1979,
1980).

Middle Carboniferous

This interval witnessed the submergence of an extensive
oldland, the Sino-Korean platform of North China and
the southern part of Northeast China, which had re
mained above sea level since the Middle Ordovician.
Encroaching seas were shallow in many areas, and
coastal swamps developed on their margins in a climate
interpreted as hot and humid. Coal swamps formed
across northern China (Han and Yang, 1979, 1980). Fang
et al. (1979) used two pieces of evidence to determine
the direction of transgression: (1) the Middle Carbo
niferous is thickest in the southern part of Northeast
China, becomes thinner toward central North China,
and pinches out completely in the southern and western
parts of that region; and (2) the zones containing iron
and aluminum ore (at and close to the Carboniferous
Ordovician contact) are diachronous. In Northeast
China and in the central part of North China, these
two ores lie low in the Middle Carboniferous. In the
southern and western parts of North China, they lie
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in the basal Upper Carboniferous. Such evidence in
dicated to Fang et al. that marine waters transgressed
from northeast to southwest during the Middle Carbo
niferous and that the locations of coastal zones were
shifting. The ores deposited in or near such coastal zones
consequently may have undergone a long period of
weathering and erosion. Gao Lianda et al. (1983) added
to the paleogeographic picture of the Middle Carbo
niferous by observing that the uplifts of Yin Shan,
Huaiyang, and Kam-Yunnan (Xizang-Kangdian) remai
ned positive areas throughout this time.

Late Carboniferous

Li and Zhang (1983) stressed the extent of transgression
during the Late Carboniferous. In addition, they inferred
the strength of this transgression by its invasion of land
areas that had resisted submergence since the early
Paleozoic. Uplifts that remained emergent were: (1) Yin
Shan; (2) southern Kam-Yunnan (Xizang-Kangdian);
and (3) 'Paleoyangzi' (mainly Sichuan Province). Smaller
land areas were Liaodong (peninsula, Liaoning Pro
vince), and Jiaodong (Shandong Peninsula). This is the
Jiaoliao oldland of the Sinian to Paleozoic interval
according to Mu (1962) (see Figures II-8, 1I-12, II-19,
etc.). Small uplifts remained along the Qin Ling (Shaanxi
Province) and along the Dabie Shan (Anhui Province),
a line that constituted 'a natural geological boundary
between South and North China.'

On the Sino-Korean platform the transgression did
not reach northward as far as that of the Middle
Carboniferous. Major coal fields developed (Figure II
32) from the swamps that flourished from the Middle
Carboniferous through the Early Permian, and these
generated large amounts of gas which now have accu
mulated in Carboniferous, Permian or younger reser
voirs. The northern extent of the marine transgression
is close to a line that runs from the Datong coal field
in Shanxi Province to Beijing, and from Beijing to the
Benxi coal field in Liaoning Province. Farther west,
transgression was strong, able partly to invade the local
uplift of Dongsheng-Longshan in southeastern Sichuan
Province, which had stood as land in the Middle Car
boniferous. In this way marine waters came through
southeastern Gansu Province to the present Ningxia
Huizu Autonomous Region in North China.

In much of North China and Northwest China, marine
waters retreated as much as they advanced. The regimes
of these areas correspondingly alternated between the
littoral and the deltaic. Where the paludal (marshy) phase
of the deltaic cycle intervened, coal commonly was
deposited during the Late Carboniferous. In Central
South China, the powerful transgression of marine
waters linked this area with the marine waters of Tethys,
west and northwest, and with the ancestral Pacific of
the Late Carboniferous on the east (Li Siguang (J. S.
Lee), 1939). A second link between Tethys and the Pacific
resulted from marine waters that moved along the
latitudinal zone of Tian Shan-Da Hingan Ling in north-

ernmost China. The faunas of Xizang (Tibet) Autono
mous Region, including those of the Himalaya, are
related to those of central and southeastern China, Nei
Monggol, the U.S.S.R., and Western Europe, with clear
links to North America. However, presence of Gon
dwana fauna in the stratigraphic sections of the Xizang
Qinghai (Tibet) Plateau, Himalaya, and western Yunnan
may suggest that there was another link between the
Tethys and the southern 'cold seas' (Mu En-zhi et al.,
1986).

PERMIAN SYSTEM

Permian sequences in China are well developed, and
also are highly fossiliferous, two properties that make
China one of the world's best areas for lithostratigraphic
and chronostratigraphic studies of the Permian System.
Marine strata predominate in Central-South China;
continental deposits in North China (Figure II-36).
Fauna shows notable variation. In Central-South China,
fusulinids constitute an important fossiliferous element
throughout the sequence. Corals are more prominent
in the Early Permian. In the southwestern sector of
Central-South China, brachiopods are characteristic of
the whole Permian sequence. Throughout Central-South
China, ammonoids and conodonts constitute lesser ele
ments in the fauna. In the Himalaya, corals and fu
sulinids dominate. Brachiopods and a few ammonoids
occur. Farther north, the fusulinids exhibit four assem
blages in a fauna that contains brachiopods, corals,
ammonoids, and bryozoans. In North China, plants
dominate the fossil assemblage (Sheng et al., 1979).

Distribution and Facies

Sheng (1962), in a study of depositional environments
and fossil assemblages, recognized five Permian regions
in China (Figure II-36). We have modified his names
of areas somewhat and we have added the Gondwana
related paleogeographic province of southern Xizang
Qinghai.

Centra/-South China and East China

The facies (on Figure II-36) of this region is mostly
marine with only minor exceptions. Much of the section
consists of shelf limestone deposited in shallow water.
Abundant fossils include fusulinids, corals, and brachio
pods. Along the Ali Shan, the metamorphosed backbone
of eastern Taiwan, the low grade of metamorphism has
permitted the preservation of rare fusulinids and corals.
These may include Late Carboniferous, but their main
indication is for Permian (Yen et al., 1951; Yen, 1953;
Chang and Lin, 1984; Chen, 1984). The Permian fossil
assemblages of Central-South China as a whole correlate
closely with Permian fossil assemblages elsewhere in the
greater Tethyan realm of Asia, as well as with those
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Fig. 11-36. Paleogeography and lithofacies map of Early Permian, China,

in Tethyan realms beyond Asia (Sheng lin-zhang et aI.,
1985).

Figure II-37 presents a typical column of Permian
marine rocks. Some coals enter the sequence near the
top. Although this section lies in central Guizhou Pro
vince, it is nearly identical with equivalent sections in
Sichuan Province.

with low-grade metamorphic and volcanic rocks in
addition to sedimentary deposits. Of the latter, the lower
part consists of marine deposits with fusulinids; the upper
part consists mainly of non-marine deposits with plants,
bryozoans, and pelecypods.

Xinjiang Uygur Autonomous Region

North China-Southern Part ofNortheast China

Continental deposits dominate this region (II on Figure
II-36), and the flora that they contain is typically
Cathaysian. The large coal swamp and deltaic plain that
developed in the Middle Carboniferous persisted into
the Permian; Figure II-38 shows a typical Permian
section from the Shanxi Plateau, central Shanxi Province.
The section is mainly non-marine. Coal measures in the
Lower Permian are known source rocks for some gas
in northern China.

The Permian sequence in this large area (IV on Figure
II-36) of northwestern China consists of continental
deposits, scattered outcrops of marine deposits, and a
few volcanic rocks. Floral assemblages, not surprisingly,
relate closely to those across the border in the U.S.S.R.
In the various geosynclinal belts (Tian Shan, Kunlun
Shan), thick sequences of flyschoid rocks associated with
volcanics are present in many areas.

Northern-Central Qinghai-Xizang (Tibet) Plateau

Nei Monggol Autonomous Region-Northern Northeast
China

The Permian sequence in this latitudinal belt (III on
Figure II-36) exhibits a decidedly variable lithofacies,

Strongly folded marine limestone, quartz sandstone,
slaty shale, and related shallow-water to neritic-shelf
deposits comprise the lower part of the Lower Permian
(Tingrian stage of Wang and Mu, 1983); the upper part,
or Maokouan stage, consists mainly of marble and
limestone. The best-studied area lies in the western part
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Fig. 11-37. Stratigraphy of Permian in central Guizhou Province, Central-South China. Location is shown on Figure 11-36 (from Fang et
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of the Qiangtang block north of Rutog (Figure 11-31).
Among recent studies conducted in this area are those
by He and Weng (1982,1983), Liang Dingyi et al. (1983),
Liu and Cui (1983), Wang Hongzhen (1983), Wang and
Mu (1983), and Hu Changming (1984).

Liang Dingyi et al. (1983) studied the section near
Caggar Co (Tsaggar-tso) in northern Rutog County,
Ngari (Ali) Prefecture. The Caggar Co is just south of
the Xinjiang border, and just east of that part of Kashmir
annexed by China, along the northern margin of the
Qiangtang block. Liang Dingyi et al. reported the
presence of nearly 6,000 m of Upper Carboniferous and
Permian, from the basal Cameng diamictites to a position
in the middle of the Permian. Most workers state that
Upper Permian has not been found in Xizang, but Liang
Dingyi and his colleagues place the upper 570 m of the
section in the Upper Permian. At least 4,000 m (com
posite thickness) is Lower Permian, and possibly 4,660
m (composite thickness) is Lower Permian, if there is
no repetition by faulting. The actual thickness at any
one locality probably is not more than 3,500 m (Liang
Dingyi et aI., 1983; Hu Changming, 1984).

The Qudi Formation, near the base of the Permian
(middle Sakmarian to early Artinskian), lies just above
a Late Carboniferous to early Sakmarian shale that
contains the coldwater Eurydesma fauna (discussed un
der Carboniferous). The Qudi includes 3,274 m of
sandstone, shale, and lesser amounts of siltstone, con
glomerate, and limestone. Many of the beds are turbidites
with graded bedding and mixed shallow/deepwater fau
nas. Allochthonous faunas include the fusulinids Pami
rina, Rugosofusu/ina, and Pseudofusulina; the brachiop
ods Neospirifer fasciger and Subansiria ranganensis; and
the gastropods Schizodus tibeticus, Oriocrassatella ru
togensis, and O. intermedius. Above lies the middle to
late Artinskian Tulonggongba Formation, 1,325 m of
mainly limestone, below, and shale and sandstone,
above. The fusulinid zone of Monodiexodina occupies
this sequence. Another common fusulinid is Parafusu
/ina. Brachiopods include Paraderbya, Jipuproductus,
Costiferina, and Juresania; gastropods include Bellerop
hon; and corals are Lytvolasma, Paracanina, Polytheca/is,
Chusenophyllum, and Tachylasma. Above the Tulong
gongba lies the Longge Formation (Kungurian, Kaza
nian, early Tatarian) with the fusulinids Yabeina and
Neoschwagerina; the gastropod Bellerophon; and the
corals Iranophyllum and Tibetophyllum. The Longge is
761 (+) m thick. The basal part of the Permian (and
the underlying Upper Carboniferous) consists of cool
water beds related to the Gondwanian realm; the Tul
onggongba suggests mixed elements of Gondwana and
Tethys; the Longge suggests Tethys.

The location of the Caggar Co section illustrates an
important fact that has not been realized by most earth
scientists interested in this area. This fact is that the
Gondwanian facies does not parallel the major east-west
fault zones of this region (Figure 11-31). The Gondwa
nian facies in the Rutog area, instead, crosses from the
Himalaya block near Zhongba southeast of Rutog to

the Qiangtang block north of Rutog, thereby crossing
the Indus-Yarlung Zangbo fault zone, the Gangdise
block, the Bangong-Nu Jiang fault zone, and almost
all of the Qiangtang block, northward to within less
than 150 km of the Tarim basin.

Another fact of importance is that scores of taxa have
been recorded from the various fossil localities, and some
of them are common to both the Gondwanian faunal
province and the Tethyan province (Jin Yu-gan, 1981).
The separation of one faunal province from another,
therefore, is based on only part of the taxa present, and
not all. The existence of common taxa in both provinces
suggests very close proximity, as Waterhouse (1983) has
commented. Waterhouse (p. 347), indeed stated that the
Permian faunas and lithologies of the Karakoram (just
west of Rutog, north of the Indus-Yarlung Zangbo fault
zone) and the Himalaya (south of the fault zone) are
close enough to permit the statement that they 'developed
in one faunal province.' The differences are rather small,
and they suggest that we are dealing here with small
changes in latitude (i.e. climate), a suggestion made many
decades ago. Waterhouse (1983) suggests that the two
areas were within 10 to 100 of each other (latitudinally).
The postulate of a wide Permian Tethyan ocean cannot
be sustained, as all the biogeographical evidence shows
clearly that the strata everywhere developed in shallow
water. For this reason, Gansser (1982), Waterhouse
(1983), and Stocklin (1984) stated that the concept of
a broad ocean, great water depths, and early Tertiary
collision along what is now the Indus-Yarlung Zangbo
fault zone must be abandoned. The only 'collision,' in
fact, which can be supported in this area is the collision
that now is taking place between old hypotheses and
newly gathered evidence!

The Caggar Co area is not the only place on the
Qingtang block where the Permian section has been
studied. Wang and Mu (1983) described another section
at Tulonggongba (Toinlunggomba), approximately 55
km straight north of Rutog at Dyap Co, along the road
to Yecheng (southwestern Xinjiang Uygur Autonomous
Region). Here only about 520 m of section is present
above the Late Carboniferous diamictite and shale. The
lower unit (of two), the Tulonggongba (Toinlunggomba)
Formation, 300 m thick, consists of sandstone, slaty
shale, and limestone, and this formation contains the
Monodiexodina fusulinid zone. The fusulinid assemblage
consists of Monodiexodina sutschanica, M. wanneri, M.
kattaensis, Pseudofusu/ina pseudosuni, P. houziguanica,
Parafusulina cincta, P. visseri, P. elliptica, P. rothi, and
Schwagerina hupehensis. Above the Tulonggongba is the
200 m-thick Minzho Caka Limestone with the Neo
schwagerina-zone assemblage. Common fusulinids in
clude Neoschwagerina cheni, Chusenella schwagerinae
formis, Minojapanella sp., and Schwagerina sp. Clearly
the fauna here lived in waters warmer than those in
the Caggar Co sections. It is also clear, however, from
the position of the Tulonggongba section, southwest of
the Caggar Co area, that climate was not the only factor
that influenced the biota; facies also was important in



determining which organisms flourished in which locale.
The possibility of large-scale tectonic transport (from
north to south) in this strongly thrust-faulted area also
must be kept in mind.

Sections studied on the Gangdise block, south of the
Bangong-Nu Jiang fault zone (Figure 11-31), throw
additional light on paleogeographic relations in this area
during the Early Permian. At Rutog, 60 km south of
the Tulonggongba section, the cool-water Late Carbo
niferous Zhanjin Formation contains the Eurydesma
fauna. This unit grades upward into the Qudi Formatiop.,
which has been reviewed here previously in some detail;
this is the same unit which extends onto the western
Qiangtang block (150 km northeast of Rutog at the
Caggar Co). A recent study by Hu Changming (1984)
has revealed the presence in this unit of turbidites and
of coarse layers with mixed allochthonous and autoch
thonous marine faunas. Much of the 'paraflysch' des
cribed by Liang Dingyi et al. (1983) is, in fact, turbidite
deposited in fairly deep water, possibly as deep as 500
to 1,000 m (Hu Changming, 1984). The autochthonous
fauna is a mixture of Gondwanian and Tethyan taxa
that clearly lived together. The fauna includes the
gastropods Schizodus tibeticus, Oriocrassate/la rutogenis,
and O. intermedius (Liu and Cui, 1983). Although
younger Permian formations were not described by these
authors, the section appears to have undergone the same
history as the Caggar Co section. If the various authors
cited here have reported the locations of their sections
accurately (their text descriptions are vague), it is evident
that there, in southwestern Xizang (Tibet) Autonomous
Region close to the Western Himalayan syntaxis, the
lithofacies strike at a high angle (60° to 90°) to their
nearly east-west trends in central and southeastern
Xizang. Depositional and structural strikes thus diverge
considerably, a most significant relationship not men
tioned by most generalizers on the geology of this huge
region.

Hu Changming's (1984) paper is important in showing
that a local deep-water basin developed in southwestern
Xizang (Tibet) Uygur Autonomous Region during the
Carboniferous and the Early Permian. Among the many
evidences he cited for the deep-water origin of the
3,500 m turbidite section are: (1) abrupt and numerous
thin beds of sandstone showing graded bedding with
interbeds of shale; (2) the presence of shalIow-water
fossils mixed with pelagic fauna and deep-water trace
fossils; (3) the existence of numerous bioturbated layers;
and (4) wide development of load casts.

Farther east on the Gangdise block, Wang and Mu
(1983) described a Lower Permian section at Lhunzhub,
65 km north of Lhasa (Figure 11-31). This, the Urulung
section, is 620 to 630 m thick. The basal 40 to 50 m
represents Sakmarian and Artinskian, and is called the
Urulung Formation, equivalent to the Tulonggongba
Formation near Rutog. The Urulung consists of inter
bedded black slaty shale and thin-bedded shallow-water
limestone with the corals Tachylasma minor and Ver
beekie/la sp. In addition, there are brachiopods
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(Stepanovie/la flexuosa, Liraplecta cf. richthofeni, Asiop
roductus gratiosus, Cancrine/la cancriniformis. Stenosci
sma timorensis) and bryozoans (Goniocladia indica, Rhab
domeson consimile, and Girtypora occultolamina). The
corals belong to the Lytvolasma fauna.

The overlying Kungurian through early Tatarian sec
tion is 580 m thick (Lobadoi Formation). The lower
400 m consists of limestone with nodular chert; the upper
180 m contains limestone and limestone conglomerate
interbedded with andesitic to basaltic volcanogenic
rocks. The fauna of the lower 400 m is rich in fusulinids:
Neoschwagerina globularis, Lantschichites minimus, Dun
barula nana, Verbeekina sp., and Rugoschwagerina tibe
tica. Associated corals are Iranophy/lum tumicatum, I.
shirasakiensis, Ipciphyllum persicum, Praewentzelella cf.
multiseptata, and Neokueichowpora haydeni. In the upper
180 m of limestone and calcirudite section the fusulinids
Yabeina multiseptata, Y. shiraiwensis, Neoschwagerina
margaritae and coral Iranophyllum sp. occur. This dem
onstrates that the unit is equivalent to the Lasarla
(Chitichun) Limestone south of the Yarlung Zangbo fault
zone.

Wen (1981), He and Weng (1982), and Wang and Mu
(1983) pointed out close similarities between the faunas
of the Gangdise-Qiangtang blocks of Xizang (Tibet)
Autonomous Region and those of southern and south
eastern China. Numerous taxa include the same species.
In addition, some also are found in Nei Monggol
Autonomous Region.

Southern Xizang (Xizang) - the Himalaya Block

Although, in some areas, the fauna and flora of the
Carboniferous and the Permian change across both the
Bangong-Nu Jiang fault zone and the Indus-Yarlung
Zangbo fault zone, in other areas, especialIy in the west,
such changes do not take place across the fault zones.
As more detailed field studies are completed, indeed,
less and less support is being found for the concept of
formerly separated blocks now joined along so-called
sutures. Thus many ideas - especialIy those supporting
the concept of facies zonation paralIel with regional
structural features - need major revision (e.g. compare
the works of Jin (1981), Li and Yao (1981), Wen (1981),
Wen et al. (1981), and Wu and Liao (1981) with later
works and contrary ideas, by He and Weng (1982, 1983),
Liang Dingyi et al. (1983), Liu and Cui (1983), Wang
Hongzhen (1983), Wang and Mu (1983), and Hu Chang
ming (1984)).

A moderately large number of sections now have been
studied south of the Yarlung Zangbo (Zangbo = River),
beginning with the section on Qomolangma Feng (Mt.
Everest) described by Mu Anzi et al. (1973). Yin Ji
xiang et al. (1983) have summarized some of the com
pleted studies; Wang and Mu (1983) have summarized
additional studies.

The most complete section is the Lasarla section close
to Zhongba and Burang, along the Yarlung Zangbo,
650 to 680 km west of Lhasa. The lower unit, calIed
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the Serlung Group, is 300 to 400 m thick, and it consists
of calcareous, silty shale interbedded with argillaceous
limestone. Brachiopods include Neospirifer ravana, Co
stiferina a/ata, Stenoscisma gigantea, S. timorensis, and
Spiriferella rajah; corals are Soshkineophyllum zhongba
ensis, Amplexocarinia , and Tachylasma variable. This
Lasarla section is the equivalent of the Urulung For
mation north of Lhasa. Above lies the 100 m Lasarla
(Chitichun) Limestone, which contains fusulinids
(Neoschwagerina sosioensis, N. fusiformis, N. leei, Rei
chelina cribroseptata, Dunbaru/a pisilla, D. nana, Lant
schichites minimus, Kahlerina pachytheca, and K. usu
rica); brachiopods (Leptodus cf. nobilis, Richthofenia
lawrenciana, Chonetella nasuta, Spiriferella grandis, Ne
ospirifer cf. kubeiensis, Cancrinella cancriniformis, Waag
enoconchia abichi, and Notothyris simplex); corals
(Wentzelella zhongbaensis, Iv. regularis, Wentzelloides
(Multimurimus) minor, and Tachylasma cf. schematicum);
ammonoids (Cye/olobus walkeri and C. oldhami); and
calcareous algae in abundance. All are Tethyan taxa that
lived in warm water; many are found also in southeastern
and southern China. The clear correspondence in fauna,
age, and facies with equivalent sections north of the
Yarlung Zangbo can hardly be doubted.

The Chubuk section near Tingri lies 240 km east
southeast of Zhongba, 450 km west-southwest of Lhasa,
and north of Qomolangma Feng (Mt. Everest). The
Lower Permian is represented only by the Sakmarian
Artinskian Serlung Group; post-Artinskian strata are
not known. At the base is the 20 m Chubuk Formation
with the plants Glossopteris communis (strongly domi
nant), G. indica, Sphenophyllum speciosum, Dizeugotheca
qubuensis, and Dichotomopteris qubuensis. The 375 m
Chubujeka Formation overlies the Chubuk, and includes
the following fauna: corals (Lytvolasma asymmetricum,
Tachylasma paradoxicum, Lophophyllum sp.), brachio
pods (Neospirifer kubeiensis, N. stratiformis, Taeniotha
erus cf. subquadratus, Costiferina indica, C. alala, Can
crinella cancriniformis, Spiriferella rajah), and one
ammonite (Ura/oceras xizangense). This is the section
originally published by Hsu Jen (1973, 1976) and also
by Mu Anzi et al. (1973). Its Gondwanian affinities with
southern China, and Tethys are clear from the contained
fauna; and its partly continental nature (at the base of
the section) is reflected in the lithology, with fluviatile
sandstone and lacustrine shale in the Chubuk section
grading upward into shallow-marine sandstone, silty
shale, bioclastic limestone, and bank limestone in the
Chubujeka Formation. Yet the fauna also has close
affinities with contemporaneous biotas in Europe and
North America.

Like the sequence at Tingri, that at Kangmar, 250
km farther east, lacks a post-Artinskian section. The
basal Kangmar Formation, 100 m of speckled argillite,
and the gradationally overlying Baidingpu, 200 to 250
m of limestone and marmolized limestone, are thought
to be equivalent to the Chubujeka alone. Both units
are marine and both contain the coral Tachylasma sp.
as well as the brachiopods Spiriferella cf. qubuensis,

Neospirifer kubeiensis, Marginifera sp., Stenoscisma gi
gantea, Chonetella nasuta, and Athyris xetra.

From the preceding brief review, we conclude, that
the Lower Permian (and Upper Carboniferous) section
was deposited on a notably broad shelf or epeiric sea,
bordered by some land areas to the south (Himalaya
block). Approximately the same lithologic units cover
large areas of the Himalaya, Gangdise, and Qiangtang
blocks. The lithologic and faunal changes may parallel
the major fault zones in southeastern Xizang (Tibet)
Autonomous Region. A very gradual transition takes
place in faunal contents in the shallow-water sections,
although the major part of the biota does not change.
Clearly the concept that the Indus-Yarlung Zangbo and
Bangong-Nu Jiang fault zones are 'sutures' between once
far-distant landmasses is mistaken. Studies by Petrus
hevsky (1971), Saxena (1971, 1978), Meyerhoff and
Meyerhoff (1972, 1974, 1978), Crawford (1979), Auden
(1981), Gansser (1981), lin (1981), Wang and Mu (1983),
Waterhouse (1983), Chatterjee (1984), Stocklin (1984),
Dickins (1985), Helmcke (1983), and many others, point
to the virtual impossibility of drifting of continental
blocks to an ultimate collision and 'suture' with Pa
leoasia.

Type Sections

Fang et al. (1979) described a type section of the Permian
in central Guizhou Province (Figure II-37), and they
discussed also the Carboniferous-Permian boundary. Li
and Zhang (1983) returned to the question of the
Carboniferous-Permian boundary in Guizhou Province,
and, as already mentioned, reported a division of opinion
among Chinese geologists. Whatever the horizon of the
actual boundary may be, fauna and lithology alike are
transitional across it.

Yang Zunyi et al. (1980) tabulated general features
of the Permian sequence in Central-South China in terms
of formations, and in terms of lithology and facies. In
the table that follows, Table II-20, we place their data
in one of three columns. In a second column we place
the fusulinid foraminiferal zones of Sheng et al. (1979).
In a third column we place stages of the Permian
according to the general 'western' consensus (Harland
et aI., 1982; and the Changxingian stage by Furnish and
Glenister, 1970). Our correlations of the three columns
necessarily are tentative, but those for the zones of
Palaeofusulina, Codonofusiella, and Schwagerina proba
bly are reasonable.

The Permian sequence of China, and essentially the
Permian marine sequence of Central-South China, dif
fers possibly from all other Permian sequences by
exhibiting a fauna that indicates a stage younger than
any known in the world outside China. Kummel and
Teichert (eds., 1970) considered this possibility through
a study of ammonoids. Furnish and Glenister (1970),
in view of this same possibility, designated the Chang
xingian stage with the fusulinid foraminiferal genus
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Table 11-20. Correlation of the generalized Permian sequence in Central-South China

Changxingian' Pa/aeofusulina Changxing Formation mostly marine carbonates

Dalong Formation siliceous strata, siliceous limestone,
terrigenous clastics, all marine

Upper Xuanwei Formation alternate marine and terrestrial strata

Longtan Formation paralic, coal-bearing

Tatarian Codonofusiella Wujiaping Formation mixed facies and marine carbonates

PERMIAN Kazanian, Ufimian Yabeina-Neomisellina

Kungurian Neoschwagerina Maokou Formation marine carbonates

Lower Cancellina-Parafusulina

Artinskian Mise/lina claudiae Danchong Formation marine siliceous strata, terrigenous
clastics, mixed facies

Sakmarian Schwagerina Qixia Formation marine carbonates; local coal-bearing
tschernyschewi terrigenous clastics at base

(Liangshan Formation)

Sources: Harland et al. (1982); Sheng et al. (1979); Yang Zunyi et al. (1980): Changxingian' from Furnish and Glenister (1970).

Pa/aeofusu/ina as an index fossil (Table 11-20). ('Chang
xingian,' in all of the texts available to us, appears as
'Changsingian,' a pre-pinyin spelling; pinyin spelling
should have been used, as it already was in use in China
in the 1960s.)

The lateness of the Changxingian stage suggests a
transitional or gradational condition across the Permian
Triassic boundary, and this receives strong support from
lithofacies. Thus, Yang et al. (1981) cited a gradational
change, from mainly siliceous limestones and siliceous
mudstones below, to mainly argillaceous carbonates
above, in the marine sequences of Central-South China.
On the basis of fauna, these same authors noted the
persistence of certain brachiopods, from which they
postulated uninterrupted marine transgression across the
Permian-Triassic boundary. Kummel and Teichert (eds.,
1970) had noted a similar persistence across their selected
Permian-Triassic boundary in the Salt Range of (then)
West Pakistan.

Elsewhere, Yang et al. (1981) reported disconformity
across the Permo-Triassic boundary at: (I) the western
margin of the Central-South China basin, near the Kang
Dian oldland; (2) the eastern rim of the basin near the
Cathaysian oldland; and (3) Northwest China. In terms
of lithofacies, alternate non-marine and marine clastics
below the disconformities change to predominantly
marine terrigenous clastics above. In the northwestern
corner of the South China basin, a local non-conformity
is present between volcanic rocks below, and sandstones
and slates interbedded with limestones above.

In North China, Fang et al. (1979) recorded a type
section of the Permian sequence at Taiyuan, Shanxi
Province. The sequence at this locality, as elsewhere in
much of North China, is entirely non-marine. Plants
constitute the indicative megafossils (Figure II-38), and
the character of the floral assemblage is Cathaysian. Li
(1962), noted a disconformity at the Permian-Triassic
boundary in North China, but commonly a transition
across the Carboniferous-Permian boundary.

Paleoecology-Paleogeography

Throughout the Permian, a marine Tethyan realm oc
cupied the southern areas of China, and a continental
Cathaysian realm occupied its northern areas, where
formation of some of the great interior Mesozoic
Tertiary basins began (e.g. Junggar basin). The marine
realm lay between Tethys proper farther west (i.e. west
of China) and an ancestral Pacific sea on the east. From
west to east the seaway broadened and, at the longitude
of the present Pacific coast of China, stretched across
more than 15° of latitude. Deep-sea deposits are un
known, although some pelagic deposits (turbidites) de
veloped locally in Xizang (Tibet) Autonomous Region.
Mainly shallow-water deposits of an epeiric sea charac
terize southern areas (Stocklin, 1984). Abundant fusu
linids in marine Permian waters indicate that these
commonly were little deeper than sublittoral, and per
haps rarely (if anywhere) pelagic. The only areas where
pelagic conditions may have existed lie in Southwest
China and Taiwan (Sheng Jin-zhang et aI., 1985). The
presence of paralic facies in several of the known
sequences suggests to us that a significant number of
islands stood up in the Permian marine waters of Central
South China, a conclusion reached also by Sheng Jin
zhang et al. (1985). A landmass (Huaxia = Cathay)
occupied the present coastal zone of Central-South
China and East China.

For the latest Permian, Cheng Zhengwu (1980) traced
the boundary between Permian Tethys on the south and
Permian Cathaysia on the north along a line from the
Kunlun Shan on the west, through the Qin Ling to the
Dabie Shan on the east. Available evidence suggests that
this line may not have changed greatly from the be
ginning to the end of the Permian - also that it may
have crossed the present coastline in the vicinity of
Shanghai (Rui Lin et aI., 1983). Thus, the line between
Tethys on the south and Cathaysia on the north lies
not far from the latitudinal. The variation in latitude
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is no more than from 36°N in westernmost China to
32°N in eastern China at the present Pacific coastline.

Tethys of Central-South. Southwest, and Northwest China

In the earliest Permian, a topography with considerable
relief was present. While marine waters covered certain
areas, intermontane lakes appeared in others. In shore
line areas, coastal swamps developed. In the latter part
of the Early Permian, marine waters with abundant
Cancellina came across Southwest China in an episode
of maximum transgression. Widespread limestones de
posited in these waters represent the fusulinid Cancellina
zone (lowest fusulinid zone of P2). By the Late Permian,
the depositional environments of Central-South China
showed a pattern of neritic environment on the west,
and coastal and lagoonal environments with marine gulfs
on the east. The Huaxia (Cathay) landmass remained
elevated along the present coastal zone of Central-South
China and East China.

At the end of the Early Permian, a moderate uplift
brought a regression of marine waters, and a limited
effusion of basalt (Emei Shan Basalt). The Emei Shan
Basalt is widely distributed along the western Yangzi
platform and in western Yunnan Province. Generally,
the Emei Shan is assigned to early Late Permian.
However, a recent study by Yang Zunyi et al. (1984)
showed that the boundary in between Lower and Upper
Permian is located in the middle part of the Emei Shan
Basalt. Yang Zunyi et al. (1984) discovered limestone
lenses within the basalt section that yielded the following
late Early Permian fauna: Neomisellina cf douvillei,
Chusenella sp., and Verbeekina sp. Coastal plains were
typical of the prevailing environments, but they were
subject to change through oscillatory episodes. Toward
the end of the Permian, transgression took place once
again. Neritic environments returned accordingly, with
local developments of gulfs in which quiet water per
mitted deposition under conditions of low energy.

Cathaysia of North China and the Southern Part of
Northeast China

Uplift of this region took place during the Chongyu
movement (in Ordovician time; see Table III-I) and the
resulting land stayed above sea level through the re
mainder of the Phanerozoic. Swampy forests and as
sociated valley flats developed at the beginning of the
Middle Carboniferous, and these provided environments
for the formation of abundant coal seams with siderite
nodules in sandstones. During the late part of the Early
Permian, a diagnostic flora in this part of China suggests
a hot and humid climate, whereas the strata themselves
suggest fluvial, lacustrine, and paludal physical environ
ments. The remains of labyrinthodonts and stegocepha
lian amphibian vertebrates support the concept of hu
midity. The enclosing beds of purplish-red and
variegated, fine- to medium-grained, terrigenous-clastic
sediments with abundant cross beds furnish the evidence

for interpreting high temperatures. For the early part
of the Late Permian, available evidence suggests the
predominance of a lacustrine environment and gradual
change to a less humid climate in North China. During
the late part of the Late Permian, lithofacies of the
corresponding deposits point to an environment of rivers
and lakes. The deposits of this interval, now principally
arkose, shale, and gypsum, may indicate a hot and partly
dry climate, evidently inimical to the preservation of
plants, of which relatively few appear.

Peninsular India

Two small-scale yet geographically far-reaching marine
incursions took place during the Early Permian on
peninsular India. Both are of great regional importance
in large-scale paleogeographic reconstructions. One is
the Manendragarh transgression, during which Asselian
waters advanced some 400 km southward from the
Tethys seaway on the north, or 350 km from the present
southeastern coast of India. The second is the Umaria
transgression from west of India during the Sakmarian.
This transgression crossed 850 km of the peninsula.
Following the studies of earlier authors, the details of
these occurrences were summarized by Meyerhoff and
Teichert (1971), Shah and Sastry (1975), and Chatterjee
and Hotton (1986).

The Manendragarh fauna, in Chinese terms, is un
mistakably equivalent to part of the Asselian Zhanjin
Formation of the Gangdise block; and the Umaria fauna
is clearly Tingrian, or Sakmarian, and equivalent to part
of the Serlung Group (Wang and Mu, 1983).

These two marine incursions onto the Indian shield
clearly place India in close proximity to Asia during
the Early Permian.

Additional to the evidence of marine incursions, and
to the evidence of their associated faunas, is the evidence
of tetrapod (amphibians, reptiles) fauna. Nine taxa of
tetrapods have been reported from India and Kashmir
(Chatterjee and Hotton, 1986). Three taxa are known
elsewhere only in Europe. All but one of the families
of these tetrapods represented in India are known in
Europe. Other areas with close relationships are Africa
and North America. Not a single similarity was found
in the tetrapod faunas of Australia, South America, and
Antarctica (Chatterjee and Hotton, 1986). India thus
may well have lain far distant from these three latter
continents. Evidence from the tetrapods (Africa excep
ted) strengthens considerably the concept that India lay
in close proximity to Asia during the Early Permian.

Magmatism

Evidence of 'Variscan' movement appears along major
tectonic latitudinal sectors such as Kunlun Shan-Qin
Ling, Tian Shan-Yin Shan, and the arc of Nei Monggol
(Compilation Group, 1976). Magmatism during this
movement constitutes a major episode, developed in
three phases.



Phase 3

Intrusion of granite and alaskitic granite in the northern
part of Northeast China, in Nei Monggol Autonomous
Region, in the Qilian Shan, and in western Yunnan
Province. Mafic and ultramafic rocks are found in
Northeast China, in Northwest China, and in Southwest
China. Isotopic ages range from 260 to 230 m.y.

Phase 2 (middle)

Mainly granitic intrusion in the Tian Shan, in the Altay,
in the two Hinggans, and in the Bei Shan. Mafic and
ultramafic rocks accompany the granites in North China
and Northwest China. Isotopic ages are around 300 m.y.

Phase 1

Mainly mafic and ultramafic rocks in the Tian Shan,
Sichuan Province, and western Yunnan Province. Along
the Tian Shan, the Kunlun Shan, and the Qin Ling,
associated granites yield an isotopic ages of approxi
mately 350 m.y.

MESOZOIC

General Stratigraphy

In comparison with Paleozoic strata, Mesozoic strata
show a strong development of non-marine facies, to the
extent that non-marine deposits cover large areas of
Northwest China, North China, and Northeast China.
In the more southern regions of China, significant areas
remained marine through the Triassic. In contrast,
marine facies diminished considerably through the Ju
rassic and the Cretaceous. Distinguishing depositional
features of the non-marine facies include redbeds, coals,
evaporites, and marked changes in lithofacies and thic
kness.

General Tectonic Pattern

The Mesozoic tectonic belts of China show a strong
component of the meridional (north-south) direction in
their trends, considerably different from the predomi
nantly latitudinal (east-west) direction of Paleozoic
trends. The near-meridional trends of the Mesozoic (as
well as those of the succeeding Cenozoic) appear mainly
in East China and Central-South China. As a conse
quence, the eastern and western sectors of China differ
entirely from one another in the characters of their
structural histories (Compilation Group, 1976).

The principal Mesozoic (and succeeding Cenozoic)
trends belong to the Neocathaysian system, which strikes
north-northeast across eastern China. The paired struc
tures of horst and graben that characterize this tectonic
system are bounded by normal faults, high-angle reverse
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faults, and strike-slip faults. In total, the characteristics
of the Neocathaysian system include not only a series
of uplifts and depression, but also metamorphic and
magmatic events. Where the north-northeast trends of
this system intersect the older east-west (latitudinal)
trends in Southeast China and Northeast China, a
complex mosaic of structure results. One notable phen
omenon observed at such intersections is the presence
of large- to medium-sized tectonic basins together with
an echelon, arc-shaped belts of uplifts whose apices point
toward the southeast. No such intersections occur in
any part of western China, because the Neocathaysian
system is absent from that region. Only the east-west
(latitudinal) system is present, and it is characterized
by folded geosynclinal systems associated and parallel
with normal, reverse, or wrench faults, and by related
magmatic and metamorphic phenomena.

