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Abstract: The Xianshuihe fault zone is a seismo-genetic fault zone of left-lateral slip in Southwest
China. Since 1725, a total of 59 M, > 5.0 earthquakes have occurred along this fault zone, including 18
M; 6.0-6.9 and eight M, > 7.0 earthquakes. The seismic risk of the Xianshuihe fault zone is a large and
realistic threat to the western Sichuan economic corridor. Based on previous studies, we carried out
field geological survey and remote sensing interpretation in the fault zone. In addition, geophysical
surveys, trenching and age-dating were conducted in the key parts to better understand the geometry,
spatial distribution and activity of the fault zone. We infer to divide the fault zone into two parts: the
northwest part and the southeast part, with total eight segments. Their Late Quaternary slip rates
vary in a range of 11.5 mm/a — (3+1) mm/a. The seismic activities of the Xianshuihe fault zone are
frequent and strong, periodical, and reoccurred. Combining the spatial and temporal distribution of
the historical earthquakes, the seismic hazard of the Xianshuihe fault zone has been predicted by
using the relationship between magnitude and frequency of earthquakes caused by different fault
segments. The prediction results show that the segment between Daofu and Qianning has a possibility
of M, > 7.0 earthquakes, while the segment between Shimian and Luding is likely to have earthquakes
of about M; 7.0. It is suggested to establish a GPS or InSAR-based real-time monitoring network of
surface displacement to cover the Xianshuihe fault zone, and an early warning system of earthquakes
and post seismic geohazards to cover the major residential areas.
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1 Introduction

The Xianshuihe fault zone is an active left-lateral strike
slip fault zone in Southwest China. As an important
tectonic boundary, it has experienced a complicated
tectonic evolution from the Paleozoic to Quaternary
(Roger et al, 1995; Meade, 2007). It extends from Donggu
of Ganzi County in the northwest through Luhuo County,
Daofu County and Kangding County to Anshunchang of
Shimian County in the south, about 350 km long and
overall striking 320°-330°, appearing as an arc of slight
protruding northeast (Qian et al., 1988; Zhang et al., 2004;
Xiong et al., 2010). This fault zone is also an important
intraplate along which many large
earthquakes have occurred.

There have been many documents about the
characteristics of the Xianshuihe fault zone (Heim, 1934;

seismic zone,
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Tang et al., 1976, 1984; Schwartz and Coppersmith, 1984;
Qian et al., 1988, 1990; Wen, 1988; Wen et al., 1989;
Deng, 1989; Allen et al., 1991; Sun et al., 1994; Li et al.,
1997; Tapponnier et al., 2001; Zhang et al., 2003; Wang et
al., 2009; Li et al., 2015; Tang et al., 2015; He et al,,
2015). Recent studies have focused on its Late Quaternary
activities (Xu and Kamp, 2000; Lu and Liao, 2001; Cheng
and Yang, 2002; Qiao et al., 2004; Tang et al., 2005; Ran
and He, 2006; Peng et al., 2007; Wang et al., 2008; Yang
and Su, 2007; Molnar and Dayem, 2010; Zhang et al.,
2010, 2012, 2013; Wang et al., 2014; Li et al., 2015; Yan
and Lin, 2015). Previous research has estimated or
calculated the slip rate of the Xianshuihe fault zone by
using different methods and marks. Allen et al. (1991)
calculated the Holocene slip rate of the whole Xianshuihe
fault zone as about 15 mm/a. He et al. (2006) suggested
that the Late Quaternary strike-slip rate was approximately
uniform along the entire length of the fault zone, about
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15+2 mm/a. Tang and Han (1993) estimated the Holocene
slip rate of the Xianshuihe fault zone to be (9+1)—(15+5)
mm/a. Sun et al. (1994) obtained the left-lateral slip rate of
about 10.9 mm/a for the Xianshuihe fault zone, but they
did not give its time range. Xu et al. (1992, 2007)
considered that the long-term average slip rate of the
Xianshuihe fault zone since the Late Miocene was 8.4+1.7
mm/a. In addition, the slip rates of some member faults
were also calculated (Deng, 1989; Wen et al., 1989; Qian
et al., 1990; Li et al., 1997; Zhou et al., 2001; Chen et al.,
2008).  Considering remarkable left-lateral  slip
characteristic and frequent seismic activities of the
Xianshuihe fault zone, our further field work and analysis
suggest that its Late Quaternary slip rate is significant and
that its seismic risk is a large and realistic threat to the
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western Sichuan economic corridor.
2 Geological Setting

