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We characterize the source of the Mw 7.7 earthquake which occurred in southwestern Pakistan on  09/24/13 combining 
remote-sensing and seismological observations. Measurement of surface displacement from cross-correlation of opti-
cal images (Landsat 8 provided by the USGS) reveal a 200km long surface ruptrure. Fault slip is essentially strike-slip 
and reached up to 10m. The dissymmetry of surface displacement indicates a north dipping fault consistent with the 
45° dipangle of the north dipping fault in the W phase CMT. Back-propagation of teleseismic waves reveals an unilateral  
rupture propagating to the SW at about 3.5km/s (possibly supershear). Finite-source modeling of teleseismic wave-
forms shows that the rupture initiated on a sub-vertical subfault and then propagated to the southwest on a 45°dipping 
faults segment, the total duration is about 60s and the average rupture velocity is estimated to 3km/s. The rake shows 
nearly purely strike-slip motion. Rise-times are estimated to less than 8s in general indicating a clear pulse-like 
rupture.The earthquake was able to propagate along a misoriented pre-existing fault, most probably a thrust fault within 
the Makran accretionary prisme. the thrust fault was reactivated with strike-slip motion despite the NS horizontal com-
pression in the region. Paradoxically, the earthquake was unable to propagate along the more optimally oriented fault 
segment north of the rupture, where most of the aftershocks were observed. This earthquake demonstrates that large 
ruptures can develop on severely misoriented faults and that dynamic stresses can induce large slip with a rake incon-
sistent with the pre-earthquake stress field. These characteristics require strong dynamic weakening. 
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Figure 5: The back-projection results 
indicate unilateral rupture with average 
speed  of~ 3.5 km/s

65°15'0"E64°15'0"E

28
°0

'0
"N

27
°0

'0
"N

26
°0

'0
"N

0        20      40                80
km

50s

40

30

20

10

0

USGS hypocenter

Finite Source ModelGround displacement measured from Optical Image Correlation

Back-projection of Japan P data 0.5-2Hz

64˚E 64.5˚E 65˚E 65.5˚E 66˚E

26˚N

26.5˚N

27˚N

27.5˚N

0 100

0
100
200
300
400
500
600
700
800
900

1000
slip (cm)

-20 0

km

0

10

20D
ep

th
 k

m

-60 -40

km

20

20
20

20

km

10
10

40 60

km

20

60 80

km

30
30

100 120

km

40
40

0

10

20 D
ep

th
 k

m

140 160

km

50

50

50
50

Strike= 218 deg 

0 200 400 600 800 1000
cm

0

6e+25

1.2e+26

m
om

en
t r

at
e(

dy
n.

cm
/s

ec
)

0 10 20 30 40 50 60 70

time(s)

Psrc CMT Psrc WP

Seg1,2 Seg3,4 Seg5,6,7

ABPO ABPO 

ADK ADK 

AIS 

ANGG 

AQU 

ASCN ASCN 

BFO 

BJT 

BLDU 

BNI 

BORG BORG 

C36M 

CHTO CHTO CMMT 

COEN 

COLA COLA 

CRZF 

DAG 

DAV DAV 

DBIC 

DGAR DGAR 

DRLN 

DYA 

EDI 

EGAK 

ENH 

ERM ERM 

EUNU 

FOMA FORT 

FRB 

FURI FURI 

GIRL 

GRA1 

GUMO GUMO 

HIA 

INK 

INU 

JMIC 

KAPI KAPI 

KBS KBS 

KDAK KDAK 

KDU 

KEV KEV 

KMBO KMBO 

KMI 

KNRA 

LBTB LCRK 

LRW 
LVZ 

MACI 
MAJO MAJO 

MANU 

MBAR MBAR 

MBWA MBWA 

MDJ 

MEEK 

MSEY MSEY 

MUD 

OBN 

OOD 

PAB PAB 

PATS 

PBKT 

PET 

PMG PMG 

PSI 

QIS 

QIZ 

RER 

RES 

RODM 

SACV SACV 

SCHQ 

SCO 

SDPT 

SFJD SFJD 

SHEL SHEL 

SMY 

SUR SUR 

TAM TATO TATO 

TIXI 

TLY 

TSUM TSUM 

UGM 

ULN 

VTS 
WDD 

WRAB WRAB 

WRKA 

XAN 

XMI XMIS 

YAK 

YSS 

1.00

1.05

1.10
M

is
�t

1 2 3 4

Vr(km/s)

