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Abstract  Southeast Gansu province along the central-northern portion of the South-North
Seismic Belt, the tectonic activities and deformation pattern are closely related to the

northeastward growth of the Tibetan Plateau. Complicated structural geometries were controlled
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by both Eastern Kunlun and West-Qinling Northern Faults, and outward growth of the NE Tibet
continuously contributes to the regional active deformation. In recent years, intermediate-strong
earthquakes occurred frequently, calling for a detailed analysis. By integrating both structural and
historical seismicity studies, and combining geophysical, seismological and field investigations, we
conclude that northward indenting and eastward movement along the Eastern Kunlun Fault is the
main tectonic stress source, and also it provides the basic setting and mechanism to generate

strong earthquakes. Left-lateral slip and its bi-flanking thrusting flower structure” of the West-

Qinling Northern Fault contributed to the frequent occurrence of intermediate-strong earthquakes
to heterogeneous segments.

along the Lintan-Tanchang fault to the south. Minxian-Zhangxian Ms6. 6 earthquake on July 22,

Keywords Active Tectonic transfer,
Seismogenic mechanism,Southeastern Gansu
=
1L 5l 5

2013 along the central-eastern Lintan-Dangchang fault is a consequence of differential activity due
tectonics,

Minxian-Zhangxian M;s6. 6

Parp [ o = A WP I € (CENC, http://

AT AR 0 2 R P
www. csndme. ac. cn [ 2013-09-25 ), Jt &L At [E] 2013
7 0 22 H 7 W45 43 56 FHAEH N A & VE TR
P HAE Rk A M6, 6 9% 50 Y Hb 72 (R FR R
B3 L) R AL T34, 5°NL 104, 2°E. 52 PR R
BEZ20 km, 1) 52 X Z0 B2 3K 2 VI B2 45 iR Kl &2
NWW [, K 2§ 40 km Chttp://www. cea. gov. cn/

o 5 e B M R AR A (L 2 AN o0 M B b L 2

AR YU B — 5 B M R 0 O Bk A B L L R R IR

2
AL fife R0 DX St ok A PR ERE L SR TR R L
publish/dizhenj/464/478/20130724133721239856586/

T 2 RZ IR RO ML S ) I 25 G X BB ) 2 R AE
TP T 32 1l DX A 114 i R A B Pk AT 4 AT
index. html[2013-09-25 1) . #i1 5% 3 1% A 95 A 38 X . 2 DX 3 UE B S M i e e

1366 N5z, £+ R N9, IF & T AR K

P . XK M 7R R A AR 44 0w AL R L B H AR B b DX AR 2% A R 2 A R PR 22 AR T B I 4]
T RRAE 800 B 4% 1 H 7R B b X, KA 15 7 B 1L 1%

b DX 2 FK [ g b 5 7R P A 1 43 DX 3T

H AR b XA T 8 45 K PE KT — R S W
ZL(FDFIPGZE 04 Jb 2% K 24 (F2) Bl R p (& 1) il %

W e I W O (F3) . % 35 13k 1l by 2

MR D) NI I 3 R R EARR G (FD
(FO) W VE—%7 B Wi 2447 (F5) . 3C H— B B—m% fH

FIPG Z2 05 L 2 i 24 (F2) 22 i) #g 1 — A~ B K 1 22 g
AR DX T T TR DX B — ZR B N B e
rE R
Wiy (F6) | 5 H—mg B W 24 47 (F7) B 24— 719

7 e T W 2R P A% 32 A P 0 A I SR 2 T 3
Wi 2 #1283l

Bt Py SCHE. AT MBI P 4 T ix X 2 2
%
Wi (F8) ALE — D R B WT R (F9) 5 2 FMBEE K

R W7 28 Gl ) 3L R AR 1 iz DX A2 2R B V7 o A

FOE
PR ZRETIHL 2 T R TR U AR B AR RS AR
[ RS TR S B e | B R e 1 P e A

i DU e S Rl UK E )
AR W 2L A G 5 TR 3 B e S W i 3
AOBIFFEIN 22 T E ¥ R 295 10 mm/ a7 L Ja] 7R

5 GRS R B T B IR — ALY 2 mm/a
VE L g B b P e T 2 1 M SR A

TE VA R YD E s F A BE IR X SRR,
W 5 22 1] 35 500~3000 mt ', 5 4k, i X T
g A 1654 4F KK g A 1879 A sl AR RS IR 8