The ground trace of the Xianshuihe fault zone can be
clearly seen in remote sensing images, which is composed
of several faults and shows certain segment ability (Fig. 1).
According to the fault activity, Qian et al. (1988) divided it
into five segments: the Donggu-Huiyuansi fault, Kangding
fault, Yalahe fault, Zheduotang fault and Moxi fault.
Furthermore, Li et al. (1997) divided the Donggu-Huiyuansi
fault (also called northwest part) into three segments
including the Luhuo fault, Daofu fault and Qianning fault in
terms of geological and seismic investigation and large-
scale regional active-faults mapping.
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Fig. 1. Spatial distribution of the Xianshuihe fault zone and its related earthquakes since 1725.

Red arrows and dashed lines indicate the spatial extension of earthquake-induced surface ruptures. The numbers enclosed by circle indicate the
various faults: @, Luhuo fault; @), Daofu fault; @), Qianning fault; @), Yalahe fault; &, Zhonggu fault; ®, Zheduotang fault; (@, Kangding fault;
(®, Moxi fault. Eql, Luhuo earthquake in 1816 and 1973; Eq2, 1723 Changcu earthquake; Eq3, Daofu earthquake in 1904 and 1981; Eq4, 1893
Qianning earthquake; Eq5, 1725 Kangding earthquake; Eq6, 1955 Zheduotang earthquake; Eq7, 1786 Moxi earthquake.
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Combining the former references and our investigation
and research in recent years, we infer to divide the
Xianshuihe fault zone into two main parts: the northwest
part and the southeast part, with total eight segments (Fig.
1; Table 1). The northwest part is composed of the Luhuo
fault with a length of 90 km, the Daofu fault with a length
of about 85 km, and the Qianning fault with a length of
about 62 km. They appear as left-order echelon and in
landform are represented as a series of pull-apart basins
such as the Xialatuo Basin, the Daofu Basin, and the
Qianning Basin. The southeast part is composed of the
Yalahe fault with a length of about 31 km, the Zhonggu
fault with a length of about 21 km, the Zheduotang fault
with a length of about 30 km, the Kangding fault with a
length of about 80 km, and the Moxi fault with a length of
about 40 km. Compared with those in the northwest
segments, they are more complicated in form and
structure.

3 Methods for Slip Rates Determination

On the basis of former studies, we carried out field
geological survey and remote sensing interpretation in the
Xianshuihe  fault Furthermore,  geophysical
exploration, trenching and age-dating were conducted in the
key parts to better understand the geometry, spatial
distribution, activity and seismic ruptures of the Xianshuihe
fault zone.

The displacements of both sediment and geomorphic
face are frequently used as marks for discrimination of
activity time and rates of active faults. The sediment age
may be the same as that of the geomorphic face, which can
be directly used to estimate the fault slip rate. However, the
sediment age may also be younger or older than that of the
geomorphic face, which can be used to estimate the upper
limit or lower limit of fault slip rate, respectively. Thus, the
investigations of these symbols are important to obtain the
reasonable slip rates of active faults. Among the following
slip rates of the individual member faults in the Xianshuihe

zone.

fault zone, some are our independent calculation, some
from previous results, and some are our re-calculations
based on new dating data. For the calculation of slip rate,
precious dating is very important, but this is still a problem
that is not fully resolved up to now.

4 Slip Rates of Member Faults in the
Xianshuihe Fault Zone

4.1 Luhuo fault

The Luhuo fault mainly runs along low mountains and
high terraces on the right bank of the Xianshuihe River. It
dips either NE or SE with dip angles from 60° to 70° (Fig.
2). It seems to be of multiple activities: early dominated
by thrust plus strike slip, and since Pleistocene by strike
slip (Li et al., 1997). Horizontal offset landforms are often
seen where it passed. It is most obvious that it made local
river systems and gullies horizontally separated (Fig. 2).

