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Abstract: The Shanxi tectonic belt is a historically earthquake-abundant area. For the majority of strong earthquakes in this
area, the distribution of earthquake foci was controlled by the N—S oriented local structures on the tectonic belt. Studies of the
present stress state of the Shanxi tectonic belt can contribute to the understanding of the relationship between strong earth-
quakes’ occurrence and their structural distribution and also facilitate assessments of regional seismic danger and determina-
tion of the regions wherein strong earthquakes may occur in future. Using the Cataclastic Analysis Method (CAM), we per-
formed stress inversion based on the focal mechanism data of earthquakes which took place in the Shanxi tectonic belt from
1967 to 2010. Our results show that orientations of the maximum principal compressive stress axis of the Shanxi tectonic belt
might have been variable before and after the 2001 Kunlun Ms=8.1 strong earthquake, with two different superior trends of
the NW-SE and NE-SW orientation in different periods. When the maximum principal compressive stress axis is oriented in
the NE-SW direction, the pattern of the space distribution of the seismic events in the Shanxi tectonic belt shows a trend of
their concentration in the N-S oriented tectonic segments. At the same time, the stress state is registered as horizontal shea-
ring and horizontal extension in the N-S and NE-SW oriented local segments in turn. When the maximum principal com-
pressive stress axis is NW—SE oriented, the stress state of the N—S and NE-SW oriented tectonic segments is primarily regis-
tered as horizontal shearing. Estimations of plunges of stress axes show that seismicity in the Shanxi belt corresponds prima-
rily to the activity of low-angle faults, and high-angle stress sites are located in the NE-SW oriented extensional tectonic seg-
ments of the Shanxi belt. This indicates that the stress change of the Shanxi belt is caused by adjustment of the regional stress
field, rather than by the diverse seismic activities.
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COBPEMEHHOE HATIPSDKEHHOE COCTOSAHUE TEKTOHUYECKOT'O
TIOSICA ITTAHBCU

Bau Kaitrorn', Ma [J3usb’, [Jao [Hxivmm’

! T'ocydapcmeeHnas yemmpanbHas nabopamopus 2e0duHamuKu 3emau, MHcmumym 2eonoauu, AOMUHUCMpayus
no 3emnempsicequsim Kumas, Ilekun, Kumati
> AOMuHUCMpayus no 3emaempsiceHuam nposuHyuu X365ii, ILluysauxcyan, Kumaii

