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Abstract

O O This paper provides a brief overview regarding the history and major advances in research
on active faults in China. Active fault research in China has progressed through three
periods. The initial period, covering the former half of last century, was characterized by
descriptions of the relationship between faults and strong earthquakes. In the second period,
reconnaissance surveys on active faults were carried out along major historically seismic zones
during the 1960's to 1970's. The third period, characterized by quantitative studies on active
faults, started in the early 1980's. Researches were focused on fault slip rates, earthquake
surface rupture and coseismic displacements, paleoearthquakes and earthquake recurrence
intervals, fault geometry and segmentation, and seismic hazard assessment on the basis of
these quantitative data of active faults. Based on the characteristic tectonic differences in the
Quaternary, the China continent is divided into 5 active tectonic provinces: Tibetd TTPO
Xinjiang-UygurO XUTPO Northeast Chinad NETPO North Chinal NTPO and South China
OSTPO Major progress in paleoseismology and fault segmentation in China include the
application of new techniques and concepts as follows: large-scale and three-dimension
trenches, paleoseismic rupture behavior and recurrence of large earthquakes along several
major fault zones, regional paleoearthquake recurrence behavior, and the stability of
segmentation and persistency of segment boundary, gradation of segmentation and multi-
rupture.

Key wordsl China, active tectonic province, active fault research, paleoseismology, activity
history, segmentation

quake usually exceeds thousands of years, it
is more reasonable to take the Late Pleisto-

10 Introduction

O An active fault is generally defined as a
fault activated in the Quaternary, or in the
Late Pleistocened 100 — 120 Kal and will
activate in the futurél e.g., Wood, 1916; Willis,
1923; Research Group for Active Fault of
Japan, 19910 Considering that the recur-
rence interval of an intra-continental earth-

cené] 100-120 Kallto present as the time scale
of active faultsd Deng, 199601 Although

research on active faults is almost a century
old with Lawson[ 19080 firstly proposing the
concept of active fault, active fault research
principally developed in the latter half of the
last century as an independent discipline. The

U[Active Fault Research Center, National Institute of Advanced Industrial Science and Technology

50 Site 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japanl]
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mapping works of active faults in California
0 Jenning, 1975CAnd in Japanl Research Group
for Active Fault of Japan, 19800 are two
examples of the early research. Since the late
1970's and 1980's, the research of active
faults has turned into a new period character-
ized by quantitative analysis. In this period,
new study methods, techniques and concepts
were developed, such as paleoseismology,
fault segmentation, blind thrust earthquake,
marine active fault, and probability analysis
of seismic riskl e.g., Wallace, 1970; Sieh, 1978;
Yonekura, 1983; Schwartz and Coppersmith,
1984; Stein and King, 1984; Working Group
on California Earthquake Probabilities, 198801
In addition, since the 1990's the research of
active faults and paleoseismology has been
brought into the ILP program, such as the
World map of active fault] Trifonov, 19950and
Task Group II-5 of ILP Paleoseismology
Section[ Yeats, 19960

[0 Research on active faults in China, almost
keeping step with international research, has
gone through three periodst 100 description of
the relationship between faults and strong
earthquakes,0 200 reconnaissance on active
faults and] 3Cguantitative study. In this paper
we intend to make a brief overview of the
history and advances of active fault research
in China, including characteristics of active
faults in different active tectonic provinces,
and progresses in paleoseismology and fault
segmentation. We hope this paper can help
researchers outside China to understand the
status of active fault research in China.

O 110 History of Active Fault Research
in China

0 The investigation of the surface rupture of
the 1920 Haiyuan earthquake of M 8.1 con-
ducted by Wengl[ 19220 was the first study of

active fault in China. From that time to the
early 1960's, the initial period of active fault
research in China occurred. During that time
several large earthquakes and their relation-
ship to faults were investigated. The field
investigation of the 1923 M 7.3 Daofu
earthquake on the Xianshuihe fault XSHFO
Conducted by a German scientist in 1930 is
Well-known outside Chinall Heim, 19340
Changd 19380 and Chan{J 19380 Conducted
an investigation of the 1933 M 7.5 Diexi
earthquake in Sichuan and the 1936 M 6.7
Lingshan earthquake in Guangxi, respec-
tively. In the first symposium on neotectonics,
convened by the China Academy of Science in
1957, some theoretical problems of neotecton-
ics and active fault were firstly discussed
0 Geosicence Division of China Academy of
Science, 195701 Other important researches
Concerning active faults and neotectonics in
dam construction sites had also been done
such as Sanxia in Sichuan Province, Danjiang-
kou in Hubei Province and Xinfengjiang in
Guangdong Provincel Li, P., 1994[1

From the late 1960's to the 1970's, several
large earthquakes occurred on the China
continent, including the well-predicted 1975
M 7.4 Haicheng earthquake and the 1976 M
7.8 Tangshan earthquake that caused more
than 240,000 deaths. Damage caused by these
earthquakes forced China to pay more
attention to earthquakes and associated
disciplines.
research focused primarily on seismic predic-
tion and seismic zonation; reconnaissance

In this period, active fault

survey of many active faults in major seismic
One representative
work is the reconnaissance survey of seismoge-

zones was carried out.

ologic settings of large earthquakes in South-
west China led by LiJ Survey Team of Seismic
Intensity in Southwest China, 1977 and
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19790 The* Map of Active Faults and
Distribution of Strong Earthquakes in China
0 1: 3,000,000 0 State Seismological Bureau,
1976 O, “ Seismotectonic Map of China
0 1:4,000,0007 O Institute of Geology, State
Seismological Bureau, 197900 and the first
symposium on active faults and paleoearth-
guakes convened by Seismogeological Commit-
tee of Chinese Seismological Societyd Seismo-
geological Committee of Chinese Seismological
Society, 19820 are examples of active fault
research in the second period.

0 The separation of the State Seismological
Bureau as an independent institution from
the Chinese Academy of Science in 1978
greatly promoted the research of active faults.
Since 1980's, the quantitative research of
active faults in China, such as slip rate,
seismic recurrence interval based on histori-
cal and paleo-earthquake data, etc., has kept
pace with other countries. Mapping and
guantitative studies of major active faults in
Western China began during this period. It
was during period that Li and his research
group made a comprehensive study of the
Xianshuihe-Xiaojiang fault zonel KDFO from
1981 to 19881 Li, P., 19930 The Seismological
Bureau of Xinjiang Uygur Autonomous Region
(019850 completed a synthetic study of the
rupture of the 1931 M 8 Fuyun earthquake
and Keketuohai-Ertai faultd KEFOin 1981.
Institute of Geology,
Bureau and Seismological Bureau of Ningxia
Hui Autonomous Regiond 1989 and 19900
carried out the study and mapping of Haiyuan
fault from 1981 to 1987. In the time period
from 1984 to 1986, a research group from the

State Seismological

State Seismological Bureau chaired by Wang
and Deng made a study of the active fault
system around Ordos Massifll Research Group
on“ Active fault system around Ordos massif”,

State Seismological Bureau, 198800 From
1983 to 1987, Chinese scientists led by Ding
took part in Project IGCP-206: Comparison of
Major Active Faults in the World, and
published the“ Atlas of Active Fault in
China”,
Chinall Chinese Working Group of the Project
IGCP-206, 198900 A working group in the
State Seismological

including 6 major active faults in

Bureau led by Deng
conducted a project of similar synthetic
studies on approximately 20 other major
These
major active faults include almost all of the

active faults in the China in 1990's.

well-known fault zones in China, such as the
Altyn Tagh fault zone, the Red River fault
zone, and the Xianshuihe fault zone.