From the remote-sense interpretation of ETM images
and Spot images and combining with field investigation,
we obtained the maximum horizontal offset of 2,100 m for
Saqika gully northwest of the Luhuo County seat and the
maximum horizontal offset of 1,800 m for Douri gully
southeast of the Luhuo County seat. As far as we know,
they are the maximum offsets occurred after Mid-Late
Pleistocene in the Xianshuihe fault zone. On the other
hand, corresponding to the above horizontal offsets, we
obtained the thermoluminescence (TL) dating ages for the
sand gravels, separated on the south side of Saqika gully:
191.65+21.08 ka and 172.20+18.94 ka. Thus,
calculated the slip rate since the Late Pleistocene to be
(10.58+1.16) mm/a—(11.09£1.22) mm/a. Other horizontal
offset data and dating data are listed in Table 2. On the
whole, the average slip rate of the Luhuo fault since Late
Pleistocene is 10-11.5 mm/a.

we

4.2 Daofu fault
The offset landforms formed by the left-lateral strike-
slip of the Daofu fault are similar to those by the Luhuo

Table 1 Surface ruptures caused by earthquakes along the Xianshuihe fault zone since 1725 (modified from Wen et al., 1988;

Li et al., 1997)

Seismo- generating fault name ~ Occurrence time  Epicenter site  Magnitude/M; Epicenter Rupture scale (km)  Active feature
Longitude (°) Latitude (°)

Kangding fault 1725.08.01 Kangding 7 101.83 20.16 50 Left-lateral
Moxi fault 1786.06.01 Moxi i 102.04 29.87 90 Left-lateral
Luhuo fault 1816.12.08 Luhuo 7]/2 100.75 31.29 >60 Left-lateral
Qianning fault 1893.08.29 Qianning 7', 101.37 30.70 70 Left-lateral
Daofu fault 1904.08.30 Daofu 7 101.00 31.06 55 Left-lateral
Daofu fault 1923.03.24 Changcu 7.3 100.90 31.17 60 Left-lateral
Zheduotang fault 1955.04.14 Zheduotang 7' 101.84 30.03 35 Left-lateral
Luhuo fault 1973.02.06 Luhuo 7.6 100.52 31.50 90 Left-lateral
Daofu fault 1981.01.24 Daofu 6.9 101.15 30.95 45 Left-lateral




528 Vol. 90 No. 2

ACTA GEOLOGICA SINICA (English Edition)

http://www.geojournals.cn/dzxben/ch/index.aspx  http://mc.manuscriptcentral.com/ags

Apr. 2016

Fig. 2. Surface ruptures along the Luhuo fault during the 1973 Luhuo M 7.9 earthquake.
(a), Faulted ridge with left-lateral offset (NEE); (b), Fault scarps in the front of ridges (S); (c), Surface ruptures and fault troughs (NE); (d), Troughs
along the fault (S).

Table 2 Horizontal offset data and dating data used to estimate the average slip rate of the Luhuo fault

No. Position Offset landform  Left-lateral offset (m)  Age of sediments (B.P.) Horizontal slip rate (mm/a) Data source
1 Kagqi gully Drainages 2100 191.65+21.08 ka 10.58+1.16 This study
2 Douri gully Drainages 1800 172.20+18.94 ka 11.09+1.22 This study

212; 9.98+0.54;
3 Northeast Kasu village Drainages 226; 21300+1150 a 10.64+0.57; This study
210 9.89+0.53
4 Yade Town seat Gullies 148 21300+1150 a 7.0 Lietal, 1997
5 Dinggu village Gullies 50.8 2830+160 a 18.0 Lietal., 1997
6 Zhanggu village Gullies 38 3560 a, 4190 a 11.0, 9.0 Lietal., 1997
7 Laohekou Drainages 46 3560 a, 4190 a 13.0, 11.0 Lietal., 1997

fault. Near Kewu village in Daofu County, for example,
there are three gullies, of which two are blind gullies and
one is a relative younger gully. Their arrangement was due
to the horizontal offset along the Daofu fault. The
horizontal offset between the two blind gullies is 82 m,
and the horizontal offset between the younger gully and
the blind gully (called gully 2) is close to 116 m. The total
horizontal offset, i.e., the horizontal offset between the
younger gully and the blind gully (called gully 1) far from
it, is 198 m. According to Li et al. (1997), the age of gully
1 is 18975+£360 a, and thus the average slip rate is 10.4
mm. But from the same landform evidence, Xu et al.
(2003) gave a horizontal slip rate of 12+2 mm/a. Here we
tentatively take 10—11 mm/a as the left-lateral strike-slip
rate of the Daofu fault.

