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PREFACE

Northwest Yunnan is a region which experiences intense neotectonic movement, fre-
quent destructive earthquakes, and other geologic hazards related with active structures,
and hence serious loss of lifes and properties. For the purpose of monitoring and predic-
ting earthquakes, an earthquake prediction experimental field was established by the Sta-
te Seismological Bureau(SSB) in the region in 1980. Seismogeological investigation is one
of the important basic researches for long-term earthquake prediction. The researchers
from Institute of Geology, SSB, and Seismological Bureau of Yunnan Province have made
much effort in this discipline. Tremendous and detailed works, such as geotectonic, seis-
mo-tectonic and paleoseismological investigations, electrical soundings, geothermal measu-
rements, remote sensing, investigation of active faults and their material composition and
ages, measurements of tectonic stress field, crustal movement and recent crustal deforma-
tion, and research on seismic activity, interval of earthquake recurrence, potential source
zones and seismic risk estimation, were conducted during the period of 1982—1988, and
a large amount of valuable data were obtained. It provides several aspects for understan-
ding of the region studied, makes a great progress in this discipline, and hence provi-
des a sound basis for preparing the first plentiful scientific and widely applied mono-
graph Active Faults in Northwest Yunnan Region which is distinct from other previous
similar scientific works covered this region in the following aspects: 1) The large-scale
mapping of active faults permits to find a large amount of faults activated since the
Late Quaternary, seismogenic faults and paleoseismic events, and deeply formulate the
basic seismogeological theories. 2) Many concepts were suggested on the geometric and
kinetic behaviours of the active structures in the region, such as X-shear zone, taphroge-
nic extension zone, pull-apart zone and tip tension zone were defined. It helps to decip-
her the geologic causes for earthquake generation. 3) The qualitative and semi-quantita-
tive studies of the kinetic behaviours of the faults provide numerous data on the rates of
fault displacement and dislocation by earthquakes. 4) Measurements of the fault scarps
and disturbed streams and earthquake-generated wedges make it possible to clarify the
distribution of displacements by large historic earthquakes and paleoseismic events since
the Late Pleistocene, and hence to estimate their recurrence interval or mean recurrence
interval. These works have begun early in 1080s, strengthened by the China-U.S. A.
cooperative investigations in the region, and then further advanced by our researchers,
so that the seismogeological research has made a great step toward the earthquake pre-
diction. 5) A new multidisciplinary approach was formed. In addition to ordinary seis-

mogeologic and neotectonic investigations and geochronologic study on the active faults,
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a comprehensive research was formed in connection with geochemical, geothermal, seis-
mological and geodesic surveys, electrical sounding, tectonophysical modelling, microfa-
bric analysis of fault materials, and interpretation of aerophotos and satellite images. These
works undoubtedly help to make a great advance in deep understanding of the active
structures and earthquake generation.

The Monograph consists of thirteen chapters with a main guideline to research on
“movement along the active faults since the Late Quaternary—qualitative and quantitative
indicators for seismogenic structures—interval of earthquake recurrence—potential source re-
gions and recent seismic risk”. The guideline to the research provides numerous new da-
ta and hence a new knowledge on the region. Thus, several new advances were taken
on the basis of previous and present investigations and are of important scientific value.

The Monograph Active Faults in the Northwest Yunnan Region is published du-
ring the implementation of International Decade for Natural Disaster Reduction (DNDR),
launched by the United Nations. Its implication will be undoubtedly beyond the limits of
the studied region and our country, and its role will be increased. For this I extend cor

dial greetings.

Ma Xingyuan
October 10, 1989
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INTRODUCTION

West Yunnan Earthquake Prediction Experimental Field, located in Northwest Yun-
nan Region. is a scientific basis for earthquake monitoring and predicting, established by
the State Seismological Bureau (SSB), and is also a field laboratory for comprehensive,
multi-disciplinary research approach to medium-and long-term earthquake prediction. Seis-
mogeological investigation, which is one of the important basic researches, was carried
out by the scientists of Institute of Geology, SSB, and Seismological Bureau of Yunnan
Province on the experimental field, and provides its background data for other discip-
lines in further research, which are also reflected in this monograph.