In Southwest China, in the Sichuan-Yunnan region,
the tectonic trends are north-south, are characterized
by tight folds and associated faults, and exhibit zones
of tectono-magmatism together with zones of metamor
phism. At its northern end, this tectonic system leads
southward away from the Eastern Himalaya syntaxis,
on a course through Thailand and Malaysia. In the
Qinghai-Xizang (Tibet) Plateau, east-west structures
parallel the Tethyan arc proper, with a moderately wide
separation of tectonic lineations at the center, but with
tapering at both ends of the Western and Eastern
Himalaya syntaxis.

Mesozoic Floral Groups

Sze and Chou (1962) recognized six groups of Mesozoic
flora in China. Figure 11-39 shows these floral groups
and their correlations with chronostratigraphic divisions
of the Mesozoic in Europe.

The Danaeopsis-Bernoullia flora occurs mainly in
North China and Northwest China, and it relates closely
to Late Triassic floras from Kurashashayskiy and Ku
raylinskiy in Kazakhstan, U.S.S.R., also to coeval floras
in Europe and North America. A few species of this
flora persist into the succeeding flora.

The Dictyophyllum-C1athropteris flora belongs mainly
to southern China, with close relationships to coeval
floras collected in East Greenland, Sweden and Ger
many. Species from the preceding flora persist into this
one in some places, while late species in this flora persist
into the succeeding one.

The Coniopteris-Phoenicopsis flora occurs widely in
the southern sector of Northeast China, in the Nei
Monggol Autonomous Region, in North China, and in
Northwest China, in all of which it is similar to the
floras of Siberia and Kazakhstan in the U.S.S.R.

The Ruffordia-Onychiopsis flora occurs mainly in Nor
theast China, and it relates closely to floras from the
Ussuri River in the region of the China-U.S.S.R. frontier,
also to floras in the Tetori Formation of Japan, and
to floras in an equivalent Korean formation. The earlier
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Fig. 11-39. Zonations of flora in the Mesozoic of China and correlation with Europe (from Sze and Chou, 1962).

portion of the Ruffordia-Onychiopsis flora (Late Jurassic)
contains a few species that have persisted from the
preceding flora.

The angiosperms, which include Trapa microphylla,
characterize the Upper Cretaceous formations of North
east China.

TRIASSIC SYSTEM

Toward the end of the Permian, transgression gained
strength across Central-South China, Southwest China,
and parts of Southeast China (Figure II-40). The ad
vance of marine waters into these areas, however, was
not total when the Tri'assic began. The presence of

disconformities and non-conformities indicates local
instability; volcanicity associated with such instability
suggests a 'Variscan' episode typical of the boundary
between the Paleozoic and the Mesozoic (i.e. between
the Permian and the Triassic (Sheng Jin-zhang et aI.,
1985)). In general, marine waters did not move north
of the line that joins the Kunlun Shan, the Qilian Shan,
and the Dabie Shan (Wang Yigang et aI., 1981). Others
have suggested that the transgression actually was more
limited.

North of the Kunlun Shan-Dabie Shan east-west line,
Triassic continental facies deposits stretch across the
whole of China. Only a small area in northeasternmost
China is an exception (Wang Yigang et aI., 1981).

Triassic marine sections in eastern and northernmost
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Fig. 11-40. Paleogeography and lithofacies map of Early Triassic, China.

Yunnan province, eastern Xizang (Tibet) Autonomous
Region, western Sichuan Province, southern Qinghai
Province, and western and southwestern Guizhou Pro
vince are among the thickest and most extensive Triassic
sequences in the world. Triassic deposits are abundantly
fossiliferous, also largely Tethyan in their faunas, except
in far northeastern and southeastern China where Pa
cific-realm faunas are dominant (Compilation Group,
1976). Commenting further on marine Triassic faunas,
Wang Yigang et al. (1981) listed the presence of algae,
foraminifera, radiolaria, corals, stromatoporoids, hydro
zoans, bryozoans, brachiopods, bivalves, gastropods,
nautiloids, ammonoids, belemnites, ostracods, crinoids,
conodonts, and ichthyosaurs. Ammonoids, bivalves, and
brachiopods may be the most important elements of
the fauna for biochronology. Gastropods, conodonts,
foraminifera and corals follow. Faunal successions pro
vided by five of the fossil taxa appear in Figure II
41.

Distribution and Facies

Wang Yigang et al. (1981) noted the wide extent and
the good development of Triassic deposits in China. They

noted, in addition, a significant relationship between
Triassic sedimentary development and tectonic line
ations. In Northwest China, Triassic lithofacies parallel
a system oflatitudinal tectonic belts. In Southwest China,
Triassic strata are roughly parallel with the Hengduan
Shan, and thus are almost meridional in trend. In
Southwest China and in East China, Triassic strata
parallel the Cathaysian tectonic belt, consequently with
a northeasterly trend.

Southern China (Central-South China and East China)

The area in which Triassic marine sediments were
deposited was restricted by the positions and the trends
of several major and ancient tectonic elements. These
include the Xizang (Tibet)-Kangdian oldland on the west
and southwest, the Huaxia (Cathay) oldland on the
southeast, the Sino-Korean platform on the north, and
the Tarim platform on the northwest. These areas of
uplift provided: (I) debris for the marine basin; and (2)
barriers to more widespread transgression. The northern
boundary coincides in part with one of China's oldest
east-west structures, the line of weakness that is asso
ciated with the Qin Ling and Dabie Shan (Sheng Jin
zhang et aI., 1985).
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Lower and Middle Triassic sequences in this region
consist of neritic and lagoonal carbonates, together with
red sandstone, sandstone, shale and evaporites. The
evaporites are found principally in the northern part
of the marine depositional area (e.g. the present Sichuan
basin), whereas redbeds (continental facies) and terri
genous clastics deposited in the marine littoral zone were
the main types of deposits around the positive areas
(e.g. Kangdian and Huaxia-Cathay oldlands) east and
west of the marine basin. Between these two uplifts
(Figure 11-40), the carbonate rocks are characterized
by numerous facies changes (Sheng Jin-zhang et aI.,
1985). Ammonoids and pleecypods dominate the faunas,
which are largely Tethyan. Only in the far southeastern
part of China do faunal (and sedimentary) affinities
change to those of the Pacific realm (Compilation Group,
1976).

During the Late Triassic, partial emergence of the
Xuefeng uplift in southeastern China exerted a pronoun
ced effect on the distribution of Upper Triassic sediments
(Figure 11-42). This uplift divided southeastern China
into two depositional areas. The area east of the uplift
(Provinces of Guangdong, Fujian, Jiangxi, western Zhe
jiang, and a small part of Jiangsu) contains coal-bearing
formations with marine intertongues. The marine beds

and the coal contain respectively a fauna and flora of
the Pacific realm. In contrast, in the area west of the
uplift (Provinces of eastern Yunnan, eastern Sichuan,
western Guizhou, and western Guangxi Zhuang Auto
nomous Region) a Tethyan fauna and flora predominate.
The lower part of the Upper Triassic consists of cont
inental and littoral terrigenous-clastic strata, with shal
low-water carbonates and shale. The upper part is
regressive, and contains non-marine terrigenous-clastic
sediments and coal.

Himalaya (Southern Xizang)

A complete Triassic sequence is present on Qomolangma
Feng (Mt. Everest). This sequence consists mainly of
neritic carbonates and terrigenous clastics, with little
variation in lithofacies. A rich fauna contains abundant
ammonoids (II zones), bivalves, pelecypods, and ich
thyosaurs (Mu Anzi et aI., 1973; Yin Ji-xiang et aI.,
1983). Similar sequences and faunas extend southward
into India, Nepal, and Bhutan (Kapoor and Tokuoka,
1985), and westward into northern Pakistan and Europe
(Yin Ji-xiang et aI., 1983). The fauna is distinctly of
neritic facies, is Tethyan, and is related to those of
equivalent strata in India, Pakistan, Europe, and even
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parts of western North America.
The section in the Himalaya thickens northward

toward the Yarlung Zangbo valley, increasing from 1,700
m to at least 3,000 m (Mu Anzi et aI., 1973). The Lower
and Middle Triassic are poorly exposed, and most of
the observed Triassic section belongs to the Upper
Triassic, which lithologically is most complex, with
turbiditic flysch, mafic volcanic rocks, and radiolarian
chert (Bassoullet et aI., 1981; Wang Yi-gang, 1981; Yin
Ji-xiang et aI., 1983). The development of such deeper
water facies with mafic volcanics indicates the time of
initial formation of the modern Indus-Yarlung Zangbo
fault zone.

Qinghai-Xizang (Tibet) Plateau

Triassic marine deposits are widespread in eastern Xi
zang (Tibet) Autonomous Region, in Qinghai Province,
western Sichuan Province, and western Yunnan Pro
vince, where it is developed in eugeosynclinal facies, in
many places with great thicknesses. The Triassic here
still has not been studied in detail (Huang and Chen,
1987).

The Kunlun Shan-Qilian Shan latitudinal trend se
parates this extensive marine Triassic realm from the
continental deposits of Northwest China and North
China. This region is separated from the shallow-water
areas of southeastern China by the Kangdian uplift, and
by a related uplift on the site of the present Longmen
Shan, each with a north-south trend.

The Triassic consists mainly of littoral to neritic
terrigenous clastics with some carbonate interbeds in
central and northern Xizang (Tibet) Autonomous Re
gion (Chang and Pan, 1981; Yin Ji-Xiang et aI., 1983;
Wang and Sun, 1985).

The Triassic sequence of the Tanggula Shan consists
of intermediate to silicic volcanic rocks, melange-type
deposits, and terrigenous-clastic flyschoid and shallow
water strata (Chang and Pan, 1981; Zheng Yan-zhong,
1981). Similar formations are present along the Bangong
Nu Jiang fault zone (Huang Jiqing, 1978; Chang and
Pan, 1981; Wang and Sun, 1985). Yin Ji-xiang et al.
(1983) reported the presence, in the Qamdo area of
northeastern Xizang (Tibet) Autonomous Region, of
5,000 m of eugeosynclinal and flyschoid sediments as
sociated with silicic to intermediate volcanic rocks.

In southeastern Qinghai Province and western Sichuan
Province, in a triangular area known as the Songpan
triangle (east of Lancang Jiang on Figures 11-40 and
11-42), Triassic deposits consist mostly of monotonous
flysch-type sediments, in some areas interbedded with
mafic-to-intermediate and silicic-to-intermediate volca
nics (Compilation Group, 1976; Wang and Sun, 1985;
Huang and Chen, 1987). The Upper Triassic, however,
contains abundant non-marine strata intercalated with
manne zones.

The faunas, primarily Tethyan, also show Pacific
affinities. Brachiopods and hexacorals accompany the
dominant pelecypods and ammonoids. Important pe-

lecypod genera include C/araia, Halobia, Daonel/a, Eu
morphotis, and Myophoria. The flora associated with the
marine biota is of two types: (1) the Yipinglang type
in the southern part of the plateau; and (2) the Yangchang
(North China) type in the northern part of (and north
of) the plateau. Freshwater unionid bivalves provide
additional evidence for continental influence during the
deposition of the Upper Triassic. Jaeger et al. (1982)
reported the presence, just north of Lhasa, of a Late
Triassic flora distinctly boreal or Northern Hemisphere.

Northeast and North China

A small embayment of the ancestral Pacific occupied
the Wanda Shan sector in northeasternmost China
(Heilongjiang Province and Jilin Province) during the
Triassic (Figure 11-42). Otherwise, as with the preceding
Permian, these regions are outstanding for a continental
Triassic sequence of wide development, of considerable
thickness, and of many fossils, with inland basins (Cheng
Zhengwu, 1980). Lower and Middle Triassic deposits
consist mainly of red terrigenous clastics interbedded
locally with marine layers and with extrusives. A flora
of Danaeopsis, and another of Bernou//ia, both with
possible antecedents in the Permian, represent the lowest
assemblage of Mesozoic plants (Yanchang type).

In the small marine embayment of northernmost
China, the Upper Triassic consists chiefly of phyllite and
of siliceous rocks with tuff. Entomonotis ochotica, a
pelecypod, indicates the presence of at least one endemic
taxon of the West Pacific fauna.

Northwest China

The Triassic of this region IS In continental facies as
it is in North China. The Triassic sequences are complete
in the Junggar basin and in the Turpan basin. The Lower
and Middle Triassic section consists mainly of red,
brown, and purple terrigenous clastics with much coarse
grained sandstone and conglomerate. The conglomerates
contain porphyritic sills, especially in the northern part
of the Turpan basin. Vertebrate faunas in the Lower
Triassic continental facies of the Junggar and Turpan
basins contain the cosmopolitan vertebrate genera Ly
strosaurus, Chasmatosaurus, and Kannemeyeria (or kan
nemeyerids) (Sun Ai-lin, 1973).

The Upper Triassic consists predominantly of gray
strata, reflecting change in climatic conditions from arid
(during Lower-Middle Triassic) to humid. Coal beds are
sporadically present in the southern part of the Junggar
basin.

In the Tarim basin, the Lower and Middle Triassic
sections generally are missing. Some Middle Triassic
terrigenous clastics are known from the northern part
of the basin. Upper Triassic gray terrigenous clastics
of lacustro-fluvial origin, preserved throughout the ba
sin, thicken in the northern part.



Type Sections

Central-South China

The type section of Triassic for this region lies in the
southwestern part of Guizhou Province. Fang et al.
(1979) interpreted this section as the complete unit of
a cyclothemic sequence, whose detailed lithology appears
in Figure 11-43. This section, although from Guizhou
Province, is closely similar to the Triassic section of the
Sichuan basin. The lowermost Triassic (T 1) lies discon
formably on the Permian in much of this region. Its
terrigenous lithofacies is clastic and variegated; its en
vironment is coastal. The overlying Lower Triassic (T2)

exhibits a dominance of neritic cephalopods in the fauna,
which indicates a transgression of marine waters. Pe
lecypods accompany the cephalopods. Dolomites in the
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lower part of the Middle Triassic (TJ) with sparse fossils
suggest a highly saline environment of deposition. Fine
grained terrigenous-clastic strata in the top half of the
upper part of the Middle Triassic (T4 ) reflect a gradual
regression of marine waters. The Upper Triassic (T5,

T6 , and T 7), with alternate non-marine deposits that
contain several coal seams, reflects definitive oscillation
of underlying basement (shallow crust). An emergency
of some importance may be the cause of unconformity
at the Triassic-Jurassic boundary.

North China

Figure II-44 presents the lithostratigraphy of Triassic
deposits in a sequence within the Shaan-Gan-Ning or
Eerduos basin of Shaanxi Province, Gansu Province,
and Ningxia Hui Autonomous Region (Fang et aI., 1979).
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Fig. 11-43. Triassic stratigraphy in the southwestern part of Guizhou Province, Central-South China (from Fang et aI., 1979).
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System Series
Form- Column Thick

fossils
ation

Major lithology Major
section n~s

i===l'... - Grayish and yellowish- green.

E: Todites shensif!flsis (PI
and grayish-block n .. shale.

... T '" 400- and mudstone. often interbedded Danaeopsis fecunda
Ql 5-7~ (PIQ. 750 with coal seams.
Q.

~::J -
......
.... ..

'/:.,v:.",.·
Grayish-white and red

T4 ~ 100-
arkose and siltstone. Danaeopsis (PI

Y·/,:"·I··. interbedded with black
:/·';.;..f'S... 600
,.-::",,"-~\ shale or oil shale in

u .'...'/...........:
the part..- .,/::.'::T.,"" upper

'" Ql 1-:.--
'" Grayish-yellow
0 - ~

and green.

".- purplish-gray massive n.
\- " ........ Shansisuchus (R).... .- ........ and purplish-red siltstone

~ T3 ~
100-

and mudstone. calcareous'--- 800--_. nodules in mudstone.. .........
..... ..
.... - ..
~--=-I 100- Purplish-red sandy mudstone and

T2
..

argillaceous siltstone interbedded... ~....:..:""-" 250 with purplish-red sandy Ceratodus (F)
Ql ..... ,

16~
conglomerate.

~
.. . .. ..
--

0 T1
..... .... . .. ..

Greyish-white. pink and purplish-....
....... 500 red 5$ • interbedded with purplish-... . . .
.... red sandy mudstone and argil. siltstone.

Fig. 11-44. Triassic stratigraphy in Shaanxi Province. Gansu Province and Ningxia Huizhu Autonomous Region. China (from Fang et al.. 1979).

The sequence is complete, with divisions from T 1 to T 7

all present (see above), and probably is the best developed
in the whole basin. A conglomerate marks the T ,- T 2

boundary; a small hiatus is present at the T 2- T) boun
dary. T) consists mainly of medium- to fine-grained
terrigenous clastics with calcareous nodules. T4 shows
a decided contrast, with arkose and lacustrine oil shale
among its deposits. The top group, T 5 , T 6 , and T 7 contain
terrigenous clastics and several coal seams.

Numerous sequences show conformity at the Permian
Triassic boundary; and disconformity at the Triassic
Jurassic boundary. An erosional unconformity between
the Triassic and Jurassic in the Eerduos basin plays an
important role in oil accumulation.

Cheng Zhengwu (1980) described a sequence repre
sentative of the Eerduos basin, as above, but also
included Shanxi Province on the east. His description,
in addition, effects division of the Triassic by the use
of specific formations rather than by the letters and
numbers in Figure 11-44 of Fang et al. (1979). The Table
11-21 that follows showing how Cheng's lithostratigra
phic detail is comparable with that in Figure 11-44. In
Shanxi Province, plants and sporopollen date the lower
part of the Lower Triassic. Elsewhere, a dipnoan fish
and a theriodontid reptile date the upper part. A variety

of vertebrates marks the Middle Triassic. Plants and a
plesiosaurian occur in the lower part of the Upper
Triassic.

Northwest China

In Table 11-22 we summarize the Triassic of this region
according to Cheng Zhengwu (1980). His treatment for
this region follows that which he used for North China
(i.e. division by formation). The sequence is represen
tative of a large area, that of the Xinjiang Uygur
Autonomous Region, and it appears to be relatively
complete. Lithofacies apparently changes little at the
Permian-Triassic boundary, and the two are conformable
(Cheng Zhengwu, 1980). The facies of the Lower Triassic
appears to be 'Iacustro-fluvial,' an interpretation that
may hold also for the Middle Triassic and the Upper
Triassic. The sequence itself consists almost entirely of
terrigenous clastics.

The cosmopolitan Lystrosaurus and Chasmatosaurus,
together with other vertebrates, characterize the lower
part of the Lower Triassic (Sun Ai-lin, 1973). A kan
nemeyerid and several other vertebrates occur in the
Middle Triassic. Fishes represent vertebrates in the lower
part of the Upper Triassic, in which division flora also



STRATIGRAPHY AND PALEONTOLOGY 77

Table 11-21. Triassic sequence, Eerduos (Shaan-Gan-Ning) basin and Shanxi Province, North China

TRIASSIC

Yanchang Formation

Tongchuan Formation

Ermaying Formation

Heshanggou Formation
(T

l
)

Liujiagou Formation (T I )

Yellowish-green to greenish-gray sandstone, mudstone, and shale topped by
coal beds; fining upward

Yellowish-green to greenish-gray sandstone, mudstone, and shale topped by
coal beds; fining upward; Hybodus youngi (plesiosaurian fish); plants
Dark purplish-red mudstone and silty mudstone, with alternate grayish
green to grayish-yellow sandstone; mudstone with calcareous concretions;
upper (T4): Neuprocolophon. Shansisuchus. Fenhosuchos. Wangisuchus.
Shansiodon. Sinokannemeyeria. and Parakannemeyeria (vertebrates); lower
(T3): Paoteodon. Ordosiodon. Ordosia, Shaanbeikannemeyeria.
Parakannemeyeria xingxianensis (vertebrates)

Brick-red, purpish-red mudstone, sandy mudstone. intercalated with
purplish-gray, grayish-green arkose; Ceratodus hesthanggouensis (dipnoan
fish), Fungusuchus (theriodontid vertebrate)

Purplish-red and grayish-purple intercalated with small amount of
purplish-red siltstone, conglomerate, and cross-bedded sandstone; in
Shanxi Province. Pleuromeia jiaochengensis. P rossica, Neocalamites sp.
(plants); subzone of Lundblatispora-Taeniaesporites-Cycadophytes
(sporopollen)

N.A.

N.A.

410 to
600m

100 to
280m

350 to
630 m

Table 11-22. Triassic sequence, Xinjiang Uygur Autonomous Region. Northwest China

TRIASSIC

Upper

Middle

Lower

Haojiagou Formation
Huangshanjie Formation

Upper Kelamayi
Formation

Lower Kelamayi
Formation

Shaofanggou Formation

Jiucaiyuan Formation

Grayish-yellow, grayish-green mudstone, sandstone with marly lenses, and
thin coal seams; rich flora

Yellowish-green, grayish-black sandstone, mudstone, and shale;
Fukangichthys. Bogdania. and Fukangolepis (fishes); flora

Purplish-red, dark purplish-red, sandstone, argillaceous siltstone with
calcareous concentrations intercalated with grayish-green sandstone;
SinosemionolUs. Parotosaurus. TurJanosaurus, Vjushkovia, and
Parakannemeyeria (vertebrates)

Mudstone with calcareous concretions, purplish-red massive conglomerate
intercalated with grayish-green sandstone and mudstone; lacuslro-fluvial

Purplish and dark-red mudstone, sandstones with calcareous concretions,
and grayish-green sandstone; lacuslro-fluvial; Lystrosaurus,
Chasmatosaurus, Prolacertoides, and Santaisaurus (vertebrates)

180 to
830 m

110 to
380m

120 m

110 to
350 m

170 to
370m

occurs. Coal seams in the upper part of the Upper Triassic
contribute to a facies with a rich flora. Recently, an
Upper Triassic flora has been described from the Urumqi
area in Xingjiang Uygur Autonomous Region (Zhang
Lujing, 1983). This flora contains a complete mixture
of Chinese, Gondwanan, and southern European species.

Cheng Zhengwu (1980) does not describe the nature
of the Triassic-Jurassic boundary in Northwest China.
It is known, however, to be conformable to disconfor
mabie in the Junggar basin.

Paleoecology and Paleogeography

A 'Variscan' movement or movements at the end of the
Permian (close of the Paleozoic) brought on a retreat
of marine waters from almost the whole of northern
China, and a deposition of the Triassic continental facies
described above (Fang et aI., 1979; Cheng Zhengwu,
1980). The retreat did not affect an area as far north
as the southernmost part of the Qilian Shan, nor the
northern sector of Northeast China and East China,
which thus remained part of the ancestral Pacific (West

Pacific) depositional realm (Cui and Li, 1986). In general,
however, marine waters transgressed broadly into China
south of the line joining the Kunlun Shan on the west
(36°N latitude) to the Qin Ling on the east (34°N
latitude). Available evidence suggests that Triassic waters
came into China from an ancestral Indian Ocean on
the south and an ancestral Pacific Ocean on the east,
and that contemporaneous subsidence permitted depo
sition in a marine geosyncline (Kunlun Shan) in western
China. Geosynclinal deposition took place in parts of
Southwest China for the last time. Indosinian tectoge
nesis (Table 11-7) affected the geosynclines of Xizang
(Tibet) Autonomous Region, Qinghai Province, and
Yunnan Province, as well as the Kunlun Shan-Qilian
Shan geosyncline.

Central-South China

A difference in degree of subsidence distinguishes the
Mesozoic basins of East China and Central-South China
from those of Southwest China. Thus, the marine
Mesozoic basins of Southwest China show the greater
subsidence; and the line of division between the two
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areas of subsidence is the Xuefeng Shan in western
Hunan Province (Figures 11-40 and 11-42). There is no
line of division, however, between the two areas where
the trend of Mesozoic basins is concerned. Most of these
basins, regardless of the area in which they lie, strike
north-northeast (Sheng Jin-zhang et aI., 1985).

As marine waters entered Yunnan Province during
the earliest Triassic, they surrounded the Kangdian
(Sichuan-Yunnan) oldland of Southwest China (Figure
11-40) and advanced toward the west and the north
(Chao et aI., 1962). Toward the west, they moved through
the region of the present Himalaya and into what is
now India. Toward the North, they invaded the sou
theastern part of the present Qinghai Province to a
latitude as far north as the Southern Qilian Shan.

Marine waters also entered the greater Yangzi area
during the Early Triassic (Sheng Jin-zhang et aI., 1985).
Here they were contained on the west by the Kangdian
oldland and on the east by the Huaxia (Cathay) oldland
(Figure 11-40). Many of the clastics supplied to the
coastal areas of these waters were eroded from these
two oldlands. By the Early Triassic, marine waters had
spread over all of Central-South China and East China,
which had become the site of widespread carbonate
deposition.

During the Middle Triassic, parts of the present Yangzi
Valley experienced a mild uplift that produced complex
depositional environments. Areas above sea level suf
fered erosion and supplied sediments. Others became
lagoonal, and received deposits of dolomitic limestone,
gypsum, and halite. Still others became sites for the
deposition of typically neritic limestone.

By the middle of the Late Triassic (Figure 11-42),
during a stage equivalent to the Norian of Europe, the
Indosinian movement had begun, and then deformed
the parts of China that were mentioned above - mostly
in Southwest China and in what is now the Kunlun
Shan-Qilian Shan foldbelt. Land emerged gradually,
with some areas rising to higher than average elevation.
Erosion of the lands during the Late Triassic caused
deposition of alternate beds of marine and non-marine
sediments, and a variety of lithofacies. These include
coal, continental strata with coal seams, coastal terri
genous clastics, and shoal-ta-neritic carbonates.

Volcanic activity played an important part in Indo
sinian tectogenesis (See Table III-I), although largely
in the northern and eastern parts of the Qinghai-Xizang
(Tibet) Plateau, the Qin Ling, the Nan Ling, and the
Dabie Shan. Contemporaneous intrusives consist mainly
of granite and diorite, locally associated with mafic,
ultramafic, and alkalic intrusions that invade Triassic
and older strata. Overlain mostly by Upper Triassic or
Lower Jurassic sediments, these intrusives yield isotopic
ages in the range of 230 to 190 mao Recent investigations
have shown that intrusive rocks of this phase are present
also in the Bei Shan of northwestern Gansu Province,
in Northwest China, in parts of North China, in the
Da Hinggan Ling of the northeastern Nei Monggol
Autonomous Region and in East China (Cui and Li,

1986). Such a wide distribution of intrusives confers on
Indosinian tectogenesis the status of a Pan-China event
(Compilation Group, 1976).

Northern Regions

Many Triassic inland, non-marine successor basins de
veloped across the northern regions of China, some as
continuations of Permian events, others for the first time
(Figures 11-40 and 11-42). Basins west of the Luliang
Shan of western Shanxi Province exhibit a large and
deep morphology. Those farther east are smaller and
shallower. In Northeast China, erosion exceeded depo
sition. In Northwest China, the two were reversed. For
northern regions as a whole, the Triassic inland basins
follow north-northeast to northeast (Cathaysian) struc
tural trends.

Environment through the northern regions remained
largely unchanged across the Permian-Triassic boundary
and through the succeeding Early Triassic, as shown
by the continuous deposition of purplish-red terrigenous
clastics. During the Middle Triassic, a change in deposits
from variegated terrigenous clastics in T] to black
organic shale and oil shale in the overlying T4 suggests
a gradual climatic change from dry to humid. Rich
organic matter in the shales of T4 suggest further that
the subaqueous environment of their deposition was
quiet (low energy) and reducing. Arkose also is present
in T 4 , an indication of rapid deposition and rapid
subsidence during the late Middle Triassic. The presence
of Glossopteris in the Middle Triassic of North China
suggests an important extension of the Gondwanian
floral realm to the north (Fang et aI., 1979). Late Triassic
lithofacies suggest depositional environments that ran
ged from quiet lakes to shallow, forested swamps.

Vertebrate Fauna

The presence of a large and varied Lystrosaurus (Early
Triassic) tetrapod association in several parts of Xinjiang
Uygur Autonomous Region is important in deciphering
the paleogeography of Asia during Triassic time. Sun
Ai-lin (1973), Chatterjee and Hotton (1986), and Chat
terjee (1984) concluded, on the basis of tetrapod studies
(amphibians, reptiles), that Africa, China, and Europe
were close to each other and were connected by direct
land routes. A direct land route to North America also
is indicated from the data. Similar conclusions were
reached on the basis of even more complete data from
Mongolia reported by Kalandadze and Rautuan (1983).

Chatterjee and Hotton's (1986) analysis of the com
plete Triassic fauna shows the following: India's closest
relations were with Europe, followed closely by Africa.
North America, Sauth America, and eastern Asia were
fourth, fifth, and sixth respectively. Because the Early
Triassic taxa are greatly different from those that had
evolved by the Late Triassic, Chatterjee and Hotton
(1986) studied similarities among the continents for Late
Triassic taxa. All ten families present in India are found
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in Europe; nine of the ten are present in North America;
and six are present in eastern Asia (mainly China).
However, only five are common to India and Africa,
and to India and South America, whereas India shows
nothing in common with Antarctica. Clearly India's land
connections were with northern continents, not with
southern continents.

JURASSIC SYSTEM

Indosinian tectogenesis in the Middle and Late Triassic
initiated a gradual regression of marine waters in south
ern China, western Sichuan Province, eastern Qinghai
Province, and eastern Xizang (Tibet) Autonomous Re
gion. Paleogeography changed accordingly, not only in
the above-mentioned areas, but also in China as a whole.
Uplift in southern China added a large land area to
the landmass already present in northern China. Jurassic
marine waters thus did not move significantly beyond
Xizang, southern Qinghai, and the southern sector of
southern Xinjiang. Relatively brief incursions brought
marine water into western Yunnan Province, Guangdong
Province, and Hunan Province; one very small marine
incursion took place in eastern Heilongjiang Province
(Chen Piji et aI., 1982; Wang and Sun, 1983, 1985).

Distribution and Facies

The Jurassi.c of China is divided into stratigraphic
domains by Chinese geologists on the basis of lithologic
characteristics (Figures 11-45 and 11-46). All of the
several classifications differ in some degree from one
another.

Gu (Ku, 1962) divided both the Jurassic and the
Cretaceous into three major regions and 61 subregions
across China (Figure 11-47), with depositional environ
ment as the essential criterion.

Wang and Sun (1983) based their classification mainly
on stratigraphic developments, sedimentary facies, and
paleotectonic setting, and divided the Jurassic System
of China into three regions and 13 districts. The following
comparison shows titles of the regions and number of
subdivisions of Gu (1962), and Wang and Sun (1983).

Another classification was made by Chen Piji et al.
(1982). They recognized four stratigraphic domains for
Lower and Middle Jurassic on the basis of paleogeogra
phy and sedimentation: (I) North China domain (three
provinces); (2) Tethyan domain (two provinces); (3)
Yuegan Bay domain (four provinces); and (4) Wusuli
domain. By taking into account the early cycles of the
Yanshanian tectogenesis, they divided the Upper Jurassic
into three domains and eight provinces.
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Classification of Jurassic domains

Pacific Volcanic Belt

We adopt Gu's (Ku, 1962) system here. A description
of each of his three major Jurassic regions follows.

This belt lies east of a series of mountain ranges that
strike north-south and in places northeast, rejuvenated
repeatedly by Yanshanian and, most recently, Himalayan
movements. These ranges include the Da Hinggan Ling,
the Taihang Shan, the Luliang Shan, the Wuling Shan,

Gu (Ku. /962)

Marine Basins and Geosynclines
in Southwest China (seven su
bregions), (III on Figures 11-46
and 11-47).

Pacific Volcanic Belt (thirty su
bregions), (Ion Figures 11-46
and 11-47).

Inland Basin Region in Central
and Northwest China (twenty
four subregions), (II on Figures
11-46 and 11-47).

Wan,l( and Sun (/983)

Xizang (Tibet)-Qinghai Region
(seven districts).

Coastal Volcanic Region of East
China (four districts).

Stable Giant Basins of West
China (two districts),

and the Xuefeng Shan which extends from northeastern
Nei Monggol Autonomous Region and Shanxi Province
to Hunan Province. Li Siguang (J. S. Lee, 1939) called
this the Da Hinggan-Shanxi-Guizhou anticlinorium.
More recently, Huang Jiqing referred to it as the Da
Hinggan-Taihang-Wuling trend. It coincides in places
with a major fault zone dating probably as far back
as the late Proterozoic or earlier. There is a sharp rise
from west to east of the Mohorovicic discontinuity, and
a steep gravity gradient. East of this trend lies the
Neocathaysian system of horsts, grabens, half-grabens,
normal faults, and strike-slip faults that strike north
northeast and northeast. The great features that strike
east-west and the large intracontinental basins of western
China lie west of the Da Hinggan-Taihang-Wuling trend.

Lower and Middle Jurassic strata consist mainly of
fluvial and lacustrine deposits intercalated with coal
layers and with intermediate to mafic volcanic rocks.
These accumulated in north-northeast-trending grabens,
of which more than 60 existed by Late Jurassic time
(Li Sitian et aI., 1982). Upper Jurassic strata consist
chiefly of intermediate-to-mafic and intermediate-to
silicic volcanic rocks interbedded with lacustrine depo
sits. In the northern sector of Northeast China, Upper
Jurassic strata are associated also with coal measures.
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Fig. 11-47. Stratigraphic regions map of Jurassic and Cretaceous in China.

In addition, they form part of a total Jurassic sequence
rich in estheriids, plants, and fish. In Southwest China
(subregion 26, Figure II-47), marine and non-marine
deposits alternate. Central-South China (subregion 27),
and Northeast China (subregion I), contain Hettangian
and Sinemurian marine deposits (early Early Jurassic).
Ammonoids found in the subsurface of Taiwan once
were believed to be Late Jurassic, but now are known
to be Early Cretaceous (Meng, 1970; T. C. Huang, 1978).
On Hainan (subregion 30), geologists have not yet found
any Jurassic sequences. The paleontology of the marine
sequences is summarized by Wang and Sun (1983). Ore
deposits of the Pacific Volcanic belt obviously represent
a segment of the Circum-Pacific metallogenic domain.

Inland Basin Region of Central China and Northwestern
China

The Jurassic deposits of this region (II on Figures II-

46 and II-47) accumulated in several basins west of and
including the Hailar, Eerduos, and Sichuan basins. The
best known of these are the Eerduos (Shaan-Gan-Ning),
Sichuan, Tarim, Junggar, Turpan, and Qaidam basins.
All lie north and east of the geosyclinal realm of
Southwest China, which includes the Kunlun Shan to
Yunnan ranges and the Qinghai-Xizang Plateau. During
the Jurassic, fluvio-Iacustrine deposits accumulated. To
day these form the variegated redbeds in many areas.
Coal seams and an abundant flora are present, especially
in the Lower and Middle Jurassic.

Climatic zonation is evident from a study of the
sections in each basin. South of a line joining the Kunlun
Shan with the Qin Ling, in the Sichuan basin and in
the basins of Yunnan Province, redbeds with abundant
naiadid plants are present; coal is found only in the
Lower Jurassic of northwestern Sichuan Province; no
coal is found in the Upper Jurassic section. The absence
of coal seems to indicate the onset of semiarid or arid
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conditions.
Marine deposits are severely limited, almost nonexi

stent in Gu's region II (Gu, 1962; Figure 11-47). Gu
did report some marine Jurassic, possibly Early Jurassic,
in a limited area of Sichuan Province. In Qinghai
Province (subregion 40, Figure 11-47), some volcanic
rocks are present in the Lower Jurassic sequence.

Marine Basins and Geosynclines in Southwest China

In this region (III on Figures 11-46 and 11-47), the main
deposition of marine Jurassic occurred, and contributed
to the depositional sector called 'East Tethys.' In con
trast, the sedimentary component of the Pacific Volcanic
belt, described above, belongs to the West Pacific de
positional domain. East Tethys includes Qinghai-Xizang
(Tibet) and the Himalaya of Southwest China.

In southern Xizang (the Himalaya), the Jurassic
sequence consists of limestone, shelly limestone, marl,
shale, and quartz sandstone with abundant fossils (Mu
Anzi et aI., 1973; Yin Ji-xiang et aI., 1983; Wang and
Sun, 1983). The upper part of the shallow-water facies
grades northward (Indus-Yarlung Zangbo zone) into
deeper-water siliceous-argillaceous carbonates and fly
schoid strata, with monotonous alternation of thick
bedded calcareous mudstone and sandstone.

Farther north, the Jurassic sediments along the Ban
gong Co-Nu Jiang deep fracture zone are composed of
deep-water clastic carbonates, flysch-like terrigenous
clastics interbedded with volcanics, pelite, and chert
(Chang and Pan, 1981; Wang and Sun, 1983; Girardeau
et aI., 1984, 1985).

Oscillations of sea level took place during the Jurassic
along the northern edge of this region, as evidenced by
littoral and neritic clastic carbonates that alternate with
continental deposits.

Yin and Fang (1973) described a Middle and Upper
Jurassic section from the Baoshan area of western
Yunnan Province. This consists of purplish-red sandy
shale with interbeds of marine dolomite and oolitic
limestone and lenses of gypsum (with basalt in the upper
part of the formation). This sequence lies unconformably
on the Triassic. Upward, it grades into shelly, argilla
ceous, brachiopod-rich limestone, yellowish-gray pele
cypod-bearing siltstone and shale. Lying unconformably
above is an unfossiliferous unit of reddish to variegated
sandstone and conglomerate.

Chen Piji et al. (1982) tabulated groups of fossil biota
from both the non-marine and marine environments of
the Jurassic in China. In the non-marine environment
they recorded paleontological data for conchostracans
(branchiopods), ostracods, charophytes, and pelecypods.
In the marine environment they dealt with ammonoids,
foraminifera, brachiopods and pelecypods. We tabulate
their classifications in two tables that follow (Tables 11
23 and 11-24).