UTAF R ARAT 2 45 2R B W 5 5 B R T 2 A i
PRI R A A JCHT 186 4F H R AR

— L 1] 7R SiE i, B GG B¢ 1 B0 e e E U RO
1~1.5 mm/a. [f] if BA A8 30 w44 T E il i
VU ZR IR C SR T R 76 B 3 R HA 2~3 mm/a™,
VT T 2% ol P D 23 2 T R A 3 A A A )
ORI A T & A

E 1z 8l AR
CIE12). 38 3 3% 2 W 8 A5 2 1 2k 38— P e T

earthquake,

6~7 B 43 FEHTHH 7T HH R 734 FRIK 7T
152 1573 AFIR B 6%/, 2% i 72 . 1837 4FIR B4t 6 4%

W= 842 AFRR N 7 ~7"/, SR S MOR Dy L RR K

AR SCAE DX 38k Ml 7 ¥ T DR 945 SRR AIE A 2 PR 05 L



4060 i BR ) PR 2% R (Chinese J. Geophys. ) 56 #
IQ4°E 10.60E 10§°E
¢
o %
iy . B 6 S
Pingliang
B 7 UK & 17 Ho B
E e
359N f Fig. 1 NN 435°N
N &k %K
1 P Tianshui
34°N 34°N
I I I
Wudu — —, —— Liieyang
// N T
F6 S
Hanzhong 133°N

= )
o, =~ Qingch

L40°
5! 50 km
< - 3 2 Vi 3 e
e H g 1T 104°E 106°E 108°E
w0 o [Arzianwz I rewz 2 L w2 27
e : {0 | Dsgwz OQum=s.0 O8.0>M=7.0 07.0>M=6.0 @I i S.,6.61 7%
BT H AR K AR X 3 B35 gl A it 5 AR . Ca) 7 0 o T % o 00t DX b 5 T L P JEE R A A BT b i [ 5 (o) H AR e B 4 X

TG S T R M R (R YR ORE R IR T SCik (4,10, 11,127, 45 A T W AHUIE o), 181 HP Ak 00 4 2R HE D [ 310 T
O R RAE Dy 18] 7 A BT D) B

Fig. 1

Active tectonics and earthquakes of the southeastern Gansu and its adjacent regions. (a) Index map including the

shaded DEM of the Tibet plateau and its adjacent regions, the dashed frame shows the range of Fig. b. (b) Map of the

southeastern Gansu and its adjacent regions with main active tectonics and earthquakes. These faults data have been

modified after Yuan(2003), Yuan et al (2004) ,Zheng et al (2005) and Yu et al (2012). The green dashed frame shows the

range of Fig. 3. The blue dotted frame shows the region in Fig. 7
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Fig. 2 Strike-slip rate and relation on tectonic transition of NWW fault in southeastern Gansu province. In Fig. 2,active
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fault and kinematic pattern have been modified after Yuan et al(2002), Yuan(2003) and Zheng et al(2005). Strike-slip
rates of main fault from Li (2005), Yuan et al (2007), Yu et al (2012), Li (2009), Kriby et al (2007), He et al (2006), Jia
(2012) ,]Jia et al(2012),Liu(2012)and Ren et al(2013)



12 4 HBICHRAE T AR B e XA 56 35 2013 AR —iR B M6, 6 it 2R Lk 4061

B (F3) 248 B i 11 g Vb 2 i 2400 45 10 42 D)o 1
Wp A 0.7 mm/a, [ g VL RS G B 2065 Y 20
WP iE R 0. 3840, 12 mm/a.ERHE RN 1,37+
0.10 mm/a""* 5 iy i AL A5 38 5 A [ e 500 TG 1 DA
1A% B I 5 0 M 35 T R AR AR AT 1O L — 1k 1L BT R
(F4) B 55 DU 20 AR 1Y 3 1 sl 20 0. 49 0. 08~
1. 1540. 28 mm/a, £ EE %N 0. 5110. 13 mm/a;
T PR R I TR B R (FS) Y E T
HHN2~2.5 mm/a, X455 HEMRIERECHR
L5 VG Z U W 2R 1 2l AR 22 A H AR B OF R gt
fIE R AR AE RN 1 mm/a /2
AT E ST RAL R P KRR (FO M
FEEE T AR 0. 95 mm/a; B8 A 00 15 3 i
LW FHIBT 2L (F7) Hh B i B8 T DA 70 Jig o e gt
BV R R, ) 0. 35 mm/a 3R E 1. 39 mm/a, &
Bt LR 76 e L T R 0. 68 mm/a 3§ R &
1. 48 mm/a, 4 B 5B T LIk - B 70 i i 5l e %
1,06 mm/as % T 24— VL% W7 2L (F8) 17 3l it &
b J5T L P A5 B 1Y 2o e E T8 A 0.5~1.5 mm/a,
Wi R Ry 0. 5~1 mm/a" 5 3CE— g B FH
2L (F6), /i NS EE L T HE B LA
1879 4F 3 5 1 8 4 b 7R L AR I L AR T 3
2 SR L i B 2R 4 i Lk Ao e W gl i Ry 2 ~
2.5 mm/a"*,