Annotanus: CoryiacHO UCTOPUUYECKHM JIaHHBIM, TEKTOHUUYECKUH 110siC [11aHbCH BBIE/SIeTCS KaK 30Ha C MHOTOUHC/IEHHBIMU
3eMJIeTpsiCeHUsAMU. B GOJBIIMHCTBE C/Iy4yaeB pacripe/ie/ieHHe SIMHIEHTPOB 3eMJIETPSICEHHH KOHTPOIUPYETCS JIOKATbHBIMU
MepHMOHAIBHBIMU CTPYKTYPaMH, BXOJSIIVMU B COCTAaB JAHHOTO TeKTOHUYECKOTO I1osica. VI3yueHHe COBPeMeHHOr0 Harpsi-
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JKEHHOT'0 COCTOSIHUSI TeKTOHMUecKoro nosica IllaHbcy BHOCUT BKJIa/Z, B IOHMMaHKe B3aUMOOTHOLLIEHUI MeXX/y NpOsiB/ieHneM
CHIbHBIX 3eMJIETPSICEHUI U UX CTPYKTYPHBIM pacIpefie/ieHHeM, a TakKe COZIeHCTBYeT OLleHKe PerMOHAalIbHON CelCMUUeCcKoi
OTIACHOCTH U BbI/|eJIEHHIO DETMOHOB, TZie B Oy/yIleM BO3MOXKHBI CHJIbHBIE 3eMileTpsiceHust. C IIpUMeHeHHeM MeTo/ia KaTak-
nactryeckoro aHaymm3a (Cataclastic Analysis Method, CAM) npoBefieHa peKOHCTPYKLMSI HATIPsSDKEHHOTO COCTOSIHUS Ha 6ase
JlaHHBIX 0 MeXaHH3MaX OuYaroB 3eMJ/IeTpPsICeHHH, 3aperucTpUPOBaHHbIX B TeKTOHHUeckoM nosice Ilanbcu ¢ 1967 r. o 2010 r.
PesynbTaThl McclefioBaHUs TI0Ka3a/ay, YTO OpHEHTALMM ocell MaKCHMasIbHBIX IVIaBHBIX HAIpsDKeHHI CKaTWsl B TEKTOHUYe-
ckoM rnosice IITaHbCH, BO3MOXKHO, TIO/IBEPraMCch U3MeHeHHUsIM Kak /10, TaK U T0cjle CHIbHOr0 KyHB/IyHCKOTO 3eM/IeTpsiCeHust
(Ms=8.1), npousoteamiero B 2001 r., mpu 3TOM B pa3Hble BpeMeHHbIe T1epPHO/bI BblJje/IeHbl 1Ba pa3HbIX TPeH/a — CeBepo-3a-
Na/IHOH U CeBepO-BOCTOYHOM opreHTalu. [Ipy opueHTauy 0Ccl MaKCMMasbHOIO I7IaBHOI'O HANPSDKEHUS CKaThsl B CeBepo-
BOCTOYHOM HarpaB/eHWH Ha CXeMe MPOCTPAHCTBEHHOTO Pacrpe/ie/ieHusi CeHCMUYECKHUX COOBITHH B TEKTOHHUECKOM T0sICe
IIlaHbcKH BUZHA TeHJEHLWS] KOHLIEHTPALUM 3eMJIeTpSICeHUH B TEeKTOHMUYEeCKUX CerMeHTaX, OPHeHTHPOBAHHBIX B MepHU-
JMOHaNbHOM HarpaBjieHHd. IIpy 3TOM 3apervcTpUpoBaHHOe HaNpspKeHHOe COCTOSIHME XapaKTepu3yeTCsl TOPU30HTalbHbIM
C/IBUTOM U TOPU30HTa/lbHBIM PacTsDKeHHEeM JI0KaAbHbIX CErMEHTOB, OPUEeHTUPOBaHHBIX B MepHAVOHAILHOM U CeBepo-BOC-
TOYHOM Harnpap/ieHUd. [1py opreHTalM 0CH MaKCUMa/IbHOTO T71aBHOT'O HaIpsDKeHUs CKaTHsl B ceBepo-3ariaZiHOM HarpabJie-
HHUY HalpsDKeHHOe COCTOsSIHHe Ha TeKTOHUYeCKUX CerMeHTax, OpHeHTHPOBAaHHBIX B MePHANOHAILHOM U CeBepO-BOCTOUHOM
HarpaB/IeHUH, B OCHOBHOM OIIpe/ie/IsieTCs] KaK TOPU30HTa/IbHBIN caur. OLleHKa YIJ/IOB IIOTPY>KeHHs 0Cceil HarpshKeHHH IoKa-
3bIBAET, UTO CEMCMUUYHOCTh TEKTOHHUECKOTO mosica [[1aHbCH KOppeIMpyeT I/1aBHBIM 06pa3oM C aKTUBHOCTBEO MOJIOTHUX Pas-
JIOMOB, TIPU 3TOM YYacTK{ Pa3/oMOB C OOJBIIMMY YI/IaMM HaK/IOHOB OCel HalpsDKeHWH PacriojiaraloTCs B CeBepO-BOCTOU-
HBIX TeKTOHWYECKHMX CerMeHTax I105ica, MOJBep>KeHHbIX PaCTsIKeHHUIO. Pe3y/bTaThl MCC/leJOBaHUM MOKa3bIBAIOT, UTO COBpe-
MeHHOe HampsyKeHHOe COCTOsTHHe TeKTOHWYecKoro rnosica IllaHbcy M3MeHsieTcsl B CBSI3U C BapUaLUsIMUA PeTMOHAIbHOIO M0

HaTpsDKeHUH.