001050

time(s)

M63C
P 7.94

3
38

ALOC
P 8.64

31
48

TPDS
P 6.92

42
88

KDA
P 1.03

33
48

AIH
P 9.47

64
64

TJB
P 8.97

95
34

HNE
P 1.601

47
83

STAP
P 6.33

28
98

UNAM
P 8.54

59
38

TKBP
P 9.431

001
43

GMP
P 3.83

201
68

UDK
P 4.44

211
67

001050

time(s)

M63A
HS 8.482

3
08

ALOC
HS 9.982

31
48

LLIB
HS 4.554

32
96

KAY
HS 4.816

13
45

NLU
HS 5.296

54
83

SSY
HS 1.345

84
26

OJAM
HS 2.905

16
16

NAX
HS 3.593

86
73

OMUG
HS 6.471

28
47

UNAM
HS 6.822

59
38

NEOC
HS 9.372

701
58

SIQ
HS 6.243

511
58

IMX
HS 4.506

821
35

NUM
HS 6.104

731
67

DOO
P 4.33

321
68

UDLB
P 9.92

631
57

SIA
P 9.06

961
56

MDOR
P 4.59

281
64

CIBD
P 6.85

762
96

VCAS
P 0.54

282
28

BAP
P 1.95

103
85

AYD
P 6.63

413
65

WRL
P 9.86

623
55

OCS
P 3.65

833
36

SER
P 2.84

453
77

RER
P 5.79

291
84

OPBA
P 4.49

302
94

RUS
P 2.15

812
27

MUST
P 0.14

032
56

LEHS
P 0.92

742
18

RAGD
HS 5.866

761
43

RER
HS 5.293

291
84

RUS
HS 4.955

812
27

OBMK
HS 0.4301

822
93

RABM
HS 0.9801

632
34

LEHS
HS 9.713

742
18

MAT
HS 7.914

972
45

PIT
HS 9.468

992
24

IRT
HS 0.548

803
44

FWC
HS 0.017

713
55

ONOK
HS 6.776

623
94

OCS
HS 9.963

833
36

VEK
HS 9.924

343
84

SER
HS 0.681

453
77

Away from rupture

Towards rupture

A
zi

m
ut

h 
in

cr
ea

si
ng

Figure 6: Slip distribution in map view determined from the joint inversion of surface displace-
ments and teleseismic waveforms using the technique of Ji et al (2002)

Figure 7: Slip distribution and isochrons (in seconds) of rup-
ture front propagation

Figure 9: Comparison between 
measured (black) and synthetic 
(red) teleseismic waveforms

Figure 10: Distribution of tele-
seismic records used in this 
study

Figure 8: Source time-function and  centroid moment tensor (for 1 single equivalent source or 3 sub-events) 
cooresponding to our best fitting finite source model. Also shown is the CMT derived from point source model-
ing of the W phase.

Figure 10: Sensitivity of misfit to 
assumed rupture velocity.
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Figure 1: Tectonic Setting (modified form Byrne et al (1992). The earthquake occurred at the 
southern tip of the Chaman fault, the major left-lateral fault accomodating the northward motion of 
India relative to Eurasia. Box show location of the Landsat-8 images used in this study.

Fault-parallel slip

Fault-perpendicular slip Figure  2: Surface displacement measured from cross-correlation of two pairs of Landsat-8 
images (15m GSD) using COSI-Corr (Leprince et al, 2007). Color shading shows EW component 
of the dipslacement field (240m GSD, 64x64 correlation window ). Inset shows histogram of EW 
and NS displacements within the two areas with presumably null displacement outlined with 
dashed line. The two pairs (North and South) of displacement maps have been mosaiced.
South part: 
  pre EQ: LC81540422013253LGN00 acquired 09/10/13
  post EQ: LC81540422013269LGN00 acquired 09/26/13
North part:
  pre EQ: LC81540412013253LGN00 acquired 09/10/13
  post EQ: LC81540412013269LGN00 acquired 09/26/13

Figure 3: SurfAce fault sllp measured from the displacement discontinuity across the fault trace.

Figure 4: Rupture process imaged from  back-
projection of teleseismic P waves recorded by the 
Japanese seismic network using the MUSIC array 
processing technique [Meng et al., 2011].   Fre-
quency band: 0.5-2Hz. Dots show locations of 
sources with color indicating time of each window 
center. First window centered on first P arrival. Slid-
ing window duration: 10s.
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