The West Yunnan Earthquake Prediction Experimental Field is located at the geog-
raphical coordinates of 25—27°N and 9975—101°E, and covers an area of 30,000 km?
{from Lijiang on the north to Nanjian on the south, and from Yunlong on the east to
Yongshan on the west. Its outer region lies in an area Of about 90,000 km? at 24.5—
2820 N and 98.5—101°5E from Zhongdian on-north to Yunxian on-south and from
Tengchong on—west to Cuxiong on—east. The region is a geological conjunction zone of
three tectonic units separated by Jinshajiang, Honghe and Xiaojinhe-Lijiang {faults, and
bounded by Yangtze Platform on-east, Garze Fold System on-north, and Shangjiang
Fold System on—west and southwest. These three blocks are different in history of their
development, and caused the region to form a complex tectonic zone with a variety of struc-
tures exhibiting their different evolution and high seismicity. The region has been sub-
jected to extension and pull-apart which resulted in formation of a relatively depressed ta-
phrogenic zone on a background of overall block uplifting and the upper mantle upwel-
ling. The elevation of the taphrogenic zone is 500—1 000m lower than that of its sur-
rounding mountains, such as Wulongshan, Laojunshan Mts on the north, Canshan Mt on
the west, Wulianshan and Ailaoshan Mts on the south, and Guangmaoshan and Wuding-
shan Mts on the east, Many active faults are distributed between the taphrogenic zone
and the high mountains and between the second-order basins and ridges within the ta-
phrogenic zone. The NW- and NNE-(or NE-) trending fault systems have controlled the
development of the region to form an asymmetric thombic block with different edges,
the Northwest Yunnan rhombic block. Geomorphically the Ailaoshan Mts are a major
mountain system in the region. The relief is high on the northwest and low on the south-
east, and is cut deeply into valleys down to 1500 m in maximum and mountains up
to 5500 m in maximum by a series of the streams originated on Qinghai-Xizang Pla-
teau. The altitude of the studied region is 2000—2500 m in general.

The experimental field is centered at Dali Baizhu Autonomous Prefecture, which
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was a political, economic and cultural centre of Yunnan Province in history, and now is
an important scenic spot in our country for tamples, grottoes, cliff drawings.frescoes,and
fascinating natural landscape. But various geologic hazards related with active structures,
such as earthquakes, landslides, rockialls and floods frequently occurred. Since 886 AD,
as shown in historic records, the experimental field and its surroundings have experien-
ced 201 earthquakes of M2>4. Among them 20 events were of M=6-—6.9, and three
events of M=7 or more. The largest one is M=7.5 Yongsheng earthquake in 1511,
which killed 1500 persons, and M>=>7 Dali earthquake in 1925, which killed 3600 persons
(Gu Gongxu, 1983). Time interval of M==5—6 earthquakes in the studied region is es-
timated to be from ten years to several decades. Thus one of the important problems is to
study the geologic conditions for earthquake generation. The geological investigation of
active faults, seismogenic structures, recent crustal deformation and seismicity in the re-
gion enables us to reveal the regularities of recent movement along the active faults and
understand the causes and conditions for earthquake occurrence.

Northwest Yunnan region lies between geosynclinal fold belt uplifted under the com-
pression and stable Yangtze-Huaihe Platform. Neotectonic movement has taken place by
the uplifting and southeastward slipping of Qinghai-Xizang Plateau under the plate mo-
tion and the reaction of Yangtze Paraplatform on the front of the slip and immediate
push and compression of Indian Plate. Therefore, it is a tectonic window for stiay of
motions of some plates or blocks, 1i. e. study of the experimental {field is of scientific
significance for revealing geodynamics of continental lithosphere in China, especially col-
lision between Indian and Eurasian plates, uplilting of Qinghai-Xizang Plateau and dis-
persion of surroundings. ’ .

Seismogeological study of Southwest China started early in 1950s, when Li Shanbang,
Gorshkov, Xui Yujiang and other scientists carried out field investigations and col-
lected data and informations on neotectonic movement for identifying seismic intensity.
Then from 1965 a more extensive investigation was carried out by Kunming Institute of
Geophysics, Academia Sinica, resulted in a seismological regionalization of the West Si-
chuan and West Yunnan regions and compilation of neotectonic map, seismotectonic
map and seismic zoning map of 80,000 km?. At the same time, Southwest China Seis-
mogeological Team of the Ministry of Geology has developed its investigation on active
structures and seismotectonics, resulted in segmentation of the Honghe fault zone, and
seismotectonic investigation of Dali and Yongsheng seismic areas. These works provided
a basis for later deep research. Since 1971, Southwest China Seismic Intensity Research
Team organized from seven geological organizations of SSB carried out comprehensive
investigation centered at Xichang-Dukou area for the purpose of seismic intensity zoning
of Southwest China. As a result of the three-year seismogeological and two-year com-
prehensive investigation, a series of maps, collected papers and a monograph will be publi-
shed.

. X .



Since the establishment of the Earthquake Prediction Experimental Field a new sta-
ge of seismogeological research had started in connection with China-U. S. A. coopera-
tive seismological project in 1980, and extensive and detailed investigations have been
developed since 1982 by scientists of Institute of Geology, SSB, and Seismological Bureau
of Yunnan Province together with researchers of Institute of Crustal Dynamics, SSB,
Institute of Seismology. SSB, Institute of Geophysics, SSB, and China Geological Univer-
sity by a comprehensive and multi-disciplinary approach for seven years. They obtained
many new data and information on electrical properties of deep crust, geothermal regi-
me, active faults and their materials and ages, tectonic stress, crustal dynamics, recent
crustal deformatiom, seismotectonics, paleoseismic events, seismicity, time interval of
earthquake recurrence, potential seismic source zones and seismic risk, which are the
basic data for preparation of the monograph.