4.3 Qianning fault

The Qianning fault is almost covered by pluvial alluvial
sediments, slope deposit and glacial till since Pleistocene
(Fig. 3), but separated streams, gullies, small ridges,
alluvial fans, and terraces. It is dominated by left-lateral
strike-slip, but its hanging walls show some vertical drop.
Its activities since Pleistocene have followed old fault
planes, which have 60° to 80° dip angles, and of which,
most dip SW and some dip NE.

Near Songlinkou, the Qianning fault made the T, terrace
of the Zamaerke River 243 m horizontally left-lateral
offset. According to Li et al. (1997), the age of the T,
terrace is 21620+1500 a and the obtained average slip rate
is 10.5-12.0 mm/a (Table 3). We measured the horizontal
offset and age of the T, terrace in Songlinkou as 180 m
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Fig. 3. Faulted scarps and pond along the Qianning fault.
(a), Rupture scarps on the southwest hillside of the Qianning basin (N); (b), Fault pond south of the Lari town seat (W).

Table 3 Horizontal offset data and dating data used to estimate the average slip rate of the Qianning fault

No. Position Offset landform Left-lateral offset (m) Age of sediments (B.P.) Horizontal slip rate (mm/a) Data source
1 Zamaerke River T2 terrace 243 21620+1500a 10.5-12.0 Lietal.,1997
2 Songlinkou Wetland margin 70 5933+99 a 11.8 Lietal.,1997
3 Taziba T4 terrace 500-600 60 ka 8-10 Lietal,1997
4 Songlinkou T2 terrace 180 21620+1500a 8.37+0.38 This study
5 Longdengba T2 terrace 18280+1000a This study
and 21620£1500 a, respectively, and obtained a slip rate 4.5 Yalahe fault

of 8.37+0.38 (Table 3). Here we would like to take 8—11
mm/a as the average slip rate of the Qianning fault over
the past 20,000 years.

4.4 Zhonggu fault

The offset landforms of the Zhonggu fault are
concentrated on its southeast end, mainly represented as
the small offset of streams and gullies (Fig. 4). At a place
500 m northwest of Zhalagongma, we obtained a
horizontal offset of 46.5 m. For no available dating data,
we cannot obtain the slip rate there. Li (1997) estimated
that the average slip rate of the Zhonggu fault was 3+1
mm/a.

Fig. 4. Surface features of the Zhonggu fault.
(a), Intra-slope trough south to Jinlong Temple (315°); (b), Nek and intra-slope trough southeast to Jinlong Temple (320°).

The Yalahe fault shows a clear linear feature in remote
sensing images. It is mostly covered by diluvium and talus
and locally represented as troughs and scarps. Most scarps
are 1-4 m high, and a few are up to 12 m high. Along the
fault there occur dense hot springs, but there are not
obvious landform marks which can be used to determine
the horizontal offset. Considering that the Yalahe fault is
similar in scale and activity time, intensity and
characteristics similar to the Zhonggu fault (Fig. 4), we
would like to take 3+1 mm/a as its average slip rate.

4.6 Zheduotang fault
New activities of the Zheduotang fault are embodied by
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offset of small ridges, alluvial fans, glacial till and talus
(Fig. 5). North to Sidingcuo, a moraine dam shows a left-
lateral slip of 15.50 m. The '“C age of diluvium in the
moraine dam is 6362 a BP, and so we obtained an average
slip rate of 4.3 mm/a. And near Zheduo nek, the fault
made a small gully 25.50 m left-lateral offset. The '“C age
of silty clay in the hanging wall of the fault is 4033+132 a
BP, and so we obtained an average slip rate of 6 mm/a. On
the whole, we would like to take 5+1 mm/a as the average
slip rate of the Zheduotang fault since Holocene.