O As a result, several research monographs,
bulletins and 1:50,000 maps of these faults
were publishedOe.g., Institute of Geology,
State Seismological Bureau, 1992; Working
Group of Altund Altyn TaghO Fault Zone of
State Seismological Bureau, 1992 ; Seismologi-
cal Bureau of Shaanxi Province, 1996; Li, T.
et al.,, 1997; Song et al., 1998; Deng et al.,
2000; Guo, 20010 Quantitative research on
these major active fault zones covered almost
all aspects of an active fault, usually in-
cluding the geometry and structure of the
fault zone, moving sense, slip rate in the
Quaternary or in the Holocene, paleoseismol-
ogy and the recurrence interval of large
earthquakes, surface rupture and coseismic
rupture
process, deformation mechanism and dynam-
ics, and seismic risk analysis.

displacement, segmentation and

OAs a summary of the research results of
active tectonics in the past 20 years, the
“ Active Tectonics Map of Chiné&l 1: 4,000,000
and“ An Introduction to Active Tectonics of
China” have been compiled and will be

published. In addition large earthquakes,
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active volcanoes, active folds, active basins
and active blocks, more than 800 active faults
and 80 earthquake surface ruptures are also
delineated on the map. The map includes
more than 400 slip rates for more than 200
active faults, and more than 150 coseismic
displacements for more than 70 earthquake
ruptured] Deng et al., 200200 The active faults
presented on the map are divided into five
groups[] 10Late Pleistocene-Holocené&l 100-120
Kal active faults with geomorphic and geo-
logic evidence, and dating data;[] 20 Quater-
nary active faults that become active in the
Quaternary with unclear activity in the Late
Pleistocene, or lacking geomorphic and geo-
logic evidencel] 3CActive faults in the Qinghai-
Tibetan Plateau interpreted mainly based on
satellite imagery and regionally geologic and
geomorphic data;0 40 Active faults that lie
under plains or basins ;O 50 Active faults in
marine areas covered by a body of water.
Earthquake ruptures identified on the map
are placed in two categories, one caused by
historical and contemporary earthquakes, and
another caused by paleoearthquakesll Deng et
al., 200200 In China, earthquakes recorded in
historical data are termed as historical
earthquakes. The earliest earthquake re-
corded in China is the BC 1831 Taishan
earthquake of M7 near Mt. Taishan in
Shandong Province.

O In recent years, several large earthquakes
occurred in major cities causing terrible
catastrophes, such as the 1995 Kobe earth-
quake in Japan, the 1999 Jiji earthquake in
Taiwan, China and the 1999 Izmit earthquake
in Turkey. The movement along active faults
under major cities is the main contributing
Therefore, clearly
identifying the distribution of active faults in

factor in these disasters.

urban areas is very important to earthquake

hazard mitigation. According to the tenth
five-year plan which started in 2002, new
researches of active fault in urban areas are
programed. Besides continuing the theoreti-
cal research on active faults, reconnaissance
survey of active faults in urban areas is an
important goal for Chinese scientists in the
tenth five-year. Comprehensive works are to
be carried out in more than 20 major cities in
China.

O 111. Characteristics of Active Faults in
Active Tectonic Provinces of China

0 The continental crust of China is highly
active tectonic area located at the southeast-
ern part of the Eurasian plate and surrounded
by the Indian plate,
Philippine plate. It consists of several crustal

Pacific plate and

blocks with different tectonic activities, such
as Tarim massif, and Ordos massif. The
relative movement of these massif blocks is
the basic tectonic feature of the intra-plate of
China. The active tectonics of China, thus,
presents obviously province§l Zhang, W., 1984;
Ma, 1987; Ding, G., 1991; Deng et al., 1994a;
Zhang, P., 1999[1 Based on the characteristic
differences in the
Quaternary, China can be divided into 5 active
tectonic provinces: Tibetd TTPO Xinjiang-
Uygurd XUTPO Northeast Chinald NETPO
North Chinad NTP[ and South Chinald STPO
O high to low in gray scale, insets in Figs. 1
and 2: Xu and Yonekura, 1995; Deng et al.,
200200 We discuss the characteristics of active
faults in and around these five tectonic

in tectonic activities

provinces.

00 10 Tibet tectonic provinceld TTPO

O The Tibet Tectonic Province covers all of the
Tibetan Plateaul Fig. 10
northward indentation of the Indian plate
into the inhomogeneous Tibetan crust after

The continuing
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the collision between the Indian and Eurasian
plates induced uplift and deformation of the
Tibetan Plateau. Deformtion extends 1,600
km to the north reaching the northern margin
of Mt. Qilianshan and the Hexi Corrider basin
zone. This continuing northward indentation
has also resulted in three types of tectonic
deformation: convergence zones surrounding
the plateau, strike-slip fault zones associated
with the laterally extruding crustal blocks in
the eastern plateau, and extensional basins in
the southern plateau.

0 10 Convergence zones

0 Two types of convergence zones have been
recognized around the plateau. The Himala-
yan and West Kunlun WKTO convergence
zones, which occur on the southern and
northern margins of the plateau, respectively,
are formed directly due to the indentation of
India against Eurasia. They extend roughly
perpendicular to the indenting direction. The
Longmenshand LMT[ Liupanshand LPTOand
Qilianshan-Hexi Corridof] Q-HTOthrust zones
along the northeastern margin of the plateau
exemplify the second type of convergence
zones. They are formed as a response to the
eastward lateral extrusion of the Tibetan
crust.

0 The Himalayan convergence zone on the
southern flank of the Himalayan arc Fig. 10
extends from the Lesser Himalayas to south
of the Siwalik Hills, including the Main
Central Thrustd MCTO the Main Boundary
Thrustd MBTO and the Main Frontal Thrust
O MFTI Arita and Ganzawa, 199701 A conver-
gence rate of about 20 + 10 mm/yr has been
reported for this zonel Armijo et al., 1986;
Avouac and Tapponnier, 19930 The slip rate
of the MFT in the Holocene is 15-18 mm/yr
O Love and Avouac, 200000 while across the
MBT and MFT, the slip rate has been inferred

to be 10-13 mm/yfl Zhang, P. et al., 2002al] or
15 - 16 mm/yrd Bilham et al., 1997; Larson et
al., 199900 based on GPS data. The West
Kunlun thrust zoned WKTUO develops between
Mt. West Kunlun and Tarim massif. Mt.
West Kunlun forms an east-west trending
mountain range on the northwestern margin
of the plateau. Tarim massif to the north of
the plateau is currently a sedimentary basin
with Cenozoic sediments measuring up to
10,000 m thick.

O The Longmenshan thrust zoned LMTO mai-
nly consists of three thrusts and associated
fault-propagation folds, thrusting southeast-
ward over the Sichuan rigid massif. This zone
is approximately 60 km wide, and constitutes
the topographic boundary between the east-
ern Tibetan Plateau and the Sichuan basin.
The total vertical slip rate is about 1-2 mm/yr,
and thus the convergence rate across the
thrust zone is inferred to be 4-6 mm/yrJ Deng
et al., 1994b[0 This inferred convergence rate
is consistent with 4-8 mm/yr(J Zhang, P. et al.,
2002b0or 6.7 £ 3.0 mm/yrd Wang, Q. et al.,
20010 based on GPS data.