Type Sections

Northeast China

The type section of Northeast China lies in the area
of northern Hebei Province and western Liaoning Pro
vince (subregion II, Figure 11-47). The sequence consists
of alternate beds of continental volcanics interlayered
with non-marine deposits (Figure 11-48). The volcanics
occur in four layers; one in the Lower Jurassic, one
in the Middle Jurassic, and two in the Upper Jurassic
(Fang et aI., 1979).

The Lower Jurassic interval consists of fluvial clastics
near the base; andesite, basalt and volcaniclastics in the

Table 11-23. Biostratigraphic sequence of the nonmarine Jurassic in China

CONCHOSTRACANS
OSTRACODS

CHAROPHYTES PELECYPODS
SOUTH CHINA NORTH CHINA

PEREGRIPIOCONCHA-
EOESTHER/A DARW/NULA- KOREANA/A-

0 TITHONIAN
FAUNA DAMONELLA- DANLENGICONCHA

w DJUNGAR/CA CYPR/DEA- POROCHARA ASSEMBLAGE
t- ASSEMBLAGE LUAP/NGELLA - CF./fILDENS/S- < EOPARACYPR/S EUACL/STOCHARA
..J DARW/NULA' ASSEMBLAGE CF.MJOIJ/SHAN£NSIS

FERGANOCONCHA-
KIMMERIDGIAN NESTOR/A-

KERATESTHER/A CETACELLA- MENDY/NA/Aen
OXFORDIAN FAUNA DJUNGAR/CA ASSEMBLAGE

ASSEMBLAGE

en CALLOVIAN
w PSEUDOGRAPTA EOLAMPROTULA-PS/LUN/O
..J BATHONIAN FAUNA DARW/NULA EUACLISTOCHARA

ASSEMBLAGE

« 0

0 EUESTHER/A FAUNA FAUNA

- BAJOCIAN Z/LIUJ/NGENS/S YANANOCONCHA-
~

a: FAUNA
FERGANOCONCHA-

TOARCIAN EOSOLIIINAD/OPS/S

::::l > FAUNA STELLA TOCHARA
O/YANG/A-

..J
~RIAN X/ANGO/ENS/S, S/NOMARGARIFERA

lr PLENSBACHIAN GOMPOCYTHERE·OARW/NULA
APSEUDOCARDINIA.., < SlNEMURIAN

PALAEOLIMNADIIA FAUNA STENOCHAIIA ASSEMBLAGE
w HETTANGIAN BA/T/ANBAENS/S

CHAIMENENS/S ASSEMBLAGE
FAUNA

From Chen Peijl et a!. (1982)
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Table 11-24. Biostratigraphic sequence of the marine Jurassic in China

..

AMMONOIDS
FORAMIN-

BRACHIOPODS PEL E C Y POD SIFERA

HAPLOPHYLLOCERAS P/NOUE. RHYNCHONELLA AFF.
TITHONIAN

V/RGA TOSPH/NCTES DENSEPLICATUS PAUCICOSTA

w BUCH/A -A STARTO/DES
I- KIMMERIDGIAN

0 < RUTORHYNCH/A- ASSEMBLAGE

-' 1I0NT/CLARELLA
OXFORDIAN ASSEMBLAGE-

THURMANELLA ROTUNDA-
If) MACROCEPHALITES

KUTCH/THYR/S DENGOENENS/SCALLOVIAN
w FAUNA ASSEMBLAGE
-' CAMPTONECTES LENS-

If) c BURM/RHYNCH/A-HOLCOTHYRtS
c BATHONIAN ASSEMBLAGE

LlOSTREA B/RMANtCA

- ASSEMBLAGE
4: 2 SONNmM,DORSETENSM.

NYALAIIURHYNCH/A M/RtF/CA-
RHACTORHYNCHIA LANTA

BAJOCIAN W/TCHELLIA. FROGDEN/TES ASSEMBLAGE

a:
TOARCIAN NYALAMOCERAS NYALAMENSE XIZANG (TIBET) XIANG-YUE-GAN

:;) WEYLA AMBONGQ LlL/NGELLA BED
>- PLIENSBACHIAN

ENS/S- X/NYUELLA BED
-'

CIRPA H/MALAICA-

a: SULC/FER/TES. GLEV/CERAS. ORB/TOPSELLA HOMOEORHYNCH/A ENTOLIUM
PARA/NOCERAMUS- :~

< SINEMURIAN NIENIE-
w HONGKONGrrES FAUNA BOLmENS/S ,

XIONGLAENS/S TE/NONUCULANA I

HETTANGIAN SCHLOTHEIM/A ASSEMBLAGE ASSEMBLAGE I
ASSEMBLAGE :

From Chen Peiji et al. (1982)

middle; and coal-swamp deposits near the top. Abundant
fossil plants throughout the Lower Jurassic indicate
comparatively stable tectonic conditions. The Middle
Jurassic contains lacustrine and coal-swamp deposits in
the lower part, andesite and basalt in the middle part,
and rapidly deposited sediments laid down by fluvial
currents in the upper part. The Upper Jurassic consists
of: (I) a lower layer in which andesite, tuff, agglomerate,
and volcanic breccia are interbedded with thick lacu
strine deposits in the middle of this lower layer; and
(2) an upper layer of richly organic lacustrine deposits.
This succession of Upper Jurassic lithofacies indicates
a period of extensive and deep lacustrine waters between
two periods of strong volcanic activity, together with
a quiescent marsh environment that established itself
after periods of erosion.

In easternmost Jilin Province, marine strata alternate
with the non-marine, and the marine strata contain in
places a rich ammonoid and bivalve fauna (Wang and
Sun, 1983). The marine beds range in age from Bathonian
through Tithonian. Marine intercalations prove that the
famous Jehol or Witin freshwater fauna is Middle to
Late Jurassic and does not range into the Cretaceous
(Gu Zhiwei et aI., 1984).

North China and Central-South China

Fang et al. (1979) presented two type sections for the
inland basins of this part of interior China. The first
occurs in eastern Sichuan Province (Figure II-49) and
the second in the Eerduos (Shaan-Gan-Ning) basin of
Shaanxi Province, Gansu Province, and Ningxia Huizu
Autonomous Region (Figure II-50).

In the first type section (Figure II-49), the Lower

Jurassic (J I ), disconformable on Upper Triassic, consists
of dark-colored terrigenous clastics with coal seams,
plant fossils, and siderite. Lithology, lithofacies, and fos
sil taxa indicate the presence of lacustrine and marshy
environments in a hot h'lmid climate. The Middle
Jurassic (J2 to J 4) consists of gray variegated sandstone
with freshwater pelecypods, conchostracan branchio
pods, and plants, a combination that reflects deeper
lacustrine waters and a less humid climate than that
of J,. The Upper Jurassic (J5 to J 7), overlain discon
formably by the Cretaceous, includes mainly red sands
tone, interbedded with arkose and quartz sandstone.
Fossils include vertebrates, ostracods, and conchostra
can branchiopods. For the Upper Jurassic, lithology,
lithofacies, and fossil taxa indicate a fluvio-Iacustrine
environment under a dry climate.

In the second type section (Figure II-50), the Lower
Jurassic (J d also is disconformable on Upper Triassic.
It consists of lacustrine mudstone with plants. The facies
of the overlying Middle Jurassic (12 to J4) includes rather
coarse-grained and relatively massive sandstone in ad
dition to mudstone, shale, and oil shale. The presence
of plants and of pelecypods indicates a fluvio-Iacustrine
facies, which at times changed into a quiet-water, la
custrine environment, as for example during deposition
of argillaceous limestone in the upper part of J 4 • The
Upper Jurassic (15 to J7) is absent in the Eerduos (Shan
Gan-Ning) basin because of uplift.

Xizang (Tibet)

The type section of the marine Jurassic occurs on
Qomolangma Feng (Mt. Everest) in the Himalaya (Mu
Anzi et aI., 1973; Figure II-51). Both the Lower and
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System Series
Form- Column Thick-

lithology Major fossils
arion section n~;~

Major

KI

J 7
._._.

84- Yellowish-green sandy shale. Coniopteris (P)._.-
1.400 congl. and cool. Nippononaia (Pe)· ...

'0000
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U ... . . . L yeoptera (F)· .. . . . 1,700 shale. cool. sandstone. Ferganoeoneha(P~· ...

· .. V.
V· Red-gray-purple andesitic

J6 -....yV
-v - trachyte, andesitic brecciav- 'i'

L .Vv .. 200-
and tuff with sedimentary

v-r-;" 3.500
rocks.... · \. /

Q)
, V.'\ .

Q.
· \ V V

Q. V· J("

::>
VV't'

~~ Grayish-white tuffaceous Lyeoptera
U =.~~ 10- shale. sandstone.... , .... Ephemeropsis- - - 2.000 conglomerate.· .....

.. . . . ,

J5
000 0 Nakamuranaia

• 000 (Pe)
v

'I' . Vv.- Pyroxene andesite. volcanic
'" ' ."-~
'" y. 'of' v 200- breccia. tuff. anda . -'_.... L ,-A'4- 2.500 agglomerate with
:l...., - V'- sandstone and shale.

'4-
·4

""'J.. Vv
" ,

- Red. yellow conglomerate... --- - .-
, .. 200- sandy conglomerate.

Q) J4 II .0. · 2.000 sandstone. siltstone.- •••
-C · 0 '0-0
-C o 0 0• • C1 •.- rrrr Coniopteris~ J3

230- Block andesitic basalt. ande5itic
4V4V~ breccia. yellow argil. congl. Podozamites (P)A A 0 970

h
t-' _. ,

284-543 Yellow congl., S5.. siltstone. Cladophlebis (P)1";";";;'8

Yellowish -brown sandstone.
I\. Ferqanocencha

........ 627- grayish-block shale ana Cladof)hle bis (P)
U .......

1,313 sandstone with cools. Diet YOf)hyllum (P)· ...
...

J1
Podozamites (P)

Q)
· ....· .....

~
VVV\I Neocalamites (P)0 130- Upper: dark andesitic. basalt.

.... M rrrr volcanic c1ostics. Equisetites (P)- - -t-i." /.,' 900 tuffaceous sandy shale. Cladophlebis (P)..;..::;:.....-- Lower:

L
,. '0'0 '0.

20-280 Yellow 55•• congl. with cool. Coniopteris'." .. ".. .;

Fig. 11-48. Jurassic stratigraphy in northern Hebei Province and western Liaoning Province, North China (compiled from Fang et al.. 1979),
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System Series
form- Column. Thick-

fossils
ation section n~~l

Major lithology Major

--::.. -:) Alternate purpli$h-red........ Darwinula (0)- -:\ 200- mud$tane and grayi$h-
J7 ..... -.

· . . . . . 1,700 white quartz $and$tane
-:--_\
....... - /...

8rawni$h-red mud$tane Ceratodus szechuanensis (F)
- - interbedded with

~

.. .. 200- $ilhtane.
'=';''''-;~-:-:J

41 J6
.. _~ SOO

Q. 8====Q.

::> ";':::~...:.:) / Purpli$h-red mud$tane
·S·~···\··/.·. Mamenchisaurus (0)
~----I

interbedded with
4S0-f-:---- green arka$e.u JS

1-----
lSOO.- ',' :. ',' ,', "

'" r:----..
0 f-----1-----
~ 1-=-=-:l I- -

/
....... 1-::- - Purpli$h Eoestheria (Con)

\
1-=-=- mudstone, yellow
r·vl.· ..... : cancha$tracan $hale in Psilunio (Pe)· ·~·.···,/.·l".

the upperma$t.
Ferganocancha (Pe)

41 ~====-
"U

10;1"U J3-J 4 ~=::§: Alternate grayi$h $and$tone Pseudocardinia (Pe).- 250
~

- --
(or argillaceau$ Tutue/la (Pe)- - $and$tanel

· . . . . . .
Coniopteris (P)

J2 -J3
... . . 100- and gray mud$tane.
--J............y Upper' grayi$h mud$tone interbedded

Coniopteris h ymenoph yl/oides
~ with yellow u. and purpli$h-red mud$tone....... - (P)41 f-: - ..:.) 100-
~ J I Lower, dark gray mud$tane interbedded Hsiaugchiphyl/um trinerve
0 ........ 464 (P)
-'

~ with quartz u .. and thin cool layer..........

Fig. 11-49. Jurassic stratigraphy in eastern Sichuan Province, Central-South China (from Fang et aI., 1979).

Middle Jurassic (1 I to J 4) consist of thick-bedded li
mestone and quartz sandstone interbedded with lesser
amounts of shale. Ammonoids, foraminifera, and pa
lecypods are abundant in this interval. The Upper
Jurassic (15 to J7) consists of black shale and sandy gray
shale with belemnites and ammonoids. Farther north
in the Yarlung Zangbo fault zone, the latest Jurassic
(Tithonian) consists of red radiolarite, presumably the
oldest unit in the deeper water facies associated with
the fracture system. The pre-Tithonian consists of a
monotonous sequence of thick-bedded calcareous mud
stones that alternate with sandstones, which shows
graded bedding (Mu Anzi et aI., 1973).

Paleoecology, Paleogeography, and
Magmatism

Whereas marine environments in southern China and
non-marine environments in northern China persisted
through the whole of the Permian and much of the
Triassic, the Indosinian movement of the middle Late
Triassic brought about a significant change in the re
gional pattern of environments. During the Jurassic

many inland basins formed throughout China (Figures
11-45 and II-46). The largest of these, as noted by Wang
and Sun (1983), lay north and east of a line joining
the Kunlun Shan and the Hengduan Shan. West and
south of this line, the marine Jurassic environments of
Tethys and of greater Tethys dominated.

Three major types of environment characterize the
Jurassic: (I) inland basins with volcanism along the
present Pacific Ocean; (2) inland basins not affected by
volcanism, situated in central China and Northwest
China - a rough boundary between (I) and (2) formed
by the Luliang Shan and the Xuefeng Shan; and (3)
a marine (Tethyan and greater Tethyan) domain in
Southwest China. In Central-South China, whereas most
basins developed typically soon after the Indosinian
movement, the development of a few did not begin until
the Middle Jurassic.

Of the large inland basins, two notable ones are the
Eerduos (Shaan-Gan-Ning) basin, north of the Qin Ling,
and the Sichuan basin, south of the Qin Ling (Figure
11-46). In a comparison of these two basins, Fang et
al. (1979) noted the common characteristics of a quiet
lacustrine environment and internal fluvial drainage.
Other characteristics in common are: (I) a depocenter
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System Series
Form- Column. Thick-

Major fossils
ation section n~~~

Major lithology
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Fig. II-50. Jurassic stratigraphy in Shaanxi Province, Gansu Province and Ningxia Huizhu Autonomous Region, Northwest China (from Fang
et al.. 1979).
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lithology fossils
ation section n~~t

Major Major
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c
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QI .. .. .
~
0 l
~

. . .. . .

Fig. II-51. Jurassic stratigraphy on <.)omolangma Feng (Mt. Everest) of the Himalaya, Xizang (Tibet) Autonomous Region, Southwest China.



on the western side of the basin; and (2) north-northeast
structural trends. Jurassic climate, however, shows dif
ferences. In the Sichuan basin, hot and humid conditions
in the Early Jurassic changed to dry conditions during
the Late Jurassic. In the Eerduos (Shaan-Gan-Ning)
basin, hot and humid conditions persisted through the
entire Jurassic.

The Indosinian movement of the middle Late Triassic
was the first important tectogenesis of the Mesozoic in
China. The second tectogenesis, the Yanshanian (Ning
jinian) movement, began during the Bajocian and the
Bathonian stages of the Middle Jurassic and continued
until the Late Cretaceous (Gu (Ku), 1962). The Yan
shanian movement affected the whole of China, but was
most intense in East China and Central-South China
(Compilation Group, 1976). Folding, rifting, strong
intrusive magmatism, and volcanism contributed to the
formation of a tectonic pattern that basically has per
sisted across China until the present time. Magmatism
associated with the Yanshanian movement produced
intrusions throughout China, particulary in the Circum
Pacific segment represented by East China and Central
South China (Hu Huanguang et aI., 1986; Zhu Ming,
1989). In those two regions Jurassic and Cretaceous
Yanshanian intrusions relate closely to the mineral
deposits of many endogenic metallic ores.

The intrusive magmatism of the Yanshanian move
ment includes Cretaceous phases as well as a Jurassic
phase. In the Jurassic, the main episodes occurred in
East China and Central-South China: in the middle and
lower Yangzi Valley; in parts of North China and
Northeast China; in Xizang (Tibet) Autonomous Region;
and in western Yunnan Province. We describe the
Cretaceous phases of intrusive magmatism in the next
section.

The movement of Jurassic marine waters was asso
ciated with the Tethyan domain in the west and with
the Pacific domain in the east. During the Early and
Middle Jurassic, marine Tethyan waters advanced into
Southwest China, but during the Late Jurassic these
waters retreated. In the Pacific domain, a deep marine
basin formed in the eastern part of Jilin Province
(Northeast China) during the Early Jurassic. The waters
of this basin came undoubtedly from the ancestral
Pacific.

Evidence worthy of special note is the discovery of
several Gondwanian genera and species in the Middle
Jurassic marine section of eastern Jilin Province. These
are bivalve (benthic) species, and their discovery is the
first for the Middle Jurassic of this part of the world
(Gu Zhiwei et aI., 1984). Gondwanian genera and species
of other ages (e.g. Permian) have been found and
described from the adjacent area of the U.S.S.R. (Zimina,
1967; Sanylina and Yefimova, 1968). These include, in
addition to bivalves, the floral genera Glossopteris and
Dicroidium, which also are associated with some genera
previously known only from Europe, as well as from
Gondwana.

STRATIGRAPHY AND PALEONTOLOGY 87

Peninsular India

Chatterjee and Hotton (1986) found that the Jurassic
reptiles of India are related to forms of the Northern
Hemisphere. These authors also noted that the absence
of pre-Eocene mammals in India has been used to date
India's 'collision' with Asia. This argument, however,
no longer is a valid one. Early Jurassic mammalian
remains of symmetrodont teeth now have been found.
The only other known fossil symmetrodonts are from
Europe, China, Mongolia, and North America. The
affinities of India, faunal and paleogeographic, were
northern rather than southern in the Jurassic.

CRETACEOUS SYSTEM

The Cretaceous system shows pronounced stratigraphic,
faunal, floral, and paleogeographic similarity to its
systemic predecessor, the Jurassic (Figure II-52). Emer
gence of most of the area of present mainland China
continued through the whole of the Cretaceous. In the
Pacific domain, a retreat of marine waters kept Cre
taceous shorelines as far east as Japan on the north,
and as far east as Taiwan in more southern latitudes
(Hao Yichun et aI., 1986). Volcanism showed a Circum
Pacific character during the Early Cretaceous, but di
minished considerably during the Late Cretaceous.

Distribution and Facies

Pacific Volcanic Belt

Cretaceous volcanics and Cretaceous pyroclastics occur
mainly in medium to small basins with north-northeast
and northeast trends in the coastal region of Central
South China and East China (Compilation Group, 1976;
Liu Xun, 1988). The section contains mainly non-marine
terrigenous clastics and intermediate to silicic volcanics,
locally interbedded with marine strata, or with strata
that bear coal and gypsum. More than 60 interior grabens
with Neocathaysian (north-northeast strike) are known
(Li Sitian et aI., 1982). Farther east, in the area of present
marine waters, an island-arc eugeosyncline appeared
possibly in the Jurassic (Figure 11-46), and became
prominent during the Cretaceous and later (T. C. Huang,
1978; Huang and Chu, 1979; Ho, 1982; Figure II-52).

Upper Cretaceous deposits are abundant in the ons
hore grabens (Figure II-53). The plant Frenelopsis ap
pears commonly; and deposits of this same interval in
Central-South China have gained distinction from the
discovery in them of dinosaur eggs (Oolithus, Rugustus).
Coal is present.

Sparse marine fossils (Cenomanian) occur in a notably
thin interval in the Songliao basin of Northeast China
(Subregion 3, Figure 11-47). Thicker marine intertongues
are present in the northeastern part of Northeast China
(subregion 2, Figure 11-47) and in Central-South China
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(subregion 27, Figure 11-47). In the area of present
marine waters of East China and Central-South China,
island arc or eugeosynclinal conditions prevailed.

For the Songliao basin of Northeast China, Chen
(1980) presented a comprehensive study of Cretaceous
stratigraphy, Cretaceous environment, Cretaceous cli
mate, Cretaceous hydrocarbon reservoirs, and their
Cretaceous source beds, all in a non-marine setting. The
non-marine Lower Cretaceous is especially well devel
oped here, as well as in several other onshore grabens.
The non-marine Lower Cretaceous is most extensive in
the west; Upper Cretaceous is more extensive close to

the coast as basin formation shifted eastward and
southeastward (Figures II-52 and II-53). Volcanic ac
tivity was confined mostly to East China and Central
South China during the Late Cretaceous. In Northeast
China, Upper Cretaceous deposits unconformably over
lie Lower Cretaceous rocks, and they show evidence of
uplift during this time. In the offshore and on Taiwan,
an Upper Cretaceous marine eugeosynclinal island-arc
system continued to be active.

Inland Basin Region

The typical representative of this region belongs mainly

to a few basins of large to medium size in Southwest
China, North China, and Northwest China. The Cre
taceous sequences consist primarily of non-marine red
terrigenous clastics interbedded with argillaceous strata,
also with gypsum and salt. Marine deposits occur,
however, in subregions 45 and 46 (Figure II-47) of
Northwest China, the Tarim basin. Volcanics of inter
mediate composition are present in subregion 45 (Figure
II-47). Non-marine faunas and floras are abundant. The
western portion of the Tarim basin, however, yields rich
Cretaceous marine faunas.

Marine Basins and Geosynclines

Marine deposits of the Cretaceous occur mainly in the
western Kunlun Shan, in the Himalaya, in the Xizang
(Tibet) Autonomous Region, and on Taiwan. These
marine deposits consist mainly of neritic to paralic
terrigenous clastics interbedded with limestone, with a
fauna of ammonites, pelecypods, and foraminifera.
Along the Yarlung Zangbo River of Xizang (Tibet)
Autonomous Region (subregion 60, Figure II-47), there
occurs a thick sequence of flyschoid or turbiditic sandy
shale, black shale, conglomerate and radiolarian cherts
with pelagic ammonoids. Ophiolitic clastics composed
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of cyclothems of sandstone, siltstone, and shale also crop
out. In the basal cyclic deposits, siliceous shale and chert
occur, with mafic lava and tuff present (Yin Ji-xiang
et at., 1983; Girardeau et at., 1984). South of this belt
in the Himalaya, the Cretaceous section, composed of
carbonates and terrigenous clastics, indicates a shallow
ing depositional environment southward (Mu Anzi et
aI., 1973). North of the volcanic Gangdise block, Cre
taceous sections of the Qinghai-Xizang Plateau consist
mainly of shallow-water carbonate and terrigenous
clastic rocks, but there are local areas of continental
plant-bearing redbeds and volcanics. A typically Tethyan
Aptian-Albian foraminiferal fauna with Orbitolina has
been found in several localities in the Gangdise block
(Jaeger et aI., 1982; Girardeau et aI., 1985).

Albian (?) to Cenomanian marine waters transgressed
into the western part of the Tarim basin, the southern
Tian Shan, and the western Kunlun Shan. Shallow-water
argillite, limestone, and mudstone with intercalations of
gypsum were formed, with a rich fauna. The Tarim fauna,
although Tethyan, is different in certain respects (extra
Tethyan) from the truly Tethyan fauna of the Qinghai
Xizang Plateau. It contains many elements in common
with equivalent faunas from correlative rocks in Central

Asia (Tang Tianfu et aI., 1984). In subregions 55 and
61 (Figure 11-47). volcanic rocks present in the Upper
Cretaceous were extruded in a submarine environment,
and their compositions range from intermediate to silicic.

On Taiwan, the Lower Cretaceous faunas consist of
benthos and of numerous pelagic forms, including am
monoids of Aptian-Albian age (T. C. Huang, 1978).
Some are in place but others are reworked into Paleocene
shale (c. Y. Meng, 1970; T. C. Huang, 1978). Upper
Cretaceous has not been found in western Taiwan
beneath the coastal plain. Proprietary seismic data from
the offshore north of Taiwan, however, suggest that a
thick Upper Cretaceous section is widespread, but that,
where absent, it is absent because of erosion.

Chen Piji et al. (1982) tabulated groups of fossil biota
from both the non-marine and marine environments of
the Cretaceous in China. In the non-marine environment,
they recorded paleontological data for conchostracans
(branchiopods), for ostracods, for charophytes, and for
pelecypods. In the marine environment they dealt with
ammonoids, foraminifera, brachiopods, and pelecypods.
We tabulate their classifications in two tables that follow
(Tables 11-25 and 11-26).
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Table 11-26. Biostratigraphic sequence of the marine Cretaceous in China

A M M 0 N 0 I D S FORAMINIFERA B R A C H I 0 P 0 D S PELECYPODS

ORB/TO/DES. OMPHAlOCYClUS, XENOTHYR/S TU/lAENS/S
(/) MAASTRICHTIAN

ASSEMBLAGEGlOBOTRUNCANA FAUNA

w CAMPANIAN
::J

SANTONIAN
I- RECTOTHYR/S S/NK/ANGENS/S-

BOURNON/A
0

FAUNA
CONIACIAN ORNATOTHYR/S - CARNE/THYR/S

UJ .. ASSEMBLAGE

MAMM/TES, PlACENTlCERAS,
.... TURONIAN

THOMAS/TES0

CENOMANIAN ACANTHOCERAS, CAL YCOCERAS ORB/TOltNA FAUNA ORBIRHYNCH/A HENPOlA/CA-

< D/PlOCERAS, OXYTROP/DOCERAS, AlITHYR/S SH/OUANHEENS/S
> ALBIAN

TURR/ltTES ASSEMBLAGE

...
.... APTIAN

I
SElllTHYR/S MA YUENS/S-UJ BARREMIAN

a: PlATYTHYR/S XANZAENS/S

II:
HAUTERIVIAN ASSEMBLAGE..
VALANGINIAN NEOCOM/TES, 'NEOHOPlOCERAS' PEREGR/NEllA ASSEMBLAGE

BUCH/A
SHUOMOENSIS

0
aMANlCANA~

w BERRIASIAN BERR/ASEllA OPPElt ENSIS
ASSEMBLAGE

Type Sections

Northeast China

In the Songliao basin, the type section of Northeast
China consists of a thick non-marine sequence typical
of the inland basin (Chen, 1980; Figure II-54). In general,
lithofacies and thicknesses change from fine-grained
clastics, 6,000 to 7,000 m thick, in the central part of
the basin, to coarser grained terrigenous clastics only
200 to 500 m thick at the margins. Coarse-grained
deposits of the lowest Cretaceous units belong possibly
to the category of molasse, and these deposits overlie
Jurassic formations with disconformity. Of the sections
that lie within the Songliao basin, the Cretaceous section
is the best developed. Main components of this section
include thick lacustrine deposits in possible deltaic facies,
thin layers of richly coquinoid limestone, and locally
occurring littoral to marine sediments with glauconite
and phosphate. Sedimentation during the Cretaceous
tended in general toward cyclicity. Present are: (a)
normal cycles fining upward; (b) reverse cycles; and (c)
a few less-definite cycles. Throughout the Songliao basin,
an unconformity separates the Lower Cretaceous from
the Upper Cretaceous, except in the cusp of the trough
at the basin's center. The top of the Cretaceous lies
unconformably below Tertiary formations. Within the
Songliao basin, an unconformity thus defines the Me
sozoic-Cenozoic boundary. Volcanic rocks in the Son
gliao basin are not present in the Cretaceous sequence,
only in the underlying Upper Jurassic.

North China

The type section of this region lies in eastern Shandong
Province (Figure II-55), along the present Pacific coast.
The Lower Cretaceous, disconformable on Jurassic

units, consists of lacustrine terrigenous clastics and of
volcanics intermediate in composition. The Upper Cre
taceous, unconformable below the Cenozoic, consists
of red fluviatile and lacustrine deposits with no volcanics.

Southwest China

A marine Cretaceous sequence crops out on Qomo
langma Feng (Mt. Everest) in Xizang (Tibet) Autono
mous Region (Figure II-56). The Lower Cretaceous,
whose fossils include neritic ammonoids, consists of
grayish-black shale interbedded with argillaceous lime
stone and sandstone. In the Upper Cretaceous, the lower
part consists of limestone with shale; the upper part
of terrigenous clastics with a fauna of brachiopods,
pelecypods, and foraminifera.

Paleoecology, Paleogeography, and
Magmatism

Northern China and the Songliao Basin

As already stated, the emergence of much of mainland
China continued across the Jurassic-Cretaceous boun
dary, and thereafter persisted through the whole of the
Cretaceous. In addition, several major inland basins
continued to develop (Figures II-52 and II-53). The
Eerduos (Shaan-Gan-Ning) basin, and others which
formed previously, lie west of the north-south Da
Hinggan-Taihang-Wuling trend (Huang Jiqing, 1978).
In contrast, the North China basins complex and the
Jianghan basin of East China, newly formed by down
warping during the first part of the Yanshanian mo
vement of the Middle to Late Jurassic lie east of the
Da Hinggan-Taihang-Wuling trend. These eastern basins
exhibit a Neocathaysian trend, that is, north-northeast
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Songliao basin, Heilongjiang Province, Nor
theast China (from Chen, 1980).
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Fig. II-55. Cretaceous stratigraphy in eastern Shandong Province. North China (from Fang et aI., 1979).

to south-southwest, and locally, northeast to southwest.
Small basins characterized by strong volcanism formed
along the Pacific margin, mainly during the Early
Cretaceous. In Northwest China, north of the Kunlun
Shan, a few basins, untouched by volcanism, trend north
northwest south-southeast, to west-east.

Chen (1980) synthesized the geology of the Songliao
basin from the Chinese literature (Hao et aI., 1974; Ye
et aI., 1976; Gao and Zhao, 1976) as well as from the
English-language literature (Meyerhoff, 1970, 1975;
Meyerhoff and Willums, 1976, 1980). The Songliao basin
formed in the Middle to Late Jurassic during the initial
stage of the Yanshanian movement. Structure in this
basin results from complex horst-and-graben tectonics
along a Neocathaysian trend. An initial phase included
a small shallow basin with paludal, lacustrine, and fluvial
environments, and accompanying volcanism, all during
the Middle Jurassic and the Late Jurassic. The volcanism
of this phase died out by the Early Cretaceous. As
subsidence continued, the basin broadened, to reach a
maximum in the early Late Cretaceous. Around the
margins of the mature and extensive Cretaceous lake,

deltas formed, particularly from the north. Only once
in the long continental history did an episode of littoral
to marine environment occur, quite probably synchro
nous with the worldwide Albian to Cenomanian trans
gression. Toward the end of the Cretaceous the Songliao
basin decreased in size and ultimately disappeared.

Three alternate dry and wet cycles characterize the
climatic history of the Songliao basin. During dry cycles,
when water in the lake was relatively low, several isolated
basins formed. Under these conditions, organic matter
was not abundant, and biota decreased accordingly. At
the same time, the grain of deposited clastics coarsened.
During wet cycles, the lake rose and inundated the whole
basin. Organic matter than became prolific, biota flou
rished, diversity of species increased, and deposition
resulted in black mudstone and shale, both rich in
organic content.

The sketch in Figure II-57 (Fang et aI., 1979) indicates
a generalized paleogeography of the Songliao basin for
Cretaceous time. The environments, governed by depth,
range from shallow, through semi-deep, to deep. Shallow
waters occupied by far the largest area of the basin.
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Fig. II-56. Cretaceous stratigraphy on Qomolangma Feng (Mt. Everest) of the Himalaya, Xizang (Tibet) Autonomous Region, Southwest China
(compiled from Fang et aI., 1979).

Fig. II-57. Cretaceous paleogeography of the Songliao basin, Heilong
jiang Province (from Fang et aI., 1979).

From Fang et al. (1979)
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The alternate dry and wet cycles documented by Fang
et al. (1979) for the Songliao basin illustrated effectively
the possible variations of climate on a comparatively
local scale. Song Zhichen et al. (1983), however, used
palynoflora to deduce a pattern of climate that they
believed governed major regions. For the Early Cre
taceous they proposed two palynofloristic regions: (I)
North China, under humid subtropical conditions; and
(2) Central-South China, under arid subtropical to
tropical conditions. For the Late Cretaceous they pro
posed another two palynofloristic regions: (1) Northeast
China, under semi-humid subtropical to temperate con
ditions; and (2) Central-South China and western China,
both under arid subtropical conditions.

Southwest China

Even though the marine waters of Tethys proper main
tained at least part of their position in Southwest China
during the Early Cretaceous, much of extra-Tethys had
disappeared, especially from easternmost India and
northern Burma. In Southwest China, Chen Piji et al.
(1982) showed little more than a marine channel between
Lhasa and the Laotian border with Southwest China
(Figure II-58). A second, parallel marine connection,
however, probably passed through what is now northe-
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Fig. II-58. Early Cretaceous: Tethyan and <:ncestral Pacific marine waters in East Asia.

astern India and Burma. In the Pacific domain, sho
relines of the Early Cretaceous sea everywhere lay east
of China's present coastlines, except for Taiwan which
was covered by ancestral Pacific marine waters. Farther
north, parts of Japan were inundated, and the seaway
of the Sikhote-Alin geosyncline of the Soviet Maritime
Provinces still persisted (Meyerhoff, 1981; Figure II-58).
In the Late Cretaceous, the tenuous Tethyan channel
of Southwest China may have disappeared completely,
although Bannert and Helmcke (1981) and Bender (1983)
presented some evidence to show that a part of the
seaway may have survived in Burma, especially in what
is now the eastern margin of the Indo-Burma ranges
(see next paragraph; Figure II-59). Tethys and extra
Tethys lay west and northwest of Lhasa, along the present
coastline of southeastern India (especially in the Cauvery
basin), and possibly in central Burma. In the Pacific
domain, shorelines of the Late Cretaceous did not differ
appreciably from those of their Early Cretaceous pre
decessors. Chen Piji et ai. (1982) indicated a slight
eastward shift that brought the Late Cretaceous shoreline
through the middle of Taiwan, but the absence of Late
Cretaceous in deep wells of western Taiwan is probably
the result of post-Late Cretaceous erosion, as interpreted
from proprietary seismic data.

Although Tethys was reduced in size during the
Cretaceous, its marine waters encroached on Central

Asia from the south during the Aptian, the Albian, and
the Cenomanian to cover the western Tarim basin (Tang
Tianfu et aI., 1984; Figure II-59). This transgression
probably was related to Yanshanian movements in the
area of the modern Pamir and Hindu Kush. On the
Gangdise block of modern Xizang (Tibet) Autonomous
Region, between the Indus-Yarlung Zangbo fault zone
and the Tarim block, Aptian-Albian limestones contain
abundant Orbitolina, a foraminiferal genus known only
from northern Tethys, and totally unknown from Gon
dwana (Jaeger et aI., 1982; Yin Ji-xiang et aI., 1983).
The Orbitolina-bearing neritic strata are closely similar
to those found along the eastern margin of the Indo
Burma ranges in Burma (Bender, 1983). North of Lhasa,
plants are abundant locally, and tree trunks of the Lower
Cretaceous are of Boreal species, with well-developed
annual tree rings of a presumably temperate climate.
South of the Indus-Yarlung Zangbo zone, as well as
along it, a narrow trough with flysch is lithologically
and faunally similar to the flysch zone of equivalent
age in the central Indo-Burma ranges (Bender, 1983).
Bannert and Helmcke (1981) suggested that the Cre
taceous-Tertiary flysch of the Indo-Burma ranges is
coextensive with that in the Yarlung Zangbo Valley, a
suggestion seconded by Bender (1983). By inference, the
Orbito/ina-bearing zones north of the Yarlung Zangbo
and east of the belt of Indo-Burma ranges with flysch
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Fig. II-59. Late Cretaceous: Tethyan and ancestral Pacific marine waters in East Asia.

also are coextensive. Chen Piji et al. 's (1982) work does
not support this suggestion, and an intelligent conclusion
must await the publication of more detailed stratigraphic
information from Burma, northeastern India, and the
Xizang (Tibet) Autonomous Region of southwestern
China.

Flysch, especially Cretaceous flysch, has been studied
carefully in recent years. The Cretaceous flyschoid de
posits of the Yarlung Zangbo Valley appear together
with extrusives of intermediate to mafic, and ultramafic,
composition. The zone of flysch, volcanics, and ultra
mafics of the Yarlung Zangbo Valley has been described
in numerous publications, which include important con
tributions by Deng Wan-ming (1981), Jin Cheng-wei
(1981), Wang and Wang (1981), WU Hao-ruo (1981),
Wang Hongzhen (1983), Allegre et al. (1984), Chang
and Pan (1984), Girardeau et al. (1984, 1985), and Gopel
et al. (1984). Most of these studies, however, rank as
no more than preliminary, and much additional infor
mation remains to be gleaned from the area.

Marine Mesozoic ofPeninsular India

The geology of equivalent marine strata in southern India
bears strongly on any interpretation of southern and
south-western China, but the relationship has received

scant attention in the published literature. Cretaceous
faunas have been described from the Krishna-Godavari
Cauvery basins. These lie along India's southeastern
coast, and extend to offshore Sri Lanka (Ceylon). Raju
(1968) described a rich Lower and Upper planktonic
foraminiferal assemblage that is typically Tethyan, and
which flourished in a warm-water environment. This
fauna overlies a late Late Jurassic transgressive section,
also deposited in shallow water, and it occurs in strata
associated with bioherms and an evaporitic lagoon
(Ramanthan, 1986; Sastri and Raiverman, 1968). The
subsurface geology of this same area recently was re
viewed by Kumar (1983), and the complete biotas by
Sastri et al. (1977). It is somewhat difficult to envisage
a Tethyan marine fauna flourishing off the southern
Indian coast at a time when India supposedly still was
attached to Antarctica or, at the very least, beginning
its 'northward flight to India' (Dewey and Burke, 1973;
Johnson et al., 1976, 1978; Tapponier and Molnar, 1977;
Molnar et al., 1981). Similarly, Khudoley and Prozo
rovskaya (1985) showed, on the basis of ammonoid
distribution, that India was a faunally part of Asia
throughout Mesozoic time.

