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Opposing Subduction:

between Philippine Sea, Eurasia, and South China Sea
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Chihshang Fault
a rapid creeping reverse fault with occasional moderate earthquakes
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2003 Mw 6.8 Chengkung Earthquake
Ruptured from the Chihshang Fault
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Rapid Surface Creep
Of the Chihshang Fault
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Chihshang Active Fault Observatory



Chihshang Active Fault Observatory

1. Observation and Instrument

Continuous : creep meter, GPS, seismometer, tiltmeter, groundwater level

Campaigned: GPS, EDM laser, leveling, Nail network, slug test

Coastal Range

Longitudinal

2. Surface creep

Short-term and long-term creep rates
Pre-, co- and post-seismic creep

Seasonal locked

3. Slip kinematics and behaviors

4. Frictional property modeling

5. Hydraulic property and system ;



- Leveling

- GPS
- Creep meters

Near Fault Measurements

- Triangle distance and angle
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Result I: Surface Creep



Geodetic Data: GPS and Leveling (Intersiemic)

Interseismic GPS rate: 30 mm/yr Leveling vertical rate: 27-29 mm/yr
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Alluvial deposits 15 '{é.!}:}s!,!{!&

and long-term fault o8 s Y
slip rate...

8-10 levels of
terraces along the
Chihshang
Fault
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Long-term (Holocene) fault slip rate...
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14.0
120
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1. Seasonal creep
(dry season locked)

2. Post-seismic creep
(co-seismic locked)
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Result Il:
M6.8 Chengkung Earthquake



2003 M6.8 Chengkung Co-seismic GPS

Slip Distribution on the Fault
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1) 1-D diffusion Model

2) Coulomb Failure Criteria

3) Velocity-dependent Friction law

vV
T =o0ou. +acln vl a>0

*

(Ruina, 1983; Perferttini and Avouac, 2007)

Co-seismic and seasonal locked zone
- depth: 0 - 500 m
- friction properties (a-b): 0.003-0.005
- hydraulic diffusivity (k): 0.05-0.8 m/s

Creep meter: 2003 EQ

**1 Data & model
—
£
O 200
@
@
S
W)
100 +
0 rrrrrrr1rr 11 r1r1rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr T T T T T T T T T T T T T T TroT
o D [ = ==} (==~ R oy M 0D m oM <
£898998555885395558553958588383533%
CErS 0 3CERsSEcsasSEB8ERRS CEESQEBEEES
333342523322 93338255338293338295333
M RPM R M E MR RN m P R MM E PR amnmmRamnmm ™S

Along fault dip(km)

Time

(Chang, Wang and Lee., GJI, 2009)

1.0

0.6

0.2

-0.2

-1.0

bars

18



o
£
» 1 1 1 |
u | ro-das-o¢
] F vo-Inr-1g vo-das-0g
1 F vo-few-1e po-nr-Lg
m o m bO-teW-LE ro-fen-ie
] ] E po-uer-e PO-IBIFLE
7 C €0-noN-0€ poruRrLE
18 e
] o [ E0-INr-lg )
] K F so-Kem-Lg 8».:75
H e
] [ EOuerle eoruerie
E F 20-AoN-0E
= L zo-das-0s s 20-hON-0E
] - e zo-des0g
. [ co-Inr-le © zo-nr-Le
] | zo-few-Le m Zohepe
] - C0-4eW-LE v 3 Z0-ERLE
] [ To-uer-Lg m = [
] Flonon0e = 2 L oNE
3 Flo-desoe 0 Z odesog
1 [ Lo-Inr-1e % Lonf-Le
] — [ Lo-fen-LE 5 ¥ LorkenrLe
3] o QO [ LOEn-Le o Lo-ERFLE
] (Ol e] E :.....\_,._onq.._.m &g Louer-ie
1 += 0O [ 00-"ON-0€ 00-AON-DE
] () [ 00-ds-pg oo-des-oe
] m m [ 00nr-1e 00InrLE
] [ 00-Kew-Le oo-Aen-Le
] o & [ 00-BW-LE 00-BIFLE
E e a - 00-uer-Lg 00-uer-Lg
] e — [ 66-"ON-0E BE-AON-DE
7] - @© I 66-d25-0¢ 6608508
i OO0 [ s6Inr-LE 6L
] | 66-Ke-LE e6-fei-Le
] - 66-1BN-LE 66-1BILE
T T T G6-Uer-1g 66-UBP-LE
o o - o~ @ ~ w0
m m m (wy)dip yney Buoly
(wuwndsain
E
-
]

Chihshang
Fault

Longitudinal |

Strongly
coupled

friction properties (a-b): 0.003-0.005
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Result I
Kinematics and slip behavior
during earthquake cycle
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3-D Variation of
Interseismic slip
distribution along LVF
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Result IV
Slip Behaviors and
fault’s Frictional Property



Frictional Property
Velocity-dependent frictional law

T= rpﬂ +aln fv%\ +b1In l(?\-lﬁr

(Dieterich, 1979; Ruina, 1983)
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Frictional Property in 3-D Fault Patch :
A case study of 2003 Chengkung earthquake
{ Wii, t ) = Voli) exp [{ACFF(i, t J+CFFa) fali Jali, t )],

V
r:qm+aak{vq,a>0

*

23'

150 days of post-seismic
creep

Coseismic Post-seismic
(Hsu et al., 2009)




Horizontal Disp. (mm)

Horizontal Disp. (mm)

Frictional Property and GA modeling
Post-seismic slip of the 2003 Chengkung earthquake
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Frictional Property and GA fitting :
A case study of 2003 Chengkung earthquake

150 days of post-seismic creep
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Frictional Property and GA fitting :
A case study of 2003 Chengkung earthquake
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Chihshang Fault
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Result V:
Hydraulic Property on the surface fault zone



Repeated (monthly) slug tests

\ 4

Hydraulic
measurements and
on-site tests

Injection/pumping experiment




groundwater level relative ta H1 {meter) groundwater level relative to H1 {meter)
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pt7

R \

H 9

] =  parameters:

2 :

% 2 |materiel |porosity |permeability
= = B1 lalluvial  |0.25 107 omis

kT = q A

E g B2 | 0.25 107 emis

2 E B3 |LichiMelange |09 10" omis

impermeable boundary (ﬂ]ﬂ,[))

1. 3 layers of permeability + fault zone

B1, B2: 10 2 cm/s (gravels)
Fault zone : 10° ~10 “* cm/s
B3: 10 12 ¢cm/s (Lichi melange)

2. Fault zone influence width: 4-5 m




Injection Tests

Fault zone acted as a
hydraulic barrier to impede
groundwater flow !

(Mu et al., in preperation)




Permeability Increase
by earthquake swarm
(seismic wave?)
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Conclusions: what we learned from....

Interseismic Fault Slip
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Perspectives —
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Thank you for your attention
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