O The Liupanshan thrust zonél LPTOs located
on the northeastern margin of the Tibetan
Plateau between the plateau and Ordos
massif. This thrust zone absorbs a fraction of
the eastward lateral slip along the Haiyuan
fault HYFOO which changes its strike from
NWW to NW and NS, and transforms to a fold-
and-thrust structure. Based on the displace-
ment of river terraces, the vertical slip rate in
the Late Pleistocené] 50-60 Kalof the Liupan-
shan reverse fault has been estimated to be
0.5 - 0.6 mm/yrO Ikeda et al., 19980 The
amount of convergence during the Quaternary
has been estimated to be 11.4-15.4 km for this
thrust zone based on the balanced geological
cross-section method Zhang, P. et al., 199101
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0O The northwest trending Qilianshan-Hexi
Corridor thrust zonél Q-HTOextends along the
northeast boundary of the plateau between
the plateau and Alxa massif. It consists of
alternately distributed parallel mountain
chains and valleys, and has a total width of
200-300 kmO Institute of Geology and Lanz-
hou Seismological Institute, State Seismologi-
cal Bureau, 199300 By reconstructing the
volume of sediments deposited in the Qai-
dam and Hexi Corridor basins since 00 35 Ma,
Metivier et al[J 199800claimed that this thrust
zone resulted from the northeastward migra-
tion of over-thrusting and uplift south of the
NE termination of the Altyn Tagh fault. The
rate of horizontal convergence on major faults
is estimated to be 4 -5 mm/yr, while the
convergence rate across the entire zone is
estimated to be 15 mm/yrd Avouac and
Tapponnier, 19930 However, based on GPS
data, Zhang, P. et all 2002alproposed that the
convergence rates across Mt. Qilainshan and
Hexi Corridor basin in the orientation of
N30° E are 6.5-10 mm/yr and 3.5-5.5 mmlyr,
respectively. Moreover, the horizontal slip
rate and vertical slip rate along the north
marginal fault of Mt. Qilianshan in the
Holocene are estimated to be 2.0 mm/yr and
0.8 - 2.1 mmlyr, respectivelyd Institute of
Geology and Lanzhou Institute of Seismology,
State Seismological Bureau, 19930
0 20 Extensional basins

Seven NS-trending normal fault zones
O indicated by thick lines with teeth in Fig. 10
and associated graben basins have been
documented in southern Tibet, situated appro-
ximately south of the Bangonghu-Nujiang
suture zonél indicated by a gray dashed line in
Fig. 1: Han, 1987; Institute of Geology, State
Seismological Bureau, 199201 Although no
field investigation on most of these normal

fault zones and associated basins has been
occurred, the horizontal and vertical slip rates
of the Yadong-Gulu faultd YGFO and faulted
basin zone have been estimated to be 3.5-7.5
mm/yr and 1 — 3.5 mm/yr, respectivelyD Insti-
tute of Geology, State Seismological Bureau,
199200 The Quaternary extension rate, is
approximately 100 Ma"' along an 1,100-km-
long ESE traverse across southern Tibet as
estimated by Armijo et al.00 198600 while
approximately 18 £+ 9 mm/yr as deduced from
contemporary earthquake records by Molnar
and Lyon-Caen(1198900 The newest estima-
tion of the extension rate across southern
Tibet is 21.28+ 1.5 mm/yr based on GPS data
0 Zhang, P. et al., 2002b0J which is similar to
that deduced from contemporary earthquake
records. Moreover, southern Tibet is signifi-
cantly different from northern Tibet in terms
of the thermal state of their crust; the crust is
hotter in the south and colder in the north.
Southern Tibet is characterized by a high
terrestrial heat flow and a high geothermal
gradientd Shen, X. et al.,, 199000 The high
geothermal anomaly in the crust could be
closely related to the east-west extension in
southern Tibet.

O 30 Strike-slip fault zones

O The strike-slip faults in the Tibetan Plateau
can be classified into two categories. The first
category, consists of the left-slip Altyn Tagh
fault zon&l ATFCand the right-slip Karakorum-
Jiali fault zone KJFO These fault zones are
usually considered to be boundaries for the
eastward extrusion of the entire northern
Tibetan crust. The strike-slip faults in the
second category occur within eastern Tibet,
such as the East Kunlun fault zoné] EKFCand
the Kangding fault zonel KDFO. These faults
divide the eastward extruding Tibetan Pla-
teau into several sub-crustal blocks.
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0 The Altyn Tagh fault zoned ATFO is one of
the most prominent geological features attri-
buted to the India-Eurasia collisiond Molnar
and Tapponnier, 197500 This fault zone is an
active, predominantly left-slip fault system
extending in a NEE direction for about 1,600
km from the Mt. West Kunlun to the Mt
Qilianshan. Although it has long been re-
cognized that the Altyn Tagh fault has a very
long history of geologic evolution, left-slip
faulting could have initiated as late as the
late Tertiary and is currently active today
0 Working Group of Altun Altyn TaghO Fault
Zone of State Seismological Bureau, 1992[1
The left lateral slip rate and thrust rate on
the Altyn Tagh fault in the Holocene are
about 4.4 - 6.8 mm/yr and 0.7 - 1.8 mm/yr,
respectively Working Group of Altun Altyn
TaghO Fault Zone of State Seismological
Bureau, 19921 Although some other resear-
ches reported the slip rate of Altyn Tagh fault
to be up to 20 mm/yil Peltzer et al., 1989Cor 30
mm/yrd Avouac and Tapponnier, 19930 recent
GPS observation supports the results of
Chinese researchers. Based on GPS data, the
left lateral slip rate along the Altyn Tagh
fault has been inferred to be less than 10
mm/yif] Bendick et al., 200000 5.1+ 2.00r 9+
2 mm/yfl Shen, Z. et al., 2001; Wang, Q. et al.,
20010 The sinistral rate of relative movement
between Mt. Qilianshan and the Alxa massif
of 7.5+ 1.5 mm/yr is also based on GPS data
0 Zhang, P. et al., 2002al]

0 Along the Bangonghu-Nujiang suture zone
occurs a structure zone composed of active, en
echelon right-slip faults, called the Kara-
korum-Jiali fault zonell KJFO This fault zone,
first recognized and described in detail by
Armijo et all 19890] comprises the hypotenuse
of the Himalayan arc and divides the Tibetan
Plateau into northern and southern parts. It

consists of three segments with a diverse
history of evolution. In the west, the fault
zone follows the northwest segment of the
Karakorum right-slip faultd KRFO of which
right-lateral slip rate reaches 30 mm/yr
0 Avouac et al., 199300 The middle segment
consists of several en echelon faults, in which
Gelincuo, Bengcuo and Jiali faults dextrally
slip varying between 2-12 mm/yr{] Institute of
Geology, State Seismological Bureau, 1992;
Shen, J. et al., 200000 Moreover, the slip rate
on the Jiali fault has also been estimated to
be 15 £+ 7 mm/yr by Armijo et al.00 19890
At the eastern end, the fault zone splays into
the eastern and western branches along the
Parlung river valleyl PLCand the Po-Qu valley
O PQO respectivelyd Molnar and Tapponnier,
19780 To the south, the western branch is
connected with the Sagaing faultd SGF[,
while several en echelon faults, extending
across the steep gorges of the Nujiang and
Lancangjiang rivers, bridge the [0 100-km-
wide gap between the eastern branchl Parlung
faultD and the Red River faultd RRFO

0O The East Kunlun fault zoneD EKF[ extends
about 2,000 km along the southern boundary
of the Qaidam basin. It is an important left
lateral slip fault in the eastern plateau,
controlling eastward extrusion of crustal sub-
blocks. The slip rate along the fault zone is
relatively higher in the Tibetan Plateau,
measures up to 8-10 mm/yrQd Seismological
Bureau of Qinghai Province and Institute of
Crustal Dynamics, China Seismology Bureau,
19990 The Holocene slip rate of 10 mm/yr has
been estimated on the basis of the offset of
drainage along the Xidatan segmentl Ren et
al., 19930 This fault zone has been divided
into 7 segments based on the geometric
features, distribution of slip rate, and rup-
tures of historical and pre-historical earth-
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quakes. Four large earthquakes of MO 7 have
occurred on the fault zone since the 1930's,
including the 1997 Mani earthquake of M 7.7
and the 2001 Kunlun earthquake of M 8.1.

