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Foreword

Remote sensing is a technology of detection and recognition at long distances. It uses various
types of sensors at satellite platforms of different altitudes to receive electromagnetic radiation the
carth surface. This icchnique emerged in the middle 19th century and developed rapidly in the
1960s. It is a new nethod resulted from combination of many disciplines such as physics. from
mathematics, computer, modern communication, earth science. biology. and environment science. It
has been widely used in studies of geotectonics. geography, seismology, oceanography. hvdrology.
sngineering. environment, agriculture. forestry, meteorology., and military. The United States
‘aunched the first earth resource satellite LANDSAT in the world on 23 July 1972, and has launched
seven land satellites t1l now. Since the middle 1980s. France has successively launched five SPOT
satellites. In recent years, the high-resolution civil sateilite has made great progresses. The United
States launched the satellites IKONOS in 1999 and QuickBird in 2001, respectively. China and
Brazil succeeded m jomt cfforts of the resource satellite CBERS-1 on 14 October 1999 Following
the L waveband radar satellite of the US in 1978, the radar satellites have been developed rapidly.
Sinee 1991, the European Space Agency has rocketed radar satellites ERS-1/2 and ENVISAT-1 into
orbit successively. Japan has orbited radar satellites JERS-1 and ALOS. And Canada has placed its
radar satellitc RADARSAT-1 in the space.

In the late 1950s. under the leadership of Prof. Zhang Wenyou, geological research based on
acrial remote sensing started in the Institute of Geology. Chinese Academy of Sciences, of which
some divisions were reorganized into the Institute of Geology, State Scismological Burcau in the
late1970s. In 1974, when visiting the United States. the Chinese delegation headed by Prot. Gu
Gongxu and Prot. Ding Guoyu was given a set of land satellite images by the US Present
Consultant Prof. F. Press and Prof. C. Allen, which cover all the lands of China. Since then, we have
conducted a series ol studies using various images of remote sensing, including geological
interpretations of active faults. tectonic settings of major carthquakes, and surface ruptures as well
as other ground deformation caused by carthquakes.

In the study of active faults, various satellite images have been utilized, such as LANDSAT,
MSS. TM. ETM, SPOT, IKONOS, and CBERS. From these images. active faults in different
tectonic settings can be identificd in terms of features of geometry. landform. and water systers
appearing on the images. Then classification of active faults 1s made, yielding six kinds of Holocene
active faults associated with earthquakes, which have their own charactenistic images. These results
will help further rescarch of kinematic and dynamic features of active faults in differing tectonic
regions,

To detect hidden or blind faults is usually a tough task. Application of satellite images can offer
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support to solve this problem. For instance, in plain or basin areas covered with Holocene strata.
subsurface active faults can be recognized in the light of characters in the images from the
multi-phase and multi-band satellites. Eight kinds of characteristic 1mages have been drawn for
identification of hidden active faults. By combination of satellite image analysis and seismic
exploration to shallow depths, features of hidden active faults can be revealed, such as their spatial
distribution, slip modes, amplitudes and rates in the Quatcrnary time. For example, the lincar
images displayed by light color bright strips reveal the trace of the Tangshan fault. According to this
clue. seismic exploration was carried out in the Tangshan area to confirm the existence of the fault.
It was found that the fault dislocated vertically the Quaternary stratum with displacements 2.4m,
4.9m. 9.6m. and 18.0m for the Holocene (Q.), lower Pleistocene (Q1). middle Pleistocene (Q2), and
upper Pleistocene (€))) Series, respectively, which are clear on the exploration profile. The thickness
of the hanging wall of the fault is larger than that of the foot wall, indicating a syngenetic feature.
The steady slip amount of all the dislocated Quaternary strata are largely equivalent to the sudden
dislocation. Since the late Pleistocene. the sudden displacement of the fault is 2.4m, with a rate
0.024mmva.

Satellite images have been successfully applied to the study of tectonic settings associated with
carthquake generation. For instance, through interpretation of satellite photos. it was found that
there is a new uplift zonc in the epicenter area of the 1937 Heze M7.0 carthquake. It is bounded by
two NNW trending faults, constituting the Malinggang water divide, of which the activity was
closely retated with the 1937 M7.0 carthquake at Heze. The 1989 Datong-Yanggao Me6.1 carthquake
occurred on the Dawangeun-Xiyaoquan fault which extends from the inside Liulengshan Mountains
{0 the basin in NE direction. The satellite images display that the NNW striking Zuomu-Xiandi fault
and the new uplift bounded by the Lishi-Puxian fault stretch to the Linfen basin, where the 1695
Linfen M7' carthquake occurred, resulting in a NW trending surface rupture zone along
Sunqu-Xiwangzhuang and Linfen-Nangiao. Analysis of the multi-time and multi-phase satellite
images shows that various kinds of information from tectonic activities appeared prior to the 1976
Tangshan M7.8 carthquake. These activitics were presumably indicative of belts or points of
multi-source stress concentration, most of which were seismically active in the history.