4.7 Kangding fault

The Kangding fault shows very remarkable offset
landforms. It made streams, gullies, small ridges, and
slope ridges horizontally offset (Fig. 6). For this fault, Li

< ﬂl( 0% "
Fig. 5. Surface features of the Zheduotang fault.

et al. (1997) gave four estimates of slip rate as shown in
Table 4.

We observed that a gully near Laoyulin had a left-lateral
offset of 185 m, and that a gully near Xinyulin had a left-
lateral offset of 123 m. The TL age of the samples which we
collected at the corresponding position is 26.63+2.26 ka. On
the basis of this age, we estimated a left-lateral slip rate of
7.00+0.59 mm/a for the former and a left-lateral slip rate of
4.65+£0.39 mm/a for the latter (Table 4). Combining with
the slip rates by Li et al. (1997) in Table 4, it should be
reasonable that 7-9 mm/a is taken as the average slip rate of
the Kangding fault over the past 20,000 years.

4.8 Moxi fault
The Moxi fault is a member at the southernmost end of

j._:‘ ‘-1
s

(a), Intra-slope troughs in Zheduoshan nek (SE); (b), Fault scarps near Kangding airport (NE).

Fig. 6. Surface traces along the Kangding fault.

(a), Fault scarps on the north slope of a road in Honghaizi; (b), Fault drumlin and fault pond northwest of Honghaizi.

Table 4 Horizontal offset data and dating data used to estimate the average slip rate of the Kangding fault

No. Position Offset landform Left-lateral offset (m) Age of the sediments  Horizontal slip rate (mm/a)  Data source
. . 22597+82a; 6.6 .

1 Cigalongba Gully Moraine platform walls 150, 145, 160 1980041400a 77 Liet al., 1997
2 Selaha mountain nek Gullies 34 2834+104a 12.0 Lietal,1997
3 Mugecuo lake Mid-ridge of moraine fan 116 18220+1400a 6.4 Lietal, 1997
4 Chongcaoping, YalaTown Lateral moraine dam 7.5 786+101a 9.5 Lietal.,1997
5 Laoyulin Gullies and drainages 185 26.63+2.26ka 7.00+0.59 This study
6 Xinyulin Gullies and drainages 123 26.63+2.26ka 4.65+0.39 This study
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the Xianshuihe fault zone. Its late activities are mainly
represented as offset of terraces and alluvial fans and the
bunchy distribution of hot springs (Fig. 7). We observed
near Hailuo gully of Moxi Town, Kangding County that a
sedimentary bed, corresponding with the micro-
topography, shows a left-lateral offset of 800 m. The TL
dating samples which we collected at the corresponding
position yielded two ages: 93.05£7.91 ka and 97.23+8.26
ka. On the basis of these two ages, we estimated that the
left-lateral slip rate of the Moxi fault during Holocene is
8.47+0.92 mm/a, which was consistent with both results of
Zhang et al. (2007) and the long-term average slip rate.
Summing up the above, as far as the slip rate obtained by
the geologic method is concerned, the northwest part of the
Xianshuihe fault zone is higher in average slip rate than its
southeast part. The average slip rates of the northwest part
vary in the range of 8-12 mm/a, while that of the southeast
part vary in the range of 3-9 mm/a. The northwest part is
significantly higher than southeast. We think that the slip
rate of Luhuo fault and Daofu fault has been roughly
equivalent since Late Pleistocene, and that the average slip
rate of Luhuo fault was 10-11.5 mm/a; the average slip rate
of Daofu fault was 10-11mm/a; the average slip rate of
Qianning fault was 811 mm/a, the slip rate of Zhonggu
fault and Yalahe fault were low and both of them were 3£1

-

Fig. 7. Surface features of the Moxi fault.

mm/a; the strike slip rate of Zheduotang fault has been 5+1
mm/a since the Holocene; the strike slip rate of Kangding
fault was 7-9 mm/a; and the strike slip rate of Moxi fault
was 8.47+0.92 mm/a. The low slip rates of Yalahe fault
and Zhonggu fault, as well as Zheduotang fault, are mainly
because they are located at the strike transition part of the
fault zone (Fig. 1). The total slip rate of parallel-arranged
faults, such as Yalahe fault and Zhonggu fault,
approximates to the slip rate of their adjacent fault. The
above results are by large comparable with the modern
activity rates obtained by using short level observation data
and GPS data (Wang et al., 2001; Cheng and Yang, 2002;
Qiao et al., 2004 ; Tang et al., 2005 ; Peng et al., 2007).