Kntouesble cnoea: Tekronnueckuit nosic I1lanscy, coctosiHue HanpsbkeHs1, KyHbiyHcKoe 3emerpsicenue (Ms=8.1).

1. INTRODUCTION

Located at the eastern edge of the Ordos block, the
Shanxi tectonic belt is an active tectonic structure that
evolved in the late Cenozoic. It consists of five large fault
basins spreading left-laterally and surrounded by the NE-
SW and nearly N-S oriented faults at the edges. The ba-
sins are S-shaped in plane. The Shanxi tectonic belt is an
active belt of strong earthquakes in the Eastern China. Ac-
cording to the available records, seven strong earthquakes
with magnitudes above 7.0 have occurred in the belt:
Ms=7% in 512 at the northern piedmont of the Wutai
mountain, Ms= 7% in 1038 in the piedmont zone of the
Xizhou mountain, Ms=7.0 in 1683 in the piedmont zone of
the Yunzhong mountain, Ms=7.0 in 1626 in the piedmont
zone of the Taibaiwei mountain, Ms=8.0 in 1303 in the
piedmont zone of the Dayang-Huoshan mountain, Ms=7%2
in 1695 and Ms=7% in 1679 at the Linfen-Fushan fault. As
shown by the distribution of epicenters of the historical
strong earthquakes, six earthquakes occurred in the N-S
oriented segments or at the turning area from the N-S ori-
ented structure to the NE-SW oriented one in the Shanxi
tectonic belt. The only exception is the earthquake in the
piedmont fault zone of the Taibaiwei mountain (Fig. 1).
This suggests that the occurrence of strong earthquakes is
controlled by the N-S oriented segments of the Shanxi
tectonic belt. This important phenomenon and its dynamic
implications highly deserve to be studied in detail.

For a very long time, there have been a lot of disputes
over studies of the recent movements of the Ordos block
where the Shanxi tectonic belt is located. For example, the

present motion state of the Ordos block was regarded as
counterclockwise rotation [Su, 1984; Shao, Su, 1999], up-
ward movement [Hu, 1988; Deng et al., 1999], clockwise
rotation [Zhang et al., 2002] or clockwise rotation over-
layed by counterclockwise rotation [Xu et al., 1994; Chen
et al.,, 2005] and alternating activity between clockwise
rotation and counterclockwise rotation [Fan et al., 2003].
One of the reasons for many disputes over the present mo-
tion state of the Ordos block is the current complicated
stress state of the Ordos block. The distribution of the cur-
rent crustal stress axes [Ma, 1989] is revealed from in-situ
stress measurements, data on focal mechanism and crustal
deformation measurements. The distribution of the princi-
pal compressive stress axes of the western and eastern
boundary of the Ordos block shows that NE-SW orienta-
tion and NW-SE orientation coexists, reflecting the com-
plexity of the stress state of the Ordos block.

In this paper, we propose to perform stress analyses
with regard to different time periods and tectonic segments
with two different orientations in the Shanxi belt in order
to reveal the causes of complexity of the stress state and
the distribution of the historical strong earthquakes in the
region under study.

2, INVERSION OF THE PRESENT STRESS STATE
OF THE SHANXI TECTONIC BELT

By processing the database on 2000 focal mechanisms
of earthquakes above Ms=1.0 which occurred in the
Shanxi tectonic belt from 1967 to 2010 (Fig. 2) and using
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Fig. 1. Distribution of epicenters of historical strong earthquakes
above 7.0 in the Shanxi tectonic belt. The N-S trending segments are
shown by ellipses.

Puc. 1. PacripefiesnieHye 3MULIEHTPOB II0 UCTOPUYECKUM JAHHBIM O
CHJIBHBIX 3eMJIeTpsiCeHusiX (>7.0), Mpor30IIeAuX B TEKTOHIIeCKOM
niosice [Hanecu (Kuraif). YuacTKH, OpHeHTHpPOBaHHBIE B MepHNO-
Ha/IbHOM HarpaBJ/leH!H, TT0Ka3aHbl 3/UTUICaMU.

the Cataclastic Analysis Method (hereafter referred to as
CAM) [Rebetsky, 1999, 2003], we have calculated stress
parameters to study the present-day stress state of the
Shanxi belt.