Faunal studies of marine Paleozoic, Jurassic, and
Cretaceous of the Indus Valley of Pakistan (Voskresens
kiy et al., 1970) and the western 'slope' of the Indian



shield (e.g. Rajasthan; Das Gupta, 1975) show unequi
vocally that the same problem exists there. The faunas
are of warm-water type and are Tethyan (also see Arkell,
1956, p. 606-615). In popular plate-tectonic 'models:
the western coast of India should have been just north
of Antarctica and adjacent to some parts of southern
Africa and Madagascar.

Vertebrate Fauna

Studies of the vertebrate faunas are even more damaging
to currently accepted plate-tectonic 'models.' The fauna
is not abundant, is largely fragmentary, and is of Late
Cretaceous age (mainly Turonian). On the basis of
identified taxa, however, India is most closely related
to North America (all families in India are present in
North America). Other clear relationships, in decreasing
order of importance, are with eastern Asia, South
America, Europe, and Africa. India has yielded no
families of vertebrates in common with Antarctica and
Australia.

Yanshanian Orogenic-Magmatic Activity

In the progression of regional tectogenesis, the second
and third stages of the Yanshanian movement took place
during the Middle Cretaceous and the Late Cretaceous,
and these two stages are approximately equivalent to
the early stages of the Laramide movement of North
America (Fang et aI., 1979). In China, the strength of
the Cretaceous Yanshanian stages and of their accom
panying magmatism was less than those of the first
(Jurassic) stage. Yanshanian intrusives of the Cretaceous
occur mainly in East China, but they extend westward
as far as the Xizang (Tibet) Autonomous Region and
western Yunnan Province. They intrude the entire pre
Cretaceous section; they are overlain either by Upper
Cretaceous or Tertiary; and they register isotopic ages
of 130 to 80 m.y. (Compilation Group, 1976; Zhu Ming,
1989). In East China and Central-South China, intrusives
include a variety of types. Among them are biotite
granite, granodiorite, monzonite granite, and several
hypabyssal and alkalic rocks, generally in small to
medium-sized bodies. Elsewhere, the habit of Cretaceous
intrusives differs. On the Liaodong Peninsula of eastern
Shandong Province, in the eastern Qin Ling, and in
eastern Xizang (Tibet) Autonomous Region, as well as
in the Karakorum, intrusive bodies consist mainly of
granite and granodiorite. These bodies, of large size,
occur in some places together with small intrusive bodies
of hypabyssal and alkalic rocks.

CENOZOIC

The Cenozoic (Tertiary and Quaternary) in China con
tains a considerable number of rock types. These, in
many areas, form a cover of non-marine deposits whose
facies include varieties such as fluvial, piedmont, loess,
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laterite, cavern, glacial, intermontane, and volcanic. In
parts of Xizang (Tibet) Autonomous Region, Xinjiang
Uygur Autonomous Region, and Qinghai Province, on
the west, and on Taiwan, Hainan Island, and certain
coastal segments on the east, the facies of Cenozoic
deposits is marine, or with marine tongues.

Tectonic belts of the Cenozoic, similar to those of
the Mesozoic, show meridional trends. The Himalayan
movement, the latest to affect China, lasted through the
middle and late Tertiary. Effects are most prominent
in the region of the Himalaya themselves, but as far
east as the Pacific domain the Himalayan movement
affected also Taiwan. Widespread uplift of the Hima
layan movement brought on a withdrawal of marine
waters almost completely from the present area of China,
and thus laid the geomorphological foundation of exi
sting geography (Compilation Group, 1976).

TERTIARY SYSTEM

The Tertiary System, practically synonymous with the
Cenozoic in view of the fact that Tertiary time is more
than 30 times longer than Quaternary time, exhibits a
variety of rock types such as that already mentioned
for the Cenozoic as a whole. Tectonics and paleoge
ography, for the same reason, need no further intro
ductory remarks. In Central-South China and East
China, deposition appears to have been continuous or
seemingly continuous across the Cretaceous-Tertiary
boundary. For the most part, however, a hiatus occurs
at the Cretaceous-Tertiary boundary within China and
below its marine waters. The Tertiary-Quaternary (Pli
ocene-Pleistocene) boundary also contains a hiatus in
some regions. In Table II-27, drawn for the Cenozoic
as a whole, the Tertiary epochs, the elements of their
faunas and floras, and their equivalent European stages,
all appear (Fang et aI., 1979).

Distribution

Pei et al. (1963), the Compilation Group (1976), and
Fang et al. (1979), recognized seven Tertiary regions in
China, each defined by its depositional environment and
its geological structure. We describe these briefly, to
gether with additional Tertiary provinces or subprovin
ces that we have studied mainly from subsurface data.

East China Coastal Plain

In the eastern coastal plains, the four large lacustrine
or fluvio-Iacustrine basins are: (I) Songliao; (2) North
China; (3) Jianghan; and (4) Jiangsu (I, Figure II-60).
All exhibit a complex pattern of fault blocks, some
overlain by Tertiary sequences that consist mainly of
fluvial and lacustrine terrigenous clastics with gypsum,
oil shale, and/or basalt. The predominant fossils are
freshwater forms, with brackish and/or marine forms
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Table 11-27. Cenozoic divisions in China and correlation with Europe' (compiled from Fang et aI., 1979)

Erathem System Series Major fossils European stages

Holo-
Homo sapiens

cene

>. Wurmian...
Q) Riss-Wurmian0

c: c:... Q) Rissian
Q) u

Homo erectus pekinensis (V) Mindel- Rissian- 00 -~ \II Mindelian
0 .-

Ql Gunz- Mindelian-c..
Gunzian

Ql Ilyocypris (0) Astian
c:

Candoniel/a (0) PlaisancianQ) 1
IJ

(0) I0 Cyprinotus Pontian.- Iu - Candona (0).- c.. I
0
N Alnus (P)

I
Sarm~tian0 Ql tc: c: Salix (p) Vindobonian

Ql Ql

U u
Secuoia (P) Burdigalian0.-

~ Stephanocemas (V) Aquitanian
Ql

(0) Chattianc: DongyingiaQl
u

Huabeinia (0) Stampian0
>. .2'

Cyprinotus (0) Sannoisian... (5
~'- Ludian-...
Ql Bartonian
~

Ql Auversionc:
Ql

Liminocythere (0) Lutetionu
0

w Cypris (0) Cuisian

Eucypris (0) Sparnacion

Q) Pr;onessLls (V) Thanetianc:
Ql Sphenopsalis (V) Montianu
0

Palaeostylops (V)Ql

0 Bemalambda (V)c..

V= Vertebrates O=Ostrocods P= Plants

correspondingly sparse. In three of the above four basins,
Tertiary sequences are better developed than those of
their Mesozoic predecessors. In the Songliao basin, on
the contrary, Tertiary thickness is much less than Cre
taceous thickness (Figure II-54), due to a decrease of
basinal area that followed gradual uplift after the latest
stage of the Yanshanian movement. In addition to the
large basins, several medium to small structural basins
formed in East China. Their Tertiary sequences, mainly
red fluviolacustrine deposits, in general are incomplete.
In addition, their Tertiary sequences show great vari-

ations in lithology and thickness.

Nei Monggol Peneplain

Several basins of medium to small size developed in
the peneplain of central and western Nei Monggol
Autonomous Region (II, Figure 11-60). The Tertiary
section of these basins consists of thin layers of grayish
green sandstone and mudstone with abundant vertebrate
fossils. The basins in this region are structural, for the
most part, but some are erosional, as a result of episodic
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Fig. 11-60. Paleogeography and lithofacies map of middle Eocene-Oligocene, China.

movement during different epochs of the Tertiary. The
well-known Hannobar basalt, widely distributed across
the eastern part of Nei Monggol Autonomous Region
and the western part of Liaoning Province, is interlayered
with sandy shale, oil shale, and marl. Miocene vertebrates
include Tri/ophodon sp. and Stephanocemas thompsoni.
The age of the Hannobar basalt may range from Pa
leogene to early Neogene (Compilation Group, 1976).

Eastern Liaoning Fault Basins

Several small faulted basins lie within the upwarped zone
of eastern Liaoning Province (III, Figure 11-60). The
Tertiary (largely Eocene) section within these small
basins consists of basalt, coal, oil shale, and mudstone,
with great lateral variations in both lithology and thick
ness. The Fushun basin, with its commercial oil-shale
deposits and its high-grade lignite, is the most famous
of these (Han and Lang, 1980).

Northwest China Piedmont

The Tertiary deposits of this region consist primarily
of piedmont talus and of lacustrine redbeds within large
downwarps such as the Junggar, Qaidam, and Tarim
basins of Northwest China (IV, Figure 11-60). Initial

accumulations in these basins took place within down
dropped fault blocks of the piedmont. Around these
basins, mountains rose during the Yanshanian movement
(Pei et aI., 1963) and these contributed detritus to the
piedmonts within their periphery. As quieter conditions
prevailed, inland lakes filled the basins, and sediments
of finer grain succeeded the detritus that now forms
the base of Tertiary sections. Intermittent uplifts of local
extent provided fanglomerates and coarse-grained
stream deposits that spread laterally as they came down
the margins into the basins.

The Qaidam basin (IV-A, Figure 11-60) is unique,
however, among the continental basins of Mangnai
depression in the northwestern part of the basin. More
than 6,000 m was drilled in one well without reaching
the base of the Miocene. Massive salt deposits were
precipitated during two periods of time. The so-called
'First Salt Epoch' spanned the Pliocene and the early
Pleistocene (Li Jijung et aI., 1979; Song and Liao, 1982).
These deposits, 2,800 m below the surface in the center
of the Mangnai depression (Song and Liao, 1986),
comprise one of the largest salt deposits in the world
outside of the Cambrian of Siberia and the Devonian
of western Canada (>60 billion metric tons). Salts
include gypsum, halite, mirabilite, blodite, epsomite,
potash, bischofite, celestite, and borates (Du Bomin et
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aI., 1984).
On the Qinghai-Xizang Plateau, several sizeable Pli

ocene lake basins formed. The Hipparion vertebrate
fauna and the lush tropical to subtropical plants suggest
that the average elevation of the plateau was below 1,000
m (Li Jijun et a!., 1979).

North-Central China Intermontane Basins

Many intermontane lacustrine basins, medium to small,
now exist in north-central China, together with a lesser
number in western China and southern China (V, Figure
11-60). These basins formed with between folded ranges,
or in areas surrounded by folded ranges, during the
Yanshanian movement. Most of these basins strike
northeast-southwest (Cathaysian direction). They in
clude the so-called Shanxi (Fenhe-Weihe) and Hetao
Yinchuan graben systems (Zhang Buchun et aI., 1985).
The Tertiary section within such basins consists mainly
of red lacustrine terrigenous clastics in the Eocene, with
local deposits of gypsum at the centers of basins. Lateral
gradation of sections into fluvial facies, or into piedmont
facies, occurs around margins. Similar changes of facies
take place in post-Eocene deposits.

Central-South and Southern Southwest China

These basins are Neocathaysian, and they contain some
Upper Jurassic, Cretaceous, and Paleogene continuous
sequences (VI, Figure 11-60). Paleontological data are
of a quality sufficient to determine the Cretaceous
Tertiary (Mesozoic-Cenozoic) boundary. The Tertiary
sequence, formerly known as 'The New Red Beds'
(Compilation Group, 1976), grades upward from basal
red breccia to feldspathic and micaceous sandstones,
cross-bedded in their middle, then upward from these
to oil shale, marl, or to gypsum and other salts near
the top. The whole represents a normal cycle of Tertiary
deposition for this area. Tertiary sequences, uniformly
thick, formed in environments as varied as fluvial,
lacustrine, intermontane, and piedmont.

In southern Southwest China, specifically in Yunnan
Province, several narrow elongated basins (VI-A, Figure
11-60) lie parallel to the north-south structural grain
of Himalayan folds and faults. Most deposits are flu
viatile and lacustrine, but the presence of thick Neogene
coal measures indicate intermittent marshy environ
ments.

Southwest China (Xizang-Himalaya)-Northwest China
(Tarim)

Early Tertiary marine waters of Himalayan Tethys
extended onto the Gangdise block, north of the Indus
Yarlung Zangbo fracture zone (VII, Figure 11-60). The
waters could not reach the present Tarim basin from
the south, because the northern part of the Qinghai
Xizang Plateau lay above sea level. Invading waters
consequently entered the western Tarim basin from the

west, and they also occupied a large area of the western
Kunlun Shan (VII, Figure 11-60).

In southern Xizang (Tibet) Autonomous Region, the
section consists of nummulitic limestone, sandstone,
shale, and occasional submarine volcanics. In the Yar
lung Zangbo Valley, flyschoid turbidites are present. In
the western Tarim basin, the sequence consists of li
mestone, marl, and argillite, with a rich marine fauna,
and also gypsum. The evaporitic interval with gypsum
reaches 300 m in thickness in at least one place.

Northern Qinghai-Xizang Plateau

Several elongated east-west basins controlled by faults
and parallel with regional structural and depositional
strike, are present on this part of the lofty plateau (VIII,
Figure 11-60). These basins, such as the Lunpola basin,
contain up to 4,000 m of fanglomerate, redbeds, and
lacustrine shale, some rich in organic matter. The
length:width ratio is high, commonly 10: I or more.

Pacific Domain

This domain, which includes all of the continental shelf
east of Bohai Bay and south of Korea, extends to
Vietnam, and includes Taiwan (IX, Figure 11-60). Suf
ficient evidence has accumulated from offshore drilling,
from seismic studies, and from field work on Taiwan
to indicate the presence of distinctive subprovinces. Data
are insufficient, however, to define the precise area
covered by each.

The Tertiary of the entire Pacific domain is divisible
into a lower sequence and an upper sequence separated
by an unconformity. The unconformity occurs close to
the base of the Aquitanian in the South China Sea
Taiwan area, and is loosely referred to as the pre-Miocene
unconformity. In coastal regions and across much of
the shelf, the unconformity is a gentle one, with an
angular divergence generally less than 2° to 3° where
lower Tertiary rocks are present. In eastern Taiwan, and
along the continuation of the eastern Taiwan foldbelt
to Japan (the Diaoyu Dao, or Taiwan-Sinzi, foldbelt),
the discordance is much more pronounced, locally with
high angles of divergence.

The Paleocene-Oligocene sequence, in general, is re
stricted to north-nonheast-trending (Neocathaysian
trend) grabens (IX, Figure 11-60) that were especially
active during the early part of the Himalayan orogenic
cycle. These grabens, some of which had formed in the
late Mesozoic, began to subside rapidly in the Eocene.
Subsidence slowed in the later Oligocene, and graben
formation soon ceased. Up to 4,800 to 6,500 m of largely
non-marine fanglomerate, deltaic, and fluviatile sedi
ments were deposited with redbeds, lacustrine shale rich
in organic matter, and, in some places, gypsum and trona
(Li Desheng, 1984). In the basal part, these sediments
contain many mafic to intermediate continental volca
nics.

The equivalent rocks of eastern Taiwan and the



Diaoyu Dao foldbelt consist of rocks related to island
arcs, with turbidite, graywacke, volcanics, and effusive
mafic volcanics, largely submarine, many spilitic, and
some andesitic to trachytic. It is not known whether
this sequence of volcanic-arc type formed beneath the
present continental shelf and upper slope south of
Taiwan, as it did north of Taiwan. An extension of the
island-arc, however, did reach the Philippines.

Intergraben highs were the principal sources for debris
deposited in the grabens. Relief on these highs was
generally subdued, inasmuch as one or two notably thin
marine intervals (identified in the Oligocene sequences
of the Bohai Bay and Subei basins) extend onshore more
than 100 km up the Huang He (Yellow River) Valley.
During strong epeirogenic pulses, however, some of the
grabens sank to quite considerable depths, perhaps 1,000
m or more, and turbidites of freshwater origin were
deposited as deep, freshwater cones or fans. At times,
the intervening horsts, uplifted sharply, gave rise to
sudden local influxes of coarse unsorted debris.

Except for the volcanic-arc sequence of Taiwan and
the Diaoyu Dao foldbelt, marine influences are scarce
in the lower Tertiary sequence of northeastern coastal
China. The presence of important thicknesses of marine
Eocene and Oligocene in the South China Sea area is
revealed by drilling. Seismic data show that Cathaysian
structural trends extend into the deeper parts of the South
China Sea, and it is not possible now to state just where
the edge of the continent layoff southeastern China
during the early Tertiary. At least one minor, yet
extensive, Oligocene transgression has been recorded in
the San Shui basin, upstream from Guangzhou (Canton).
Conditions that prevailed in northeastern China, the
refore, seem also to have existed in southeastern China.

The upper Tertiary section everywhere covers the pre
Miocene grabens and the intervening horsts, including
the western Taiwan coastal plain. In that area, the
Miocene (with coal measures in the west, marine strata
in the east) directly overlies folded early Eocene, Pa
leocene, and older eugeosynclinal rocks, or rocks of
island-arc type. In the South China Sea, the upper
Tertiary cover overlies granites that range downward
in age from 51 Ma to 185 Ma (early Eocene to early
Middle Jurassic). Some of these granite bodies give ages
of 90 to 95 Ma (Middle Cretaceous, Cenomanian). In
the Beibuwan at the north end of the Gulf of Tonkin,
the upper Tertiary overlies Early Carboniferous carbo
nates and other pre-Tertiary sedimentary and metamor
phic rocks.

Upper Tertiary and Quaternary thickness in general
ranges from 1,500 to 2,500 m, and it is greatest above
the pre-Miocene grabens and their intervening horsts.
East of the western Taiwan coastal plain, estimated total
thickness of the Eocene through Plio-Pleistocene section
is as much as 10,000 m, but strong deformation of the
rocks prevents a truly satisfactory estimate. East of the
Diaoyu Dao foldbelt in the Okinawa trough, the thick
ness of the Neogene and younger section is 3,000 to
5,000 m, locally more. Letouzey and Kimura (1985)
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reported thicknesses possibly as great as 8,000 m at the
northern end of this basin in a section that is partly
volcanigenic.

The Miocene and younger section is largely marine
on and east of the Diaoyu Dao foldbelt and on the
western Taiwan coastal plain. Some marine influence
extended onto the East China Sea shelf, but did not
reach farther west into the Yellow Sea, the North Yellow
Sea (Korea Bay), or the Bohai basin complexes. In the
South China Sea, marine influence extended progres
sively landward from the beginning of the Miocene until
the present. In the Yinggehai East basin, south and
southeast of Hainan Island, the entire Miocene and
younger section is marine, some of it deposited in deep
neritic waters. Onshore, the Maoming basin is filled with
lower Tertiary (mostly Eocene) oil shale and related lake
beds, into which basaltic sills have intruded. The oil
shale is of the same age as that in the Fushun basin,
far to the north. Like the Fushun shale, the oil shale
of this area is mined commercially. In the San Shui basin
near Guangzhou (Canton), 300 km northeast of Mao
ming, dark-gray to gray-brown non-marine shale, rich
in organic matter, alternates with reddish and variegated
mudstone, sandstone, and with conglomerate, which is
angular, poorly sorted, and argillaceous. Tuffaceous beds
and basaltic sills also are present.

The Song Koi (Hang Ha, Red River) fault zone, a
southward extension of the Jinsha Jiang fault zone of
eastern Xizang (Tibet) Autonomous Region, strikes
southeast from Vietnam, from the northern side of the
Song Koi deltaic plain to the South China Sea, passing
just west of Hainan Island. The Tertiary history of the
southwestern side of the Song Koi fault zone differed
greatly from that of the Cathaysian trends of southern
China.

North and east of the Song Koi fault zone, all
structures strike north-northeast to north-east (Cathay
sian trend); drape anticlines related to basement highs
are common; rollover structures are present in post
Oligocene burial; and the post-Oligocene section is
omnipresent, with a rather uniform lithology except in
marine depocenters, and with fairly constant thickness,
except above buried lower Tertiary grabens. Depositio
nal 'thicks' do overlie each lower Tertiary depocenter.

In contrast, south and west of the Song Koi fault
zone, the Tertiary section consists mainly of Miocene
and younger strata. Structures strike north-northwest:
closures, not as abundant as closures on the other side
of the fault zone, display less relief; lower Tertiary is
continental, volcanic, and comparatively thin, com
monly a result of pre-Miocene erosion; marine conditions
extend well onshore; and growth faults are present
mainly in the early to middle Miocene section. The
Miocene rocks are thickest in the Hanoi graben, whose
northern margin is the Song Koi (Red River) fault system.
Although parallel to subparallel with pre-existing fold
structures of the 'Variscan' (?) tectogenesis and the
Indosinian tectogenesis, the present Song Koi fault
system belongs mainly to the early and middle Miocene,



102 CHAPTER II

S ~~ s . Form M b Thick- Column.yste.. efles. em er .
atlon n~~j section

Major lithology Major fassi Is

Q

200- Alternate variegate

mudstone and sandstone.
300_

_

Gray fa dark gray
400-
000 . .,... - mudstone .

~
cu

.J:

~<i
~ cu

"§,!::
cu c:
c: ~cu
v
0.- 0
~ 0

~--;:
o cu
~!::

<.:>

Third
... "Ucu c:...

0

01
v
cu

c: Vl
>-.
01
c:
0 ~

0 ~...
cu .J:c: -cu ~

v 0
0 ...
01.--
0 "U

~

..c:...
>-. M
~ cu
0 ...
.-
~ cu

"Ucu .-... .~ c:
cu 0

.J: v
0 cu

..c: Vl
Vl

600

1.000

300-·... .
900 ..

0-300

150

800

200

400

100

250

300

400

Veilow and grayish mudstone

and fine sandstone.

Gray-white fine sandstone.

grayish-green siltstone

with mudstone.

Sand and conglomerate.

Red mudstone with sandstone.

Gray mudstone.

Gray mudstone with

oil shale. biogenic

limestone and dalostane.

Alternate variegate

sandstone and mudstone.

Gray mudstone with

sandstone

I1yocypris errabundis
I. manasensis
I. dunschanensis

I gibba
Candoniella albicans

Dongyingia flori nodosa

Huabeinia

Liratina tuozhuangensis

Liminocythere wexianensis
Eucypris wuruensis

Bluish-gray mudstone with

gypsum with rack salt.

150-~ Red mudstone.
500~

300-
500 Alternate red u. and mudslane.

100

300

500 Bottom, conolomerote.

100~ Gray mudstone WIth

150 _~ sandstone. ail shale.

100- Gray mudstone with biogenic

150 Is.. dolasto~e and ail shale.

500- Gray mudstone with

600 ..s& carbonaceous shale and cool.

300- Red n. mudstone.

~
~

Firs t

Thirdc:
o

~~ Second
c'"
0-

:>0:

cu
c:
cu
v
o
w

-
I cu

cu c:
c: cu
cu v
v 0
o .2l
~O
cu ~

~ cu
~ ~

::l~

~Sandy Conglomerate BSandstone b--=!Mudstone ~Carbonaceous shale =Oil shale 6:3 Limestone

~8iogenic limestone E::i30olostone ~Gypsum ~Rock solt BUnconformity GLocal disconformity

GUnknown

Fig. 11-61. Generalized Tertiary stratigraphy in North China (from Hou et aI., 1978; and Fang et aI., 1979).
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and it continues active. The Miocene and younger section
is 5,000 to 7,000 m thick in the center of the Hanoi
graben, which extends more than 300 km northwestward
from the coast of the Gulf of Tonkin. The rocks are
deltaic, fluvial, and coal-bearing in the central and
western parts of the Song Koi Valley, but in the lower
part of the valley, littoral and even shallow-water marine
strata predominate except in the middle Miocene and
part of the upper Miocene, which are coal-bearing
(Skorduli et aI., 1983). Basement below the Tertiary
sequence consists of shallow-water miogeosynclinal
strongly folded and thrust-faulted Silurian through early
to middle Mesozoic largely marine rocks.

Eocene
(Fushun
Group)

Paleocene

Taiwan

Green mudstone
Brown oil shale
Major coal bed
Tuff
Basalt and lUff

Basalt en coal
Basalt

(m)

137 to 600
14to 190

I to 115
65to 115

8 to 193

45 to 125
35 to 223

Fossils
include
plants.
insects,
conchostracan,
branchiopods
gastropods,
and fish.

Type Sections

North China

A composite lithostratigraphy and chronostratigraphy
of the Tertiary section in the north China basin appears
in Figure 11-61 (after Hou et aI., 1978; Fang et aI., 1979).
This composite sequence contains mainly red, gray, and
yellow medium-grained to fine-grained lacustrine ter
rigenous clastics with gypsum, rock salt, oil shale, and
limestone. Paleocene formations are absent, and within
the lower part of the Eocene a basal conglomerate occurs.
Oligocene strata, well developed and widely distributed,
contain a few thin marine layers, but because of sparse
fossil content, and a lack of indicative taxa, the lowest
part of the Tel division appears in Figure 11-61 as upper
Eocene-lower Oligocene. If the Eocene is present in Tel'
the Eocene-Oligocene boundary is gradational. Sparse
fossils and lack of indicative taxa continue upward into
Miocene and Pliocene strata. These two epochs, accor
dingly, remain undifferentiated.

In the coastal region of Bohai, unconformities appear
to lie between: (I) the Mesozoic and the Cenozoic; (2)
the lower Tertiary and the upper Tertiary; and (3) the
Tertiary and the Quaternary. Taxa of the early Tertiary
(or late Mosozoic) include gastropods (Yu et aI., 1978),
ostracods (Hou et aI., 1978), foraminifera (He and Hu,
1978), charophytes (Wang et aI., 1978), pollen and spores
(Song et aI., 1978). Most are non-marine, a few are
brackish, and others are sublittoral to inner neritic.

In South China, Southwest China, Northwest China,
Central China, and central Nei Monggol Autonomous
Region, Tertiary basins have yielded Paleocene mam
malian faunas in relatively recent discoveries. These
should provide unusually valuable data for study of the
origin and the evolution of mammals, as well as for
reconstruction of the Cenozoic history of China.

In the Fushun area of Liaoning Province, Northeast
China, a partial section of the Paleogene occurs in which
deposits of oil shale and coal occur together with basalt,
as follows:

Northwestern Taiwan furnishes another type section of
the Tertiary of China (Figure 11-62). The sequence of
this region consists principally of marine terrigenous
clastics and of coastal coals interbedded with basalt,
with other volcanics, with slate, and with siltstone. The
Paleocene reportedly undergoes great lateral changes in
lithofacies and in thickness. The Eocene and the Oli
gocene contain terrigenous clastics and rocks of low
metamorphic grade, The Miocene shows good devel
opment and wide distribution, also three sedimentary
cycles in northern Taiwan. Each cycle contains three
groups ofcoal measures and intervening marine deposits.
Chou and Lin (1974) correlated the lower cycle with
the Aquitanian; the middle cycle with the Burdigalian;
and the upper cycle with the Helvetian, Tortonian,
Sarmatian and Pontian (we suggest that the Pontian is
dubious as a stage of the Miocene). In the type area,
a fault separates the Miocene from all older rocks, and
several local disconformities break the continuity of the
upper Miocene. Another disconformity intervenes be
tween the Miocene and the Pliocene, the latter mainly
a thick layer of shale with change of lithofacies to
sandstone. The Pliocene of southern Taiwan includes
facies that vary from coastal and deltaic to open marine.

In west-central Taiwan, in the Peilang area, Oligocene,
Eocene, and Paleocene sections are penetrated succes
sively by drilling beneath the Miocene (Yuan et aI., 1985).
The Paleocene and the Eocene are represented mainly
by volcanics and volcaniclastics. The Oligocene is present
locally and in marine facies. Also, from the same area
Cretaceous and older rocks are reported. They are in
sedimentary facies (clastics and carbonates), metamor
phosed in various degrees.

Offshore from northern Taiwan, drilling has shown
the oldest units penetrated to consist of arkose, sands
tone, sandy limestone, claystone, siltstone, and gray
wacke, together with rare tuff. The lithofacies of these
units appears to be mainly continental, but a few marine
tongues contain Lower Cretaceous fossils.

Onshore, in angular unconformity above the Lower
Cretaceous, lies middle to late Paleocene siltstone that
grades upward into fine-grained sandstone, laid down
largely in a neritic environment. These middle to late
Paleocene deposits are for the most part lithified and
fractured, but they are missing in the subsurface section
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Fig. 11-62. Generalized Tertiary stratigraphy of NW Taiwan (from Chou, 1974; and Ho. 1975).

offshore. Where present they are overlain by late Pa
leocene to early Eocene inner to middle neritic shale
and markedly fine-grained sandstone, minor limestone,
and a few volcanics with flows of andesite and basalt,
also ash.

Early Eocene and older sequences give way to early
to-late Eocene sandstone, siltstone, and shale, laid down
in open neritic waters, all separated from younger rocks
by an angular unconformity similar to that between
Oligocene and Miocene in the North China basin. Data
from offshore northern Taiwan suggest that late Oli
gocene deposits rest' directly on the Eocene unconfor
mity, and that this' unconformity differs from that
between the Oligocene and the Miocene in the North

China basin. The case remains open, however, until
regional paleontological studies can offer more definitive
evidence. In the known succession of offshore northern
Taiwan, the sequence of the late Oligocene and the early
Miocene consists of coarse-grained to medium-grained
sandstone interbedded with shale and minor carbonates,
all deposited in littoral to shallow marine waters. As
early Miocene deposits grade upward to late early
Miocene and middle Miocene deposits their facies change
from littoral to non-marine. The strata become carbo
naceous, and they consist of sandstone, claystone, and
shale. Sandstone, coarse-grained in the basal portion
of the sequence, becomes fine-grained near the top. A
disconformity separates the middle Miocene from a



fluvial-deltaic sequence that occupies the interval from
late Miocene through Holocene, with sandstone, sand,
claystone, clay shale, siltstone and coal. Most of the
claystone and the shale is carbonaceous, in keeping with
the environments that produced actual coal in this
sequence.

Paleoecology, Paleogeography, and
Magmatism

Marine waters in China continued to occupy a limited
area during the Tertiary. As in the Cretaceous, a Tethyan
domain dominated the west, and a Pacific domain
characterized the east. In western China, marine waters
entered the western Tarim basin from seaways that lay
across Soviet Central Asia. In Southwest China, marine
conditions persisted into the Eocene in the Himalayan
realm. On the east, Taiwan, Hainan Island, and parts
of coastal China experienced modest marine incursions
within the Pacific domain (Pei et aI., 1963). A continental
volcanic belt developed on the Qiangtang block - a belt
several hundred kilometers long. Although Gansser
(1980) referred to this belt as being of 'subrecent age,'
radiometric dates (Basu et aI., 1984) are 28 Ma (Oli
gocene).

During the Eocene and the Oligocene, ancestral Pacific
waters moved westward across Taiwan, and in the
northwestern part of this island a mild movement
induced submarine volcanism, also metamorphism, but,
of no more than low to lowest grade. In western Taiwan,
oscillatory movements on the Taiwan shelf during the
Miocene gave rise to the rhythms of the three cycles
ofsedimentation described in the preceding section. Each
cycle records a regressive phase with dominant coal
measures and a transgressive phase with dominant
marine terrigenous clastics. In regressive phases, the
environments of northern Taiwan consisted mainly of
swamp, lagoon, estuary, and tidal flat.

Through the Miocene, marine waters increased gra
dually in depth from north to south along Taiwan, with
a marked concomitant increase in the volume of ter
rigenous clastics in the southern part of this island.
Depths were prevalently neritic, but considerably deeper
environments may have existed locally, on eastern Tai
wan as well as on southern Taiwan. In zones of fracture,
pyroclastics accompanied by a few lava flows appear.
Volcanism, largely basaltic, was more pronounced in
north-western Taiwan. The earliest cycle of the Miocene
bore the most extensive volcanism, which then dimi
nished gradually through the later cycles of this epoch.
During the Pliocene, the depositional environment of
terrigenous clastics varied from shallow to neritic, but
depositional environments may have deepened to pelagic
from time to time (He (Ho), 1975).

During the early Tertiary, on both the mainland and
on the continental shelf, lacustrine basins formed as part
of the development of antithetic horsts and grabens, or
as intermontane depressions. Within this variety of
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basins Pei et al. (1963) and Fang et al. (1979) recognized
several continental environments, which we list below,
together with lithostratigraphy:
I. A subtropical climate, for the most part highly humid:

(a) North China, (b) the southern part of Northeast
China, and (c) the Nei Monggol Autonomous Region.
Climatic indicators include the ostracod genus Can
dona and several floras of pollen and spores, par
ticularly in the coastal region of Bohai (Hou et al.,
1978; Song et aI., 1978). All evidence points to a lower
Tertiary climate much warmer than that of today.
Throughout the lower Tertiary sequence, gray ter
rigenous clastics predominate, with carbonaceous
shale and 011 shale. Certain species of pollen and of
spores indicate humid conditions except in the lower
and middle sections of the (Upper Eocene?) first
member of unit Tel (Figure Il-61), in which red
terrigenous clastics with minor gypsum and rock salt
(halite) denote brief periods of aridity. The principal
faunas and floras indicate fresh waters. A few brackish
species and some sparse marine foraminifera suggest
that the present Bohai Bay lay close to coastlines
of early Tertiary ancestral Pacific waters. In the
Fushun basin of the southern part of Northeast China,
an abundant flora denotes strong vegetation in a
subtropical forest. In Nei Monggol Autonomous
Region, lacustrine lignites represent a moist subtro
pical environment; interspersed basalts represent epi
sodic volcanism.

2. A subtropical semi-arid climate: (a) northern Jiangsu
Province and southern Shandong Province, with
evidence from increasing amounts of red terrigenous
clastics and their contained evaporites; (b) Northwest
China, where interspersed red terrigenous clastics
suggest semi-arid to arid conditions.

3. Tropical climate with intermittent aridity: middle and
lower valleys of the Yangzi River (Chang Jiang), with
evidence from a section dominated by red terrigenous
clastics, but also with gypsum and rock salt; inter
ruptions of the climatic regime, with evidence from
a few thin layers in the upper part of the lower Tertiary
sequence; basalts enter the lower part episodically.

4. Humid tropical climate: (a) Maoming basin of Gu
angdong Province and certain other coastal basins,
with evidence from an entire section of thick layers
of oil shale in the early Tertiary; extremely rich in
organic matter; (b) Shanxi Province and Shaanxi
Province: Pliocene lateritic deposits formed by le
aching and erosion in the uplifted plateaux of this
region; (c) Southwest China, with evidence from coals
for an inland swampy environment and for a warm
rather than a hot humid climate. Both regions re
present new depositional environments created by
Himalayan movements of the middle and late Ter
tiary.

The Qinghai-Xizang (Tibet) Plateau did not begin to
rise until the Pliocene (Xu Zhengyu, 1980; Zheng and
Li, 1981). A vertebrate fauna dominated by Hipparion
existed, and subtropical to tropical forest covered the
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entire area of the plateau. Study of the fauna and flora
from many parts of the plateau shows conclusively that,
at the beginning of the Pleistocene, the plateau's ele
vation was no greater than 1,000 m and that no large
area of the plateau could have been higher than 1,500
m (Li Jijun et aI., 1979; Liu and Ding, 1983; Liu
Tungsheng et aI., 1985).

Song Zhichen et al. (1983), from a comprehensive
study of palynofloras, deduced climates for the Pale
ogene across many of the main regions of China. A
summary of their conclusions follows:

Paleocene

Ecocene

Oligocene

Northeast China;
humid, temperate to warm.

Northwest China and East China:
arid. subtropical.

Northeast China;
humid. temperate to subtropical.

Northwest China and Central-South China;
arid. subtropical

SOUlhwest China and Central-South China;
humid. tropical to subtropical.

North China;
humid, temperate to warm temperate.

Northwest China and East China;
semi-arid. warm temperate to subtropical.

Southwest China and Central-South China;
humid. subtropical.

I
10·

y..

u

Climates during the Paleogene cooled sometimes to
the temperate level but for the most part they appear
to have ranged from warm to tropical, under arid or
humid conditions according to time and according to
region.

Intrusive and extrusive activities associated with Hi
malayan movements took place both in western and
eastern China. In the west, most such activity took place
in the Himalaya and its associated ranges of Xizang
(Tibet) Autonomous Region, and in the Yunnan-Sichuan
area of the southwest. Chang and Zheng (1973) and
Mehta (1977) reported the presence of pegmatites and
micaceous granites within the Himalaya. Radiometric
dates range generally from 20 to 10 Ma. Extrusive activity
took place in northern Xizang (Tibet) Autonomous
Region on the Qiangtang block where subrecent dates
have been suggested for an exceptionally fresh-appearing
group of extrusive centers and flows (Gansser, 1980;
Chang and Pan, 1984, 1986). These rocks actually yield
dates from 28 to 20 Ma (Oligocene and early Miocene;
Basu et aI., 1984). They show evidence of considerable
crustal contamination, and they include leucite basalt,
tephrite, nosean phonolite, analcitite, and calcalkaline
dacite and andesite. Associated intrusive rocks include
two-mica granites. Tertiary igneous activity was rare
outside of the area Himalaya-Qinghai-Xizang Plateau.
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In the eastern half of China, volcanic actIvIty is
associated with great fractures, many of them, if not
most, in association with the Neocathaysian structural
trends. Some activity was connected also with other
structural features such as, for example, the extensive
Hannobar Basalt of Nei Monggol. Volcanism of island
arc type took place on Taiwan and along the Diaoyu
Dao foldbelt. Small areas of flood basalts erupted in
places like the Taiwan Strait (Penghu Islands). Igneous
activity, largely of intermediate to mafic composition,
preceded the formation of all of the grabens in the
Neocathaysian system, and continued in some of these
basins with Neocathaysian trends until relatively recent
time. The Maoming basin, and the San Shui basin, for
example, were riddled with basaltic intrusions, sills, and
flows through the Oligocene and perhaps the post
Oligocene. Pliocene and younger basalts are abundant
on islands from the Bohai eastward to Japan; some
islands are almost entirely capped by these relatively
young flows (e.g. the large Cheju Island, ofT Korea).