5 Discussions

5.1 Characteristics of the seismic activities
Comprehensive analyses and our research show that the
seismic activities along the Xianshuihe fault zone have the
following three characteristics:
(1) The seismic activities along the Xianshuihe fault
zone are frequent and strong. According to the historical
records, since 1725, 59 M, > 5.0 earthquakes have

occurred along it, including 18 M, 6.0-6.9 and eight M, >
7.0 earthquakes (Fig. 8). The largest one was the Moxi M

(a), Fault scarp at Ertaizi (120°); (b), Offset of T, terrace at Shiyuewan (240°).
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Fig. 8. Time distribution of earthquakes (1.>5.0) along the Xianshuihe active fault zone.
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7°/, earthquake in 1786 and the latest one was the
Kangding M, 6.3 earthquake on November 22, 2014.
Among the eight M, >7.0 earthquakes, three happened in
the southeast part and five happened in the northwest part.
And among the 26 M >6.0 earthquakes, eight happened in
the southeast part and 18 happened in the northwest part.
Except the Yalahe fault, along each of the rest member
faults there were M; > 7.0 earthquakes to occur, especially
along the Luhuo fault and the Daofu fault. Studies of pre-
historic earthquakes found many ancient remains (Li et al.,
1997; Xu et al., 2005). This can also prove that
carthquakes along the Xianshuihe fault zone are frequent
and strong.

(2) The seismic activities along the Xianshuihe fault
zone have a certain periodicity. According to Deng (1989),
Sun et al. (1994), Qian et al. (1988), and Zhou et al.
(2001), these years since 1700 can be divided into two
active periods and one quiet period. The first active period
was from 1700 when the Kangding M; > 6.0 earthquake
occurred to 1816 when the Luhuo M 7.5 earthquake
occurred (Fig. 8), lasting 116 years, during which 14 M, >
6.0 earthquakes occurred. The following was a quiet
period, i.e., from 1817 to 1892, lasting 85 years, during
which there were no M, > 5.0 earthquakes. The second
active period began from 1893 when the Qianning M, 7%
earthquake occurred. By analogy with the first active
period of 116 years, the second active period should end in
2008. From 1893 to 2008 there were 13 M > 6.0
carthquakes. However, on April 28, 2010, an M, 4.5

earthquake occurred in Bamei Town of Daofu County and
on November 22, 2014, and an M 6.3 earthquake occurred
in Tagong grassland of Kangding County. They obviously
break the sub-quiet period and have some complicated
tendency.

(3) The earthquake genetic faults within the Xianshuihe
fault zone are often either migratory or repeated (Fig. 9).
Every member fault of the fault zone induced earthquakes
in different times, although the Yalahe fault did not induce
M > 6.0 earthquakes. This means that the earthquake
genetic faults migrate from time to time. According to
Qian et al. (1988, 1990), a small ridge near Yousi
southwest of Luhuo shows 8 m left-lateral offset, of which
2 m offset was produced by the Luhuo M 7.9 earthquake.
They thought that the other 6 m offset might be produced
by some similar historic earthquakes which were not
recorded. Besides, a 5 m left-lateral offset ridge near
Wanmuka in Daofu County and some offset terraces near
Gelu in Luhuo County both show traces of multiple
offsets, and so were also interpreted as results of some
historic earthquakes induced by the same faults (Wen et
al., 1988). These are one aspect of seismic repeatability.
The seismic repeatability is also represented in seismic
magnitude. This has already been proved by multiple
carthquakes alike in magnitude within the Xianshuihe
fault zone. On the other hand, Li et al. (1997) inferred
from prehistoric earthquake remains that the time interval
of the former address reoccurrence of strong earthquakes
at the same position was 200-500 years. And Qian et al.
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Fig. 9. Space-temporal distribution of M5 earthquakes within the Xianshuihe fault zone.
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(1990) inferred that the time interval of the former address logN(M;) = 9.7068-1.1155M; (2)

reoccurrence of another earthquake like the 1973 Luhuo
M 7.9 earthquake was about 150 years.