0 The Kangding fault zone KDFU is another
major left lateral slip fault zone in the eastern
plateau. It extends about 1,400 km from
southern Yunnan Province, through Sichuan
Province, and into Qinghai Province. This
fault zone consists of five major faultsO the
Ganzill GZF XianshuiheO XSHF Anninghe
O ANFO ZemuheO ZMFO and Xiaojiangd XJFO
faultsOconnected to each other by large bends
or en echelon steps. Each segment of the fault
zone has been the locus of at least one major
earthquake according to historic records.
During the last century, six earthquakes of M
07 had occurred along the fault system, and
at least twenty-one such events have occurred
since AD 6240 Gu, 19830 The Kangding fault
zone divides the eastward-extruded Tibetan
crust into two partsd Fig. 100 North of the
fault zone, the eastward-extruded crustal
block the Northeastern Tibetan Blockencoun-
ters resistance from the Sichuan rigid
massifs, which has led to the formation of the
Longmenshan thrust zone on the leading edge
of the extruding crustal block. South of the
fault zone, the crustal blockl the Southeastern
Tibetan Block[ extrudes eastward or south-
eastward at a faster rate than the Northeast-
ern Tibetan Blockd He and lkeda, 200100 The
sinistral strike-slip rates are about 6-10
mm/yr] Zhao, 19850and 15+ 5 mm/yr] Allen
et al., 19910 along the Xianshuihe fault, 6-10
mm/yr along the Anninghe fault, 5.8 - 8.5
mm/yr along the Zemuhe fault, and 13.0-16.5
mm/yr along the Xiaojiang faultd He, 20000]
respectively.

0 The Red River faultd RRFO extends south-
eastward through Vietnam into the South

China Sea. During the early-mid Tertiary it
was a left-lateral shear zonel Tapponnier et
al., 19900 which converted to a right-slip
fault in the late Tertiary Briais et al., 19930
The late Quaternary slip rate along this fault
is 2-3 mm/yi] Allen et al., 1984[br 2.6-4 mm/yr
0 Guo, 20010 much less than those of other
strike-slip faults in eastern Tibet. Moreover,
these estimated slip rates are all based on the
data taken from the northwestern portion of
the fault zone. Almost no sound evidence of
activity in late Quaternary has been con-
firmed from the southeastern portion of the
fault. An alternate explanation is that the
activity on the southeastern portion of the
fault zone has transferred to the Shiping-
Jianshui fault zonel SPFO which extends
southeasterly to the north of and parallel to
The dextral slip
rate of the Shiping-Jianshui fault zone has

the Red River fault zone.

been estimated to be 3 - 6 mm/yr Han and
Mao, 1993[] and several earthquakes of M 6
have been recorded for this fault zone.
O In addition to the major strike-slip faults
mentioned above, there are several other
active faults within and around the Tibetan
Plateau, such as the Haiyuan left-slip fault
O HYFO and the West Qinling northern pied-
mont left-slip faultd WQFO The former has a
slip rate of 7-8 mm/yrQd Zhang, P. et al., 1988;
Institute of Geology, State Seismological
Bureau and Seismological Bureau of Ningxia
Hui Autonomous Region, 199000 and the
latter has a slip rate of about 1.9 mm/yf] Teng
et al., 19910
0 20 Xinjiang-Uygur tectonic province
OXUTPO
O The Xinjiang-Uygur tectonic province is a
Cenozoic regenerated orogenic belt character-
ized by depressed basins, reverse faults,
active folds, and large strike slip faults. The
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Tarim and Dzungaria massifs are two uniform
active blocks. Mt. Tianshan is a typical
Cenozoic regenerated orogenic belt located
between the two massifs. An active reverse
fault-fold belt in the foreland basin, and the
intermountane-depressed basin characterize
the late Quaternary tectonic activities in the
XUTP. The horizontal shortening rates across
the reverse fault-fold belts in the foreland
depression of Kuche and Ulumuchi are 10.4
mm/yr and 5.8 mm/yr, respectively, while the
shortening rate of Turpan basin is 3.4 -4.1
mm/yr. The total horizontal shortening rate of
crust across Mt. Tianshan has been calculated
using the balanced geological cross-section
method: 15 mm/yr near Kuche, 10 mml/yr
near Kuerle, and 7 mm/yr near Turpanl Deng
et al., 200000 Using GPS data the horizontal
shortening rate across Mt. Tianshan has been
estimated 20 mm/yr for areas west of Kashi,
13 mml/yr for areas east of Kashi, 7 mm/yr
near Kuche, and 2 mm/yr at Kuerle Abd-
rakhmatov et al., 1996; Zhang, P. et al.,
2002all Both the results induced by the
balanced geological cross-section method and
GPS observation indicate that the shortening
rate decreases eastward. In addition, in the
area north of the Dzungaria massif the
vertical slip rate across the frontal reverse
fault of Mt. Altai is 1-2.3 mm/yr Shen, J. et
al., 1998all

O Furthermore, the faulting along the NW
striking faults obliquely crossing Mt. Altai
and Mt. Tianshan generally present right
lateral strike slip. The Keketuohai-Ertai fault
0 KEF@s the seismogenic fault of the 1931 M 8
Fuyun earthquakel Seismological Bureau of
Xinjiang Uygur Autonomous Region, 19850
and the lateral slip rate is 3.7 mm/yrQJ Bai et
al., 199601 The lateral slip rate along the Bolu-
okenu faul@l BKFO which obliquely crosses Mt.

Tianshan, is estimated to be 4.7 mm/yr Yang
and Shen, 200001

0 30 North China tectonic provinced NTPO
0 The North China tectonic provincel Fig. 2,
NTPOis an extensional province, mainly
pieced together by normal faults, normal
strike-slip faults, and graben or half-graben
basins. The western part of the tectonic
province consists of the stable Ordos massif,
while the eastern part consists of several fault
blocks.

O In the Ordos massif there are no obvious
active faults or relative movements. GPS
data observed in the massif have shown that
this massif moves eastward at an approxi-
mate uniform rate of 8+ 1 mm/yrd Zhang, P.
et al., 2002all In contrast, strong tectonic
activity occurs in the extensional shear belts
around this massifl Research Group oA Active
fault system around Ordos massif’, State
Seismological Bureau, 19880 East of the
Ordos massif is Shaanxi fault depression belt
0 SXDBO an extensional dextral shear belt
consisting of tens of down-faulted basins and
associated normal faults, and normal strike-
slip faults. In the middle section of this belt,
NNE-trending faults of normal dextral slip
develop with a horizontal slip rate of 1.3-5.68
mm/yr and a vertical slip rate of 0.15 - 0.69
mm/yr. In the northern and southern ends of
the belt, extensional range-basin tectonic
zones are controlled by ENE-trending normal
faults with vertical slip rate of 0.12-1.48
mm/yr 0O Shentu et al., 1990; Xu and Deng,
1990; Liu et al., 1991; Ran et al., 1991; Deng
et al., 1994c; Dou et al.,, 1995; Cheng and
Yang, 199601 West of the Ordos massif is
Yingchuan - Jilantai fault depression belt
0YJDBO The horizontal and vertical slip rates
on the NNE-trending normal dextral faults in
this belt vary from 2.58 to 4.37 mm/yr and
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from 0.23 to 2.1 mm/yr, respectively] Research
Group on“ Active fault system around Ordos
massif”, State Seismological Bureau, 1988;
Deng and Liao, 1996; Liao et al., 200000 To
the south of the Ordos massif, the Weihe fault
depression zoned WHDBO is controlled by a
series of EW-trending normal sinistral faults.
The normal slip component is usually larger
for these controlling faults. The normal-slip
range-front faults of Mt.
Huashan and Mt. Qingling are 2-3 mm/yr and

rates on the

1.5-2.2 mmlyr, respectively Research Group
ofr Active fault system around Ordos massif”,
State Seismological Bureau, 1988; Li, Y.,
1992; Seismological Bureau of Shaanxi
Province, 199601 To the north of the Ordos
massif extends the EW-trending Hetao fault
depression zoned HTDBO The vertical slip
rate along the controlling normal faults of the
depression zone, the range-front faults of Mt.
Dagingshan, Mt. Wulashan and Mt. Seerteng,
vary from 2.2 to 6.47 mmlyr, while the
sinistral slip rate along the range-front fault
of Mt. Dagingshan is about 5 mm/yf] Research
Group on“ Active fault system around Ordos
massif”, State Seismological Bureau, 1988; Li,
K. et al., 1994; Wu et al., 1996; Jiang et al.,
20000 Moreover, in the four fault-depression
belts mentioned above, three earthquakes of
M 8 and 30 earthquakes of M 6-7.5 have
occurred since the Christian era.