Overview of Jurassic Through Pliocene
History, Eastern China

The Neocathaysian horst-and-graben and half-graben
structures with associated normal faults, wrench faults,
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small thrust faults, and even tear faults, formed exclu
sively east of the Da Hinggan-Taihang-Wuling trend.
They began to form with the onset of Yanshanian pulses,
and they continued to form through Himalayan pulses
still in progress. The first grabens appeared in the
Jurassic, and they developed in the west. These structures
with associated faults in general lie parallel to subparallel
with the pre-Jurassic structural grain. In detail, however,
there are wide divergences between Neocathaysian trends
and basement structures, and parallelism to subparal
leiism is valid only as a generalization. What is important
is the fact that these structures, which began to form
in the Jurassic, continued to form through the Tertiary.
The grabens and some of the faults, in addition, become
younger eastward. A few major faults, however, are
ancient features, as for example the Tan-Lu fault zone.
The youngest basins, still in the process of forming, now
lie east of Taiwan, in the Okinawa Trough, and around
the Philippines. Tectonic development of these and other
elements, is discussed in greater detail in the chapter
on tectonics.

QUARTERNARY SYSTEM

Modern consensus assigns two million years or less to
the Quaternary, which consists of a long Pleistocene
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Fig. 11-64. Loess dislribulion in China, middle Pleistocene time.
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epoch and a brief succeeding Holocene or Recent epoch.
In China, a relatively well-developed Quaternary is
widespread, especially in basins of large and medium
size north of the Kunlun Shan-Qin Ling tectonic trend
(Compilation Group, 1976). Quaternary deposits show
a characteristic variation of lithofacies - a reflection of
changes in topography and climate that occurred both
chronologically and geographically.

Distribution

North China Loess

Northern China is famous for its thick and extensive
deposits of loess, the largest such deposits in the world.
Figures 11-63, 11-64, and 11-65 are maps showing the
extent of the loess during the early, middle, and late
Pleistocene. The increasing area ofloess is related directly
to the sharp rise of the Qinghai-Xizang Plateau during
the Pleistocene (Liu and Ding, 1983; Liu Tungsheng et
aI., 1985). Figure 11-63 to Figure 11-65 show how close
to recent the major uplift of the plateau was - middle
to late Pleistocene, or within the last two million years.
Winds coming from the Gobi Desert of Nei Monggol

Autonomous Region and the Mongolian People's Re
public could not carry the dust load farther south and
were forced to deposit it north of the rising plateau.

Changbai Shan, Jilin Province

A Pleistocene to recent volcano, the Baitou Shan, rises
from the Changbai Shan in eastern Jilin Province, just
west of the frontier with North Korea. This volcano,
2,744 m high, possess a large crater, now occupied by
a beautiful forested lake, the Tian Chi. This, the only
modern volcano (even though it is extinct) in eastern
China, lies close to the junction of two fracture zones,
the north-northeast-trending (Neocathaysian) Dunhua
Mishan fault zone and the west-east-trending Tian Shan
Yin Shan fault zone. This volcano, by its position, serves
as one illustration of the geologic importance of these
intersections of fracture zones in the development of
China's geology (Ogura et aI., 1938).

Northwest China, Eolian Sand, and Gobi Pavement

Eolian sand and Gobi gravel pavement occur mainly
along the southern margin of the Gobi Desert and the
adjacent areas of southernmost Nei Monggol Autono-
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mous Region, the Tarim basin, the Junggar basin, and
the Qaidam basins. Similar deposits occur in the Hexi
Corridor of Gansu Province, as well as in the Helan
basin of adjacent Nei Monggol. Figure II-64 shows that
these basins and the Hexi Corridor also were sites-for
the deposition of some loess, the dust for which was
derived from the Gobi Desert in the Mongolian People's
Republic (Liu and Ding, 1983; Liu Tungsheng et aI.,
1985). In the Tarim basin, surrounded as it is by
elevations of up to 6,000 m above the basin floor, large
alluvial desertic fans up to 500 m thick have developed.
In the center of the basin, over an area of at least 200,000
km2, are 'live' sand dunes (barchans are numerous) and
sand ridges with elevations of 300 m above the desert
floor. These active and shifting ridges have presented
a formidable barrier to exploration and travel within
the basin (Petrov, 1967). In the Qaidam basin, below
the desert floor, active playa lakes exist. The so-called
'Second Salt Epoch' of that basin began in late Plei
stocene time and has continued to the present. About
30 percent of the estimated resources of various salts
in the basin was precipitated during this 'epoch' (Song
and Liao, 1982). The late Pleistocene to recent depo
center, as a result of the uplift of the Qinghai-Xizang
Plateau, was shifted about 200 km southeast of the
Mangnai depression depocenter, which lasted from the
early Tertiary to the mid-Pleistocene. This shift in
depocenter provides additional evidence that major
uplift of the plateau was a post-middle Pleistocene
phenomenon.

Western China, Southwest China, and Central China 
Glacial and Glaciofluvial Deposits

These deposits are widespread in the mountainous re
gions of China. Pleistocene glaciation left a record of
glacial deposits in the middle and lower valleys of the
Yangzi (Chang Jiang), in highland areas of northern and
southern China, and around the Qinghai-Xizang Pla
teau. For many years it was believed that the thick
boulder deposits of the Lu Shan in Jiangxi Province
were the products of continental glaciation, but these
deposits now have been proved to be mudflow deposits.
The hypothesis that they represented a period of con
tinental glaciation consequently has been abandoned
(Liu Tungsheng et aI., 1985).

Pleistocene glacial history of the Qinghai-Xizang Pla
teau is different from what might have been anticipated
in a 'normal' regime of mountain or high plateau. The
oldest glaciations took place on what are now the highest
peaks as glaciers never covered the plateau itself, and
only a few paleoglacial centers are known, all of them
small. Early Pleistocene uplift induced piedmont gla
ciation, but further uplift actually caused glaciation to
be restricted to mountain valleys. This apparent oddity
is explained by realizing that continuing and increasing
uplift intensified the dry climate that developed in the
lee of the rising mountains. The maximum zone of
snowfall consequently was transferred to bordering
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mountains and to flanks of the plateau. The uplift
eventually raised the plateau as high as the jet stream,
one of two places in the world where this happens. The
result of this raising was to cut off the interior from
the Indian monsoon and, therefore, from moisture
(Zheng and Li, 1981; Liu and Ding, 1983). The plateau
itself, consequently, is unglaciated.

East China and North China Lacustrine. Fluvial, and
Glacial Deposits

Fluviolacustrine and glaciofluvial deposits occur across
the plains of China, as well as in the basins of East
China and North China.

Central-South China and North China Cave Deposits

Cave deposits of several Quaternary stages occur widely
across Central-South China. Early and middle Pleisto
cene cave deposits occur only in North China.

Taiwan, the Southern China Coral Reefs, and Hainan
Island Guano Deposits

These also are Quaternary deposits, along the marine
and coastal areas of China, and also on its offshore
islands.

Type Sections

Beijing Region

The type section of the Quaternary in this region contains
a series of alternate glacial deposits and variable inter
glacial deposits. These include lacustrine, fluvial, cave,
and loess lithofacies (Figure II-66). The glacial deposits
of this alternation consist of poorly sorted gravel and
clay with sand. The fluviolacustrine deposits consist
mainly ofloose sand, gravel, clay, and marl with gypsum.
Cave deposits characteristically contain calcareous brec
cia with components of various size; gravel, sand,
argillaceous sand, tufa, and red clay. The lower part
of the cave deposits normally is well cemented and better
indurated than the upper part. The unconsolidated
yellowish loess consists predominantly of silt-size sedi
ments accompanied by material that ranges in grain size
from clay to fine-grained sand, mixed with marl or loam.

An unconformity marks the Tertiary-Quaternary
boundary. Within the Quaternary sequence itself, one
disconformity marks the lower Pleistocene-middle Pleis
tocene boundary, another the middle Pleistocene-upper
Pleistocene boundary.

In a cored section in the northeast suburb of Beijing
marine lower Pleistocene sediments are penetrated at
a depth of 428 m (Liu Dongsheng et aI., 1986). The
marine section includes mixed plankton and benthonic
foraminefera fauna that is dominated with Hyalina
balthica and Globigerina bulloides. The marine lower



110 CHAPTER II

System Series
Form- Column. Thick- Major fossils Correlation with

ation section n~~~
Major lithology

v. V..rt..brat"sMoMoliusks North America

Holo. HI 10 Brownish_y..llaw c1ay..y soil. black soil. Post-glacial

Q9
......

Glacial deposits, grayish-y..llow Wisconsinan.. . .
41 •..... .;. 30 soil. sand. grav..l.l: .... Glacial41
v .. .. ..

and soil.. 0 --- Lo..ss deposit.
Q a

.. .. ..
Sangamonian41 - --- 30-

el. .~
..

.. - 60el.~ -- Interglacial.. ..
:::> 0.. Glacial deposits, yellowIsh-brown GlacialQ7 .. 20 Illinoisan.......... :- soil. sand. orav..1.

- Sinanthropus (V) Yarmouthian- - - Mainly reddish clay. argillaceous- --
Q 6

- - - 40- Sinomegaceros(V) Interglacial- - - sand. sand. gravel. breccia and
41 - - 95 Bubalus(V}l: =.=--:-= tufa-cave deposits.41 --- £quus (v)

~
v
.2 0.00

" YO .....~ Glacial deposits, brownish clay
Kansan" .- 10-._ 41 Q S ••••• and grav.. !.

~o::: ."-0. ~ 94 Glacial.... .----1------1------ Lacustrine grayish-green. Mammal fossils
Aftonian

>. 1------ brown and y..llow clay... 1-:-:-: Interglaiala
~- -l:
~----- 75-

~ Q 4 1-- -- 330- 1-':- - -a
:J

.;:-:.:~0
-- -
~--- -1------
1----:-

41
1------

l: 1------
41 1------v 1------.2
YO 1-:-:-::
41 I- - -

Q..
0 o •• Glacial deposits, variegated Nebraska.. - - - Glacial41 0 00 c1oy..y grav..l.

~
Q 3

- - -
0 o 0 0 • 30-
-' - - -a •• 0 220- - -eo 00-- -

0 00.-- -00 0 0-- ---
.. '""" Grayish sand. clay. marl. gypsum Siphneus £quusMQ 2 =~=~¥ 40

lacustrine-fluvial deposits. Lamprotula (M)
Q 1

000041 Glacial deposits.
00000

T

Fig. 11-66. Generalized Quaternary stratigraphy of the Beijing area, North China (compiled from Fang et aI., 1979).

Pleistocene section is about 40 m thick, but the total
thickness of the lower Pleistocene is 308 m.

Vertebrates are common in the interglacial deposits
of North China. Remains of Homo erectus pekingensis
were first found in 1929 in a cave at Zhoukoudian near
Beijing (Peking). The Zhoukoudian cave deposits are
alternating fluvial sand, silt, and clay which are inter
bedded with ash and limestone slabs and blocks. The
Zhoukoudian section is 40 m thick and is divided into
17 layers. The Peking man fossils were found mainly
in the fluvial sections together with other fossil mammals
in the top ten layers. Detail investigations in recent years
revealed that the Peking man at the Zhoukoudian cave

lived in between 260,000 and 460,000 years B.P. Thus
the Zhoukoudian deposits were assigned to middle
Pleistocene (Liu Dongsheng et aI., 1986).

Several new finds of human remains have been re
ported from Guangdong Province, Shaanxi Province,
Yunnan Province, Hubei Province, and the Guangxi
Zhuang Autonomous Region. In all these regions the
human remains are in upper Pleistocene sediments.
However, a more recent (1980) discovery of a Homo
erectus skull was made on the northern bank of the
Yangzi River at Hexian, Anhui Province (Liu Dongsheng
et aI., 1986). Though the Hexian man has some dif
ferences from the Peking man, both are interpreted to



be the same species. Isotopic dating of the sediments
containing the Hexian man remains gave an age of
290,000 to 300,000 years B.P.

Loess Plateau ofNorth China

The second type section of the Quaternary occurs in
the Loess Plateau of Shaanxi Province, where it consists
of an alternate sequence of loess and nearly horizontal
paleosols. Lu and An (1979) recognized three types of
loess by their sedimentological characteristics. Type I,
in Lt, L2, Ls, L6, L9, and L l2 (Figure 11-67), exhibits
the following characteristics: light grayish-yellow color,
loose, porous, soft, relatively large grain size (0.02 mm)
for loess, carbonate content of about II %, secondary
carbonate as cement of the mosaic texture, high content
of stable minerals, thick layer with high rates of sedi
mentation, soil formation under weak weathering, and
vertical joints that give rise to a geomorphology of cliffs.

Type II, in L7, Lg, and L IO (Figure 11-67), exhibits
the following characteristics: light yellowish-red or red
dish-yellow color, compact, less porous then Type I,
relatively hard, small grain size (0.01 mm), carbonate
content of about 5%, clay and secondary carbonate as
cement of clay aggregates, high content of unstable
weathered minerals, thin layers with low rates of se
dimentation, soil formation only under severe weathe
ring, and poorly developed vertical joints.

Type III, in Lj, L4, Ltl , and LI3 (Figure 11-67), exhibits
characteristics between Types I and II.

Characteristics of contained clay, or carbonate con
tent, and of illuvial process, provide a basis for recog
nizing several categories of paleosol. The first paleosol,
the Holocene (recent) So layer (Figure 11-68), charac
teristically exhibits a dark-gray residual loamy soil with
a carbonate content of about 8%. The second paleosol,
in St, S2, S6, Sg, S9, SI .. S12, and S13 (Figure 11-68)
characteristically exhibits a brown clay layer with no
dular structure, and a carbonate content of about one
percent due to leaching. The third paleosol, in SJ and
SIO (Figure 11-68), exhibits a carbonate content of about
4%. The fourth paleosol, in S4 and S7 (Figure 11-68),
exhibits a brownish-red layer with carbonate content
of less than one percent, and with a well-developed
nodular structure. The fifth paleosol, Ss (Figure 11-68),
exhibits a dark brownish-red layer, about five meters
thick, with nodular structure, and with a carbonate
content reported as low as 0.08%.

STRATIGRAPHY AND PALEONTOLOGY III

Paleoecology, Paleogeography, and
Magmatism

During the Quaternary, the crust remained relatively
stable under many regions of China, but underwent
major epeirogeny in some. The Himalaya and the
Qinghai-Xizang (Tibet) Plateau rose 3,000 to 4,000 m,
while the Tarim basin of Xinjiang Uygur Autonomous
Region and the Qaidam basin of Qinghai Province
subsided about 1,000 m. As noted above, the floor of
the Qaidam basin tilted eastward. Other areas that rose
include the Yunnan-Guizhou Plateau, the Eerduos
(Shaan-Gan-Ning) Plateau, and the adjacent 'Loess
Plateau.' Areas that subsided include the North China
Plain, the East China Coastal Plain, the Jianghan Plain,
and Dongting Lake. Boundaries of both the plateaux
and the basins commonly consist of faults.

Glaciation, the most important geologic phenomenon
of the Quaternary, occurred mainly at high altitude, as
evidenced by obvious glacial topography, by associated
glacial deposits, and by many rocks with glacial stri
ations. In general, the four or five glacial stages recorded
in China correlate reasonably well with those recorded
in Europe and North America. The evidence for inter
glacial stages appears in the form of distinctly different
environments. Eolian environment in the Pleistocene
appears along the middle part of the Huang He (Yellow
River) area as well as in Northwest China. Cave en
vironments characterize the early and middle Pleistocene
of the Beijing region and of North China, and also the
Quaternary of Guangxi Zhuang Autonomous Region
and Central-South China. Evidence for a fluviolacustrine
environment in the Pleistocene is scattered through many
localities of the country. During the early Pleistocene,
intermontane environments prevailed in Northwest
China. Marine environments reportedly occur along the
present Pacific coast and on Taiwan. Karstification of
limestone areas was intense, the most famous karst areas
being in Central-South China and East China.

Cenozoic basalts are widespread in China, but mainly
in its coastal segments of the Circum-Pacific belt. These
segments lie in the northeast, the north, the east, and
the southeast, as well as on Hainan, on Taiwan; and
inland in eastern Yunnan Province, Xizang (Tibet)
Autonomous Region, and the western Kunlun Shan. The
majority of these basalts range in age from the Neogene
to the Quaternary. We have noted previously that the
supposed recent volcanics of the northern slope of the
western Kunlun Shan actually belong to the Oligocene.
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Chapter III

Tectonics and Structure of China

INTRODUCTION

Until the 1950s and 1960s, detailed geological knowledge
of most of China was unavailable for the compelling
reason that vast area-s of the country, most of them in
the central and western parts, had not been mapped.
Significant geological studies of parts of China were not
available until the 1970s, a statement which, even now
in the late 1980s, is still true. Huge areas have been
visited and sampled only in reconnaissance; some have
not been studied at all. Summaries of China's structural
and tectonic history, although correct in broad detail,
consequently will be subject to important revisions as
new data become available. We believe that our presen
tation, taken from many sources, presents a reasonably
accurate outline of present geological knowledge.

Despite the absence of detailed knowledge of large
segments of China, several tectonic and structural
schools of thought have blossomed and flowered, from
at least mid 1920s. Four of these appear to have the
most support among Chinese geologists and geophy
sicists who publish on these subjects: I) Fracture-gravity
tectonic hypothesis (J. S. Lee, 1973; Chinese Academy
of Geological Sciences, 1975); 2) Polycyclic geosyncline
tectonic hypothesis (Huang Jiqing, 1979, 1980; Huang
Jiqing et aI., 1965, 1980, 1987); 3) Fault-block tectonic
hypothesis (Zhang Wenyou, 1979; Zhang and Zhang,
1977, 1978; Zhang Wenyou et aI., 1978, 1979, 1981;
Zhang and Zhang, 1984); and 4) 'Diwa' (geodepression)
tectonic hypothesis (Chen Guoda, 1989; Chen Guoda
et aI., 1975). Plate tectonic hypothesis also has gained
supporters in early 1980 (Li Chunyu et aI., 1980, 1982).

First, however, we discuss briefly our reasons for using
the geosynclinal concept in China, as most Chinese geo"
logists do, including many of the advocates of plate tec
tonics.

Geosynclines and Geotectonic Cycles

Following Coney (1970) and, more recently, Hsu (1982),
many earth scientists have chosen to discount a geo
synclinal concept built up with careful, detailed field
work for more than 110 years in favor of plate-tectonic
explanations for creating and tectonizing huge generally
linear depressions across China. Unlike many postulates
and evidences of geosynclinal theory, however, plate
tectonic concepts are new, and none of them has been
demonstrated in the field to have a counterpart in reality,
a point brought out extremely well by A. Gilbert Smith
(1976). The same point later was emphasized and il
lustrated by Ilich and Meyerhoff (1980). One example
of a clash between the two concepts is the demonstrable
polycyclicity of most geosynclinal basins, a concept
proposed first by James Dwight Dana (1873). The 'clash'
between geosynclinal concepts and plate-tectonic con
cepts is grounded in the fundamental disagreement
among plate tectonicians themselves concerning the
nature of plate tectonics; do the plates move in a more
or-less steady state as all proposed mechanisms require,
or do they move episodically as geosynclinal evidences
require? A second example involves the difficulties that
plate-tectonic hypotheses encounter where faced with
the existence of several parallel but contemporaneous
active geosynclinal belts, as is true across most of central
and western China, where belts thousands of kilometers
long lie only 400 to 1,000 km apart.

Because of these and other differences, we cannot
ascribe the difficulties that some geologists have in
rejecting geosynclinal theory to mental 'inflexibility,' as
Schwab (1982, p. 311) has written. Schwab (p. 311) went
even further, claiming that continuing adherence to
geosynclinal theory means an inability to discard 'rigid
mental straightjacketing.' Instead, we believe that the
difficulty in rejecting long-established theory - at least
in this example - is related to the fact that the geo
synclinal theory, unlike plate-tectonics, is based on vast
amounts of detailed, painstaking field work. We there
fore think that Wang (1972, 1979), Huang Jiqing (1978,
1980, 1984a, 1984b), and Huang Jiqing et aI., (1987)
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Table III-I. Chronostratigraphy and tectonic stages and orogenic movements of China
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are almost certainly correct in their assessments of the
usefulness of geosynclinal theory in China and adjacent
regions. Until the premises of the geosynclinal concept
are disproved, that concept continues to be a useful
theory, as the earth-science community in China has
demonstrated.

Tectonic and Structural History: Resume

Pre-Paleozoic

Two stages of Pre-Paleozoic tectonic and structural

Cheng Yuqi el al. (1962)

Sun and Lu (1965)
Huang Jiqing (1978. 1984)

Tang (1982)

Li Desheng (1964)

development are recognized by most geologists in China
(Huang Jiqing et aI., 1977, 1980; Huang Jiqing, 1978;
Yang Weiran et aI., 1984; Sun and Lu, 1985; Ma and
He, 1989). The first stage encompasses the Archeozoic
through early Proterozoic (pre-Sinian s.I.), and culmi
nated in the consolidation of the Sino-Korean (North
China) (para)platform during the Zhongtiaoan or Lu
liangian orogeny (ca. 1,800 Ma; Table III-I). That
orogeny ended a long process of accretion and growth
of the Sino-Korean paraplatform during the earlier
Fupingian and Wutaian orogenies (2,550 and 1,900 Ma



respectively; Table III-l).* Available information indi
cates that the Sino-Korean massif, geologically, is the
oldest region in China, and several excellent studies, as
well as resumes, have been published during recent years
(e.g. Cheng Yuqi et aI., 1982a, 1982b; Wang and Qiao,
1984; Sun and Lu, 1985; Ma and He, 1989; and Ren
and Chen, 1989; Cui Wenyuan et aI., 1989).

The second stage of China's pre-Paleozoic develop
ment includes the Sinian (s.l.) Suberathem, which cul
minated in the Jinningian and Chengjiangian orogenies
(Table III-I). During the Chengjiangian orogeny, both
the Tarim platform and the Yangzi paraplatform were
consolidated (Figure III-I; Huang Jiqing, 1978; Yang
Weiran et aI., 1984; Yang and Xie, 1984; Zhang Shuye
et aI., 1989). Both were then somewhat larger than they
are today. Deformation during the Jinningian and
Chengjiangian orogenies, as during earlier Pre-Cambrian
orogenies, was directed mainly in a north-south direc
tion, with the result that predominant tectonic trends
are east-west (Figure III-I; Liu Hefu, 1984; Ren and
Chen, 1989). These structural trends dominate western
and central China even today, and their influence extends
eastward to the margin of the present Pacific Ocean
basin (Figures III-2, I1I-3, I1I-4).

Yang Weiran et al. (1984) interpreted the geotectonics
of China somewhat differently from most workers, and
they incorporated into their concepts (Figure III-3) the
most up-to-date observations on the basement of the
Qinghai-Xizang Plateau, where a major Pre-Cambrian
continental massif is being discovered in notably large
areas. Their interpretation, in our opinion, is the best
yet published on the extent of Pre-Cambrian massifs
in China.

Figure III-I, a paleotectonic map from Wang and
Qiao (1984), depicts Pre-Cambrian tectonic units as
interpreted from the last few decades of field, satellite,
and geophysical investigations. Figure I1I-2 offers a
popular geotectonic subdivision map of China, taken
from the Group of Tectonics (1977), Huang et al. (1977,
1980). Figure I1I-3 is a map by Yang Weiran et al. (1984)
of the geotectonic subdivisions of China. Figure I1I
4, modified from a map by the Institute of Geomechanics
(1976), shows the main tectonic trends of contemporary

• From the Archean to the Quaternary, orogenic cycles or tectonic
movements have become formalized largely by the use of Chinese
names with standard chronostratigraphic suffices. Examples are:
'Fupingian' of the early Proterozoic, 'Xingkaian' of the Cambrian,
and 'Indosinian' of the Triassic and the Early Jurassic (Table III
I). Exceptions to this usage are: 'Caledonian' for the early Paleozoic,
and 'Variscan' for the late Paleozoic and the earliest Mesozoic. Both
of these terms, even in their native Europe, give rise to a measure
of ambiguity. Moreover, Europe is far removed from China. Yet all
Chinese geologists use these two European terms widely. For these
reasons we place these two non-Chinese terms in quotation marks
('Caledonian' and 'Variscan') in our own presentation of the tectonics
and the structure of China. China's orogenic cycles and their relations
with the geologic time scale are shown on Table III-I. The radiometric
dates for the Pre-Cambrian are approximate. No two authorities agree
on them.
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China and the Mesozoic-Cenozoic basins that are su
perimposed on them. Figure 111-5 shows the major
presently active fracture zones of China.

Post-Chengjiangian orogeny has partly destroyed the
original outlines of the platforms through tectonic reacti
vization. Such reactivization is manifested in the ensialic
foldbelts generated from successor basins developed on
these platforms or their margins, and in deep crustal
or lithospheric fractures such as the Tan-Lu (Tancheng
Lujiang) fault (Figures I1I-4 and III-5). This fault
formed during the late Proterozoic or earlier (Huang
Jiqing, 1978; Sun Ronggui et aI., 1983; Zhou Guoqing,
1989). Its subsequent active role in the tectonics of
eastern China is manifest in its relation to the position
of the North China (Huabei) Mesozoic-Cenozoic graben
systems (Zhai and Zha, 1982; Zhao Zhongyuan, 1984)
and violent earthquakes today, the most recent of which
was the catastrophic 1976 Tangshan earthquake (Qiu
Qun, 1976) that claimed more than 100,000 lives.

Many geologists in China believe that the Tarim,
Yangzi, and Sino-Korean blocks became united with the
Siberian platform as a result of the Jinningian and
Chengjiangian orogenies (Figure III-I). This postulated
'superplatform' was called the 'Chinese protoplatform'
by Huang Jiqing (1978, 1984a) and by other geologists.
The platform was larger than it is today, as proved by
the presence of Sinian (s.s.) and Lower to Middle
Cambrian shallow-water marine sedimentary rocks both
on the existing platform and at the base of the geo
synclinal stratigraphic sections around it. This proto
platform, in Huang Jiqing's view, endured for nearly
200 million years.

There is evidence, however, to indicate that the so
called 'superplatform' may never have existed in the form
envisioned by Huang Jiqing or, if existent, that is may
have endured for a much shorter period. According to
Cui Kexin (1984), Liu Hefu (1984), and other workers
in the region, Central Asian-Mongolian marine waters
invaded the zone between the Tarim and Siberian stable
massifs (Figure III-2) no later than the Sinian (s.s.),
and possibly during the early Sinian (s.l.) (i.e. ca. 1,700
Ma ago). Certainly an elongated trough complex had
established itself in the Mongolian (including the Argun,
or Ergun) region. This complex trough lay mainly north
of, but locally across, the present U.S.S.R.-China-Mon
golia frontiers by the pre-Sinian (s.s.). Proterozoic geo
synclinal basins also began to establish themselves where
the modern Kunlun Shan, Qilian Shan, Nan Shan, and
Qin Ling fold belts rise above the modern Gobi, Takli
makan (Tarim), Mu Us (Eerduos), and related deserts.
These, and additional geosynclinal basins that appeared
somewhat later, are dominated by eugeosynclinal facies,
some of which contain ophiolites (Wang and Liu, 1976;
Huang Jiqing, 1980; Cui Kexin, 1984). Liu Hefu (1984)
postulated that, if the 'superplatform' did exist, it was
divided quickly by invading marine waters of Central
Asia-Mongolia, either through a long, depressed, syn
form trough or through a depression created by taphro
genesis. Liu Hefu (1984), who also espouses the concept
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Fig. III-I. Sketch showing the interpreted structure of the Precambrian basement of China.
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Fig. 111-2. Simplified map of the tectonic provinces of China.

of a Chinese protoplatform, presumably is correct, and
Huang Jiqing's (1978) views, with modification, are
corroborated.

In South China and adjacent parts of Southwest China
and East China, the Yangzi paraplatform extends from
present-day Yunnan Province to Jiangsu Province, and
it includes East China Sea (Dong Hai) and part of the
Yellow Sea (Huang Hai). Until somewhat recently, this
paraplatform had been regarded as exceedingly old, and
indeed it does contain some high-grade metamorphic
rocks 2,000 Ma or older (Huang Jiqing, 1984a; Ren and
Chen, 1989; Lu Liangzhao, 1989). Its area now is judged
to have become a platform, however, only during the
Jinningian and Chengjiangian orogenies about 850 to
700 Ma ago (Table III-I). But Lu Liangzhao (1989),
in his study concluded that the Yangzi Platform has
undergone at least two stages of cratonization (Early
Proterozoic and Late Proterozoic) and he suggested
further studies of the basement of the Yangzi Platform.

The Jiangnan orogenic belt embraces an area east and
south-east of the Yangzi platform. The Jiangnan belt
is made up of eugeosynclinal sequences calculated to
be 10,000 m thick. These indicate the presence of Late
Proterozoic orogenic cycles in this region (Figure IIl
1; Guo Lingzhi et aI., 1984; Ma and He, 1989; Lu

Liangzhao, 1989; Wang Dezi et aI., 1989). Radiometric
dates of 1478 to 1558 Ma, 1422 Ma, 991 Ma, 967 Ma,
932 Ma, 913 to 909 Ma, 844 Ma, 837 Ma, 800 Ma, and
760 Ma come from granitic bodies in this region.
Ophiolitic suites are present along the Jiuwandashan
and Wanzai-Yifeng deep faults, along which the ophiolite
slabs exhibit south dip.

Elsewhere, Pre-Cambrian events equivalent to the
Zhongtiaoan orogeny (1850 Ma) have been recorded
from the Himalaya (Gansser, 1981a, 198Ib), the
Gyeanggi and Sobaek Massifs of South Korea (Lu
Liangzhao, 1989), and in the Japanese arc (Sugisaki et
aI., 1972). Important post-Zhongtiaoan Pre-Cambrian
massifs were developed in those areas (Sugisaki et aI.,
1972; Yang Weiran et aI., 1984).

Events of the Pre-Cambrian partly determined the
locations of major fracture systems such as those of the
2,400 km Tan-Lu and the 4,000 km Da Hinggan Ling
Taihang Shan-Wuling Shan (Figure III-4; Huang Jiqing,
1978; Liu Defu et aI., 1983; Sun Ronggui et aI., 1983;
Zhu Songnian, 1984; Ren and Chen, 1989). The Tan
Lu fault zone is associated with mafic and ultramafic
rocks (Huang Jiqing, 1978; Zhou Guoqing, 1989). The
major fault zones commonly are 25 to 40 km wide. Those
which stayed active later were loci for large ore-bearing
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intermediate to silicic intrusions. Especially rich in
minerals are the places where fracture zones intersect
the older Pre-Cambrian east-west structural zones that
extend from western and central China (Figures III
1 and 111-4). The positions of the intersections between
the east-west structural zones and the fault systems that
intersect them appear not to have shifted more than
a few - perhaps a few dozen - kilometers, which to
us indicates the absence of significant amounts of post
Proterozoic strike-slip movement. Parallel with pre
existing foldbelts and structures, as well as with the
present coast and continental shelf edge, the geosynclinal
belt of South China formed in the latest Proterozoic
to the earliest Paleozoic.

Less well known are Pre-Cambrian events that affected
present Southwest China. Cui Kexin (1984) maintains
that a Late Proterozoic geosyncline was well developed
in present-day China, presumably in a trough parallel,
or associated with, the geosyncline that occupied the
northern part of the Indian shield during the Late
Proterozoic. Geologists in China familiar with the Qing
hai-Xizang Plateau and with northern India are nearly
unanimous in stating that India, during the Proterozoic,
occupied nearly the same position with respect to Asia
as it does today (Chang and Zheng, 1973a, 1973b; Chang

et aI., 1977; Huang Jiqing, 1978, 1980, 1984; Chang and
Pan, 1981, 1984; Chen Guoda, 1984b; Mu En-zhi et aI.,
1986). Both Crawford (1979) and Gansser (1981a) have
stated that the geology of Southwest China and of
northern India is not explained easily if the Indian
subcontinent was far from its present position, a position
demonstrated by the work of many Indian geologists
(Saxena, 1971, 1978; Gupta and Janvier, 1979; Sharma,
1983; Bhat, 1984). The regional syntheses by Gansser
(1981), Stocklin (1984), Kozur and Gupta (1983), and
Waterhouse (1983) provide the detailed geologic data
that for us effectively immobilize popular plate-tectonic
models of the Indian subcontinent. Although the con
clusions of these regional syntheses are at variance with
widely accepted concepts, they have nevertheless the
merit of being based on several decades of work on
the ground and on the rocks by each of their authors.
A summary of Chinese geological studies of this vast
region appears in a subsequent section of this chapter.

Much Pre-Cambrian rock is present in the Qinghai
Xizang (Tibet)-northern India region (Figure II1-6). The
largest massifs occur in the Himalaya, the tectonized
northern margin of the Indian shield. K-Ar dates from
the Himalaya range from 2200 to 640 Ma (Chang and
Pan, 1984). Within Xizang (Tibet) Autonomous Region,
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the Lhasa block (Figure I11-6) includes the Gangdise
Pre-Cambrian in the west and the Nyainqentanglha Pre
Cambrian in the center and east. One Pre-Cambrian
block in the latter region is approximately 200 km long
and 70 km wide. Farther north in the Qiangtang block,
north of the Bangong-Nu Jiang fault zone (Figure III
5), Pre-Cambrian schist is present, particularly in the
western part of the block. Chen Guoda (I984b) stated
that the pre-Cambrian of Xizang appears to have been
metamorphosed and consolidated during the Xingkaian

orogeny (Table III-I), and Yang Weiran et al. (1984)
show large Pre-Cambrian continental areas within the
Qinghai-Xizang geologic province (Figure III-3). In both
the Lhasa and Qiangtang blocks, shallow-water lower
Paleozoic marine strata blanket the Pre-Cambrian meta
morphic and associated rocks (Chang et aI., 1977; Chang
and Pan, 1981, 1984; Wang Hongzhen, 1983; Huang
Jiqing et aI., 1987). In addition, the presence of Upper
Proterozoic and some Middle Proterozic rocks has been
established in other parts of the Qinghai-Xizang Plateau
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1. Helan Shan-Liupan Shan -
Longmen Shan-Hengduan Shan f .z.

2. Fen-Wei graben

3. Taihang Shan f.z.

4. Tan-Lu f.z.

5. Xianshui f.z.

6. Indus-Yarlung f.z.
7. Bangong Hu-Nujiang f.z.

8. Jinshajiang-Honghe f .z.

9. Altun f.z.

10. N. Oilian Shan-No Huaiyang-
Oin Ling f.z.

11. Xiao Shan-Zan Jiang f.z.

12. Cixi-Haifeng f.z.
13. Dongshan-Ji'an f .Z.

14. Nan'ao-Changluo f.z.

15. Mishan-Dunhua f .Z.

16. Yilan-Yiton f.z.

17. Da Hinggan Ling-Taihang Shan
Wuling Shan f.z.

and in western and central Yunnan Province (Liu et
aI., 1973; Wang and Qiao, 1984; Sun and Lu, 1985).

Preliminary reports on deformation fabrics observed
in the field indicate that the Pre-Cambrian outcrops are
of rocks that have been compressed tangentially toward
the east, but that have not been rotated into their present
positions from areas now occupied by India (Misch,
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1945a, 1945b, 1946). This conclusion is not based solely
on a few preliminary studies of deformational fabrics
measured in outcrops. It is based also on north-south
alignments of facies, in Pre-Cambrian and Early Cam
brian strata from Yunnan Province to Shanxi Province
around the eastern margin of the 'Xizang-Yunnan old
land' of China's geological literature (Chang Da, 1959;
Qian Yi, 1984). If the conclusion of non-rotation were
correct, it would have profound implications for the
tectonic history of southeastern Asia, because it would
mean that the Qinghai-Xizang and Yunnan-Burma
Malaysia arcuate orogenic belts are (I) of pre-Paleozoic
age and (2) owe their shapes to the already established
positions of the Yangzi paraplatform on the east, the
Tarim platform on the north, and the Indian platform
on the south, and not to collision of India with Asia.
No one would deny that the Qinghai-Xizang and Yunnan
foldbelts have been strongly compressed and therefore
may have undergone tangential shortening, but a 'col
lision' of India is not the only possible explanation for
shortening. Future studies of tectonic fabrics within Pre
Cambrian rocks of the fold belts thus will be of great
importance.

The Pre-Cambrian did not end abruptly in China.
As in many parts of the world, Pre-Cambrian events
are gradational with those of the early Paleozoic. Many
major structural features that affected China's Phane-

rozoic tectonic history were established during the Pre
Cambrian, including the large blocks of paraplatform
and platform, some geosynclinal trends, and several fault
zones, including the great east-west fracture zones (Fi
gures III-I and III-7). These have been studied by many
geologists in China (see L. Siguang, 1939, 1973; Huang
Jiqing, 1978, 1984a; Zha Songnian, 1984). According
to Huang Jiqing (1978), the most important is the
Kunlun-Qin Ling fracture zone. This broad trans-China
east-west trend includes the North Nan Shan-North Qin
Ling-North Huaiyang fault zone, the North Qaidam
South Qinghai Hu (Koko Nor)-North Qin Ling-North
Huaiyang fault zone, and the East Kunlun Shan-Qin
Ling fault zone (Figure III-7). The Kunlun-Qing Ling
trend, according to Huang Jiqing (1978) and Lu Defu
et al. (1983), separated (and still separates) northern
China from southern China. This is a fundamental,
deepseated structure whose importance cannot be over
emphasized (Huang Jiqing, 1978). All east-west zones,
according to Zha Songnian (1984), have been developing
for at least 1,800 to 1,700 million years.