Xof T I 2L T B T AR A5 B B 2 2 RO B DX A
WA TR RFIE AR Zheng 5555 B 45 1055 8 IR 14
b DX EE W TR B S R B L AR
b DX 33k 28 0T TS AT B I 2 8 G 3 2 T 2R 4 A
VR B 2 FR ST I A IR 2R S S 4% A% W B
X AV ) 9 ) T A CRL AR 1 7 T A o L DL S T R
Z A B 1 ik B AN T I 4 3 4 A2 T L 3t ) R4 T
AR B W 282 1) 1 2 0 b 2 W 25 8 5 R vh iz 3 o)
SR A (] 2). 3B B AT R R
455 V0 Z 0 AL G 2L W R AR — B R E R
ol — B B Ot I —3% I 20 ki —H
e VLW B A5 — 2R 9 W R Y 7 T R B W W BT B T
T o) A AR AL & 9 GPS UL 45 SR K 5 42
T B ER M 255 53, Duvall 48500900 4R B 4 I 2
AR T IR AR AR 2R A 3k T2 1] AU AR 38 21 1 1 i IR 2
BT ST 2O B AT 58 4 RO B & B ¢ P A 14 72
. 55 4k s Duvall 2810 36 58 1 I i AR AR 24 45 1 A 45
R RV % 0 L S B 2R A B R T 2T IR T
Bl 7E i JE R AR TR o P vl B ) AR WO R

Fethe TR R CIrREIL LI e T i s 3 o

3 I B W ny L 4544 55 30
(A

e i — 5 5 DT SR A O H 2 i 4 o e e AN AR TR A%
32 3o R Y — A% T BT R LA S AT B Sl A
18 SRR X G R Y 22 A B BT AR
T B Hh 2 AR AN S A P AT SR Y TR
SRLZH T R » BT ST S TR T T2 R AE 5~ 10 km (]
30 AEUR B AR R W R A — S0 I B AT 5 DU R
P8 A o g M e R AL LA i g 0 o L SRR P P —
B i A A AU AR A 50° ~ 707, SRy B BE 7 B
150, FLAE e 1 20 4o DR 0 » A6 A ] A9 DB 2R B L 3% gl
ZE SRR, KM SIS 7 T BB 7 - 1% 87 28 K
T VY AR A s Sl A 1 2 R 2L 2
DIHEIIFWss 1 A TR A 32 ey s 4R 2
A A WA WZ A B e ST Z 8 Rt 2 A 3l
DALY TETE SO (& MEN S e S 2 S T
P28 5 B — MR B v AL TR B

DR 114 i 50 3 A AAIE 52 A O Il L S T R
A5 W R BLHG B 22 SO W e, B BO L B
H DRI 20 Sl 4 S 1 S P (TR 3D 4% B 24 B v 1 Bl
PGB CRAEWT B L 32 (Fro) 3% sh s o
S b =8 S PO 3 Sl R VY B (R R R BD M
SCCE ) TG BN 2 o d VY U 15 B PR 8022 . O R i
T Bl 2K e S W SR T B 5 o B Ol T BT R BD
FHXH BT B AU S (Fo) Dy 2 1k 5 4003 2 L3 3)
PEAE HE AN T 2 T e, 1 SC (B2 ) O B AP B i —
e BT T 0005 3 s R B IR EL—7 BT R BO Y &
SCIRT R C(F ) 1 Bl P o5 » W7 28 B 2 20508 73 D RiT &
o R BT T Bl AT 2 e M B B -
TH A 3o 2 I R AE b % 00 P 2% Uk R 2 v de
P — 4% (Fog ) AT BEAE 55 U 20 9 C2 0 i) A7 A2 3
B R (& 3) i PRI A — A5 W 28 (F o) B 87 15 8l
T [k 37 Ay 7 B i EL e e i ) R % W ST Bl
I [0 5 3 72— B0 28 Y 22 LT ERT AR U 2. AT
PAF I B W SV b 2 20 I b A
J A W2 BOR BE AN [A] s SR B DL AT R Oy
T Bl A 25 57 U W 4% 1B 2R BEAE 8 4 3 o gl i A o
JOE T3 B R AN I 5] L A g AN TR 7 28 BE T N 5 2R
TR ATRE M Z A2 A — 5 X BRI L
AR R S B M X AR i R 2 R B — A T2 R