In October 1989, four earthquakes above Ms=5.0 oc-
curred near Datong, Shanxi province within a short time
period. Recently, several strong earthquakes took place in
West China, including the 1996 Ms=7.0 Lijiang earth-
quake, the 2001 Ms=8.1 Kunlun earthquake, the 2008
Ms=8.0 Wehchuan earthquake etc. We compiled the focal
mechanism database and reviewed the events in their chro-
nological sequence in order to conduct the stress analysis.
If the occurrence of these strong earthquakes is a signal of
adjustment of the stress field, the analysis results can be
presented with breakdown by time periods. Figure 3 illus-
trates distributions of the maximum principal stress axes in
the periods from January 1967 to September 1989, from
October 1989 to February 1996 before the Lijiang earth-
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quake, from 1996 after the Lijiang earthquake to Novem-
ber 2001 before the Kunlun earthquake, from 2001 after
the Kunlun earthquake to May 2008 before the Wenchuan
earthquake and from 2008 after the Wenchuan earthquake
to September 2010 etc. It is obvious that after the 2001
Kunlun earthquake, the maximum principal compressive
stress axes of the Shanxi tectonic belt are mainly NE-SW
oriented, whereas the data analysis from 1967 to 2001 be-
fore the Kunlun earthquake with breakdown by different
periods of time show that the maximum principal com-
pressive stress axes of the Shanxi tectonic belt are mainly
NW-SE oriented. The stress state distribution in different
time periods (Fig. 4) shows that the stress state is mainly
horizontal shear in the time periods when the maximum
principle compressive stress axes of the Shanxi tectonic
belt are mainly NW-SE oriented. The maximum principal
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Fig. 2. Distribution of active faults in the Shanxi tectonic belt in
China, and the earthquake epicenters according to the focal mecha-
nism data.

Puc. 2. PacnipocTpaHeHue aKTUBHBIX Pa3/IOMOB B TEKTOHUYECKOM I10-
sice IIlanpcy (Kutaif) ¥ SMULIEHTPBI 3eM/IETPSICEHHI C YCTaHOBIIEH-
HBbIMU MeXaHU3MaMU 04aros.
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Fig. 3. Distribution of the maximum principal compressive stress axes of the Shanxi tectonic belt in the following periods of time: from 1967 to
September 1989, from 1990 to 1996 before the Lijiang earthquake, from 1996 after the Lijiang earthquake to 2001 before the Kunlun earthquake,
and from 2001 after the Kunlun earthquake to 2008 before the Wenchuan earthquake.

Puc. 3. PacnipefiesieHne ocell MakCUMaJIbHBIX T7IaBHBIX HAlpsDKEHWI CKaTWsl B TeKTOHWYecKoM rnosice [laHbcH B ciiefiytolljiie BpeMeHHbIe TIepro-
Ibl: ¢ 1967 r. mo centsiopb 1989 r., ¢ 1990 r. mo 1996 r. nepep JIuL3stHCKUM 3eMJieTpsiceHreM, ¢ 1996 . mocse JIMLB3sHCKOTO 3eM/IEeTPSICEeHHSsT 10
2001 r. nepen, KynbiayHckuM 3emiierpsicenreM, ¢ 2001 r. nocie KyHbayHckoro 3emnerpsicenust 1o 2008 r. nepes, BaHbuyaHbCKUM 3emiieTpsice-

HHEeM.

compressive stress axes have changed to be NE-SW ori-
ented after the 2001 Kunlun earthquake. The stress state of
the Shanxi tectonic belt is primarily recorded as the alter-
nating distribution of horizontal shear and horizontal ex-
tension. The locations of the horizontal shear stresses cor-
respond to the N—S oriented segments of the Shanxi tec-
tonic belt, and the locations of the horizontal extensive
stresses correspond to the NE-SW oriented segments of
the Shanxi tectonic belt.