Sinian-Early Paleozoic

The distribution of Sinian and younger geosynclinal
systems of island arcs foreshadowed closely the present
geological architecture of China (Figures 111-2 and III-
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3). Geosynclinal or orogenic belts not only modified
and reshaped the recently created Chinese protoplat
form, but also presaged (a) the creation of Pal-Asia
(Paleoasian or Pal-Asiatic domain of Huang Jiqing,
1978) and (b) initiation of the 'Caledonian' orogenic
cycle (Table III-I). In western and central China, the
geosynclinal systems trend east-west, paral1el with, and
in many cases nearly coincident with, older east-west
trends that evolved during the Pre-Cambrian. These east
west geosynclinal belts extended farther eastward during
the Pre-Cambrian than they did during the Mesozoic
and Cenozoic. Huang Jiqing (1978) therefore wrote that
north-south-directed stresses predominated in China
during the Paleozoic, to give rise to what he termed
the 'Pal-Asiatic Tectonic Domain.' The stress fields from
the Pacific Ocean basin affected a smal1er area than his
Domain, as did the stresses that created the Himalaya,
the latter stress direction being the same as that which
produced the Pal-Asiatic Tectonic Domain. It was not
until the Mesozoic and the Cenozoic Eras that the Pal
Asiatic stress field diminished in importance and the
Pacific ('Marginal-Pacific Tectonic Domain') and Hima
layan ('Tethys-Himalayan Tectonic Domain'; Figure III
7) stress fields predominated. The Phanerozoic thus may
be regarded as a time when north-sou.th stresses pred-

ominated during some 56% of its time (= Paleozoic)
and when north-south and east-west stress fields were
approximately equal during the remainder of its time
(44% = Meso-Cenozoic).

The process of consolidation of Pal-Asia, or the Pal
Asiatic continent, was accomplished through consoli
dation of the various eastern Asiatic cratons during the
Xingkaian, 'Caledonian,' and 'Variscan' orogenic cycles
(Table III-I; Figure IIl-7). The predominance of north
south-directed stresses enhanced already-existing east
west trends of China (Liu Hefu, 1984). In contrast,
stresses directed from the Pacific predominated only in
southeastern China, the Korean Peninsula, the Japanese
islands, and beneath today's continental shelves. The
resulting northeast to north-northeast trends (Cathay
sian to Neocathaysian) began to 'overprint' the older
east-west and north-south trends.

Geosynclinal complexes began to appear in different
parts of China around the margins of the Sino-Korean,
Tarim, Yangzi, and Indian platforms/paraplatforms.
Some of the geosynclines were folded and intruded by
granitic rocks for the last time during the Xingkaian
orogeny, named for the Xingkai Hu (Lake) area on the
frontier between Heilongjiang Province and Primorskiy
Kray (Primor'ye), U.S.S.R. The date of the Xingkaian
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Fig. I1I-S. Sketch of main Phanerozoic ophiolitic suites in China.
Shows accretionary growth pattern outward from Siberian and Sino
Korean-Tarim massifs.

orogeny, roughly between 600 and 500 Ma, implies
Middle Cambrian, and the event was widespread in Asia,
northern Europe, and parts of Australia and the Ame
ricas (Xingkaian orogeny corresponds with the Salairan
orogenic phase of the 'Caledonian' orogeny in the
U.S.S.R., and the Finnmarkian phase of the 'Caledonian'
orogeny in Norway). Baud et al. (1982) equated Xing
kaian orogeny with the terminal Pan-African event.
Some of China's geologists refer to it simply as the first
phase of the 'Caledonian' orogeny (see Table III-I).

Xingkaian geosynclines underlie the northern half of
the area inundated by the 'Central Asia-Mongolia Sea'
(Huang Jiqing, 1978), and they are characteristic of the
area north of the Derbugan deep fracture zone or the
Altay-North Mongolian-Argun geosynclinal fold system,
which was folded, thrust, and intruded during the
Xingkaian orogeny (Yang and Xie, 1954; Ren and Chen,
1989; Zhao Jian, 1989, Chang and Tang, 1989). After
that orogeny, only the area south of the Derbugan fault
zone persisted as a geosynclinal system - the Tian Shan
Da Hinggan Ling (Tianshan-Xinggan) geosynclinal sy
stem. Geosynclinal development in this region in fact
took place from north to south along the southern
margin of the Siberian platform and from south to north
along the northern margin of the Sino-Korean-Tarim
platform. Ophiolitic belts become younger outward from
both platforms (Xiao and Wang, 1984; Figure I1I-8).

One truly remarkable phenomenon of the Sino-Ko
rean platform during the Paleozoic is the total absence
of Upper Ordovician, Silurian, and Devonian deposits.
Such deposits are common elsewhere in China. In
general, the Middle Ordovician, everywhere a shallow
water shelf deposit, is overlain by continental coal
bearing Carboniferous and Permian rocks. The contact
is slightly unconformable to paraconformable.

Xingkaian and 'Caledonian' events are well developed
southeast of the Jiangnan Proterozoic orogenic belt, and
are closely associated with it. Products of these events

- eugeosynclinal sediments, metamorphics of several
grades, granitic bodies and migmatites - appear through
out South China and East China, from Hainan Island
in the south to Hangzhou Bay in the northeast (Figure
I1I-2; Pan Guoqiang, 1984). Guo Lingzhi et al. (1984)
reported radiometric dates from this region as follows:
600 Ma for the metamorphics; 500 to 460 Ma, 480 Ma,
and 477 Ma for three different bodies of migmatite.
Episodes of deformation (or of cycles) in this huge region
differed from area to area.

A Xingkaian geosyncline rimmed present-day China
along its southern margin in the modern Himalaya,
where Middle Cambrian granitic intrusives invade the
geosynclinal section (radiometric dates of 550 to 500
Ma; Gansser, 1964; Mehta, 1977; Fuchs, 1982; Baud
et aI., 1982). Baud et al. (1982) postulated that the Middle
Cambrian orogeny that tectonized the present Himalaya
correlated with a Pan-African event, a postulate which
they thought to be necessary because (I) they knew of
no correlative northern European event (apparently they
had not considered Norway or Asia) and (b) they noted
that the Middle Cambrian orogeny (550 to 500 Ma)
correlated with the terminal episode of the Pan-African
orogeny (Baud et aI., 1982, p. 184). Such postulates,
however, are quite unnecessary in view of the known
tectonic history of present conterminous Asia.

Xingkaian events, largely unreported along the south
western sides of the Yangzi paraplatform, may yet be
found to be widespread as investigations in the field
continue. The Proterozoic rock exposures of Yunnan
Province (Sun and Lu, 1985) may contain records of
Xingkaian orogeny similar to (and on strike with) the
Xingkaian events recorded far toward the northwest in
the Himalaya (Huang Jiqing et aI., 1987). Pre-Xingkaian
and Xingkaian events occurred also in the Japanese
islands (Matsumoto et aI., 1968; Shibata et aI., 1970;
Sugisaki et aI., 1972). No doubt similar events will be
found on the Qinghai-Xizang Plateau, where Ordovician,
Silurian, and Devonian rocks overlie the Pre-Cambrian
unconformably (Chang and Pan, 1981, 1984).

Post-Xingkaian orogeny of the 'Caledonian' cycle is
recorded in much of China, but is not as important
as 'Variscan' orogeny. Within the Tian Shan-Da Hinggan
geosynclinal system, two belts were intensely active, the
Altay and Beishan geosynclines and their extensions
(mainly in the U.S.S.R. and Mongolia) and the Kunlun
Shan-Qilian Shan (Nan Shan)-Qin Ling Geosyncline,
which was separated from the Xizang-Yunnan area by
the developing (or already-developed) Jinsha Jiang
Hong He (Red River) fault zone (Huang Jiqing, 1978).
The position of the Kunlun-Qilian-Qinling geosyncline
was controlled in large part by the Kunlun Shan-Qin
Ling deep fault zone. This geosyncline, once folded and
intruded, shifted southward to the belt of the North
Qaidam-South Qinghai Hu (Koko Nor)-North Qin Ling
North Huaiyang fault zone. The Altay geosyncline on
the north extended beneath part of the Junggar plat
form. In eastern China, the South China geosyncline
developed actively and repeatedly during the 'Cale-
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donian' orogenic cycle (Huang Jiqing, 1978). Most of
the rock associations that accumulated in the active
geosynclines are eugeosynclinal in facies.

The best-developed part of the Kunlun Shan-Qilian
Shan (Nan Shan)-Qin Ling geosyncline appears in the
Nan Shan (Qilian Shan). Development of the Nan Shan
(Qilian Shan) eugeosyncline is typical of the evolution
of Chinese mobile belts during the 'Caledonian' orogenic
cycle. The Nan Shan geosyncline thus is a polycyclic
one, with (I) several phases of magmatism, deposition,
and orogeny (Huang Jiqing, 1980, 1984) and (2) per
sistent southward migration from cycle to cycle (Wang
and Liu, 1976). At least four ophiolitic belts are mapped,
although because elements of these possibly were so
mewhat transported tectonically from one place to
another as thrust nappes, they are not everywhere in
place.

The Nan Shan (Qilian Shan) geosyncline developed
in five cycles. Cycle I, Sinian (s.s.), includes a moderate
development of ophiolites associated with large volumes
of spilitic basalt. Many of the basalts are tholeiitic, and
their effusions generally were followed by the deposition
of thick deep-water sequences, very few of which are
flysch deposits, unlike some subsequent cycles. At the
end of the Sinian, folding and granitic intrusion took
place. The early granitic plutons were syntectonic and
therefore concordant. Later plutons were discordant.
Cycle II developed in two stages. The first, subcYcie
II, belongs to the Middle Cambrian, and its geosynclinal
sequence was deposited after the Xingkaian orogeny.
Lower Cambrian is everywhere absent. The rock suites
are much the same as those of Cycle I, except that the
development of ophiolite is more advanced. In subcycle
112, Late Cambrian through Early Ordovician, devel
opment of ophiolite reached a maximum. Development
of flysch was ubiquitous. Granitic intrusions were larger,
better developed, and folding was stronger. Cycle III
rocks, Middle and Late Ordovician, indicate that the
orogenic cycle had passed its peak. Development of
ophiolite occurred mainly in the present South Nan Shan.
Flysch, however, is better developed, as were granitic
intrusive rocks and foldipg. Cycle IV, the last important
tectogenic phase, inc1'..des the entire Silurian. Adesitic
volcanism is important, and alternates with basaltic
episodes. Ophiolites are minor, but the flysch is the best
developed of all cycles. Folding and granitic intrusion
reached their peaks. Cycle V, post-tectogenic, consists
ofa Devonian and Carboniferous molassic phase (Huang
Jiqing, 1980) with only minor 'Variscan' geosynclinal
development. (Huang Jiqing, 1980, gave the time of
folding of the Kunlun-Qilian-Qin Ling system as end
Silurian; Chang and Pan, 1981, wrote that the Kunlun
Shan geosyncline was folded between Early Devonian
and Middle Devonian.)

Four prominent ophiolitic belts present in the Nan
Shan become younger southward. These are Sinian,
Middle Cambrian, and Early Ordovician. The ophiolitic
belts range in length from 600 to 1,000 km, and each
includes peridotite, harzburgite, tholeiite, spilitic basalt,

radiolarian chert, siliceous limestone, and graywacke.
All ophiolitic belts are reported by Wang and Liu (1976)
to be in the hanging walls of thrust sheets and nappes,
not in the footwalls. Belts of glaucophane schist are
prominent.

Another 'Caledonian' sequence occurs as the Qin Ling
series of troughs at the eastern end of the Kunlun Shan
Qilian Shan-Qin Ling geosyncline (Huang Jiqing,
1984a). The southern Qin Ling-northern Daba Shan,
eugeosynclinal, is characterized by mafic and interme
diate intrusive bodies with abundant andesitic extrusives
in the Silurian. On the north, the main or central Qin
Ling is underlain by thick miogeosynclinal carbonates,
Paleozoic through Triassic. Many 'Variscan' granitic
intrusions are present, especially farther north in the
northern miogeosynclinal Qin Ling.

Late Paleozoic

Most geosynclinal development (almost all of it eugeo
synclinal) in western and central China began after the
orogeny, that is, in the Cambrian. Ordovician and
Silurian volcanic and sedimentary accumulations, folded
and intruded one or more times during the 'Caledonian'
cycle, were succeeded by 'Variscan' sequences and oro
geny. Within the Tian Shan-Da Hinggan geosynclinal
system, the following eugeosynclines formed (the only
exception being a miogeosynclinal sequence in the south
ern part of the Tian Shan geosyncline): Altay geosyn
cline, whose development continued well into the 'Va
riscan' cycle; Junggar belt, which persisted locally into
the Carboniferous; Tian Shan geosyncline, eugeosyncli
nal in the north, miogeosynclinal in the south; Nei
Monggol-Da Hinggan Ling geosyncline, including the
Beishan trough; and Jilin-Heilongjiang geosyncline. Wi
thin several geosynclines, eugeosynclinal conditions
changed to miogeosynclinal. In the Kunlun-Qilian-Qin
Ling geosynclinal system, the geological history of the
Qilian Shan (Nan Shan) has appeared in the preceding
section. On trend toward the west and toward the east
respectively, the Kunlun Shan and Qin Ling troughs,
unlike the intervening Qilian Shan (Nan Shan) trough,
developed only after the Xingkaian orogeny. The ter
mination of cyclical geosynclinal development within this
trough system also differed, with the Nan Shan cycles
completed at the end of 'Caledonian' pulses and the
other segments during 'Variscan' pulses. The southward
shift of orogenic activities with the belts is typified best,
perhaps, in the Qilian-Nan Shan system, which had
shifted to the northern edge of the present Qaidam basin
by the end of 'Caledonian' pulses and to the southern
edge of the basin (in the eastern Kunlun Shan trough)
during 'Variscan' pulses. The Kunlun Shan trough was
deformed for the first time during the 'Caledonian' cycle,
but also was deformed during the last part of the Early
Devonian, and several times during the 'Variscan' cycle
(Huang Jiqing, 1978, 1984a; Chang and Pan, 1981, 1984).
The maximum time of development of several major
geosynclines took place during the Devonian and Car-



boniferous as, for example, in the Tian Shan, Junggar,
Altay, and Kunlun (Huang and Wang, 1984). In the
Kunlun Shan, up to 10,000 m of Carboniferous alone
reportedly has been measured. In contrast, the Qin Ling
deformation lasted an even longer time, with the last
- miogeosynclinal - stage of the Qin Ling trough
extending into the Mesozoic, deformed by Indosinian
orogeny (Huang Jiqing, 1978).

We should note that deformation of all these east
west ranges of Northwest China, North China, and
Northeast China did not cease with the close of the
geosynclinal histories of each. Indosinian, Yanshanian,
and Himalayan compressive episodes continued through
the post-orogenic history into what Chen Guoda (1984b)
has called the 'diwa' stage, with cycles of compression
and uplift that continue even today (Table III-I).

Other geosynclinal belts, both eugeosynclinal and
miogeosynclinal, lay parallel with and south of the
Northwest China orogenic belts. At the western end of
the Lhasa foldbelt, or block, at Rutog (Figure III-6),
deep-water turbidites recently were discovered - repor
tedly 3,500 m thick - with Late Carboniferous and Early
Permian faunas (Hu Changming, 1984). Eugeosynclinal
zones in Southwest China lie in southern Qinghai Pro
vince, southeastern Xizang (Tibet) Autonomous Region,
and western Yunnan Province. From northeast to south
west they include the Burhan Budai Shan-A'nyemaqen
Shan geosyncline (Burkhan Buddha Shan-Amne Machin
Shan), the Jinsha Jiang (Jinsha River) eugeosynclinal
belt in the western part of the Songpan-Garze fold
belt, and the Sanjiang foldbelt or eugeosyncline (Fig
ures III-2, III-3 and III-6). The Burhan Budai Shan
A'nyemaqen Shan occur in the southern part of the
Kunlun Shan-Qin Ling geosynclinal system, a large part
of which, during the 'Variscan' orogenic cycle, was
miogeosynclinal, with the Burhan Budai Shan-A'nyema
qen Shan as a notable exception (Huang Jiqing, 1978).
The 'Variscan' eugeosynclinal facies of the Jinsha Jiang
formed along the boundary between the Songpan-Garze
and Sanjiang geosynclines, closely associated with the
Jinsha Jiang-Hong He (Red River) deep fault zone.
(Figures III-2, III-3, III-6, and III-7). This deep fault
zone is attributed generally to Indosinian, or Mesozoic,
events, but its movement began during the late Paleo
zoic or earlier. The Jinsha Jiang eugeosynclinal facies
is associated with Permian and Triassic ophiolites (Chang
and Pan, 1984). It is true, however, that much of the
orogenic history of the Songpan-Garze and Sanjiang
geosynclinal belts is Indosinian and younger. In other
parts of China, ophiolitic belts become younger away
from the shield or platform elements, and this area is
no exception (Xiao and Wang, 1984; Figure III-8). The
little that is known regarding Paleozoic and' younger
events in these mobile belts was summarized succinct
ly by Huang Jiqing (1978), Huang Jiqing et a\. (1980,
1987), Chang and Pan (1981, 1984), and Zhang Qi et
a\. (1989).

The only other 'Variscan' belt that has been described
from the mainland is the Southeast Maritime geosyncline
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which extends from Hainan Island along coastal East
China (Figures III-2 and III-3). This geosyncline is offset
southeastward and eastward from the older South China
'Variscan' geosyncline. More 'Variscan' events undoub
tedly remain to be discovered on the mainland of China
as geologic investigations proceed.

On Taiwan, Yen (1953) and Ho (1967a, 1967b) des
cribed Permian and possibly Carboniferous meta-lime
stones with fusulinids and other late Paleozoic fossils.
These are associated with 'Variscan' ophiolites, eugeo
synclinal sediments, cherts, and glaucophane schists. An
ophiolite-bearing sequence of similar age is known from
the southern Ryukyu island arc (Hanzawa, 1932, 1933;
Foster, 1965; Ishibashi, 1969; Kizaki, 1986). Fusulinid
bearing meta-limestone is present in the ophiolitic
eugeosynclinal sequence. The same belt, or a closely
similar belt, extends through the Philippine island arc
and beyond (Gervasio, 1967; Holloway, 1982; Guo
Lingzhi et a\., 1984). Folding and mild metamorphism
affected the entire region during a major 'Variscan'
orogeny at the close of the Permian. The presence of
more than one parallel or subparallel eugeosynclinal
sequence along the later Paleozoic Pacific margin has
not been discussed before in regional tectonic histories.

Huang Jiqing (1980) has described the complex history
of a 'typical' geosyncline that developed during the
middle and late parts of the 'Caledonian' orogenic pulses
and the younger 'Variscan' orogenic cycle, and a few
of the troughs that remained active until well into the
Mesozoic Indosinian cycle (Table III-I). In China, the
formation of these geosynclines began with the end of
the Xingkaian orogeny: (in the U.S.S.R., the history of
the Tian Shan geosyncline began in late Riphean time,
unlike China; Kravchenko, 1979). During the Ordovician
and the Silurian, deep and rapidly subsiding troughs
developed, partly filled with thick flysch-like and other
geosynclinal deposits and volcanics, many of them
submarine. Ophiolitic suites with mafic to ultramafic
intrusions are abundant, together with associated ra
diolarites. The western Junggar orogenic belt contains
a particularly well-developed ophiolitic suite (Huang
Jiqing, 1978). Huang Jiqing (1980) described develop
ment of the polyphase, multicycle Tian Shan geosyncline
briefly (the northern or eugeosynclinal part), and we
present here a summary of his description (Huang Jiqing,
1978, 1984a).

Cycle I, middle and late 'Caledonian' succeeded the
Xingkaian orogeny, accompanied by extrusions of large
masses of andesite and andesitic tuff, especially in the
U.S.S.R. portion of the geosyncline. Late Silurian folding
was accompanied by syntectonic and post-tectonic in
trusion of plagiogranites, especially albite granites. Cycle
II, early 'Variscan,' encompasses Devonian time. An
desite, geosynclinal and flysch-like sediments, and mafic/
ultramafic rock associations are abundant. The sequence
was folded and intruded by plagioclase (especially albite)
granites. Cycle III, the middle 'Variscan,' took place
during the Carboniferous. During this period, three
stages of andesite and associated geosynclinal deposits
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Fig. 111-9. Map showing approximate depth to Mohorovicic discontinuity in China. Depth contours in kilometers.

accumulated, including one sequence of thick flysch-like
sediments, two stages of mafic and ultramafic intrusion,
and three stages of folding and intrusion, this time by
more normal granitic rocks. Cycle IV, of the Permian, was
accompanied by the accumulation of thick geosynclinal
deposits, two stages of andesite and andesite-basalt out
pouring, one flysch episode, two foldings, and the intru
sion of potassic granite, alaskite, and some syenite. The
andesite is perialkalic. After the final 'Variscan' paroxysm
at the end of Permian time, Triassic post-geosynclinal
molasse deposition set in, accompanied by uplift.

In this way the Pal-Asia continent or tectonic domain
(Figure 1II-7) was thoroughly consolidated. Because
consolidation took place in the north earlier than in
the south, extensive swampy lowlands were able to
spread across present Northeast China and North China.
Thick coal measures developed on these lowlands during
different intervals of the Carboniferous and the Permian.
Marine waters almost vanished from northern China,
and retreated to present Southwest China, Central-South
China, and East China, with one small marine embay
ment along the northern flank of the present A'nyemaqen
Shan in central Qinghai Province. By the end of the
Permian, marine waters, with rare exceptions, had re
treated from all of China except part of Southwest China

(Wang and Liu, 1980; Cui Kexin, 1984; see Table III
1), and the first of the great inland intermontane basins
(e.g. Junggar) had begun to form (Zhu Xia, 1984;
Kamen-Kaye et al., 1988).

Mesozoic-Cenozoic

Introduction

The Mesozoic was a time of profound tectonic changes
in China, changes that became more marked during the
Cenozoic (Huang Jiqing, 1978, 1984a; Chen Guoda,
1984b; Liu Hefu, 1984). During the Mesozoic, this
complex of geosynclines, deep fracture zones, and plat
forms was divided into two fundamentally different areas
separated by a north-south transition zone 650 km to
720 km wide. The western zone occupied all of China
west of a line of structure striking North-South to N 10°
E. These include the present Helan Shan, Liupan Shan,
and Longmen Shan (Figures III-5, III-7, III-9, and III
10). The eastern zone occupied all of China east of a
N 10° E-striking zone that includes, from north to south,
the Da Hinggan Ling (Great Khingan, Kin'gan), Taihang
Shan, and Wuling Shan. This is the trend that Li Siguang
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(1. S. Lee, 1939) called the Da Hinggan-Shanxi-Guizhou
anticlinorium. Both the Helan-Liuping-Longmen trend
and the Da Hinggan-Taihang-Wuling trend are marked
today by a sharp change in the depth to the Mohorovicic
discontinuity (Figure III-9) and by a steep gravity
gradient (Figure III-IO). These two N 10° E trends are
considered to be quite old by Huang Jiqing (1978), but
their true age(s) cannot be established except inferen
tially.

The western or Xiyu zone (Xi =west) was characterized
by strong east-west structural trends, decreasing geo
synclinal activity, north-south compression, uplift of the
former geosynclines and mobile belts, creation of large
continental, intermontane basins with triangular, rhom
boid, and polygonal shapes, and marked strike-slip
faulting. The eastern or Cathaysian zone was overprinted
by northeast and north-northeast trending strike-slip and
normal faults, compressional and tensile horst-and
graben structures (many geologists in China liken its
structural development to that of the American Great
Basin), continental volcanism and sedimentation asso
ciated with the fault trends, and the intrusion of major
batholiths that trend northeast and north-northeast. The
predominantly north-northeast trends of Meso-Cenozoic

age are termed 'Neocathaysian.' Many large and im
portant ore-bearing granitic bodies intruded existing
rock where the Pre-Cambrian and Paleozoic east-west
trends intersect the Neocathaysian fault trends. The
transition zone between east and west includes the
structurally dismembered interior continental basins of
eastern Mongolia and a part of Nei Monggol Autono
mous Region, the rectangularly-shaped Eerduos basin,
and the rhomboidal-shaped Sichuan basin.

Mesozoic-Cenozoic geosynclinal and orogenic activi
ties customarily are divided into three principal cycles,
the Indosinian, the Yanshanian, and the Himalayan
(Table III-I). Geosynclines of the Indosinian cycle
persisted locally in North China and Northwest China,
as in the Qin Ling. Most Indosinian geosynclinal activity
took place in present Xizang (Tibet) Autonomous Re
gion, Qinghai Province, and Yunnan Province. The
former 'Variscan' Southeast Maritime geosyncline shif
ted farther southeast and east, with a new mobile zone
very active from the Litian-Jinsha Jiang-Hong He (Red
River) fault zone northeastward through the modern
Taiwan Strait and Taiwan, thence beneath the present
shelf area of the East China Sea to Japan. We term
this mobile belt the 'China Sea geosynclinal belt,' mainly
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a Yanshanian feature. Figure III-II, from Ren Jishun
(1984), presents a paleotectonic map of China after
Indosinian orogeny. In addition to the active mobile
belts, the map shows the marked and considerable extent
of reactivization of old mobile belts in Northeast China,
East China, and Central-South China.

During the Yanshanian orogenic cycle (Table III-I),
the geosynclinal activity of the Xizang-Qinghai-Yunnan
area shifted toward India, while the China Sea geosyn
clinal system shifted slightly toward the Pacific. Yans
hanian orogenic activity affected the Nadanhada Ling,
a southeast limb of the U.S.S.R.'s Sikhote-Alin geosyn
cline (Meyerhoff, 1981), and the Upper Heilongjiang
miogeosynclinal foldbelt was deformed (this is a part
of the Mongol-Okhotsk foldbelt; Meyerhoff, 1981). All
geosynclinal activity ceased in the remainder of interior
China, although processes of activization were intense
in former mobile belts. Subsequent Himalayan activity
was even more restricted in terms of geosynclinal de
velopment, with the only important geosyncline devel
oped between Taiwan and Japan beneath the present
Taiwan-Sinzi foldbelt.

The differentiation of China into highly distinctive
structural/tectonic provinces increased during the Yans
hanian and Himalayan orogenic cycles. Both western
China and Cathaysian China continued to be distinct,

but with some significant changes. Intense north-south
directed compression continued to activise western and
central China as it had done since earliest geological
history (Figures III-I and III-4). The sites of former
Xingkaian (and older), 'Caledonian,' 'Variscan,' and
Indosinian mobile belts were folded and refolded, with
enormous uplifts taking place in parts of every former
geosyncline, possibly as a result of movements that Chen
Guoda (1984b) called 'diwa' tectonism. Southwestern
China became distinct from the remainder of China as
the many parallel and subparallel mobile belts of that
region were subjected to compression laterally and to
repeated episodes of southward thrusting, particularly
during the last stages of Himalayan orogeny. Of great
significance is the circumstance that the Xizang-Qinghai
Yunnan geosynclinal system and subsequent foldbelts
do not extend east of the Helan Shan-Liupan Shan
Longmen Shan 'line' (Figure III-7, III-9, and III-IO),
which also marks the southwestern margin of the Yangzi
paraplatform. In addition, folding and large-scale over
thrusts were directed from west to east against the Yangzi
paraplatform (Misch, 1945a, 1945b, 1946; Chang Da,
1959). In contrast, the thrusts of the Qinghai-Xizang
(Tibet) Plateau were directed southward toward the
Indian shield.

The Xizang-Qinghai-Yunnan thrust zone thus stands



apart and distinct from the remainder of western China
where the rocks of east-west trends were compressed
and uplifted vertically. The clear distinction between
these two parts of western China was emphasized even
more when, during the last two million years of geologic
time, the present plateau and mountain region took form
by an uplift of about 3,500 to 4,000 m (Li Ji-jun et
aI., 1981).

In eastern or Cathaysian-Neocathaysian China, com
pressional grabens continued to form, together with ten
sional grabens (Huang Jiqing, 1978, 1984a). Many strike
slip faults became graben boundaries. Thrust faults,
directed mostly toward the east but some toward the
west, formed along and near these faults (Zhu Zhicheng
et aI., 1982). Many of these thrust features may be parts
of 'flower structures' (Harding and Lowell, 1979) or of
'kobergen structure' (Taner and Meyerhoff, 1990; Meyer
hoff et aI., 1991). In general, graben development be
comes younger eastward, with Jurassic and Cretaceous
grabens on the west, Cretaceous and Tertiary grabens
farther east, Tertiary grabens, mainly Eocene to Miocene,
in the coastal zone and offshore, and mainly Neogene
basins along and east of the continental shelf. There are,
however, many exceptions (e.g. the grabens of Wei He,
Feng He, and Hetao). These basins developed in a com
pressional stress field exemplified by the strongly folded
China Sea geosynclinal belt, exposed on Taiwan and pre
sent beneath the Taiwan-Sinzi foldbelt (Figure III-2 and
111-3). Another compressional system was present in the
Ryukyus, a point disputed by some (e.g. Letouzey and
Kimura, 1985), and in the Philippines (Gervasio, 1967).

Two tectonic provinces thus characterize the area of
eastern China, and probably have done so since the
beginning of the Mesozoic. These two provinces are:
(I) a notably broad zone of horst-and-graben structure,
part compressional, part tensile; and (2) compressional
island-are-related systems along and just east of existing
continental margins. The Eerduous-Sichuan transition
zone remained unchanged except for increasing uplift
of the former foldbelts within them.

The Mesozoic-Cenozoic in China could, therefore, be
regarded as the time when the dominance of the Pal
Asiatic tectonic domain gave way to the dominance of
the Tethys-Himalayan and Marginal-Pacific tectonic
domains (Huang Jiqing, 1978, 1984a). The extent of these
domains after Paleozoic time, as interpreted by Huang
Jiqing (1978), is shown on Figure III-7. Huang Jiqing
regards the Pal-Asiatic domain as coming to an end
with the close of the Paleozoic, only to be supplanted,
during later time, by the new Marginal-Pacific and
Tethys-Himalayan domains. We take quite a different
view. In our opinion, China's tectonic history during
the Phanerozoic is one of complex interaction between
an approximately north-south-directed stress field and
an approximately east-west-directed stress field. During
the Paleozoic, the north-south stress field dominated,
and resulting east-west trends were even more wide
spread (into eastern China) than is obvious today. A
Marginal-Pacific domain in fact existed, however, during
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Paleozoic time, as is proved by the orientation of the
fold and fault axes of fold belts of the South China and
Southeastern maritime areas, and by the north-south
Paleozoic structures of Taiwan, the Philippines, the
Ryukyus, and the Japanese arc (Wan Tianfeng, 1989).
Then, during the Mesozoic and the Cenozoic, the
strength of the north-south stress field diminished, and
the area of the Pal-Asiatic tectonic domain decreased,
while that of the Marginal-Pacific domain increased.
From this it should be clear that we regard the Tethys
Himalayan domain as a continuation of the Pal-Asiatic
domain, and that we believe that the term 'Tethys
Himalayan' should be dropped.

The reasons for reduction of area of the Pal-Asiatic
domain are, in our opinion, directly related to the
decreasing compressibility of western China between the
Siberian, Tarim, and Indian platform massifs, and to
the construction and rise of the lithosphere beneath the
Qinghai-Xizang Plateau.

From the historical viewpoint, we should mention that
the ideas proposed here by us were implied in some
of the writings of Li Siguang (e.g. J. S. Lee, 1939). He
proposed to call the area affected by northeast-southwest
trends 'Cathaysia,' a name which he attributed to A.
W. Grabau (J. S. Lee, 1939, p. 211). Li Siguang sub
divided Cathaysian history into three stages of differing
areal extents: (I) Paleocathaysia (Sinian-Paleozoic, p.
211-218), (2) Mesocathaysia (early Mesozoic, p. 218-220),
and (3) Neocathaysia (Cretaeceous and younger, p. 220
227).

Indosinian Orogenic Cycle

This cycle (Table III-I) covered a period of transition
from the dominant north-south-directed stress system
of the Paleozoic time to the more balanced distribution
between north-south and east-west stress fields that
dominated the Mesozoic and the Cenozoic. This cycle
also covered the time when the last of the great east
west-geosynclines of western and central China com
pleted their development, to be replaced during the
Mesozoic and the Cenozoic by geological histories of
vertical uplift, high-angle thrusting, considerable
amounts of folding, and regmagenesis (wrench faulting)
(Figures III-2 and III-3). Huang Jiqing (1984b) expres
sed the opinion that Indosinian orogeny in China re
flected Gondwanan events.

The major geosynclinal belt to be affected was the
Kunlun Shan-Qin-Ling system, where miogeosynclinal
conditions became much more general than during
earlier times, although some eugeosynclinal conditions
existed (Xiao and Wang, 1984), as shown in part on
Figure III-8. The principal sectors of the Kunlun-Qin
Ling system that underwent geosynclinal deposition,
cyclical or episodic folding, and magmatic intrusion,
were the central Kunlun Shan-Bayan Har Shan, southern
Qilian Shan area, and the Qin Ling trough. The southern
Qilian area includes the southern Qinghai Hu (south
Koko Nor) and the A'nyemaqen troughs. Miogeosyn-
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clinal deposition predominated (Huang Jiqing, 1978,
1984a; Cui Kexin, 1984). The last deformations took
place during the Middle and Late Triassic. On the west,
in the Soviet Union, the Kunlun Shan geosynclinal
trough (North Pamir) underwent the same history as
it did in China, with a final late Indosinian orogeny
(Kravchenko, 1979; Stocklin, 1980).

Elsewhere in western China, geosynclinal activity
continued in Xizang (Tibet) Autonomous Region, south
western Qinghai Province, and Yunnan Province west
of the Yangzi paraplatform. One of the most powerful
orogenies to affect the Qinghai-Xizang Plateau deformed
the Qiangtang block late in the Triassic (Chang and Pan,
1981, 1984). We discuss the tectonic development of
Southwest China in a separate section.

An important point to emphasize is a total absence
of evidence for the existence of a Paleotethyan Ocean,
as is required in some plate-tectonic reconstructions. This
evidence now appears conclusive to many important
geologists and, as Stocklin (1981, 1984) and Helmcke
(1985) have warned geologists and geophysicists alike,
is ' ... too persistent, too alarming to be disregarded, any
longer, or to be explained away by subduction' (Stocklin,
1984, p. 76; see also Gansser, 1981).

The Helan Shan-Liupan Shan-Longmen Shan 'line'
(Figures III-9 and III-lO) was in existence before the
onset of Indosinian orogeny. Liu Hefu (1984) wrote that
this structural trend came into existence after the 'Va
riscan' cycle and before the Yanshanian cycle. In our
opinion, it was associated almost certainly with a struc
tural/topographic feature of some kind well before the
Sinian, because many Proterozoic and Phanerozoic
groups of lithofacies and biofacies are influenced by a
north-south feature that coincides with the present trend
of Helan Shan-Liupan Shan-Longmen Shan (e.g. Qian
Li, 1984; Zhang and Wu, 1985). Field studies which have
shown that the fractures are inherited from pre-existing
basement structures (Zhang and Wu, 1985), suggest to
us that this north-south feature probably is pre-Sinian.
The distribution of facies within the geosynclinal realms
of western Yunnan Province, southwestern Qinghai
Province, and Xizang (Tibet) Autonomous Region furt
her demonstrates the presence of a barrier along the
Helan Shan-Longmen Shan 'line.' The large amount of
Indosinian tectonism along this 'line' (e.g. Longmen
Shan trough) is further evidence of the importance of
this structural zone early in Phanerozoic history.

Several of China's large petroleum-bearing, post
orogenic basins began to take shape late in the 'Variscan'
cycle and early in the Indosinian cycle. These include
the Junggar, Turpan, Tarim, and Eerduos basins (Cui
Kexin, 1984). Geosynclinal troughs that had completed
their development during the 'Caledonian' and 'Varis
can' cycles underwent gentle to strong activization during
the Indosinian cycle.

In eastern China, activization also predominated, most
particularly on the Yangzi paraplatform, where old
foldbelts were rejuvenated to some extent, uplifted,
refolded, and intruded locally by silicic to intermediate

magmas. In the present offshore area, events on Taiwan
are not clear, but a well-defined Indosinian geosynclinal/
orogenic cycle affected the development of the Ryukyus
(Ishibashi, 1969) and the Philippines (Gervasio, 1967;
Holloway, 1982). Indosinian granitic intrusive rocks are
ore-bearing in many areas of southeastern Asia, but seem
to have been more important during this tectonic cycle
in Malaysia and Indonesia than in China (Hutchinson,
1983). Ren Jishun (1984) notes some mineralization
during Indosinian magmatism, and the occurrence of
some folding of the China Sea geosynclinal belt.

Withdrawal of marine waters from present day China
began during the late Palezoic. Withdrawal was all but
complete by the end of the Triassic and by completion
of the Indosinian cycle. Major marine incursions hence
forth are found only under the present continental shelf
and in Southwest China.

Yanshanian Orogenic Cycle

Continued compression, regmagenesis, and uplift during
this cycle characterized both western China and the
transition zone between itself and eastern China. Sub
siding basins between rising mountain ranges developed
foredeeps adjacent to those ranges, and a continuing
compression produced repeated episodes of folding and
faulting within the foredeeps (Huang Jiqing, 1978, 1984a;
Liu Hefu, 1984). Compared with eastern China, Yans
hanian orogenesis to the west was fairly mild (Liu Hefu,
1984).

In eastern China, regmagenesis, refolding, and uplift
of'Caledonian,' 'Variscan,' and Indosinian foldbelts also
took place. Regmagenesis was much more intense, how
ever, with a complex system of Neocathaysian faults
developing along pre-existing lines of weakness them
selves developed along Indosinian, Paleozoic, Xing
kaian, and older orogenic trends. The northeast-trending
and north-northeast-trending Neocathaysian faults in
clude numerous wrench faults, parallel and associated
with normal faults. Horst-and graben structure is per
vasive. Old foldbelts, as elsewhere in China, were uplif
ted, refolded, and faulted. Unlike western and central
China, however, important continental volcanism ac
companied wrench faulting and graben formation. An
desitic to rhyolitic volcanic rocks, especially common,
are associated with redbeds and lacustrine strata.