5.2 Assessment of strong earthquake risks

The above three characteristics are enough to illustrate
the large seismic risk implied by the Xianshuihe fault
zone. For such a risk, many researchers have already made
their assessments, but different researchers have given
different opinions (Qian et al., 1988; Li et al., 1997; Fujii
and Matsu’ura, 2000; Zhou et al., 2001; Ran and He,
2006). As an assessment effort, we attempt to approach
this problem through the statistical analyses of the
frequency of M; > 5.0 earthquakes and the quiet time of
earthquake genetic faults. i.e., combining the spatial and
temporal  distribution features of the historical
earthquakes, the seismic hazard of the Xianshuihe fault
zone has been predicted by using the relationship curve
between magnitude and frequency of earthquakes caused
by different fault segments.

The known M, > 5 earthquakes along the Xianshuihe
fault zone and their total number (N) are listed in Table 5,
where M;> are the weighted averages of the magnitudes
which were divided in terms of the magnitude interval
AM; = 0.5. According to Gutenberg—Richter law
(Gutenberg and Richter, 1956), the relationship between
the magnitude (M) and total number of earthquakes (V) in
any given region and time period of at least that magnitude
is subject to the following formula:

logN(M;) = a-bM 0]

Where M is seismic magnitude, NV is the total number of
M > 5.0 earthquakes, a and b are constants. The related
data points are plotted in Fig. 10. Thus we have

Where, the obtained fitting correlation coefficient
between magnitudes and frequencies is 0.9483.

Considering the previous measured magnitudes are
often on the low side, according to the empirical practice,
when log N(My) = 0 and M;,.x = a/b, b should increase by
0.1-0.5 (Jiang and Dai, 1993). Here, we take 0.1 as a
corrected value of 5. Thus we have

logN(M;) =9.7068-1.2155M; 3)

Finally, we obtained that the upper limit magnitude of
possible earthquakes within the Xianshuihe fault zone is
expressed as: M, = 9.7068/1.2155 =~ 8.0 as shown in
Fig.10.

As mentioned above, the seismic activities within the
Xianshuihe fault has the characteristic of
reoccurrence along the same fault. Here, we introduced
two measures: the average reoccurrence time interval (77,,)
and the deviation rate (E). The former is an average of the
reoccurrence interval of earthquakes along one fault or
several faults; the latter (E£) is the interval between two
real earthquakes / the average reoccurrence time interval
(T,,). Those two measures are listed in Table 6.

Generally speaking, the relationship between the
earthquake reoccurrence risk and the deviation rate (E) is a
negative correlation, that is, the smaller the deviation rate
is, the higher the earthquake possibility is (Chai et al.,
2001; Hori, 2006; Kato et al., 2007; Dieterich, 2009).
Table 6 shows that as the possibility of the earthquake
reoccurrence risk as are concerned, the deviation rates of
cach fault segments in the Xianshuihe fault zone are
greater than 0.5 at present. Among them, the Qianning
fault is the highest, followed by the Daofu fault. Thus it
can be predicted that the segment between Daofu and

zone

Table 5 Magnitudes (M) and frequencies (V) of M > 5 earthquakes within the Xianshuihe fault zone since 1725