0 The eastern part of the tectonic province is
more complex, consisting of several blocks.
The North China Plain blockd NCPO is the
center block, surrounded by the Taihangshan
uplift blockD THUO to the west, the Yingshan-
Yanshan uplift blockO YYUQO to the north, the
Jiaoliao uplift blockO JLUO to the east and
Hehuai Plain blockl HHPIo the south. Among
these blocks, NW-trending sinistral strike-
slip and NE-trending dextral strike-slip faults

exist. Of these faults, The Tancheng-Lujiang
fault zone TLFO is one of well-known fault
zones in Chinal Institute of Geology, State
Seismological Bureau, 198701 It serves as the
boundary between North China Plain and
Jiaoliao uplift blocks, and has obvious
segmentation. The northern segment is a
normal dextral slip fault, while the southern
segment shows reverse dextral slip with
horizontal slip rate of 2.3 mm/yr. The 120 km
long surface rupture and 7-9 m coseismic
displacement of the 1668 M 8.5 Tancheng
earthquake have been found along the
southern segment( Li, J. et al., 19940 In the
North China Plain, a group of conjugate faults
of NNE-trending and NWW-trending devel-
oped. The 1976 M 7.8 Tangshan earthquake
and 1679 M 8 Sanhe-Pinggu earthquake
originated on the NNE-trending dextral
faults, while the 1975 M 7.5 Haicheng earth-
quake occurred on one of the NWW-trending
sinistral faults. The Bohai Sea in the east of
the North China Plain may be an active pull-
apart basin( Deng et al., 200100

0 40 South China tectonic provincel STPO
0 The South China tectonic provincel Fig. 2:
STPOis a province of less tectonic activity.
Active faulting is mainly located in the middle
and downstream basin areas of the Yangtze
River and the southeastern coast regions.
Even in the most active southeastern coast
regions, the vertical slip rate along the NE-
trending faults is 0.4-2.3 mm/yr, and horizon-
tal and vertical slip rates on the NW-trending
sinistral slip faults only vary from 1.1 to 3.2
mm/yr and from 0.4 to 1.7 mm/yr, respectively
0O Ding, X. et al., 1999; Wang, Y. et al., 20010
The distribution of velocity in this tectonic
province based on GPS date presents no
obvious change or gradient. This suggests
that the tectonic deformation in the tectonic
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province is of a decreased magnitudel Zhang,
P. et al., 2002al]
0 50 Northeast China tectonic province
ONETPO
0 The tectonic activity and earthquakes of the
Northeast China tectonic provincel Fig. 2,
NETPO are more subdued than that in other
tectonic provinces. The deep-focus earthquake
caused by subduction of the Pacific Plate
under the Asian Plate is characteristic in this
tectonic province. The activity of faults in this
province is somewhat related to volcano
activity.

1O Paleoseismology and Fault Segme-
ntation

0 Both paleoseismology and fault segmenta-
tion are very active frontiers in the field of
active fault research. In order to make the
advance of research of active faults in China
well understood, it is necessary to introduce
progresses
important aspects in China.

in more detail in these two
0 10 Paleoseismology

O A paleoearthquake is a pre-historic event or
historic event without clear historical record.
Although paleocearthquake research is over a
century old, the modern paleoseismology
initiated in the 1970's, when researchers
OClark et al., 1972; Sieh, 19780 applied
trenching and radiocarbon dating techniques
to researching paleoearthquake fault. Paleo-
seismology in China started in the late 1970's
when the understanding of paleoseismology
began with paleo-landslide, paleo-liquefaction,
and paleo-fissure evidence. Zhu et al.00 19790
excavated the earliest trenches in China
aiming at revealing the traces of paleoearth-
quakes, and began modern paleoseismology
research in China.

0 Since the late of 1980's, the study of

paleoseismology in China has progressed in
an international arena.
directly study the paleo-rupture events and
the recurrence interval of paleoearthquakes

Using trenching to

has resulted in many achievements. Deng et
allJ 1984[7first used the terni colluvial wedge”
to recognize and divide the paleoearthquake
sequences exposed by trenches in China.
Wang and L] 1984Jexcavated and studied the
seismogenic fault of the 1976 M 7.8 Tangshan
earthquake, and concluded that the recur-
rence interval of events with the same
magnitude is about 7,500 years. Ran et al.
(0119880 dated the paleoearthquakes on the
Heihekou faultd HHKFO Hexi Corridor, using
fault scarp morphology, soil-chronology, Radio-
carbon-14, and thermoluminescence to reveal
the periodicity of paleoearthquakes during
late Quaternary.

O Since the 1990's, paleoseismology research
in China has made great progresses, mainly
in increasing the accuracy of paleoearthquake
location, filling in the paleoearthquake hi-
story, and applying paleoearthquake data to
make mid- to long-term earthquake predic-
tion and assess seismic hazard. Trenching
technology is one of the main methods used in
paleoseismology research. The application of
large-scale trench group and the three-dimen-
sion trench has increased the accuracy of
paleoearthquake parameters. The first appli-
cation of the three-dimension trench not only
revealed at least seven paleoearthquakes in
the Holocene, but also measured coseismic
horizontal displacements of five paleo-events
at the trench on the Haiyuan faultl Fig. 3; Ran
et al.,, 19970 Combined with information
collected from 35 other trenchesl Institute of
Geology,
Seismological Bureau of Ningxia Hui Autono-
mous Region, 1990; Min, 1998[1, more reliable

State Seismological Bureau and
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Fig.0030 a0l 3-dimension trench excavation at Gaowanzi Village on the Haiyuan fault, northwestern
Chinal see Fig. 7a for location : Ran et al., 19970 a-1, a-2 and a-3 indicate the present
distribution and displacement of bed G, bed Ib and beds K and M in the trench. b paleo-
events found in the 3-dimension trenchd Ran et al., 199701

analysis of earthquake recurrence intervals
and earthquake rupture patterns along the
Haiyuan fault zoné&l HYFLs possible. A large-
scale trench group has also been widely
applied to paleoseismology instead of single
small trench that was widely applied in the
1980's and the early 1990's. The Laohushan
faultl LHSFL located at the eastern section of
the northern piedmont fault zone of Mt.
Qilianshan, is a Holocene strike-slip active
fault.
excavated across the fault, with measurement
of twelve topographic profiles of fault scarps.
It was revealed that the paleoseismology on

A group of twelve trenches were

the fault currently present was inhomogene-
ous in time and space: 7 paleoearthquakes of
approximately M 7 with 1,000 years recur-
rence interval on the eastern segment and 3
paleo-events of approximately M 7 with 1,500
years recurrence interval on the western; a
larger earthquake of M 7.5 caused the fault to
rupture entirelyd Yuan et al.,, 1994 The
Yanhuai Basin zoned YHBZ[ located north-
west of Beijing, is a typical basin-range
tectonic zone in the northeastern boundary of
Thirty trenches revealed

thirty-four paleoearthquakes with an 1,153 +

the Ordos massif.