4062 H Bk ¥ B % R (Chinese J. Geophys. ) 56 #

102°30'E 103°00'E 103°30°E oo
SR

34°40'N

34°40'N 104°30'E

S34020'N

104°00

[Q |®mm=x
DB 5 % P %17 2 104°30°E
| RS = iEwE A A o 4 7 2
—] W DU R R 2 R R R
] 55 pu g s 2 e 0 R b 2 —> MR B
B3 IV B W 2L LA e Al BRI S AR AE

Ca) I 8 —275 B W 440 B L AT 285 4, 1 v b J2 W8 R FRT AR T 12 200000 M 5 B0, B 25 1 28 K W F http://www. cea. gov. cn/publish/
dizhenj/464/478/2013 0724133721239856586/index. html [2013-09-257; (b) Wi 54 v Bt 32 K48 1108 S T2 A4S CBE 1) NW) 5 Co) W7 34 op B
A6 E A (BRI ED 5 (D W24 v BE g S 2 3t 30 (Bl ) 5 (o) T 2475 BT 2 BREUE o v 250 (B 1) D 5 (D UREL AL 28— Vi K7 2 81 T (B2 1] ).

Fig. 3 Activity and geometric distribution on Lintan-Dangchang fault
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(a) Geometric distribution on Lintan-Dangchang fault. Data of stratum have been simplified from geology map®. The contour of the seismic intensity of
Minxian-Zhangxian earthquake come from http: //www. cea. gov. cn/publish /dizhenj/464/478/2013 0724133721239856586/index. html[ 2013-09-25].
(b)Offset ridge and fault trough on northern branch fault of middle segment(View to NW) ; (¢) Extrusion ridge on northern branch fault of middle
segment (View to E) ; (d) Fault landform on southern branch fault of middle segment (View to E) ; (e)Knick point nearby eastern segment of fault (View

to E) ; (f) Fault section of Naizigou at northern of Minxian (View to E).
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Table 1 Focal mechanism solutions of Minxian-Zhangxian Earthquake from different research unit

P RE Ll o ,
A4 IR /km iR M,
11 /() s/ WM/ G Em/O s/ WM/ O
IGPCEAY 180 47 120 320 51 62 20 6.1
IGCEA? 188. 4 58.8 142 301.3 57.3 38.0 6 6.47
gCMT® 196 50 153 304 69 43 16 6.0
UsGSs? 177 60 108 324 34 62 15 5.9

1) 52 R HUER B BEF 5% 9T (IGPCEA., http: //www. cea_igp. ac. cn/tpxw/267408. sthtml[2013-09-251);2) f [& #s 52 7 b J&% #F 5% o
(IGCEA, http://www. eq_igl. ac. ecn/admin/upload/files/20130722Dingxi. Pdf[2013-09-251);3) Global CMT web page(gCMT, http://www.
globalemt. org[ 2013-09-25]) ;4) USGS NEIC(http://www. isc. ac. uk/iscbulletin/search/catalogue[ 2013-09-25]).

EHIEE—F SRR (SR P — 3 XRHY
(] 3a).