Horst-and-graben structures, and half-graben struc
tures, Jurassic and younger, occur mainly east of the
Da Hinggan Ling-Taihang Shan-Wuling Shan 'line'
(Figures III-9 and III-lO), but there are additional
structures (e.g. Hailar, Erlian, Hetao-Yinchuan, Fen-Wei
and Baise) west of this 'line.' These later tensional basins
lie between the Da Hinggan Ling-Taihang Shan-Wuling
Shan 'line' and the Helan Shan-Liupan Shan-Longmen
Shan 'line' (Figures III-9 and III-lO). Huang Jiqing
(1978) wrote that the gravity gradient associated with
the Da Hinggan Ling-Taihang Shan-Wuling Shan 'line'
is post-late Mesozoic, while Wang and Quan (1984)
favored a Late Triassic date. We suspect that the structure



beneath the 'line' is related to a fault zone (or fault
zones) much older than Late Triassic. Because the Wuling
Shan segment is the site of a Proterozoic deep fault zone
along the Jiangnan massif, itself reactivated during the
Mesozoic in a tensional stress field.

Two geosynclinal systems penetrate slightly into
eastern onshore China, one into northwest Heilongjiang
Province from Mongolia and the other into southeastern
Heilongjiang Province from the U.S.S.R. The former
is related to the Mongol-Okhotsk geosynclinal complex;
the latter forms part of the Sikhote-Alin geosyncline.
Both date to the early Palezoic and/or the late Pre
Cambrian (Meyerhoff, 1981), and both were folded
during the Yanshanian cycle.

In the present offshore region off eastern China, the
geosynclinal belt of the China Sea developed. In Taiwan,
Cretaceous eugeosynclinal rocks lie unconformably on
tectonized Permian and older sequences (Yen, 1953; Ho,
1967a, 1967b; T. C. Huang, 1978). Known Cretaceous
on the island includes Neocomian (?), Aptian, and
younger rocks (T. C. Huang, 1978). Late Paleocene and
younger strata are known below the Miocene, all in
eugeosynclinal facies (T. C. Huang, 1977, 1979, 1980;
Huang and Chi, 1979; Ting, 1979). Unconformities
undoubtedly are present in Lower Cretaceous, Upper
Cretaceous, and Paleogene sequences, and continuous
exposures have not been observed on the surface or their
equivalents penetrated in wells. The eugeosynclinal facies
does underlie the entire western and central parts of
the island, as far as is known. On the coastal plain,
Miocene overlies Paleocene and Lower Cretaceous di
rectly (T. C. Huang, 1978; Huang and Chi, 1979; Ting,
1979). In the coastal ranges, one granitic pluton, 86 Ma
(Santonian-Campanian) was reported by Chai (1972).
Thus the Yanshanian orogenic cycle is well represented
on Taiwan, and at least two phases of orogeny are
inferred. The Taiwan orogenic belt extends northeas
tward to Japan beneath the present East China Sea shelf.

Cretaceous rocks are unknown from the Ryukyus
(Kizaki, 1986), where late Eocene overlies older rocks
with a pronounced angular unconformity (Letouzey and
Kimura, 1985). The Cretaceous, and the Yanshanian
cycle, are well represented in parts of the Philippines
where at least three orogenic episodes have been recorded
(Gervasio, 1967; Holloway, 1982).

From the very beginning of the Yanshanian cycle,
China consisted of at least five distinct structural pro
vinces: the Qinghai-Xizang geosynclinal province; the
Northwest China area of reactivated foldbelts; the Eer
duos-Sichuan 'transition' zone, the eastern horst-and
graben province; and the Taiwan-Japan eugeosynclinal
province. A possible second northward extension to
Japan via the submerged parts of the Ryukyus is likely.
South of Taiwan, two eugeosynclinal branches have been
established. The first passes through the Philippines
(Gervasio, 1967). The second continues offshore to the
Lilian-Jinsha Jiang-Hong He (Red River) fault zone
southwest of Taiwan and Hainan. Wells drilled offshore
from China in the South China Sea have, in a few
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localities, reached granites which in order of drilling
yielded K-Ar dates ranging from 49 Ma to 92 Ma (early
Miocene to Turonian; Zu Dowei, April 1984, oral com
mun; Huang and Chen, 1987, p. 81).

The Yanshanian orogenic cycle encompasses one of
China's most important epochs of ore genesis. The great
deposits of tin, tungsten, and related minerals of granites
in eastern China (lower Yangzi, Nan Ling, etc.) formed
during this cycle.

Of the five structural provinces named above, we
discuss two in more detail after we present our summary
of events· in the main Himalayan orogenic cycle.

Himalayan Orogenic Cycle

The Himalayan orogeny, as the name indicates, is most
prominent in Southwest China (Huang Jiqing, 1984a;
Liu Hefu, 1984; Table III-I). In Northwest China and
North China, folding, faulting, uplift, and regmagenesis
continued. Most crustal shortening took place by folding
and faulting in the foredeeps of the great interior basins
as the towering ranges of Central Asia reached record
elevations. Thrusts involving Pleistocene and even Re
cent sediments along the margins of the interior basins
are common place. In Southwest China, tectonic events
took place that terminated in the uplift of the Qinghai
Xizang Plateau.

In eastern China, new faults of Cathaysian trend
appeared. Uplift, regmagenesis, and related deformation
affected pre-existing Phanerozoic foldbelts. Old horsts
and-grabens, which had formed during the Jurassic and
the Cretaceous, were rejuvenated; some underwent at
least one new cycle of faulting and related deposition.
The horst-and-graben development spread eastward,
with progressively younger fault basins developing to
ward the South China Sea and the East China Sea. Very
few exceptions to this statement are known, the most
notable being the late Tertiary Shenxi (Wei-Fen) graben
system (Liu Hefu, 1984; Zhang and Zhang, 1984).
Tapponnier and Molnar (1977) related this graben system
to tension resulting from sinistral movements on major
east-west shears. In some of the older graben basins,
such as the Songliao, orogenic activity had ceased before
the onset of the Himalayan orogenic cycle. In almost
all onshore basins and in many offshore basins, the last
important episode of normal faulting took place by late
Oligocene to early Miocene. Important normal faulting
during and after the Miocene was restricted to the
eastern most basins. Very few exceptions to this sta
tement are known, the most notable being the Tertiary
Quaternary Wei-Fen and Helao-Yinchuan graben sy
stems. Important fissure eruptions took place in eastern
China during the Cenozoic, with formation of a few
large volcanoes along the present border with Korea
et al., 1938). Folding and thrusting created the Taiwan
Sinzi foldbelt at least from southeastern Taiwan to the
Japanese islands. Compression continued on eastern and
central Taiwan, where thrust faulting and great gravity
glide phenomena continue today. Attempts to explain
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the origins of the Philippine Sea and the Okinawa Trough
in terms of regional tectonics have been mechanically
unsuccessful. Investigators attribute the Okinawa
Trough to 'backarc spreading' (Hilde et aI., 1977; Her
man et aI., 1979; Letouzey and Kimura, 1985) behind
a compression ('subduction') zone, two phenomena that
physically are quite incompatible where they act upon
the same body. An alternate mechanism is the topic
of a subsequent section.

The Himalayan orogenic cycle continues to the present
day. Deformation continues within the eastern China
basins, although on a much reduced scale. Many deep
fracture zones still are active (Figure 111-5). The island
arcs and the island of Taiwan are markedly mobile
tectogenic belts. The Himalayan-Tibetan region stands
out as one of the more spectacular orogenic systems
in the world. In the next few sections, we consider several
aspects of the active tectonics of China and of its tectonic
regions.

Fracture Systems

Liu Defu et al. (1983) used Landsat images to prepare
a map (Figure I1I-12) of the 'lineaments' of China. China
is one of those unusual regions where most lineaments

possess real structural (and not imaginary) significance,
as defined by Wise (1982) and Wheeler and Wise (1983).
Comparison of Figure I1I-12 with Figures III-I thru
I1I-7, and with Figure III-II, shows the profound
influence of deep faults on the structural history of China.

Liu Defu et al. (1983) compiled the fracture patterns
and the lineamental patterns of China from Landsat
photographs, and they reached the following conclu
sIOns:
I. The predominant fracture directions of western China

are NW, WNW, and ENE; those of eastern China
are NE, NNE, and NNW. Thus eastern and western
China are clearly separable on the basis of their
fracture-lineament systems.

2. Lineaments and fractures in fold systems tend to be
long and densely clustered. Those in platforms and
stable massifs are not clustered, lie much farther apart,
and occur in short segments (Figure 111-12).

Additional possible conclusions:
3. Three east-west trends (actual strike: N 800 W) cross

all of China. Li Siguang (1973) named them as (a)
Tian Shan-Yin Shan, (b) Kunlun Shan-Qin Ling, and
(c) Nan Ling. We discuss all three in detail in a
subsequent section. Zhu Songnian (1984) recognized
probable continuity of the Nan Ling fault zone
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through the Qinghai-Xizang Plateau, and named this
fracture zone the 'Himalaya-Nan Ling' fault zone.
We ourselves, however, believe it possible to be more
specific, and to recommend that existing names be
replaced by the term 'Yarlung Zangbo-Nan Ling'
zone.

4. Neocathaysian overprinting begins east of the Helan
Shan-Liupan Shan-Longmen Shan 'line,' and beco
mes dominant east of the Da Hinggan Ling-Taihang
Shan-Wuling Shan 'line'. Despite overprinting, the
older trends, largely Pre-Cambrian and Paleozoic,
stand out clearly.

5. Between and parallel with the east-west fracture
trends lie several stable blocks whose distribution
suggests that they are parts of a much larger stable
block covering most of China, formed before esta
blishment of the east-west fracture zones. (Figure 111
13; compare this figure with Figure III-I, on which
Pre-Cambrian massifs are shown.) The stable blocks,
like the east-west fracture zones, cross all of China,
including one line of stable massifs from the Qiang
tang-Nyainqentanglha block of northern Xizang (Ti
bet) Autonomous Region to the Jiangnan uplift in
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eastern China (locations are on Figures 111-13 and
III-I).

6. Fracture and lineament systems cross one another
without great offsets.

7. These considerations together suggest that no part
of China has undergone large-scale horizontal (la
teral) translation since the earliest Pre-Cambrian.
Corollaries of this conclusion are: (a) strike-slip
offsets in China are minor; (b) the huge thrust
displacements visible and, to some extent, measurable
on the surface are superficial; and (c) the Qinghai
Xizang block was never far from its present position
(Taner and Meyerhoff, 1990). We discuss this con
clusion in more detail subsequently. Suffice it to say
that, if the Yarlung Zangbo east-west shears are a
continuation of the Nan Ling east-west zone, little
movement of the Qinghai-Xizang area has taken
place. The Yarlung Zangbo fractures most likely are
a continuation of the Nan Ling zone because they
are the same distance (ca. 850 km) from the Kunlun
Shan-Qin Ling fault zone at both ends-in Southwest
China and Central-South China-and they possess the
same strike (Chinese Inst. Geol. Sci., 1975, 1976).
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8. The massifs of the present area of China once were
much larger than has been suggested by most cur
rent workers in China with the exception of Zhang
Wenyou and his colleagues. We do not imply by this
that we are 'followers' of Zhang Wenyou's 'school
of tectonics', but we are concerned to point out that
Zhang Wenyou's view that horizontal (lateral) move
ments in China have been subordinate seems to be
well founded in geological facts.

Close relations between the presently active faults
of China and the fracture-lineament patterns are evi
dent from comparison of Figures III-5, III-12, and III
13.
Those who disagree with the conclusions presented here
may argue that the fracture patterns and the lineamental
patterns of Figure 111-12 are extremely young features
and that, essentially, they tell us little about older
geologic events. Such a conclusion ignores the evidence
that the major geologic and structural trends brought
out by Figure III-12 and III-13 are dated in the field
as old. The east-west Pre-Cambrian trends that cross
all of China serve most importantly as an example. The
north-northeast trends of eastern China, or some of them
at least, also are old, dating back to the Proterozoic
in some cases (e.g. Tan-Lu fault zone; Sun Ronggui et
aI., 1983). More important, perhaps, is the long-esta
blished relationship that fracture traces mapped on
satellite photographs and air photographs, properly
(and, where possible) checked in the field, in most cases
reflect diastrophic movements and/or compaction above
old fracture zones and faults in the basement, an
observation demonstrated by numerous authors (e.g.
Wise, 1969; Plafker, 1976). The features mapped by Liu
Defu et al. (1983) include very little that is not checked
or verified independently, as outlined by Wise (1982).

Eastern China

The great extent of the eastern graben basins of China
were revealed during the 1950s and 1960s in the search
for oil. The first large grabens, other than small basins
that contained oil shale and coal deposits in the Tertiary,
were delineated by drilling in North China and Northeast
China-in the North China basin complex and in the
Songliao basin.

The formation of thes(. graben basins generally is
interpreted to decrease regularly in age from west to
east, with Jurassic-Cretaceous basins closest to the Da
Hinggan Ling-Taihang Shan-Wuling Shan 'line,' and
with younger basins on the continental shelf, in the east.
A careful study of the stratigraphic columns of these
basins and of their depocenters, however, does not
confirm the above statement. The Jurassic and Early
Cretaceous graben basins are widespread east of the Da
Hinggan Ling-Taihang Shan-Wuling Shan 'line' with
additional occurrences west of this 'line' in Northeast
China (e.g. Hailar, Erlian basins). The Late Cretaceous
graben basins either were superimposed partly on earlier
grabens or formed in the vicinity: but they do not show

regular eastward shifting (see Geology Map of China,
1976). An important development occurred during Pa
leocene, Eocene and later times in a north-south direc
tion, in contrast to the expected west-east direction. The
Nanxiang, Jianghan, Dongting and Subei basins possess
well-developed Paleocene and younger sections. To the
south of these basins, the graben basins generally are
filled by Paleocene and Eocene sections while post
Eocene sections are not deposited, except in the Ma
oming, Sanshui, Baise, and offshore basins. On the other
hand, to the north of Nanxiang-Subei basins, the graben
basins are filled by thick Eocene and younger sediments,
the Paleocene sections, and in some grabens the Eocene
sections, not having been deposited in them. During the
late Tertiary and the Quaternary, two important grabens
systems-Hetao-Yinchuan and Fen-Wei (Shenxi)-were
formed west of the Da Hinggan Ling-Taihang Shan
Wuling Shan 'line,' on the Sino-Korean platform be
tween the Tian Shan-Yin Shan and the Kunlun Shan
Qin Ling east-west trends.

Some bounding faults, all of which had been assumed
to be normal faults, eventually were found to be thrust
faults, and this evidence gave rise to the concepts of
'compressional grabens' and 'tensile grabens' (Huang
Jiqing, 1978). Most authors continue to state, however,
that the basins are wholly tensile in origin (Li Desheng,
1981, 1982, 1984; Ma Li et aI., 1982; Li and Xue, 1983;
and many others). Zhao Zhongyuan (1984), at the
opposite extreme, stated that all are the products of
compressional shear (compression along strike-slip
faults). Zhu Zhicheng et al. (1982) reported the results
of drilling along faults in southeastern China. Subsurface
samples indicate that many of the boundary faults on
the western sides of the basins are not normal faults,
but high-angle reverse and thrust faults (Figure III-14).
Similarly, but less commonly, samples show that some
eastern boundary faults also are thrusts (Figure 111-15).
Abundant drill data, therefore, led to the conclusion
that there are compressional grabens (ramp structures)
in addition to tensile grabens.

Study of Figures III-14 and III-I 5 suggests that Zhao
Zhongyuan (1984) is correct in one respect; at least some
of the grabens are the products of compression along
strike-slip faults. Most likely they have developed what
are called 'flower structures' by R. F. Gregory (in
Harding and Lowell, 1979) or 'kobergen structures' by
Meyerhoff et aI., 1991. The possibility that they are thrust
faults, however, is not eliminated without more data;
the structures on Figure 111-15, for example, could easily
be small backthrusts.

Jurassic and Cretaceous basins of eastern China (in
particular, Northeast China) possess a basal section of
coarse terrigenous redbed debris and intermediate to
silicic volcanic rocks. During the later interval of Yan
shanian orogeny, many of these basins were uplifted
and eroded, only to begin a new cycle of graben
development during the Tertiary (Ye et aI., 1985). The
Songliao basin is a notable exception, insofar as it
underwent only one graben cycle, mainly during the Late
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Fig. JIJ-14. Thrust faults (probable half-flower structures) along western flanks of selected Late Jurassic-Cretaceous grabens, southeastern China.

Jurassic and the Cretaceous. Many basins passed
through two cycles, one late Jurassic-Cretaceous, and
the second, Eocene to Miocene or Pliocene. Tertiary
basins, unlike Cretaceous basins, usually contain more
mafic volcanic rocks, generally basalt. Boundary faults
and internal faults that reach as deep as basement are
controlled by older, largely Paleozoic to Triassic, lines
of structural weakness (Liu Hefu, 1984). Many of these
ancient lines of weakness that became active fault zones

during the Mesozoic also were the sites of granitic
intrusion. Granitic intrusives of the Yanshanian orogeny
are widespread in all of Central-South China, East
China, and Northeast China. They are particularly
numerous where they intersect east-west fault zones, at
which intersections large mineral deposits are associated
with them (Wu and Qi, 1985; Zheng Xuezheng, 1985).

Liu Hefu (1984) recognized four overall stages of
development during each basin-forming cycle. The first
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Fig. 111-15. Thrust faults (probable half-flower structures) along eastern flanks of selected Late Jurassic-Cretaceous grabens, southeastern China.

is the formation of grabens and half-grabens, the latter
forming the 'dustpan' structures of geology in China,
a term derived from the appearance of the half-graben
basins seen in plan and in cross-section. Several separate
grabens and half-grabens are formed in each basin
complex. These evolve into the second stage, the basin
and-range stage of Chinese geologists, when predomi
nantly vertical motions take place and internal horsts
and grabens develop. At the end of this second stage,
the accumulated sedimentary sequences still are scattered
in the several separate deeps or depressed zones created
during the graben/half-graben stage. The third stage is
the 'unifying stage,' when all faulting ceases and basin
fill begins to cover the internal horsts, thus creating
within the youngest part' of the section a single, unified

graben complex in which the original deeps of the basin
and-range stage are hidden and the several original basins
merge into one. The final stage is the masking of the
graben complex with alluvium and other surficial de
posits, and the effective hiding of basins.

The graben-boundary faults of Central-South China
and East China have undergone some wrench movement,
which, according to Liu Defu et al. (1983), was (and
is, where an active fault is present) sinistral. The faults
of southeastern China are numerous, complex, and strike
mainly northeast, more so than the faults of Northeast
China which strike more north-northeastward. The
faults form broad zones that range in width from a few
kilometers up to 40 km. Some of the faults are long,
up to 1,000 km. They are associated with complimentary



northwest-striking faults (Figure III-12), which theore
tically were dextral shears. Liu Hefu (1984) believes that
this fault system of southeastern China formed in a
north-south stress field.

The faults of Northeast China are judged to be dextral,
and their complimentary shears, with northwest or
north-northwest strike are sinistral, as indicated by
numerous fault-plane solutions (Gu Hao-ding, 1976; Qiu
Qun, 1976; Liu Defu et aI., 1983; Zhao Zhongyuan,
1984). Authors Huang Jiqing (1978), Liu Defu et al.
(1983), and Zhang Buchun et al. (1985) wrote that the
original stress field, like that in southeastern China, was
oriented north-south, and that the northeast-trending
faults of Northeast China originally were sinistral. Hu
ang Jiqing (1978) and Liu Defu et al. (1983) claim that
this change in direction of stress took place in relatively
recent geologic time. Zhao Zhongyuan (1984), for exam
ple, stated that the change took place at the end of the
Oligocene. His evidence is not clear, and the material
that he published indicates that present dextral move
ment may be at least as old as late to middle Eocene.
Zhang Buchun et al. (1985) wrote that the change took
place at the beginning of the Cenozoic. This problem
clearly requires more study, and regardless of what may
emerge, Figure 111-12 indicates that the amounts of
wrench offsets are small, a few kilometers to 10 or 20
km at most. As in southeastern China, faults in Northeast
China also can be long. The Tan-Lu fault system, for
example, is 2,000 km long.

If one uses the fault-plane solutions and fault direc
tions provided by Gu Hao-ding (1976) and Qiu Qun
(1976), a simple computation shows that the present
stress field is oriented N 75° E (using Moody and Hill,
1956, criteria; see also Moody, 1973). Li Qin-zu (1980)
and Li Ziqiang et al. (1985) came to an identical
conclusion as a result of their studies of the earth's active
stress field, which they showed, quite independently, to
be oriented N 75° E. Liu Hefu (1984), on theoretical
grounds, showed that an east-west stress field is required
on the basis of regional geology from the Jurassic
onward. The presence of a NE-SW to ENE-WSE prin
cipal stress axis also accords well with the stress analysis
published by Zhang Buchun et al. (1985).

A factor with an important bearing on the origin (I)
of the Jurassic and younger graben systems of eastern
China, onshore and offshore, as well as (2) of the wrench
faults associated with them, involves great differences
in depth to the Mohorovicic discontinuity and to the
low-velocity zone (asthenosphere) of the upper mantle
beneath Mesozoic and Cenozoic grabens, on the one
hand, and the horsts between them, on the other. Tang
(1982) showed that, beneath the graben areas, the 'Moho'
rises to within 29 to 33 km of the surface; beneath the
intervening horsts, the 'Moho' can lie as deep as 44 km,
although its depth ranges general from 40 to 43 km.
Similarly, depth to the upper-mantle low-velocity zone
ranges from 50 to 60 km beneath the grabens to about
80 km beneath the horsts (Liu Yuanlong et aI., 1984).
High heat flow characterizes the graben areas, whereas
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heat flow beneath the horst blocks is more 'normal'
(Wang Shangwen, 1983).
- Several attempts have been made to explain the
geologic development of eastern China and variable
depths to the 'Moho' and the lithosphere. Tang (1982)
thought that the tectonic history of eastern China during
Meso-Cenozoic time reflects a period of continental
accretion resulting from underthrusting of eastern China
by the Pacific plate. One popular version of this hy
pothesis postulates that the progression of basin ages,
older in the west and younger in the east, is explained
by continental accretion. We believe, on the contrary,
that 6ecause basement beneath the whole region to the
present oceanic margin consists mainly of Proterozoic
continental crust (Ren and Chen, 1989), the hypothesis
in question is totally flawed. Similarly, the Nur and Ben
Avraham (1982) concept of 'Pacifica' in the form of
fragments of accretionary terrane is contrary to all that
is known of China's geology. Additionally, Ye et al.
(1985), Hellinger et al. (1985), and others have attempted
to explain formation of the basins wholly in terms of
extensional tectonics. Hellinger et al. (p. 344) themselves
admitted that their attempt was unsuccessful.

Another version involving plate tectonics was written
by Li Desheng (1981, 1984). Li (1984, p. 993) wrote
that, 'The severe convergence of the Indian plate with
the Eurasia plate produced east-northeast-spreading of
the South China Sea basin, which resulted in two triple
junctions on its northern margins. The Pacific plate was
subducted by downthrust beneath the Eurasia continen
tal crust. The extension mechanism could be the rising
of an upper mantle plume to produce two weak north
northeast-trending fracture zones. A series of intraplate
and epicontinental rift-depression basins was formed.'

Liu Hefu (1984), in contrast, wrote that, 'Owing to
northward convergence of the Indian massif and resis
tance of the Siberian massif, the crust of western China
was subjected continuously to compression, and the crust
of eastern China was forced toward the Pacific Ocean.
Because this combination of compression and extension

could not be uniform everywhere, diagonal strike-slip
faults played an accommodating role in the crustal
deformation' (p. 174). Liu's brief analysis states, in effect,
that the north-south compression of western China
between the Indian and Siberian cratons reached a stage
beyond which the possibility ofadditional foreshortening
was severely limited. Consequently, relief of new com
pressive stresses was accomplished by movements on
diagonal wrench faults and by the movement of eastern
China toward the Pacific. This Pacificward movement
produced a tensile stress field. Liu did not provide a
mechanism for this good mechanical analysis.

Meyerhoff and Meyerhoff (1977, 1982) provide a mech
anism different from those listed above and term it the
'surge hypothesis.' 'Surge hypothesis' has been further
developed (Taner and Meyerhoff, 1990; Meyerhoff et aI.,
1991) which will change the presented interpretation here
to certain extent. According to this new hypothesis, softer
materials in the upper mantle low-velocity zone (astheno-
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sphere) move relatively eastward with respect to overlying
lithosphere, a direct result of lag of the lithosphere as the
earth rotates. Relative eastward movement of the upper
mantle low-velocity materials is impeded and the flow
is deflected where a low-velocity layer is thin or absent.

In theory, flow would seek and reach a steady-state
condition, one which would be maintained if there were
no changes in the shape and dimensions of the astheno
sphere. Changes in the steady-flow state, however, would
take place from time to time in any earth model and
would require either a cooling or warming history, as
most plate-tectonic models do (e.g. Kaula, 1979). Such
changes in the flow rate would serve as triggering
mechanisms for a change in the volume of asthenospheric
flow, thereby producing asthenospheric 'surges' (or the
reverse). The triggering events may take place cyclically
or, more probably, episodically. Meyerhoff and Meyer
hoff (1982) assume that the north-south compression of
western China indicated abrupt and episodic changes in
eastward asthenospheric flow. Growth through orogeny
and accretion of the area of the Qinghai-Xizang Plateau
increasingly restricted the possibility for unimpeded eas
tward flow of the asthenospheric mantle from western
China. As the zone between the Kunlun Shan-Qin Ling
fault zone and the Derbugan fault zone (north of the
Altay foldbelt) more and more became the site of
eastward asthenospheric flow (because of growing con
strictions within the upper mantle south of the Kunlun
Qin Ling zone), the crust of present eastern China and
its continental shelf were subjected to greater tension,
because of eastward pull by asthenospheric material. The
appearance of late 'Variscan' island arcs on the present
sites of the Japan arc, the Ryukyus arc, Taiwan, and
the Philippine arc further hindered the free eastward flow
of mantle material; the result was the creation of a minor
'traffic jam.' The mantle material flowing eastward from
beneath eastern China was slowed in its progress, began
to 'back up,' and produced an arching of eastern China's
lithosphere. The arching increased tension already pre
sent. Such arching, produced by less-than-solid material,
is unstable, and leads to horst-and-graben formation, with
magma ascending to the surface via Neocathaysian
wrench and normal (graben-bounding) faults.

Flow from west to east, in the Meyerhoffs' opinion,
explains eastward spread of the grabens, with the oldest
in the west and the youngest in the east. Approximate syn
chroneity of episodes of faulting with episodes of orogeny
of the Himalayan cycle is explained readily as responses
to compression in the southwest. The growth of backarc
basins such as, for example, the Okinawa Trough, is
logically explained. Still more, the concentration of most
of the world's true island arcs with backarc basins in
the western Pacific also is explained. The flow directions
required by the Meyerhoffs' hypothesis are the same as
the directions found for the present stress field by Li
Ziqiang et al. (1985), and by Zhang Buchun et al. (1985).

The already-existing east-west fracture systems of the
Tian Shan-Yin Shan, Kunlun Shan-Qin Ling, etc. would
serve as directional guides fot the flow of asthenospheric

mantle. Because of this directional flow (which had taken
place well back in the Pre-Cambrian), the island arcs
of the Pacific terminate where intersected by these east
west fracture zones (Meyerhoff and Meyerhoff, 1972,
1974, 1977; Li Siguang, 1973). We discuss these inter
sections further in a subsequent section.

The Meyerhoff and Meyerhoff hypothesis (1977, 1982),
therefore, was presented to explain (I) eastward growth
of the graben systems of onshore and offshore China;
(2) the sudden appearance of extensive basin-and-range
structure in the Mesozoic (and not earlier); (3) the
appearance of the Ryukyu and Philippine arcs (appa
rently for the first time) south of the much older Japan
arc; (4) the terminations of several western Pacific island
arcs precisely where they intersect east-west fracture
zones; (5) the approximate coincidence of episodes of
graben faulting in eastern China with episodes of com
pression in the rest of China, especially in Southwest
China; (6) the mechanism of arc formation as a series
of straight-line segments (Ranneft, 1979); and (7) the
occurrence of wrench faulting along numerous faults
with a Neocathaysian strike, faults that ultimately be
came graben-bounding faults, many of them still un
dergoing wrench movements today. The Meyerhoffs also
claimed that their hypothesis explains the chemical
progression in volcanic rock generation within the gra
bens-more silicic to intermediate volcanic rocks in the
earlier grabens and mafic volcanic rocks in younger
grabens. They postulated that, during earlier graben
formation, crustal materials were assimilated into the
ascending lavas as the first faults formed; and later, after
'clean' conduits to the surface had been established, mafic
lavas could pass through without plucking and assimi
lating large pieces of crustal material that impeded earlier
ascents of magmas to the surface.

Okinawa Trough

This young trough is the easternmost of the Chinese
post-Paleozoic graben systems (Figure III-16). Herman
et al. (1979) interpreted the Okinawa Trough to be post
late Miocene to post-early Pliocene, but Letouzey and
Kimura (1985) determined this trough to be pre-late
Miocene, probably late Oligocene to middle Miocene.
The crust beneath the Ryukyus, like the crust in the
northern and central parts of the trough and west of
it, evidently is continental. The crust beneath the sout
hern part, the South Okinawa Trough, is 17 km thick,
and is intermediate in type. In terms of popular Soviet
tectonic theories and hypotheses, the Okinawa Trough
is an area undergoing oceanization or basaltification
(Beloussov, 1984). In terms of plate tectonics, the Oki
nawa Trough is a backarc basin produced by a small
spreading center. In the parlance of Liu Hefu (1984),
the Okinawa Trough is yet another example of the crust
of eastern China being 'forced toward the Pacific Ocean'
(p. 174). An interesting aspect of the associated Ryukyu
arc is that the northern two thirds are underlain by
Paleozoic to Cenozoic non-volcanic rocks; only the
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southern third is underlain by eugeosynclinal or volcanic
arc sections. Eugeosynclinal rocks include the mildly
metamorphosed Permian and older section described by
Hanzawa (1932, 1933) and Foster (1965). Letouzey and
Kimura (1985) described the arc as a continental segment
displaced by backarc spreading within, but close to the
margin of, a continental mass.

In the Meyerhoff and Meyerhoff hypothesis (1977,
1982), the Ryukyu arc is the latest 'victim' of the most
recent eastward surge of asthenospheric material that
produced the entire Chinese horst-and-graben system
farther west. The arcuate shape of the Ryukyus is a
direct consequence of the circumstance that this tectonic
unit was closest to the continental margin at the time
that eastward-surging mantle material produced the arc.
There was no competent massif east of the body that
comprises the Ryukyus to oppose its eastward motion,
unlike the graben systems farther west which lie much
deeper in the continental interior.

Figure 111-17 depicts a north-south seismic line from
Herman et al. (1979). We have reinterpreted the geology,
because in our view the original interpretation contains
numerous errors. Figure 111-18 shows three interpre
tative cross sections from Letouzey and Kimura (1985),
the upper two being north-south or northwest-southeast
sections across the Taiwan-Sinzi foldbelt, the Okinawa
Trough, and the Ryukyu arc; the lower being a west
east structural cross section across Taiwan. The Taiwan
Sinzi foldbelt, according to Letouzey and Kimura (1985),
is late Miocene and is transgressed unconformably by
late Miocene (?) and/or early Pliocene strata. The
foldbelt itself, folded in the Miocene, is underlain mainly
by marine sedimentary rocks. Volcanic rocks of Miocene
and younger ages are associated mainly with the Oki
nawa Trough, parts of Kyushu, and the Toka-I dry hole
drilled about 100 km northwest of Amami Oshima and
25 km southwest of Kyushu. Miocene rhyolitic volcanic
rocks are abundant in the middle and upper Miocene
sections of that well (Y. Uchiyama, written commun.,
May 6, 1981). Other wells drilled along the Ryukyu arc

N
A

LOCATION SHOWN ON FIG. 111-16

and in the East China Sea basin have penetrated marine
and shallow-neritic to coastal sedimentary rocks with
out volcanics. These rocks produce hydrocarbons in
several wells drilled by Chinese technicians (Figure 111
16).

Figure 111-17 across the deep South Okinawa Trough
shows clearly the tensile origin of the trough. Magnetic
anomalies attributed by Letouzey and Kimura (1985)
to intrusions during backarc spreading are indeed as
sociated with intrusive mafic rocks. These rocks, ho
wever, according to the seismic data, intruded along
linear fault zones at different times in an apparently
random, non-systematic manner and therefore are un
related to backarc spreading, only to backarc tensile
stress. The basin is, however, a zone of high heat flow
(Herman et aI., 1979).

The thickness of section in the trough ranges from
perhaps 1,500 m in the south to 8,000 m (in the far
northern part of the trough). In the Taiwan-Sinzi are,
the section is thrust slightly westward, according to
Letouzey and Kimura (1985). Granitic intrusives are
found in the foldbelt. One body is exposed where
intruded into a Miocene coal-bearing sequence on the
Senkaku Islands (Figure III-16). Granitic to rhyolitic
early to middle Eocene intrusives of an underlying
eugeosynclinal sequence provided a part of the detritus
for Miocene sediments. These intrusives, dated at 47.5
Ma (= middle Eocene, Lutetian), (Letouzey and Kimura,
1985), are the same age as some of the intrusives found
in wells in the Zhujiangkou basin (Pearl River Mouth
basin) on the continental shelf of the South China Sea.

Qinghai-Xizang (Tibet) Plateau and Xizang-Yunnan Fold
belt

In preceding sections, we traced the geologic history,
insofar as it is known, of southwestern China into the
Mesozoic. During the Paleozoic, after the Xingkaian
orogeny (Table III-I), the area of western and south
western China existed as a platform on which shallow

s
A

From Herman et al. (1979)

Fig. 111-17. North-South seismic reflection section of south Okinawa trough, from Herman and others (1979). Location is on Figure 111-16.
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Fig, 111-18. Above: two geologic cross-sections across south Okinawa trough. Below: WNE-ESE geologic cross-section of Taiwan. Locations
are shown on Figure 111-16.

seas were widespread from time to time. Eugeosyndinal
conditions prevailed in the northern and eastern parts
of the Xizang-Yunnan region during the early Permian
on the site of the present South Kunlun fault zone (South
Kunlun-A'nyemaqen fault zone = Xiugou-Maqen fault
zone) and in regions along strike both on the west (India,
Pakistan) and southeast (Yunnan) (Huang Jiqing, 1978;

Chang and Pan, 1981, 1984; Fuchs, 1982a, 1982b; Cui
Kexin, 1984; Taner and Meyerhoff, 1990). The South
Kunlun fault zone is the northernmost of the several
major fracture zones that cross the Qinghai-Xizang
Plateau, and they bend southward through western
Yunnan Province and into easternmost Burma. From
north to south, the major units are (Figure III-6):
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KUNLUN FOLDBELT
South Kunlun fault zone
(South Kunlun-A'nyemaqen fault zone).

HOH XIL-BAYAN HAR FOLDBELT
(= Songpan-Farze Foldbelt)
Litian-Jinsha Jiang fault zone
(Litian-Hoh Xil-Jinsha Jiang fault zone)
(= Hong He, or Red River, fault zone).

QIANGTANG BLOCK (QIANGTANG-SOUT
HERN QINGHAI STRUCTURAL ZONE, TAN
GULA FOLDBELT
(in part, the SAN JIANG FOLDBELT)
Bangong-Nu Jiang fault zone
(North Xizang fault zone, Dongqiao fault zone,
Salween fault zone).

LHASA BLOCK (LHASA FOLDBELT, GANG
DISE BLOCK, LHASA-NYAINQENTANGLHA
BLOCK)
Indus River-Yarlung Zangbo fault zone.

HIMALAYAN FOLDBELT and INDIAN PLAT
FORM/CRATON

Mid-Permian orogeny closed off marine waters next to
the South Kunlun fault zone, and a new seaway appeared
farther south in association with the Litian-Jinsha Jiang
fault zone (Figure 111-6), and its waters received late
Permian through Triassic flysch-like turbidites and re
lated deep-water facies. The trough extended into present
southern Yunnan Province where, on the site of the pre
sent Ailao Shan, equivalent deep-sea deposits accumu
lated. On the west, in Ladakh, a similar belt of rocks
is known from the Shyok Valley area (Huang Jiqing,
1978; Chang and Pan, 1981, 1984; Fuchs, 1982a). Also,
in Ladakh, similar deep-water facies are found in the
Upper Jurassic to Eocene section, strata evidently asso
ciated with both this fracture zone and the Indus River
Yarlung Zangbo fault zone farther south (Fuchs, 1982b).
At Rutog close to the Bangong-Nu Jiang fault zone and
close to the Kashmir border, Hu Changming (1984)
found 3,500 m of deep-water Late Carboniferous and
Early Permian turbidites.

Gondwanan facies is interbedded with Tethyan facies
on the Qiangtang (Qantang) block, south of the Litian
Jinsha Jiang fault zone. In the larger geological picture,
the zone across which Gondwana and Tethyan facies
intertongue is nearly 1,000 km wide, and it extends from
Madhya Pradesh on the Indian craton to the Jinsha
Jiang at the northern edge of the Qiangtang block. We
discussed changes in biofacies in the chapter on 'Stra
tigraphy,' and we made the point that the change is
gradual, indicative of physical continuity (Wang Hongz
hen, 1983; Wang and Mu, 1983). Moreover, faunal
change also is not a drastic one, with many of the same
elements in the Gondwanan and Tethyan areas, so that
Waterhouse (1983), an early advocate of a broad Tethyan

sea, now sees faunal evidence for only a narrow seaway.
With the discovery of Gondwanan fauna and flora in
the stratigraphic sequences of northeastern China (Gu
Zhiwei et al., 1984) and those of the Soviet Maritime
region (Zimina, 1967), any tectonic significance in the
Gondwana biota has diminished greatly.