In recognition of ground rupturcs caused by carthquakes, application of satellite images has
played an important role. A recent case is the study of surface rupture zones by the Kunlunshan
Mountains MR.1 carthquake using high-resolution satellite images. On the 10m resolution SPOT
images and 15m 1esolution ETM images, the surface seismic rupture zones are clearly recognized.
and further measurement of their length as well as segmentation study can be made. The Im
resolution TKONOS image is a realistic reduced picture of the landscape, exhibiting the finc
structures of the ruptures directly and vividly. On this photo. the widths of the rupturc zones and
0.1 order offset of landforms can be measured effectively. Analysis demonstrates that the surface
rupture zone caused by the K unlunshan Mountains M&.1 earthquake can be separated nto four
segments. with a total length 426km and a ncarly EW trend. In Yuxifeng, 93717" E. 3547 N, the

sully valley was otfset lcft-laterally by 7.8m, where the rupture zone is as wide as 1250m. as a place

H —



with the largest offset amount and biggest width along the entire rupturc zone. Actually this place is
just the macroscopic epicenter of the MS. | carthquake. Comparison of satellite images betore and
after the carthquake iadicates that there existed a seismic rupture zone prior the A48.1 carthquake of
2001, The current seen seismic rupture is a new one superimposed upon the preexisting rupture
ZONE.

Analysis of the TM imuges shows that the 1979 Mani M7.9 carthquake occurred on the
Ma’creaichaka-Ruolacuo fault zone in the northern Tibetan plateau. In conjunction with the
CUBERS-T anages, it is deterined that this carthyuake has produced a [10km-long nearly Fw
rending rupture zone on the ground, which has three segments arranged m a lefi-step cchelon style.
As contirmed by the nulti-time and multi-phase MSS and TM images. this seismic rupture zone is
Also superimposed upon a preesisting fracture zone.

In 1993 for the first ime the D-InSAR was used 1o survey the coseismic displacement ficld
caused by the Landers carthquake in the USA. Now this technique has been widely applied 1o
deformation measurements of earthquakes. volcanoes, glaciers. and landslides. Compared with
other technology. D-IRSAR has its unigue advantage of continuous coverage in space. thus groul
potential in observaticns from space 1o ground. We huive used the D-InSAR to analyze the coscismic
deformation fields of the 1997 Mani A77.9 carthquake, 1998 Zhangbei-Shangyi A76.2 earthquake,
and 2001 kunjunshan Moeuntains MR 1 carthquake. With incorporated data of focal mechanisms.
seismicity, and active faults. using elastic dislocation models in half-space, we have studied the
weatures of geometry und kinematics of causative fanlts of these events. The results indicate that the
sersmogenic fault of the Mani earthquake incudes four seginents from east 1o west. among which
the middle two  secuons are ruptures of larger scoles. And the fault that gencrated the
Zhangbei-Shangyi carthquake consists of a NWW trending fault and a NE trending fault. These
mierpretations are in accordance with actual tectonic settings.

We have attemipted to use the D-InSAR technoiogy 1o generate dynamic pictures of preseismic.
coscismic. and postseisimic deformation fields of the Mani carthquake. The result shows that 10
months prier to the event. o lefii-ship trend consistent with the seismogenic fault has appeared on the
surface in the seismic area. on which the displacement on the north wall is slightly larger than that
of the south wall. Two and half months before the carthquake. the western side of the fault was still
m the locked state. while the eastern side of the fault began 1o slide. Five months after the
carthquake, the distribution feature of interferometric fringes on the image was of right-lateral slip.
Just contrary to motion trend of the deformation ficld prior the event. From April 1996 to August
1997 before the Mani earthquake. the most prominent deformation appearcd I a zone parallel 1o
end about 40km from the fault. The local accumilative displacement on the southern wall was
s4dmm. and that on the northern wall reached 25 1mm, respectively,

The space-based remote sensing technology has also applied to the research of the volcano i
the Changbaishan Mcountains, which is considered of potential risk ol cruption in the future. We
Fave used images of TM and ERS-2 and acrial photos, in combination with GIS data and the

method of nerve element network classification. to study the eruption scales of the Tianchi volcano
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in the Changbaishan Mountains in modern times and distribution features of eruptive products
around its crater.

We sincerely thunk Academician Ma Jin and Academician Deng Qidong for their earnest help
to the writing of this book. We are also grateful to the Joint Foundation of Earthquake Scicnce,
National Natural Science Foundation of China, and the Ministry of Science and Technology for
their supports.

During the writing of this book, Shan Xinjian and Li Jianhua were responsible for Chapter 1.
Chapters 2, 3, and 4 were written by Li Jianhua. Chapter § was completed jointly by Shan Xinjian
and Li Jianhua. Chapters 6, 7. and 8 were finished by Shan Xinjian. Chen Guohu has done part
work involved Chapiers 1, 6, 7, and 8, and figure preparations of the book. Guo Limin has done part
of the Chapter 6 and some illustrations. Cai Yingwei has undertaken tasks of word mput, typesetting.
and lots of image processing. Li Jianhua made the unified version of the whole book manuscript,

and at Tast decided the final version jointly with Shan Xinjian.
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