990 years average recurrence interval and 1.2—
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2.2 m coseismic displacement on four normal
faults in this basin zonel Ran, 1997; Ran et
al., 199800 The piedmont fault of Mt. Daqing-
shan is the northern boundary fault of the
eastern part of Hetao basin, the northern
boundary of the Ordos massif. A trench
group, consisting of two trenches of 36 m and
25 m long, and 9 m and 5 m deep, revealed
four paleoearthquakes with a recurrence
interval of proximately 2 -5 KaldWu et al.,
199501

O Furthermore, many trenches excavated
across different portions of a fault make it
possible that more events may be revealed
and complete history of earthquake activity of
the fault may be discovered. However, it does
not mean that the more trenches there are,
the less the uncertainty of the information on
palecearthquake events is.
dating uncertainty of paleoearthquake events,

Because of the

one paleoearthquake event may be inter-
preted as different events in different trenches.
For example, a paleoearthquake which occu-
rred on an active fault is revealed in two
different trenches, but radiocarbon samples
taken from the two trenches dated different
ages for the same event. In cases where
dating data are lacking, the same event is
usually interpreted as two or more events.
Mao and Zhang[ 19950 proposed use of the
progressive constraining method to decrease
this kind of uncertainty due to complicated
trench data. For events revealed in any trench
we can determine either its upper bound, or
lower bound, or its time interval. When all of
the events revealed in each trench along the
same fault are plotted, it is possible to
identify the same event revealed in different
trenches by upper bound, lower bound and
time interval constrains. If an event is
discovered in more than two trenches, we can

use different upper and lower bounds to
constrain the occurrence time of paleoearth-
quake and to reduce the uncertainty associ-
ated with dating. Figure 4 shows how to
determine paleoearthquakes based on data
from several trenches using progressive
constraining.

0 Besides the trenching technology, there are
several other methods applied to recognizing
paleoearthquake in recent years. Li, T. et al.
0 19940 made a research of 62 sag ponds along
the Xianshuihe faultd XSHFO and found that
6 depositional cycles of these sag ponds re-
present 6 paleoearthquake events during past
20 Ka near Luhuo County. The Xiadian fault
0O XDFO is the seismogenic fault of the 1679 M
8 Sanhe-Pinggu earthquake. Comparison of
two stratigraphic logs of drills on both sides of
the fault showed different deposition on both
sides of the fault in the last 26 Ka. By
analyzing the offsets of sediments and
stratigraphic marks, Xu et ald 2000Cidentified
11 paleoearthquakes.
tural observation on invisible or die-out faults

Moreover, microstruc-

can assist in the determination of the age and
recurrence intervals of paleoearthquakes more
accurately. Invisible faults or concealed faults
often lead to complexity and uncertainties in
paleoearthquake research. Confirming or
negating the existence of concealed faults and
tracing the terminated levels of die-out faults
by microstructural observation can assist in
recognizing paleoearthquakes more accurately.
Chao et al[020000analyzed microstructures of
original-state directional samples taken from
several typical paleoearthquake trenches to
conclude this knowledge.

O The research of paleoseismology in the last
10 years has helped us understand paleoseis-
mic rupture behavior, and recurrence behav-
ior along several major fault zones or in an
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Fig.040 Illustration diagram showing the progressive constraining method in
paleoseismological studies] Mao and Zhang, 199501

active region. A group of trenches, consisting
of 3 main trenches and 3 auxiliary trenches,
was excavated across the Hohhot segment of
the piedmont fault of Mt. Dagingshan. A
complete paleoseismological history of the
fault during the period time since 19 Ka BP
was revealed. The paleoseismic recurrence
pattern shown by the complete paleoearth-
quake record follows a quasi-periodic recur-
rence model with an average recurrence
interval of 2,375 + 432 yearsddRan et al.,
200200 Based on paleoearthquake data from a
3-D trenchO Ran et al., 19970 and 35 other
trenchesl] Institute of Geology, State Seismol-
ogical Bureau and Seismological Bureau of
Ningxia Hui Autonomous Region, 1990; Min,
199800 we can identify two temporal clusters
during the last 7 Ka paleoearthquake history :
the first cluster occurs approximately 4.6 — 6.4
Ka and the second 1 - 2.8 Kald Ran and Deng,
1998; Min et al., 2001; Zhang, P. et al., 20010

Furthermore, the ruptures affect each other
in segments not only along an active fault
zone but also in an active region. Between the
northeastern margin of the Tibetan Plateau
and the North China tectonic province, many
active faults, including the Haiyuan fault
zone and faults in the southern part of the
YJDB existl] Fig. 5all In addition to 5 large
earthquakes of M O 7 in the last 400 years
01561, 1622, 1709, 1739 and 19200] there
hane been 19 paleoearthquakes in this area
O Min, 1998; Research Group on“ Active fault
system around Ordos massif”, State Seismol-
ogical Bureau, 1988; Wang, Y. et al., 19900
Min et al.0 20000 analyzed these earthquakes
to conclude that:0 10 the average recurrence
interval along an individual fault is usually 1 -
2 Ka, and earthquakes along faults in the
NTP seem to have quasi-periodic recurrence
intervals, while those along faults in the
northeastern margin of the Tibetan Plateau
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Fig.050 Between the northeastern margin of the Tibetan Plateau and North China tectonic provincel al] 24
paleoearthquakes and historic earthquakes have been recognized, which show temporal clustering
pattern. Earthquakes within a cluster migrate according to a certain pattern, usually starting at

south, then migrating to north and come back to south b[1J Min et al.

have no regular recurrence interval;d 20
regional earthquakes clearly show a temporal
clustering pattern, and the mitigation of
earthquakes within a cluster follows a certain
pattern, usually starting to the south, then
migrating to north and back to south Fig. 5[]
In addition, paleoseismological research along
the Xiaojiang faultd XJFO shows that the
recurrence interval of a characteristic earth-
quake based on paleoearthquake data is
longer than that deduced from the average
slip rate and maximum displacement of a
major earthquake, even when subtracting
100 creep slipdd Wallace et al., 198401 Shen, J.
et al.00 1998b0 proposed the new concept of
relative creep”, which means that the total
displacement is caused by all earthquakes

other than the characteristic earthquake, and

, 200001

determined a formula for calculating slip rate
of* relative creep” . Comparing the slip rate of
relative creep and paleoearthquake data, we
can obtain a more reliable recurrence interval
for the characteristic earthquake.

0 20 Fault segmentation

0 Fault segmentation is a fundamental con-
cept to earthquake research. The segmenta-
tion of many large faults on the basis of
geometric, structural and active features has
been known for decades. Allen] 19670 des-
cribed five zones of the San Andreas fault
based on seismic activity, three strong active
zones and two weak active or inactive zones,
and divided this fault into four segments.
Wallaceldl 19700 divided the San Andreas fault
into nine segments, and described their active

features in detail. The contemporary fault
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segmentation theory with the concept of
seismic rupture behavior, an important con-
tribution of paleoseismology, only developed
in the 1980's. On the basis of paleoseismologi-
cal data for the Wasatch and San Andreas
fault zones, Schwartz and Coppersmitial 19840
proposed that a large fault zone is usually
divided into several segments, and that each
segment tends to generate essentially the
same magnitude or characteristic earthquake
having a relatively narrow range of magni-
tude near the maximum. In China, segmenta-
tion of a large fault zone based on geometric,
structural and active features had been done
for decades, while fault segmentation associ-
ated with earthquake rupture behavior and
prediction of seismic risk has only started
since the mid 1980's. Major research work
has been done on the Xianshuihe faul XSHFO
in eastern Tibefl Wen, 1993; Wen et al., 2002
the Anninghe faultd ANFO in southwestern
Chinal Tang et al.,, 1989; Wen, 20000 the
Xiangshan-Tianjingshan faultd XTFOin north-
central Chinald Wang, Y. et al.,, 19900 the
Tancheng-Lujiang faul TLFCn eastern China
0 Gao and Zheng, 19910 and the Haiyuan fault
OHYFOin north-central Chinal Institute of
Geology, State Seismological Bureau and
Seismological Bureau of Ningxia Hui Autono-
mous Region, 1990; Zhang, P. et al., 2001 etc.
0 Generally, fault segmentation can be gene-
rated in four ways: 1[0 geometric segmenta-
tion, 20 structural segmentation, 30 active
segmentation and 4Crupture segmentation. Of
them, geometric and structural features are
the basis of fault segmentation, while the
distribution, process, and history of rupture
are the essence of segmentation. Neverthe-
less, most of the completed segmentation
research is usually based on the difference of
active feature, associated with geometric and