Bl 4 h iR oR T2 5 R 5 SR X R
A, AT DLBH R A AR X ™ T R AR I AR [
W B R SC3F R KOG KR R R BRI —
oA (B da), M3 b 3R B0 B 5 1% MR A5 b
5 RS N N R el BN B B N T 1]
HAR R — AR 2 A 1 2 W 3. N 4b T LU
AT IR G AL TG R B W AL 43 S )2
) ol 3 20 A b FE AN R AR VDA TR
S 1) B T R 28 RS PR 2 b B2
VT T 28 TUAR S B B B R (] 4 (b o)), ZRAARE
3 A VG I 2% [ B G0 IR A AL TS = AL A
Hi e AR R R TR 8 2 Ak W R S TR B 300 3 o
(B 5Ca, b)), fE B—oKk ot —K B —Hr g% — 7 ¥
IR AR B X A A WD Y P SRR AR (I
da) R DO IR L L A PA VR SO R ERRE L
H T b R A SR B AR SR 51 R T — A MR K
ST A SR IR AR T . 2 B2 R R
[i) 72 2y 5 | 2 A MY ) 35T 2l o (] s RS 45 K
JUAL ¥ e Al 457 338 JUAS A B 30 55 3t ) 2 & L 3%
2/ 1 o/ NI A D 1 Wl A 1S S =
TR T A i 2 SR TR I R B = /N TR A M 3
S, PRI 2 b P b RR R AT BEAE AR ORAE T L TR 2
M B R FH A S (K 5Ce.dye, D).
IR i L e — R SRR e — 27 AT AL B ) = A
FRAE 52 35 E ST AR A2 Ak, 2 R A (1 59D s
TE AR SR ME A UL YR W )2 ) T (&1 Sho s o 8 ROk
B2 30 b ol S D B 2 b H AR O b R Ak T 2
WA R B A Bl AN R B A W 24 ) o A ) B
5. 55 AN T BT K S A ™ T A LK
RE Rl Tl LS IE | 5+ 3 b iR
FAFEE B EEAA FE IR IR ™ M AR 5 R Y b BT

I T T O IR I 32 DB B DT b X
e HP 5 M A P RS B AN R AR S e R 5
FEWT Ry S B PR A L AT R B IR M R 7 AR
(1% 4t 7 iy 2 10 2.

B3 s Im T 77 B W2 3R (Fs )
AL T YR Ml 2 1 T B 12 T 2 B AR UK R T A R
X AN B8 5% (3 B 2 8~10 km, JLAS U Wk VAT 1 5 4
A 2] e A A A L AR I VO L B SR AL ] 1) g AR A A
AR ML W T R A B " R R T
AN R 55 /N RS o 136 B A O b 72 RT i Dl i W R
ZA U 2 B L W] AR FH i 45 2R

5 Py S ATELAC A i b = S A Y O R

AR &, H AR X s kA 2 R g k&
A CEL D 5 502 FL A6 20 0 78 25 06 b 25 W 2407 B 3
MR RE—H. T E2H 7 R R Rk
AT 20T e P AR T i X A 3 A1 G Il
B, s b kA 2R 6~7 %
A A0 1573 ARIR B 6%, b =" (1837 4FIR B b 6
PR (842 R 7~ 7Y, G RS AR [ B
EHFEUR, ZH X B EETZKS KL L
S N R T B A Sk AL v R AR
BAR VA TE B 00 5% R A (A LR o
A SV — 77 B T 2 1) e 2 B Ok R )L R 2 B
VA (AR A S o AR S5 I 2E ] — B (] 6).

FEHT I B BF 5 b, BT R TR R AR
DT B DT s R IE R DT SR R B 2 R
FE X LR SE LA 7 sk A EAT T AR B £k
B2 FRAR 12 M X B E I AT LA 2 55 (BN 3
7 s A s — T R DU A 2 R TR S L
22 ol /D R0 B I S %o 2 X YR R E AT T8
AL TR e AR X D S b AR T BT UE I, FE A IR



4064 H Bk ¥ B % R (Chinese J. Geophys. ) 56 #

104°03'E 104°09'E 104°15'E

34°36'N ml 34°36'N

34°32'N|gd m| 34°32'N

34°28'N [l

il 34°28'N

1 1 1
104°03'E 104°09'E 104°15'E
104°03'E 104°09'E 104°15'E

34°36'N . , _@A 34°36'N

Y e {5 T
$=nL

R
ia

34°32'N

34°28'N © 34°28'N

104:°0’E 104°09'E 104°15'E
[ D Jiea =Bl - AL |=5 A0t /BN w0 R[N i R [ Q3] 5 # 4o Q4]4 i gt it i JE— 3t v by 12

B4 URE— 3L SR AR AR XM 215 M B R ALE
() = X T TR 2 AR (BERR IR T Google earth) 5 (b) A 52 IX B 1T b BT RFAE (R4 12200000 3 5T 121 B 84 A7 46 BB BO® 5
Co) Bt 2 A R IXC 0 34 BT 79 T o AR 403 S5 1 ] A o 3t B 9 e 4 42
Fig. 4 Map of image and geology of severely damaged area in Minxian-Zhangxian earthquake
(a) Satellite image of severely damaged area (Image data from Google earth ) ;(b) Geology map of severely damaged area(Data have been

simplified from geology map?® ); (c) Cross section of severely damaged area,data from field investigation and geology map.
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