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Introduction 
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Large earthquakes are focal points in studies of active tectonics. 

Many structures grow largely by the summation of numerous large earthquakes. 

Unfortunately, the subsurface structural geology of large earthquakes is usually 

weakly constrained. 
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1999 Chi-Chi thrust-belt earthquake 

 The 3D geometry of the most important faults can be independently 

determined in considerable detail.  

 It is one of the best instrumented large thrust belt earthquakes 

 There are significant constraints for placing the Chi-Chi earthquake in 

its larger structural and tectonic setting within the western Taiwan 

thrust belt. 

The purpose of the research 

 To observe coseismic structural growth 

 Independently determine a 3D fault model and compare to coseismic 

displacements 



Data and methodology 
• Geologic maps compiled from 

CPC & CGS 

• 22 Seismic lines from       to 

• 8 Wells: TS-1, CLN-1, HL-1, 

HL-2, TSK-1, TC-1, PC-1, 

TCDP 

• 47  Cross-sections:  
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A V 



Regional EW sections XX′ and YY′ with line drawing of reflectors in seismic lines E, F, H and I  
Chelungpu thrust flattening to the Chinshui detachment at a depth of 5.5–6 km.  

The minimum length of the Chinshui detachment must be greater than the preserved length of the hanging wall 

detachment (at least 𝑏𝑏′ = 𝑎𝑎′).  
The GPS vectors relative to stable Kinmen west of Taiwan. The displacements of the footwall relative to Kinmen 

are very small, approximately shows the displacement of the Chelungpu hanging wall relative to the footwall. 5 



New Chelungpu–Sanyi 

fault model 
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 3 major fault segments 

1. The main Chelungpu thrust 

2. The Sanyi thrust: Possibly inactive 

3. The North Chelungpu Chinshui detachment: 

 New bedding-parallel fault 

 In the Chinshui Shale 

 The locus of some of the largest displacements 



New Chelungpu–Sanyi 

fault model 
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 E–W trough-like structure reflects the 

primary shape of the Tai-Chung basin  

 

 Area in grey shows the Chelungpu–Sanyi 

thrust system branching northward into 

two faults along a branch line 

 

 Large-scale(~5km) corrugation shape 

seen in the surface go down to the 

bottom of the ramp 
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3D model 



Comparison with observations 
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1. Coseismic displacement magnitudes 

2. Chi-Chi slip history 

3. Coseismic displacement orientations 



Comparison of Chelungpu fault model with 

coseismic displacement magnitudes 
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Coseismic surface displacement sources:  

1. Ground-based GPS geodetic displacements computed relative to Kinmen Island 200 km 

west of Taiwan (Fig. 12B; Yu et al., 2001) 

2. Satellite photogrammetry based on parallax measurements between high-resolution 

Spot images taken before and after the Chi-Chi earthquake (Dominguez et al., 2003). 



Comparison with models of Chi-Chi slip history 
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Map-view comparison between the Chelungpu fault model and Chi-Chi fault-slip 

history, based on seismology from Ma et al. (2001) and Ji et al. (2003).  
 



Comparison with coseismic displacement 

orientations 
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 The plunges from GPS data 

are parallel to local bedding 

with good statistics. 

 The coseismic displacements 

are dominantly fault parallel 

and largely reflect net 

structural and geomorphic 

growth.  



Regional structural setting of the 

Chelungpu thrust and Chi-Chi earthquake 
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The Chi-Chi earthquake did not start on the Chelungpu thrust, but on some 

unknown minor deeper fault.  
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The Chi-Chi main shock and aftershock 4 (Chen et al., 2002) are 

both on dipping faults that may function as duplex faults linking 

the parallel detachments 



Conclusions 
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 A 3D model of the Chelungpu–Sanyi thrust system and cross-sectional 

models of the western Taiwan thrust belt in the region of the 1999 Chi-

Chi earthquake was developed. 

 By using standard structural geologic techniques that are largely 

independent of geodetic and seismologic, we assimilate the geodetic 

and seismologic data into a more realistic image of this classic thrust-

belt earthquake than is provided by normal earthquake studies alone. 

 In the 3D fault map of the Chelungpu thrust,  the displacement vectors 
are parallel to the fault. 



Thank you for your attention 
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