In a related study, Saxena et al. (1986) reviewed all
geologic and geophysical data to arrive at a paleoposition
for the Indian subcontinent. Their important conclusions
are: (I) the Indian subcontinent has been part of Asia
since at least the middle Proterozoic; (2) foreshortening
within the region of central China (Kunlun Shan, South
west China) to the Indian subcontinent has not exceeded
700 km and was not less than 300 km; and (3) different
models of plate tectonics theory are not compatible with
the field data (see also Haller, 1979; Auden, 1981; Tanner
and Meyerhoff, 1990).

The Triassic deep-water basin was intensely deformed
by Indosinian orogeny (Chang and Pan, 1981, 1984),
and deep marine waters occupied the present zone of
the Indus River-Yarlung Zangbo fault zone (Wang and
Wang, 1981; WU Hao-Ruo, 1981). A minor Jurassic
marine basin formed along the intervening Bangong
Nu Jiang fault zone. The intense tectonism of the
Indosinian cycle that deformed the Qiangtang block was
not repeated again in the Xizang-Yunnan area until well
into the Himalayan orogeny of the Tertiary (Huang
Jiqing, 1978; Chang and Pan, 1981, 1984). As the center
of activity shifted southward in the Qinghai-Xizang
Plateau area, it shifted westward in present western
Yunnan Province, from the Ailao Shan area to the
Lancang Jiang, and then to the Gaoligong Shan of
northwestern Yunnan Province along the China-Burma
frontier. All three zones in Yunnan Province and ad
joining Burma possess ophiolitic melange, mafic-ultra
mafic-radiolarite associations, omphacite, and eclogite
with exotic blocks of shallow-water Devonian, Carbo
niferous, and Permian carbonates, together with wild
flysch and Silurian through Permian shallow-water ma
rine blocks. The ophiolitic-melange and associated rocks
extend down the Hong He (Song Koi = Red River)
(Misch, 1945a, 1945b; Huang Jiqing, 1978). The ophi
olitic belts become younger toward the west and south
west (Xiao and Wang, 1984). The westernmost belt
underlying the present Gaoligong Shan lasted into the
Tertiary. Yanshanian and Himalayan folding affected
the entire region of the Qinghai-Xizang Plateau and
Yunnan Province. Late Jurassic thrust faults are asso
ciated with the Bangong-Nu Jiang fault zone (Girardeau
et al., 1984a, 1985). Volcanic rock associations found
in sections of the Triassic, the Jurassic, the Early
Cretaceous, and the Late Cretaceous-Cenozoic were
reviewed by Jin Cheng-wei (1981).

The Yarlung Zangbo fault zone deep-water facies
extends for some 2,000 km from the Ladakh of India
to Yunnan Province, and includes flysch, turbidites, and
ophiolites which now are thrust southward, as are most
of the rocks affected by thrusting in the Qinghai-Xizang
Plateau area. Baud et al. (1982) called these southward-
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directed vergences backthrusts, in the belief that the
original thrusting was northward, for which there is no
observational evidence. The ophiolites, moreover, in
stead ofoccurring at the base of the sequence, are claimed
by Li Yin-huai et al. (1981) to be one of the youngest
units, near the top of the geosynclinal sequence. It is
true, however, that the ophiolitic section is in fault
contact with all other units. Gopel et al (1984), in
addition, dated the ophiolites at 120 Ma, Early Cre
taceous (Barremian). Srikantia and Bhargava (1981)
wrote that the geochemistry of the sequence is not that
of true ophiolite.

Fossils date the oldest strata in the Indus River
Yarlung Zangbo geosynclinal sequence as Late Triassic
in China (Huang and Chen, 1987), and Middle or early
Late Jurassic (Callovian) in the Ladakh of neighboring
northeastern India (Fuchs, 1982b). The Bangong-Nu
Jiang seaway was deformed by mild orogeny in the Late
Jurassic, whereas the Yarlung Zangbo trough was not
tectonized until the Eocene (Gansser, 1964, 1981a,
198Ib).

The Qinghai-Xizang (Tibet) Plateau Today

This plateau today consists of a large, eye-shaped,
symmetrical massif(Figures III-6, III-9, III-IO, and III
19). Thrust faults around the margins verge outward,
southward in the south, and northward in the north,
and eastward in the east (Huan Wenlin et al., 1980, 1981;
Yan Jia-quan et al., 1981; Zhou Jiu et al., 1983). Depth
to the 'Moho' everywhere is greater than normal (Figure
III-9). Symmetrical gravity (Liu Defu et al., 1983) is
difficult to reconcile with northward-directed or south
ward-directed subduction, obduction, or other mecha
nisms producing uniaxial stress (Zhou Jiu et al., 1983).
The existing stress field also is symmetrical (Figure II1
19), with a radial stress pattern (Huan Wenlin et al.,
1980, 1981; Yan Jia-quan et al., 1981; Zhou Jiu et aI.,
1983; Li Ziqiang et aI., 1985). Present symmetry closely
mirrors geological symmetry, with a Xingkaian orogenic
belt enclosing the plateau on both the north (Kunlun
trend) and south (Himalayan trend).

The depth to the Mohorovicic discontinuity is extre
mely variable. Figures III-IO and III-19, which show
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Bouguer gravity for the plateau, give some indication
of the possible variety, because they show close paral
lelism with the 'Moho' surface calculated from seismic
studies (Figure III-9). Careful studies by gravity, mag
netics, refraction and reflection seismology, and mag
netotelluric currents indicate that the 'Moho' on the
northern side of the Indus-Yarlung Zangbo fault zone
is 70 to 73 km deep. South of the fracture zone, the
'Moho' is 68 km deep, and generally it rises southward
to about 45 km under the Ganga plain of northern India
(Inst. Geophysics, 1981; Tang Ji-wen et aI., 1983).
Nowhere in the general region discussed here has any
evidence been found for a depth to the 'Moho' of less
than 60 km except possibly in a 100,000 km2 area of
the northern Qiangtang block (Brandon and Romano
wicz, 1986). Li Yin-huai et al. (1981) and Hirn et al.
(1984) found no suggestion from either gravity or from
seismic data that one layer of crust underlies another,
or that any major body dips northward beneath the
southern margin of the Qinghai-Xizang Plateau. The
Institute of Geophysics (1981) team and Yang Bing-ping
et al. (1981) discovered a 10 km thick low-velocity zone

between about 20 and 30 km under the plateau, while
Pham et al. (1986) interpreted the existence of multiple
low-velocity zones (low-resistivity zones) from magne
totelluric data.

Allegre et al. (1984), in their description ofa refraction
seismic traverse of 500 km across the plateau, correlated
some refractor, or refractors, with the 'Moho' (Figure
III-20), to indicate offsets of up to 25 km. They also
claim that superimposed 'Mohos' exist on their refraction
profiles, and they suggest that this is a result of southward
thrusting or northward dipping subduction. We, on the
contrary correlated the refraction profile of Allegre et
al. with the geo-electric profile of Pham et al. (1986)
(Figure III-20), and we suggest that the vertical offsets
and some of the refractors are related to low-velocity
layers in the plateau's crust.

Southward-directed thrusts at the surface have been
known for decades (Gansser, 1964). With the advent
of the hypothesis of plate tectonics, it became necessary
to interpret the southward directed thrust nappes as
backthrusts, as Allegre et al. (1984), Baud et aI., (1982),
and many others have done (or assumed). Extensive
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surface mapping of the Himalaya, the Lhasa block, and
the Qiangtang block has demonstrated that southward
directed thrusting was a pervasive phenomenon of In
dosinian, Yanshanian, and Himalayan orogenic move
ments (e.g. Gansser, 1964; Fei Ding et aI., 1981a, 1981b;
Girardeau et aI., 1984a, 1984b; and many others).
Northward-directed thrusts are present but are rare
(Girardeau et aI., 1985). Fei Ding et al. (1981a, 1981b)
pointed out that surface geology requires that the Indian
block be obducted northward over the Eurasian land
mass to satisfy a solution in terms of plate tectonics.
This concept, and that of backthrusting, might be
acceptable were it not for a mass of contrary evidence.

Studies of earthquake epicenters/hypocenters have
been made in recent years by several groups from the
Institute of Geophysics (Beijing) and by other organi
zations. Figure III-21 is a map showing the locations
of epicenters from Southwest China and adjacent regions
for the period 1969 to 1976 (Huan Wenlin et aI., 1980,
1981). The great seismic zones of the Hindu Kush and
of Burma dip away from the Indian shield (Figure III
22). In contrast, all zones of earthquake hypocenters
that lie directly north of India dip southward (Figure
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1II-22; Huan Wenlin et a!., 1980, 1981; Fei Ding et a!.,
1981a, 198Ib). Huan Wenlin et a!. (1980, 1981) showed
that the Indus-Yarlung Zangbo fault zone dips south
ward at an angle ranging from 40° to 70°, with hypo
centers extending downward 200 to 280 km (below the
surface). The south-dipping South Kunlun fault zone
dips 45° to 60° to depths ranging from 220 to 300 km.
Farther north, the great fracture zone beneath the
southern Tian Shan dips southward at an angle of 60°
with hypocenters to 110 km. Even smaller faults than
these, as in the Damxung area 140 km north of the
Yarlung Zangbo, give hypocenters dipping southward
to a depth of 250 km (Yang Bing-ping et a!., 1981).
Despite this clear evidence, geophysicists such as Teng
Ji-wen (1981) doubt the reality of the seismic, gravity,
magnetic, and geologic data, insisting instead that the
data must fit predictions of the hypothesis of plate
tectonics. Teng Ji-wen (1981), it is true, presented a weak
and badly documented case to show that the south
dipping fracture zone of the Indus River-Yarlung Zangbo
is matched on the southern side of the Himalaya with
a north-dipping fracture zone, creating in this manner
a wedge-shaped zone of seismicity beneath the Hima-
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layas. He postulated the existence of a similar wedge
beneath the Kunlun block around the northern rim of
the Qinghai-Xizang Plateau. Teng Ji-wen (1981) ignored
all hypocenters below about 70 km, and cited in his
support the paleomagnetic evidence of abrupt changes
in declination from one side of the Indus River-Yarlung
Zangbo fault zone to the other (Zhu Zhi-wen et aL,
1981).

Aeromagnetic data from the Himalaya -block, from
the Lhasa block, and from the Qiangtang block show
that the Indus River-Yarlung Zangbo fault zone com
prises an unusually deep double fault, about 2,000 km
long. Fei Ding and his colleagues (198Ia, 1981b) dem
onstrated that this fracture zone is associated with two
east-west, parallel zones, 15 to 20 km apart. The Yarlung
Zangbo fault zone is discontinuous, being offset by
north-south, left-lateral faults. Modeling of the anoma
lies showed that they are associated with southward
dipping bodies, intrusive in nature, and essentially non
magnetic. The anomalies are not, according to Fei Ding
et aL, related to the presence of ultramafic rocks. Fei
Ding et aL (1981a) therefore postulated that the intrusive

bodies are intermediate to silicic. Far toward the west,
Sharma (1983) studied the Gaik Granite, part of the
composite Ladakh-Deosai batholith which intrudes the
Indus River-Yarlung Zangbo fault zone. He found that
the radiometric age of the oldest part of the batholith
is 235 ± 13 Ma (Triassic, Scythian to Norian). Most
of the remaining parts of the batholith which Sharma
studied gave dates from 48 to 21 Ma (middle Eocene,
Lutetian, to lower Miocene, Burdigalian). Bhat (1984)
pointed out the tectonic implication of the presence of
this 2,400 km2 body that the batholith formation co
incides with the formation (rifting stage) of the Indus
River-Yarlung Zangbo fracture zone.

Aeromagnetic data show that the Bangong-Nu Jiang
fault zone has no magnetic expression. Fei Ding et aL
(198Ia, 1981b) therefore concluded that the fault is not
a profound one. The associated ultramafic rocks may
or may not be true ophiolites and, in any case, they
are severely dismembered along the trace of the fracture
zone.

A widespread tenet of plate tectonics is that the
Steinmann 'trinity,' or ophiolitic association of ultram-



afic-mafic-radiolarite, is one of the principal criteria (if
not the principal criterion) for the existence of an active
(or formerly active) subduction zone. We believe, on
the contrary, that this tenet has been disproved (I) as
a consequence of the study of numerous ophiolitic
associations in deep ocean basins far from any active
or formerly active orogenic belt, and (2) in some cont
inental areas, where essential components such as the
radiolarites may be missing. Yet many geologists and
geophysicists have accepted the tenet, and they attempt
to place a subduction zone along any fracture with mafic
and ultramafic rocks in association. The problem that
results from such attempts is a very real one, because
it has caused confusion among many earth scientists
who apparently are unaware that criteria for various
types of ultramafic-mafic associations have yet to be
established. The presently used criteria, which pay little
attention in many cases to geochemistry, and which may
or may not include radiolarites, are wholly inadequate.

Opinions of the various workers in the plateau region
show an extreme range of interpretation. Wu Hao-ruo
(1981), Allegre et al. (1984), Baud et al. (1982), Girardeau
et al. (1984a, 1984b, 1985), and Him et al. (1984a, 1984b),
for example, accept the concept that the ultramafic belts
of the Indus River-Yarlung Zangbo and Bangong-Nu
are bona fide ophiolitic belts. The same view is adopted
by most geologists and geophysicists, who tend to be
somewhat uncritical, largely because the literature treats
almost all such belts as subduction zones - just as
uncritically. Examples are found in the works of Gansser
(1964, 1981a, 1981b, and many other papers), Huang
Jiqing (1978, 1984a), Huang Jiqing et al. (1980), and
Teng Ji-wen (1981 and many other papers). Li Yin-huai
et al. (1981) and Srikantia and Bhargava (1981) state
that the Indus River-Yarlung Zangbo ultramafic-mafic
radiolarite association does not constitute an ophiolitic
zone. Deng Wan-ming (1981) accepts the consensus, but
observes that the rock association is not typical. Wu
Hao-ru (1981) also accepts the consensus, but is dubious
about the amount of movement that has taken place.
Fei Ding et al. (198Ia, 1981 b) observed the discontinuous
nature of the Bangong-Nu Jiang fault zone ultramafic
and mafic bodies and the southward dip of the Indus
River-Yarlung Zangbo zone. They concluded that one
is a subduction zone, if India is being obducted, and
that the other is not a subduction zone, because it is
not a deep fault (on the basis of an aeromagnetic survey).
The situation regarding this group of deep fractures in
the Qinghai-Xizang Plateau area thus is confused and
unsettled.

These same fracture zones show evidence of strike
slip movement, one of the best indications being the
remarkably straight traces of long segments of the east
west fracture zones. Molnar and Tapponier (1975) and
Molnar et al. (1981) stated that strike-slip movement
is left-lateral. Valdiya (1981), Yan Jia-quan et al. (1981),
and many others concur in this opinion. Baud et al.
(1982), however, wrote that movement on the Indus
River-Yarlung Zangbo is dextral, not sinistral. Seemingly
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sound evidence supports both interpretations.
We have mentioned the possibility that the Nan Ling

fault zone (which cuts east-west across Central-South
China and East China) and the Indus River-Yarlung
Zangbo fault zone originally were one and the same
fracture zone. Both are ultradeep t'ault zones that extend
well into the mantle; both are associated with and
intersected by granitic intrusions. The Nan Ling fault
zone probably was once the site of dextral movement.
The possibility that the two faults are segments of an
originally single fracture zone requires further investi
gation, if for no other reason than the fact that both
are deep fault zones almost precisely on strike and
parallel with other old, deep, fracture zones. Important
differences include the presence of an ophiolite-like suite
of rocks in the Indus River-Yarlung Zangbo fault zone,
together with moderate seismicity and high heat flow
(Francheteau et aI., 1984).

The great elevation of the Qinghai-Xizang Plateau is
a characteristic that this mass of rock acquired only
in extremely late geological time (beginning with the
Himalayan orogenic cycle), mainly during the last 2 to
3 Ma (Figure III-23). Many geologists have reached this
conclusion from different sets of data (e.g. Li Ji-Jun
et aI., 1979, 1983; Guo Shang-Xing, 1981; Xu Ren, 1981;
Liu Dongsheng et aI., 1986). In a recent study, we
compiled all available data (paleontologic, paleoecolo
gic, paleoclimatologic, depositional rates, volcanics, ge
othermal, radiometric dates and magmatism, structure
and geophysical) and concluded that the uplift of the
Qinghai-Xizang Plateau started by the late Miocene and
accelerated by the Pleistocene, similar to the history of
uplift shown on Figure III-23. All plate-tectonic models,
in contrast project an uninterrupted and uniform history
of uplift since the Eocene for this plateau. The incon
sistency between the history of elevation and the po
stulated history of plate-tectonic models is not explained
by their authors. Zhao and Morgan (1985) thus flatly
assume that a plate-tectonic interpretation of the Pli
ocene fossils is wrong, ' ...perhaps due to special events
at the sampling locations or changes in climatic factors ... '
(p. 359). Because their assumption is wrong that pa
leoclimatic data are bad, the rest of their paper is wrong,
based as it is, wholly on theoretical speculation. They
even wrote (p. 359) that, if the paleoclimatic data are
correct, ' ... the continental convergence of India and
Eurasia cannot be the main cause of the plateau for
mation.'

Li Tingdong et al. (1986) proposed a different plate
tectonic model in which they interpret the plateau to
be shortened and thickened, due to northward subduc
tion of the Indian subcontinent from the late Eocene
to the Pliocene, with negligible, uplifting but with
remarkable deepening of the upper mantle. Then they
mention that the plateau has been uplifted rapidly and
greatly since the early Pleistocene, due to relaxation of
stress and to isostatic adjustment. Though their timing
of uplift is correct, the mechanism that they suggest
requires uplift of the plateau since the late Eocene,
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therefore as unacceptable as the mechanism in other
plate-tectonic models.

Another important characteristic of the Himalaya
Qinghai-Xizang Plateau region is the presence of Plio
Pleistocene grabens that cut at right angles to the east
west tectonic trends. These contain up to 3,000 m of
coarse rubble, and their evidence confirms the time of
uplift given by Pliocene fauna and flora. The cross
cutting grabens have been illustrated by several workers,
including Hirn et al. (1984a) and Girardeau et al. (1984b).
One graben sequence in Nepal was described by Fort
et al. (1981). Valdiya (1976) postulated that the appro
ximately north-south striking grabens in the overthrusts
of the Himalaya are related genetically to faults and
folds of the same trend on the upper surface of the Indian
craton, beneath the frontal thrust sheets and nappes of
the Himalayas, and beneath the Tertiary-Quaternary
-sedimentary fill of the east-west-striking Ganga basin.
Some of the north-south faults are tear faults with a
reported dextral component of wrench movement (Val
diya, 1976). Most have undergone a history of normal
faulting. Several appear still to be active, including the
graben system in which the Yangbajain geothermal field
of Xizang (Tibet) Autonomous Region is located, and
some normal fault earthquake solutions have been
obtained (Tapponnier et aI., 1981). Similar, on-strike,
and parallel north-south tear faults with a presumed
sinistral rather than dextral sense of motion cut the
double-intrusive band of the Indus-Yarlung Zangbo fault
zone (Fei Ding et aI., 1981a, 1981b). Sinistral tears appear
to be older than dextral tears.

The presence of young (Pliocene and younger) grabens
striking at right angles to the east-west structural trends
indicates that east-west extension both has taken place
and continues to take place. Tapponnier et al. (1981)
relate the east-west extension to uplift of the Qinghai-

Xizang Plateau, which began mainly in the Pliocene.
Their concept may well be correct. The presence of these
north-south active trends, however, definitely raises a
group of related geometric problems, which never have
been addressed to the best of our knowledge.

In the most popular plate-tectonic 'models,' India
drifts northward from a location in the present Southern
Hemisphere, 6,000 to 7,500 km south of its present
position (Dewey and Burke, 1973; Molnar and Tappon
nier, 1975; Stoneley, 1975; Johnson et aI., 1976; Mattauer
et aI., 1981; Molnar et aI., 1981; Huang Jiqing, 1984a,
1984b; and many others).

From the time of the alleged 'collision' of India with
Asia, the position and shape of the Asian continental
margin are unknown, but it is popularly believed that
the alleged 'collision' produced (I) the present indented
shape of pre-'collision' Asia and (2) the great uplift of
the Qinghai-Xizang Plateau. The ophiolitic zones that
'wrap around' the northwestern, northern, and eastern
flanks of the Indian craton are assumed to owe their
present spectacular geometric form to that supposed
'collision. '

Neither the original position nor the shape ofthe Asian
continental margin can be determined, although some
reasonable limitations can be placed on the latter. In
the simplest case, the present Himalaya parallels the
original margin but has undergone straight northward
displacement between the present Baluchistan ranges
together with Afghanistan on the west, and the Yunnan
Burma ranges on the east. The original length is equi
valent to the distance between the Indus River and central
Arunachal Pradesh (the distance between the Owen and
Ninety-East fracture zones), or about 3,200 km. At the
opposite extreme, the original length was equivalent to
the combined lengths of the Baluchistan ranges, the
Himalaya, and the Arakan Yoma (700 + 3,200 + 1,000)



or about 4,900 km. If the latter 'model' is correct, the
present shape and position may be closely similar to
the originals. The truth may lie somewhere between the
two 'models.' Consequently a large continent presuma
bly was present before India drifted northward. That
India 'docked,' so to speak, in this very indentation of
approximately correct shape and size (and which hap
pened to be at the right place) would amount to
remarkable coincidence. The ophiolites of the Baluchi
stan ranges, Indus-Yarlung Zangbo fault zone, and the
Arakan Yoma then would have formed as the result
of an as-yet-unknown formative process, because of the
unsolved problem of how a subduction zone can form
simultaneously on three sides of a geometric body.
Somewhat similar geometric relations have been des
cribed from other parts of the world, as in parts of the
Indonesian arc, for example, but no one has seen fit
to explain the workings of this problem in fundamental
mechanics and geometry.

The problem is, in fact, even more complex. In Burma,
and in China's neighboring Yunnan Province, three, and
more likely four, ophiolitic zones and associated me
langes are present, younger from east to west. East of
the youngest mobile belt, the Arakan Yoma, a Yans
hanian zone is present on the Yunnan-Burma border,
and was described by Huang Jiqing (1978, 1984a) from
the Gaoligong Shan. Farther east on the Lancang Jiang
lies a still older Yanshanian ophiolitic complex. Still
farther east lies the Ailao Shan ophiolitic complex,
emplaced during late 'Variscan' orogenesis and reacti
vated during the succeeding Indosinian orogenesis.

Possible analogues (in part) of the Burma-Yunnan
belts are the ophiolitic and melange complexes in western
Pakistan and eastern and central Afghanistan. These
appear to become younger in a direction opposite from
that in Burma and Yunnan Province (i.e. from west to
east, instead of from east to west). The easternmost
occurrence consists of the Bela-Muslim Bagh-Zhob belt;
farther west lies the Chaman-Moqur belt. West again
lies the Vashir-Helmand belt in central Afghanistan
(Weippert et aI., 1970; Shareq, 1981). Many reconnais
sance studies of the Pakistan belt (or belts) have been
published (late Yanshanian orogeny, in Chinese par
lance). The major papers are by Ahmad and Abbas
(1979), Allemann (1979), Asrarullah and Abbas (1979),
Dejong and Subhani (1979), and Gansser (1979). Few
first-hand accounts of the Afghanistan ophiolitic com
plexes are available (cf. Weippert et aI., 1970, and Shareq,
1981), but the presence of various subparallel ophiolitic
belts of different ages on both the east and the west
demonstrates that the generally accepted model of a
simple, one-time subduction definitely is incorrect. Sto
neley (1975), Haller (1979), Auden (1981), Bhat (1984),
and Stocklin (1984, 1989), on quite different grounds
in fact, presented a most convincing cases to show that
subduction models and their variants are not applicable
in this region.

In the light of the preceding, the north-south grabens
of the Himalayas and of the southern Qinghai-Xizang
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Plateau could be tensional zones caused by east-west
extension that resulted from stretching (during 'colli
sion') of the former pre-'collision' model adopted, and
could involve extension of 600 to 800 km. Less than
a dozen of these garbens are present, and the maximum
measurable east-west stretching may not exceed 100 to
200 km. The Pliocene and younger age of these features,
moreover, like the Pliocene age of uplift and magmatism
of the Qinghai-Xizang Plateau, is not compatible with
any 'collision' model yet proposed. Compression has
admittedly taken place on a large scale, with perhaps
as much as 500 to 700 km of foreshortening, but anything
in excess of these figures violates known surface geology
(Meyerhoff and Meyerhoff, 1972, 1974a, 1978; Crawford,
1979; Auden, 1981; Gansser, 1981a; Stocklin, 1981,1984,
1989; Waterhouse, 1983, Saxena et aI., 1986).

We are well aware that the above statements contradict
widely-accepted interpretations of magnetic anomalies
in the ocean basins. Alternate hypotheses have been
discussed elsewhere (Meyerhoff and Meyerhoff, 1974b;
Agocs et aI., in press). The popular belief, however, that
the 'negative' and 'positive' linear anomalies of the ocean
basins were caused by magnetic field reversals within
the earth appears to us to be without a factual basis.
Nowhere has the source of the anomalies been identified,
sampled, and studied. The only concrete data that pertain
directly to the problem of India's relationship with Asia
through geological time are the data of field geology,
paleontology, and continental earthquake seismology.
These disciplines provide the fundamental multiple bases
for the doubts expressed here.

As for India's position with respect to Asia, the
opinions of the geologists who have worked in the region
can be summarized as follows. For pre-Late Permian
times, most of China's geologists maintain that India
was a part of Asia. Chang and Pan (1984a, p. 455) stated
the prevailing viewpoint when they wrote, 'In conside
ration of biogeography there are good indications that
until the Early Permian there was no paleogeographic
discontinuity between the Indian subcontinent and nort
hern Xizang.' Separation, if any, began at the end of
the Early Permian and lasted, according to which author
one reads, until the end of the Triassic, the beginning
of the Cretaceous, or, more commonly, the earliest
Tertiary. Most geologists in China, and other earth
scientists who have specialized in the area, do not believe
that the separation of India from Eurasia ever exceeded
700 km; the majority give figures that range from 300
to 700 km. Only a few follow the Molnar and Tapponnier
(1975) hypothesis of 6,000 to 7,500 km of separation.
With notably few exceptions, the distance of separation
between Eurasia and India appears to us to be related
directly to the amount of work, especially field work
and paleontology, that the individual authors have done
in the region. Many of China's geologists and geop
hysicists-probably the majority-favor plate-tectonic mo
dels, but very few accept pre-Permian separation (i.e.
Huang and Chen, 1987). Even those who do accept such
separation generally favor the small distances mentioned



152 CHAPTER III

above.
The geologists, oceanographers, and geophysicists

involved seem to fall into three categories: (I) rigid fixists
(of which there are very few), (2) a group that favors
lateral movements of the order of 300 to 700 km (with
and without plate tectonics), and (3) a group that bases
its judgments on the oceanic magnetic anomalies, the
results of paleomagnetism, and some paleontological/
paleoclimatic data. This last-named group favors the
widest separations, and almost universally ignores the
rigorous results of detailed field mapping.

Of the first group, the most notable are Petrushevsky
(1971) and Beloussov (1984). The second group, inclu
ding supporters and non-supporters of some form of
plate tectonics, includes Gansser (1964, 198Ia), Saxena
(1971, 1978), Meyerhoff and Meyerhoff (1972, 1974a),
Chang and Zheng (1973a, 1973b), Li Siguang (J. S. Lee,
1973), Chen Guoda et al. (1975), Chang Chengfa et al.
(1977), Crawford (1979), Huan Wen-lin et al. (1980,
1981), Auden (1981), Chang and Pan (1981, 1984), Fei
Ding et al. (1981a, 198Ib), Li Yin-huai et al. (1981),
Srikantia and Bhargava (1981), Stocklin (1981, 1984,
1989), Fuchs (1982a), Kozur and Gupta (1983), Liu Defu
et al. (1983), Waterhouse (1983), Zhang and Zhang
(1983), Zhou Jiu et al. (1983), Bhat (1984), Chen Guoda
(1984b), Liu Hefu (1984), Yang Weiran et al. (1984),
Wenyou et al. (1984), Dickins (1985), Kapoor and
Takuoke (1985), Khudoley and Prasorovskaya (1985),
and Huang and Chen (1987). The third and last group
includes Dewey and Burke (1973), Molnar and Tappon
nier (1975), Stoneley (1974), Valdiya (1976, 1981),
Johnson et al. (1976, 1978), Tapponnier and Molnar
(1977), Dejong and Subhani (1979), Deng Wan-ming
(1981), Jin Cheng-wei (1981), Mattauer et al. (1981),
Molnar et al. (1981), Teng Ji-wen (1981), Zhu Zhi-wen

et al. (1981), Nur and Ben-Avraham (1982), Teng Ji
wen et al. (1983), Baud et al. (1982), Girardeau et al.
(I984a, 1984b, 1985), Huang Jiqing (1984a, 1984b), Ren
Jishun (1984), and Zhu Xia (1984). Ren Jishun is one
of several who have promoted the 'accordion' hypothesis
of drift, the Chinese version of a so-called 'Wilson cycle.'
What Yang Weiran et al. (1984) called the 'closing'-and
'opening' hypothesis is a greatly scaled-down version.

The above lists, particularly that of the third group,
do not contain nearly all of the names associated with
each viewpoint, but the lists do give a fair idea of the
cross section of individuals and specialties involved (see
Bibliography).

The weight of the evidence today is well summarized
by Gansser (1981a, p. 119): 'All these facts demand a
reappraisal for the drift history of greater India. The
observations require that peninsular India was never very
far distant from the southern front of the Eurasian
continent and that the Tethyan "ocean" now consumed
along the northern suture zone was actually a zone of
complicated island arcs, internal basins and irregular
slices of continental rocks (Crawford, 1979).' This last
statement represents a great step for Gansser, who began
conservatively, swung strongly to large-scale movements,
of the order of thousands of kilometers, between India
and Eurasia (Gansser, 1966), and then gradually changed
back to his present conservative course based on decades
of experience in the field.

We ourselves welcome this most important statement
of Asian geotectonics by Gansser. On the whole, ho
wever, our position on the relationship between penin
sular India and Asia remains largely as presented more
than once in this chapter. We believe firmly that India
and Asia have remained united (unseparated) from the
Pre-Cambrian to the present.
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Orbitolina 89,95
Ordosoceras 37
Oriental trilobites 38
Oriocrassate/la rutogensis 64-65

- intermedius 64-65
orogeny (movement)

- "Caledonian" 116,124-127
- Chengjiangian 117, 119
- Chongyu 68
- Finnmarkian 125
- Fupingian 116
- Guangxi 77, 38-39, 43
- Himalayan 80,96, )00, 106-107, 127,

129-130, 133
-Indosinian 78,85-87,116,127,129,

131-132
- Jinningian 117,119
- Luliangian 12,28, 116
- Ningjinian 87
- Salarian 124
- "Variscan" 69-70,77,101,116,124-

127, 132
- Wutaian 116
- "Xingkaian" 116, 120, 124-127
- Yanshanian 80,87,91,95-96,99-100,

107, 127, 129, 132
- Yunnan 59
- Zhongtiaoan 116, 119

ostracoderm fish 46
Ovatia 51

Pacific-realm fauna 33, 71, 73, 77
Pacific (ancestral) sea 67,74,77,104-105
Palaeofusulina 66-67
Pal-Asia 66, 124,127,131
Paleocene 89, 100-101, 103, 106
Paleolenus 22, 30
paleosol 117, 119
Paleotethyan Ocean 132
Pamirina 64
Pan-African event 125
Pan-China event 78
Parabadie/la 29
Paracanina 64
Paraderbya 64
Parafusulina 64

- cincta 64
- elliptica 64
- rothi 64
- visseri 64

parageosycline 45
Pecopteris 58
Peking man 110
Phillippine island arc 127
Phillippine Sea 134
phosphate 91
plateau

-Loess 117,119
- Qinghai-Xizang (Tibet) 13,14-15,28,

42,48,51,60,69,74,78,81,89, 100,
106-109, III, 117, 120, 125, 130-131,
134,144, 151

- Shanxi II, 61, III
- Yunnan-Guizhou III

platform
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- India 124
- Junggar 125
- North China 11,13,18,116
- Siberian 27, 117, 125
- Sichuan 20
- Sino-Korean 11,13,18,34,40,43,53,

59-60,73, 116, 124-125
- Tarim 33,40,73,117,123-125
- Yangzi 14,20,36,42,68, 119, 124

playa lake 109
Pleistocene 100-10 I, 106-111
plesiosaurian 76
Pliocene 100-101,103,106-107
Polydesma 37
Polythecalis 64
Pondo Group 55
Pontian 103
post-Artinskian 66
potash 100
Praeckmanne/la sp. 55
Praewaagenoceras 51
Praewentzele/la cf. multiseptata 65
pre-Sinian domains II
Proconodontus 35
Propopanoceras 59
Protocameroceratidea 37
Protolepidodendron 47

- scharyanum 43
Pseudofusulina 64

- houziquanica 64
- ovata 55
- pseudosuni 64

Pseudoschwagerina 59
Pseudostaffe/la antigua 51
Pumpelly I
"Punctospirifer" jilongica 55
pyrite 32

Qingbaikou Group 13
Qinghai-Xizang orogenic belt 125
Qomolangma Feng (Mt. Everest) 22,36,42,

46,48-50,53,55,65-66,73,85,91
Qudi Formation 64-65

radiolarian chert 74, 89
Redlichia 51
Reticuloceras 51
Retites 51
Rhabdinopora flabe/liforme 35
Rhabdomeson consimile 65
Rhodea 56
Richardonoceras 37
Richthofenia lawrenciana 66
von Richtofen, F. F. I, II
Ruffordia-Onychiopsis flora 69
Rugoshwagerina tibetica 65
Rugosofusulina 64
Rugustus 87
Ryukuy island arc 127

sand dune (barchan) 109
Sakmarian Stage 64-66, 68
salt 50,89, 100, 103-105, 109
Salt Range 51, 67
Sarmatian 103
Saukia sp. 34
Schizodus cf. meekanus 55

- cf. occidentalis 55
- tibeticus 64-65

Schucherte/la 5I
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Schwagerina 64, 66
- guembeli pseudoregularis 55
- hupehensis 64

Sea of Okhotsk 48
sedimentary regions 21
Serlung Group 66, 68
Shanxi (Wei-Fen) graben system 100, 133
Shennongjia Group 13
siderite nodules 68, 83
Silurian domains 39
Sinemurian 81
Sinian suberathem 8
Sinkiangolasma 35
Sinoceras 22, 37
Soshkineophyllum zhongbaensis 66
South China type flora 46
Sphenophyllum speciosum 66
Spinose trilobites 38
Spiriferella grandis 66

- rajah 66
- cf. gubuensis 66

Staurograptus 35
stegocephalian amphibian 68
Stepanoviella 55

- f1exuosa 65
- gracilis 55

Stenoscisma giganrea 66
- timorensis 65-66

Stephanian flora 79
Stephanocemas thompsoni 99
Steroplasmoceras 37
stratigraphic domains 79
Stringocephalus 45
Subansiria ranganensis 64
Sublepidodendron 47, 56
"surge hypothesis" 139
Syringothyris 51

- cf. nagmagensis 55

Tachylasma 64, 66

- minor. 65
- cf. schematicum 66
- variable 66

taconite 11
Taeniothaerus cf. subquadratus 66
Tangshan earthquake 117
Tatarian Stage 64-65
Tethyanfauyna 51,55,65-66,73,89,96
Tethyan realm 42-43, 60, 64, 67
Tethus 30,48,60,64,67-69,71,73-74,85,

87,89,93-95, 100, 104
Tethys-Himalayan tectonic domain 131
Tenticospirifer 47
Tetori Formation 69
tetrapod fauna 68-69,78
theriodontid reptile 76
Tianshan tectogenesis 56
Tibetophyllum 64
tillite 20,42
Tingrian Stage 64
Tingri fauna 55,68
Tithonian 83, 85
Tofongoceras 37
Tommotian 29
Tortonian 103
Trapa microphylla 69
Trigonotreta cf. narsahensis 55
Trilophodon sp. 99
Triticites altus 55
trona 100
Tsanglangpu Formation 22
Tulonggongba Formation 64-65
Tungussophyllum 42
Tunguspirifer 42
Turonian 96
Tuvaella 42

Umaria transgression 68
uplift

- Cathaysian 50

- Central Yunnan 50
- Dongsheng-Longshan 60
- Huaiyang 51,59
- Jiangnan 14, 50
- Kam-Yunnan 53, 59-60
- Kangdian 74
- "Paleoyangzi" 53,60
- Xuefeng 73
- Yin Shan 51, 53, 59-60

Uraloceras xizangensis 66
Urulung Formation 65-66

Vaginoceras 22
Vendian System II
Verbeekiella sp. 65
Verbeek ina sp. 65, 68

Waagenoconchia abichi 66
Wenrzelella regularis 66

- zhongbaensis 66
Wenrzelloides (Multimurimus) minor 66
Western Himalayan syntaxis 65, 69
West Pacific fauna 74
Witin fauna 83
wocklumerid "goniatite" fauna 23
Wutai Group 11-13

Yabeina 64
- multiseptata 65
- shiraiwensis 65

Yangchang (North China) type flora 74
Yangzi Gorges 13, 16,20,33,39
Yangzi paraplatform 119, 123, 125, 130-131
Yanshanian tectogenesis 80
Yinchuan graben 100
Yipinglang type flora 74
Yosimuraspis 35
Yuanophyllum 51
Yunnan-Burma-Malaysia orogenic belt 123
Yunnanella 45
Zhanjin Formation 55, 65, 68
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