Summarizing the obtained data and information, we can make several advances in
the following aspects:

1) Large-scale mapping of active faults in the studied region permits us to {find
numerous new faults activated since the Late Quaternary, seismogenic faults and paleo-
seismic events. It provides a new basis for deep research of the active structures, enri-
ches the accumulated geological data, and leads to formulate the basic seismogeological
theories.

2) Adfter the investigations, many new concepts are suggested on the tectonics of
the Northwest Yunnan region on the basis of analysis from previous static to present dy-
namic viewpoints, i. e. from the geometric to the kinetic studies. For instance, the con-
cepts on X-shear zone, taphrogenic zone, pull-apart zone and tip tension zone were sug-
gested. These concepts help us to geologically interpret the conditions for earthquake
generation,

3) Semi-quantitative and quantitative studies of the fault movements, including the
amplitudes, rates and amounts of displacements, and offsets and dislocations along the
faults in the studied region, where either strike-slip faults or dip-slip faults are dominant.
It permits us to accumulate many valuable data on fault movement.

4) Measurements and researches on fault scarps, disturbed river systems and streams
and earthquake-generated wedges in excavated trenches make us possible to reveal
the distribution of dislocations and displacements by historic earthquakes and understand
paleoseismic evems since the late Pleistocene, and estimate real time interval of earth-
quake recurrence or mean recurrence interval on the key segments of the active faults. It
makes the seismogeological researchto step into a quantitative approach and contribute to
earthquake prediction.

5) A comprehensive, multidisciplinary approach to seismogeology is formed. In
addition to ordinary surface geology, neotectonics, investigation of active faults and geo-

chronology it consists of geochemistry, magnetotelluric sounding, geothermics, seismology.

« XTI -



geodesy, tectonic modelling and microfabric analysis of fault materials, and interpretation
of aerophotos and satellite images so it greatly promotes the progress in understanding
the active tectonics and seismicity.

This monograph reflects the main results of seismogeological and other disciplinary
researches in the West Yunnan Earthquake Prediction Experimental Field. It is prepared
along a guideline to desipher “the movement along the active faults since the Late Qua-
ternary—time interval of earthquake recurrence—qualitative and quantitative seismotectonic
indicators for earthquake occurrence—determination of potential seismic sources and near-
future seismic risk zones”, with an emphasis on reflection of new data and new ideas.

The monograph consists of thirteen chapters. The chapters I-IIl give an outline of
basic framework of the formations and evolution of geologic structures from stratigraphic,
tectonic and geomorphic data, and geologic bodies from surface to depth and from older
to younger. A stratigraphic-geochronologic column for the experimental field is composi-
ted up from polynologic. ¥C dating, luminescent and stratigraphic data since the Tertia-
ry. The upper mantle upwelling was found from the data of electromagnetic sounding.
It is correlated to the extension of upper crust and the taphrogenic zone.Chapters IV-VI
deal with the behaviours and patterns of fault movements since the Quaternary from da-
ta of remote sensing, field geologic and geomorphic investigations, analysis of fault rocks,
and hydrogeochemical research. These real data provide a basis for further discussion
in the later chapters. Chapter VII gives the relevelling data obtained on levelling network
and triangulation for many years, and measurements of fault displacements, which re-
veal the characteristics of recent vertical and horizontal crustal displacement and pattern
of fault movement. Chapters VIII-IX give a description and a discussion on the recent
tectonic stress field, motion of tectonic blocks, kinetics of crustal movement and possible
dynamic model from the results of geologic and geophysical data in connection with
ground deformation measurements and seismological modelling. Chapter X describes the
regularities of time-space variation in seismicity, gives data on historic earthquakes and
instrumental records of earthquakes of M=4 or more in the studied region and its sur-
roundings, and in particular demonstrates a group of preserved photos on seismic hazards
by 1925 Dali earthquake. In chapter XI an emphasis is made on tectonic analysis of
several seismic areas, and a discussion is made on tectonic modelling and geologic condi-
tions for the earthquake occurrence. Chapter XII deals with time interval of earthquake
recurrence since the Late Pleistocene in several tectonic zones, and gives a real time in-
terval of earthquake reccurrence in Yongsheng and Dali areas from a plenty of data
and estimates mean time interval of earthquake recurrence in Jianchuan, Eryuan and
other areas from insufficient data. Chapter XIII, summarizing various seismic parameters
listed in the previous chapters, discusses on the identified potential source zones and seis-
mic risk areas for future 50 years.

During the seven years more than 50 geologists, geophysicists. geochemists, seismologists
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and geodesists have taken part in the field investigation and research under an effec-
tive support by the Department of Science and Technology for Earthquake Monitoring,
SSB, Joint Foundation of Seismological Science, Institute of Geology, SSB, Seismological
Bureau of Yunnan Province, and Leadership of the West Yunnan Earthquake Prediction
Experimental Field,

In the process of preparation of the monograph a writting group was set to prepare
the individual chapters, The draft of the monograph was finalized and generalized by
Guo Shuanmin, Han Yuan and Li Xianggen, and the inserted maps and illustrations we-

re drawn by Guo Jingping of the Seismological Press.
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