In order to reveal whether the above stress change be-
fore and after the Kunlun earthquake is caused by the re-
gional stress adjustment or by other tectonic activities, we
analyze the plunge distribution of stress axes of these dif-
ferent time periods. Figure 5 shows that in the two periods

before 2001 Kunlun Ms=8.0 earthquake, plunges of most
stress axes are below 45°, and indicate that the maximum
stress axes are mainly low-angle. After the Kunlun earth-
quake when orientations of maximum stress axes turn to
be NE-SW oriented, the majority of the stress data (122
points) still indicates that the plunges of the maximum
stress axes are low-angle, while the minority data (47
points) indicate high angles. From these minority data, it
can be noted that the locations lie in the NE-SW oriented
basin or in the transition area from N-S oriented tectonic
structures to the NE-SW oriented basin. There are grounds
to conclude that in this period, the regional NE-SW stress
orientation is active in the Shanxi belt, the N-S oriented
tectonic structures of the Shanxi belt are subject to hori-
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Fig. 4. Distribution of the stress state of the Shanxi tectonic belt in different periods of time: from 1967 to September 1989, from 1990 to 1996 be-
fore the Lijiang earthquake, from 1996 after the Lijiang earthquake to 2001 before the Kunlun earthquake, from 2001 after the Kunlun earthquake
to 2008 before the Wenchuan earthquake, and from 2008 after the Wenchuan earthquake to 2010.

Prc. 4. HanpsbkeHHOe COCTOsIHYE TeKTOHHUUeCKoro mosica IlaHbcu B cieAyroire BpeMeHHbIe mepuogbl: ¢ 1967 r. rmo centsiops 1989 1., ¢ 1990 r.
1o 1996 r. nepep, JInissaHcKUM 3eMieTpsiceHreM, ¢ 1996 r. nocne JlunssaHckoro 3emstetpsicenus: 1o 2001 r. nepes KyHbIyHCKUM 3eMIeTpsiCeHU-
eMm, ¢ 2001 r. nocne KynbiyHckoro 3emnerpsicenus o 2008 r. nepen Baupuyanbckum 3emsieTpsiceHreM U ¢ 2008 r. ocie BaHbuyaHbCKOrO 3eM-
setpsicenus o 2010 r.
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Puc. 5. PacripeiesieHne rorpy»keHusi Oceil HanpspKeHHI OTHOCHTE/IBHO IIMPOTHBIX KOOPAUHAT TeKToHWYeckoro nosica Ilanscu (A, B u C npea-
CTaBJISIIOT yYaCTKU OTHOCHTE/IbHOM KOHL|eHTpaLMK 0cell MaKCUMa/IbHBIX HallpsDKeHUH CKaTUsl C KPYThIM YIJIOM TafleHus).

zontal shear, and the NE-SW oriented basin is subject to
extension. It can thus be suggested that the stress change
of the Shanxi belt is caused by adjustment of the regional
stress field, rather than diverse seismic activities.

3. CONCLUSION

We found that orientations of the principal compressive
stress axes are changing with time. In these periods, for
which the data distributions are analyzed, the orientations
of the maximum principal compressive stress axes have
turned from mainly NW-SE before the 2001 Kunlun
earthquake to the NE-SW after the earthquake.

It is shown that the majority of the historical strong
earthquakes in the Shanxi tectonic belt occurred in the lo-
cations of the nearly N-S oriented segments, which dem-

onstrates the controlling effect of N-S oriented segments
on the occurrence of the strong earthquakes on this region.
The stress inversion results show that when the maximum
principal compressive stress axes are mainly NE-SW ori-
ented, the stress state of the Shanxi tectonic belt is primar-
ily recorded as an alternating distribution of horizontal
shear and horizontal extension. The locations of the hori-
zontal shear stress state correspond to the N-S oriented
segments of the Shanxi tectonic belt, and the locations of
the horizontal extensive stress state correspond to the NE—
SW oriented segments of the belt. We can explain these
characteristics through a simple tectonic model — when the
Shanxi tectonic belt is compressed in the NE-SW direc-
tion, dextral shear deformation occurs in the N-S oriented
segments of the belt, which facilitates seismic activities.
Under this tectonic impact, extension occurs in the NE—
SW oriented tectonic segments. We suppose that the
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