M 5.0 5.2 5.5 5.6 5.7 5.8 6.0 6.3 6.5 6.8 6.9 7.0 7.3 7.5 7.6 7.7 7.9
Number 10 1 6 1 1 6 5 1 1 4 1 2 2 2 1 1 1
N(My) 46 36 35 29 28 27 21 16 15 14 10 9 7 5 3 2 1
6oh O Earthquake events 28 T\ o O Earthquake events
v - Fitting curve R Fitting curve
\ The curve after b increase 0.1 30 Q)Q The curve after b increase 0.1
g 50+ \\ A Maximum credible magnitude S 2ol A Maximum credible magnitude
= \ -’
= \ Z Qo o
g 40 \\ _4;, S LogN (M,)=9.7068-1.1155M,
£ o g 101 ~ Qo Fitting coefficient=0.9483
=] \ = N
5 30 O\® LogN (M,)=9.7068-1.1155M, ?
2 . Fitting coefficient=0.9483 g
g g
= 201 N 3 2k (\)\
\Q O o AN
RN o s
10} ~< Qo N
=< LogN (M,)=9.7068—1.2155M, AN
LogN (M)=9.7068—12155M — ‘ ‘ ‘ ‘ ‘ ‘ S
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Fig. 10. Magnitude-frequency least squares fitting curves of M > 6.5 earthquake within the Xianshuihe fault zone.



534 Vol. 90 No. 2

ACTA GEOLOGICA SINICA (English Edition)

http://www.geojournals.cn/dzxben/ch/index.aspx

Apr. 2016

http://mc.manuscriptcentral.com/ags

Table 6 Average reoccurrence intervals and deviation rates of M, > 6.5 earthquakes within the Xianshuihe fault zone

Fault segment combination Fault Time Magnitude (M,) Average recurrence interval, Tav (a) Deviation rate (E)
1747 6.8
1811 6.8
S1 Luohuo fault 1816 7.5 56.5 0.67
1967 6.8
1973 7.9
1923 7.3
S2 Daofu fault 1904 7.0 385 0.78
1981 6.9
- 1792 6.8
53 Qianning fault 1893 73 101 1.17
Yalahe fault - -
Zhonggu fault 1748 6.5
S4 Zheduotang fault 1955 7.5 85 0.66
. 1700 7.6
Kangding fault 1725 70
S5 Moxi fault 1786 77 n "

Anshunchang fault -

Qianning (Bamei) would be more likely to occur an
earthquake with M, > 7.0. Considering the deviation time
of the southeast of Xianshuihe fault is long (about 230
years), and despite lack of the recurrence interval data, it
also could not be rule out possible earthquakes of about M
7.0 occur in the segment from Shimian to Luding.

Comprehensive considering the status of recently
occurred seismic geohazards in southwest of China and
the advances of geological monitoring technology, it is
suggested to establish a GPS or InSAR-based real-time
monitoring network of surface displacement to cover the
Xianshuihe fault zone as soon as possible (Wang et al.,
2009). Such a network can be simultaneously used to
monitor the high risk areas of post seismic geohazards by
local refinement. And to establish an early warning system
of earthquakes and post seismic geohazards to cover the
Major residential areas as soon as possible is necessary,
too.

6 Conclusions

(1) The Xianshuihe fault zone is an intensely active left-
lateral strike-slip fault zone in eastern Tibetan Plateau,
which is composed of the Luhuo fault, Daofu fault,
Qianning fault, Yalahe fault, Zhonggu fault, Kangding
fault, Zheduotang fault and Moxi fault. The Late
Quaternary average slip rates of the individual member
faults of the Xianshuihe fault zone are different: 10-11.5
mm/a for the Luhuo fault, 10-11 mm/a for the Daofu fault,
8-11 mm/a for the Qianning fault, 8.47+0.92 mm/a for the
Moxi fault, 5+1 mm/a for the Zheduotang fault, 7-9 mm/a
for the Kangding fault, and 3+1 mm/a for the Zhonggu
fault and the Yalahe fault.

(2) The seismic activities within the Xianshuihe fault
zone have briefing bright characteristics such as frequent
and strong, periodical, and reoccurred. The statistical
analyses show that the largest seismic magnitude of

possible earthquake within the Xianshuihe fault zone is
8.0. It is predicted that the segment between Daofu and
Qianning (Bamei) would be more likely to occur an
earthquake with A > 7.0, and it also could not be ruled
out that possible earthquakes with about M; 7.0 occur in
the segment from Shimian to Luding.

(3) It is suggested that, both to establish a GPS or
InSAR-based real-time monitoring network of surface
displacement to cover the Xianshuihe fault zone and to
establish an early warning system of earthquakes and post
seismic geohazards to cover the major residential areas are
very necessary.
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