structural, because of the lack of paleoseismol-
ogical data. After approximately ten years of
fault segmentation research, some useful
segmentation criteria and methods have been
summarizedd Ding, G., 1992; Ding, G. et al.,
1993; Deng and Zhang, 199500 Based on the
results of segmentation researches on three
faults that have been regarded internation-
ally as the most reliable for fault segmenta-
tion, Zhang, P. et al.00 19980 summed up six
segmentation methods[] geotectonic, geophys-
ical, geomorphologic, geometric, active charac-
teristic, and paleoseismologicall] and thirty
segmentation features.

0 The Nankou piedmont fault] NKPFOin west
Beijing is one of the northeastern trending
normal faults developing in the Beijing area
0 Huang et al., 199100 He and Fang[ 19950
divided this fault into four segments based on
the differences in geometry, geomorphology
and Quaternary activity. It was proposed that
segmentation of the fault is caused by
differential movement of the depressed blocks
in the southeastern side of the fault rather
than the discontinuities along the fault. The
eastern piedmont fault of Mt. Liupanshan is
an active reverse fault due to the eastward
extrusion of the Tibetan crust. Based on the
change of geometric features, active history
and active characteristics, Xiang et al.00 19980
divided this reverse fault into a north, middle
and south segment. The faulting along the
northern segment indicates mainly sinistral
slip, while faulting
southern segments is principally reverse slip.

in the middle and

The active period of the northern segment is
younger than that of the southern segment,
and the horizontal slip is greater in the north
than in the south.

0O Cheng and Yang@] 1996 divided the southern
marginal fault zone of Datong-Yangyuan basin
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0 DYBUOlocated in the Shaanxi fault depression
zoneld SXDBO into northeast and southwest
segments. This segmentation was based on
the differences in tectonic geomorphology:0J 10
the height of the fault scarp along the
northeastern segment is larger than that
along the southwestern segment, and the
height of the fault scarp is greatest in the
center and deceases gradually toward two
ends along both the segments;d 2[10.34 mm/yr
slip rate, 0.9 m average coseismic displace-
ment from an earthquake event, and 900 —
1,000 years recurrence interval along the
southwestern segment, while 0.99 mm/yr, 3.1
m and 1,800 years along the northeastern
segment.

O In addition to such standard methods as
geometry, geologic structure, geophysical field
and active history, some other features have
been developed for segmenting active faults.
Preferred orientation and fabric of minerals
have a close relationship to the mode of slip
along a fault. The fabric analysis of gouge in
the Xiangshan-Tianjingshan faultl XTFOby an
X-ray method with a Textrete-Goniometer
showed that this fault could be divided into
three segments. The illite fabric in the middle
segment has no orientation due to strike slip
faulting, while the maximum density area in
the eastern and western segments is caused
by sinistral-shear creepd Zhang, B., 19970
The fabric feature of fault gouge shows that
the eastern piedmont fault of Mt Liupanshan
is composed of three segments as Xiang et al.
019980 divided based on change of geometric
and active features[] Zhang, B. et al., 20000 .
The sinistral slip along the northern segment
has made the local strong deformation,
traction fold, Riedel shear angle of 11° [0 26°,
P foliation and randomly preferred orienta-
tion of illite mineral developed within fault

gouge. The creep slip and reverse slip along
the middle and southern segments are ide-
ntified by general deformation, a Riedel shear
angle of 11°or less, banded fold, ptygmatic
structure and polygemic preferred orientation
of illite mineral developed within fault gouge
0 Zhang, B. et al., 200000 The deep circulation
of hot spring water can strongly weaken an
rock, and the
weakening increases as the circulation depth

active fault and its wall

increases. Based on observations of 14 hot
springs along the northern section of the Red
River fault zone, Lin0O 19930 segmented the
northern section of the Red River fault zone
into four segments: Jianchuan, Eryuan, Dali
and Midu. The earthquake activity on the
Eryuan segment is lower because of deeper
circulation of hot spring water, while earth-
quake activity of the other segments is higher
because of shallower circulation of hot spring
water.

O In recent years, the stability of segmenta-
tion, the persistence of a segment boundary,
the gradation of segmentation, and the multi-
rupture scenarios have received much focus in
The extent of a segment is com-
monly used to estimate the potential earth-

research.

quake size, and the segment boundary plays
an important role in arresting earthquake
rupture from event to event. The means to
identify persistent discontinuities is very
important to eliminate the uncertainties in
fault segmentation and prediction of potential
earthquake sizes. Studies of the geometric
pattern of five well-documented historic
earthquake ruptures in the Basin and Range
Province revealed three important relation-
ships between rupture termination and the
size of structural discontinuities {J 10termina-
tions of normal faulting earthquakes are

associated with structural discontinuities {1 200
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the sizes of inter-rupture discontinuities that
significantly stop or impede the propagating
rupture are larger than the intra-rupture
ruptured
through by the earthquake ;0 30 the sizes of

discontinuities that have been

inter-rupture discontinuities that stopped the
earthquake rupture appear to scale with the
length and displacement of the surface
rupturél Zhang, P. et al., 199900 In spite of the
lack of a quantitative relationship between
discontinuity size and segment length, these
three relations mentioned above are useful to
identify persistent discontinuities.

0 The Xianshuihe-Anninghe-Zemuhe fault
zoneld XSHF-ANF-ZMF[ located in the nor-
thern-central section of the Kangding fault
zone KDFO is one of the well-segmented
faults in China. Wen[ 20000 delineated the
fault zone into 12 rupture segments using
geometric structure, active features, geophysi-
cal data, crustal deformation, historic earth-
guake data and research results of paleo-
earthquakes§] Fig. 600 The following knowledge
of segmentation on strike-slip fault zone was
also concluded.Ol 10 The persistent and impor-
tant boundaries are generally larger geomet-
ric discontinuities, structural barriers, and
transition areas of Quaternary active behav-
ior of faults, which terminate the propagation
of earthquake ruptures by partly change in
volumefd 20Approximately 500 of the historic
earthquake ruptures terminated without ob-
vious geometric discontinuities or structural
barriers, suggesting that identifying such non-
persistent boundaries on the strike-slip fault
is as important as persistent boundaries ;0 30
The non-persistent boundaries can be identi-
fied by earthquake rupture and the recur-
rence behavior, spatial difference of current
active behavior, composition of small geomet-
ric discontinuities, and release barriers.

0 The phenomenon of segment gradation or
multi-rupture is an important finding on
major faults as the San Andreas fault and the
Haiyuan fault. As noted above, the Haiyuan
fault is a left-slip fault zone, trending north-
western along the northeastern margin of
Tibetan Plateau. The fault consists of 11 sub-
parallel fault strands separated by pull-apart
basins of different size§l Fig. 7all The average
strike of the Haiyuan fault is about N75° W,
while individual fault strands trend N60-65°
W. Based on the difference of active sense and
fault strike, this fault was divided into
eastern and western segments, taking the
eastern piedmont of Mt. Nanhua as the
boundaryd Institute of Geology, State Seismol-
ogical Bureau and Seismological Bureau of
Ningxia Hui 19900
Recent research on paleoearthquakes along
the fault suggested that the Haiyuan fault not

Autonomous Region,

only can be delineated by three segments but
also presents multi-rupture segmentation.
There are three kinds of earthquake rupture
models proposed: rupture of one segment,
cascade rupture of two segments, and rupture
of entire faultd Ran and Deng, 1998; Min et
al., 2001; Zhang, P. et al., 200100 Min et al.
[0 20010 identified ten paleoearthquakes in the
last 10 Ka along the Haiyuan fault through
trenching research: the first and last events
ruptured all of fault strands, three faults
O third, sixth and eighthO ruptured in the
two faultsO fifth and
seventh( ruptured in the middle segment, the

western segment,
other three faultsd second, fourth and ninth{
ruptured in the middle and eastern two
segments, and no paleo-event ruptured inde-
pendently in the eastern segmentl Fig. 7b0
Therefore, the rupture segmentation of the
fault presents three grades: first, entire fault
zone that produces larger size earthquake of
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MO 8; second,
easternU that produces smaller size earth-
quake of MO 7; third, one segment that also

two segments] middle and

produces smaller size earthquake of MO 7.
O Furthermore, because paleoseismology and
fault segmentation are very useful to under-

o Jingtai

stand the rupture process of faulting and
predict the place and magnitude of potential
earthquake, the paleoseismology and fault
segmentation have been applied to seismologi-
cal engineering, analysis of seismic risk and
seismic zonationd He and Zhou, 1993; Zhang,
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Fig.070 Segmentation of the Haiyuan faultd Min et al., 200101
all The geometric pattern of three segments of the Haiyuan
fault, trench locations across the fault indicated by short
bars ; b0 the history of large ruptures on the Haiyuan fault
based upon paleoseismic data from trenches.
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P. et al., 199800 When applying paleoseismol-
ogy and fault segmentation, we should pay
more attention to uncertainty and incomplete-
ness of paleoseismology, and segment grada-
tion or multi-rupture. Zhang, P. et al.00 19980
suggested following points of view when fault
segmentation is wused in seismic safety
assessment:[0 10 Sufficient and concrete evi-
dence is necessary for fault segmentation ;0 20
uncertainties associated with fault segmenta-
tion require comprehensive segmentation
features,d 30 in order to increase reliability of
fault segmentation, reliable features should
be used as much as possibld; 400t is important
to pay attention to the persistent nature of
fault segmentation boundary.

VO Remarks

O In this paper, we presented a brief review of
active fault research in China onf] 10research
history,00 200 the characteristics of active faults
in different active tectonic provinces, and 30
major progresses in paleoseismology and fault
segmentation. Although many foreign resear-
chers conducted research works in China,
especially in the Tibetan Plateau, we focused
on work done by Chinese researchers. More-
over, the Institute of Geology, China Seismol-
ogical Bureau, independent from Chinese
Academy of Science in 1978, is the major
institution engaged in active fault research in
China. There are other institutions and
universities have engaged in active fault
research, however, most of active fault
research in China have been done by China
Seismological Bureau and associated local
seismological bureaus. This review paper is
made principally based on the research work
done by the Institute of Geology, China
Seismological Bureau and associated local
seismological bureaus. Since last year, China

Seismological Bureau has begun a major five-
year project to detect active faults under more
than 20 selected major cities. The Institute of
Geology and some local seismological bureaus
will participate in this project. We are
confident that this project will contribute to
active fault research in China and throughout
the world.
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List of place name

Appendix: 00000000

Alxa ooo Huashan 0o Shannxi oo
Baiyin oo Hubei oo Shanghai oo
Beijing oo Jianchuan oo Shenyang oo
Bohai oo Jiaoliao oo Shimian oo
Changchun oo Jinan oo Sichuan oo
Chengdu oo Jingtai oo Sikouzi ooo
Dali oo Jingyuan oo Taibei oo
Danjiangkou ooog Kangding oo Taishan oo
Daofu oo Kashi oo Taiyuan oo
Datong oo Kuche oo Tangshan oo
Diexi oo Kuerle ooo Tarim ooo
Dongchuan oo Kunming oo Tongxin oo
Dzungaria ooog Lanzhou oo Turpan ooo
Eryuan o Lhasa 0o Ulumuchi 0oooo
Fuyun oo Lingshan oo Wuzhong oo
Fuzhou oo Longde oo Xian oo
Guangdong oo Luhuo oo Xichang oo
Guangsi oo Mani oo Xidatan ooo
Guangzhou oo Mianning oo Xiji oo
Guiyang oo Midu oo Xinfengjiang ooo
Guyuan oo Ningnan oo Xinjiang oo
Haicheng oo Ningxia oo Xining oo
Haikou oo Ordos H000 Yangtze River ooooooo
Harbin ooog Qaidam ooo Yingchuan oo
Hehuai oo Qianning oo Zhongning oo
Heifei oo Qiaojia oo Zhongwei oo
Hetao oo Qinghai oo

Hexi Corridor gooo Sanhe-Pinggu oo-00o

Hohhot oooo Sanxia 0o

List of Mountains

Mt. Altai oooao Mt. Qinling 0o

Mt. Beizhangshan ooog Mt. Seerteng oooo
Mt. Dagingshan ooog Mt. Shizuishan ooo

Mt. East Kunlun ooog Mt. Taihangshan ooo

Mt. Hasishan ooo Mt. Tianshan 0o

Mt. Huashan oo Mt. Wulashan ooo

Mt. Huangjiawashan 00#D Mt. West Kunlun ooo

Mt. Longmenshan ooog Mt. Xihuashan ooo

Mt. Machangshan ooog Mt. Yanshan oo

Mt. Nanhuashan ooog Mt. Yingshan oo

Mt. Qianlianshan ooog Mt. Yueliangshan ooo
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List of active faults and tectonic zones

Bangonghu-Nujiang suture zone

Altyn TaghUO AltunO fault zone ATFO
Anninghe faultdd ANFO

Boluokenu faultd BKFO

Datong-Yangyuan basinCd DYBU

East Kunlun fault zoned EKFO

Ganzi fault GZFO

Haiyuan faultd HYFO

Hehuai Plain block HHPO

Heihekou faultd HHKFO

Hetao fault depression zoned HTDBO
Jiaoliao uplift blockO JLUDO

Kangding fault zoneO Xianshuihe-Xiaojiang fault zone[1] KDFO
Karakorum faultd KRFO

Karakorum-Jiali fault zoned KJFO
Keketuohai-Ertai faultt KEFO

Laohushan faultd LHSFO

Liupanshan thrust zone LPTO
Longmenshan thrust zone LMTO

Nankou piedmont faultD) NKPFO

Northeast China tectonic provincel NETPO
North China Plain block NCP[O

North China tectonic provinced NTPO
Qilianshan-Hexi Corridor thrust zonell Q-HTO
Red River fault zonel RRFO

Sagaing faultd SGFO

Shaanxi fault depression beltdd SXDBO
Shiping-Jianshui fault zone SPFO

South China tectonic provincel STPO
Taihangshan uplift blockO THUDO
Tancheng-Lujiang fault zoned TLFO

Tibet tectonic provinced TTPO

Weihe fault depression zoned WHDBO
West Kunlun thrust zoned WKTO

West Qinling northern piedmont faultld WQFO
Xiadian faultd XDFO
Xiangshan-Tianjingshan faultd XTFO
Xianshuihe faultd XSHFO

Xinjiang-Uygur tectonic zoned XUTPO
Xiaojiang faultd XJFO

Yadong-Gulu faultd YGFO

Yanhuai Basin zonell YHBZ[O
Yingchuan-Jilantai fault depression beltd YJDBUO
Yingshan-Yanshan uplift block (YYU)
Zemuhe fault (ZMF)
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