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INTRODUCTION

•Thrust ramps have long been recognized as one of the characteristic 
structural elements of fold and thrust belts.

•In this study, the authors test the predictions of fault-related fold models by 
comparing the kinematics constrained by deformed flights of terraces and 
coseismic displacements in the Mw=7.6 Chi-Chi earthquake with the fault 
and finite fold geometries.

•Better understanding deformation above                                               
thrust ramps is important for tectonic                                                     
studies and seismic hazard analysis:                                                   
constrain fault geometries, quantify                                                
cumulative deformation and deformation                                            
rates.

2

From GEOCON
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CHELUNGPU THRUST
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CHANGHUA THRUST
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WHAT IS FAULT-BEND FOLDING ?
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WHAT IS FAULT-BEND FOLDING ?



CLASSICAL FAULT-BEND FOLDING
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Classical fault-bend folding displays a uniform instantaneous uplift profile.
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For slip in the same direction as ramp dip 

For slip oblique to the ramp dip direction 



PURE-SHEAR FAULT-BEND FOLDING
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Shear fault-bend folds show progressively increasing uplift profiles on the 

backlimb.(Consequence=> backtilted layers along a long backlimb)
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COSEISMIC DISPLACEMENT
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•Coseismic displacement is the displacement
between footwall and hanging wall during 
an earthquake.



KINEMATIC MODELS
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KINEMATIC MODELS
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• These terraces have slopes close to the modern river gradient, which 

demonstrates that they have been uplifted homogeneously.



RESULTS

•This figure shows that 
slip remains the same 
above the different dip 
domains of the ramp.

•The model is validated: 
The deformation of the 
Chelungpu thrust sheet, 
characterized by 
bedding-parallel 
ramps, corresponds to 
the expect actions of 
classical fault-bend 
folding.
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RESULTS FAULT SLIP CALCULATION
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The kinematic model can be used to determine fault slip based on 
terrace heights.

𝑡𝑒𝑟𝑟𝑎𝑐𝑒𝑠 ℎ𝑒𝑖𝑔ℎ𝑡 = ℎ1

𝑠𝑙𝑖𝑝 =
ℎ1

cos 𝛼1 sin 𝜃1



RESULTS FAULT SLIP CALCULATION
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Combining fault slip with age data, the authors can calculate fault slip rate. 



RESULTS FAULT SLIP CALCULATION
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• The kinematic model can also be used to determine fault slip based 

on the fold scarp height:

Fold scarp = ℎ2 − ℎ1

𝑠𝑙𝑖𝑝 = 𝑆2 − 𝑆1

𝑠𝑙𝑖𝑝 =
ℎ2 − ℎ1

cos𝛼2 sin 𝜃2 − cos 𝛼1 sin 𝜃1



RESULTS FAULT SLIP CALCULATION
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Fold scarp = ℎ2 − ℎ1
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• A progressive backlimb tilting toward the east is observed, ranging from 

1.5˚ to 4.28˚ in comparison with the regional gradient of the modern 

Choshui river profile.
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• Shear fault-bend fold theory indicates that fault slip and change in 

dip of the hanging wall strata are linearly proportional.



RESULTS

We measure the apparent dips of the terraces in the direction of the 
seismic, which can be compared with the apparent dip of the uppermost 
reflectors of the seismic line
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𝑆𝑝𝑟𝑒𝑔𝑟𝑜𝑤𝑡ℎ: 𝑡𝑜𝑡𝑎𝑙 𝑖𝑛𝑝𝑢𝑡 𝑓𝑎𝑢𝑙𝑡 𝑠𝑙𝑖𝑝

𝑆: 𝑓𝑎𝑢𝑙𝑡 𝑠𝑙𝑖𝑝
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DISCUSSION
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DISCUSSION

•The authors propose that shear fault-bend fold is a common folding 
mechanism in the early stage of thrusting. As tilting increases, the 
hanging-wall strata become parallel to the ramp. There is a transition to 
classical fault-bend folding.
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Classical fault-bend folding

(Chelungpu thrust)

Shear fault-bend folding

(Changhua thrust)

Bedding dip Parallel to the fault ramp Smaller than the fault sheet

Displacement 14km 1.7km

Terrace

deformation style

Uplift homogeneous Have limb rotation

Characteristic

Slips in different fault dip 

angle are same  

fault slip and change in dip 

are linearly proportional 



CONCLUSIONS
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CONCLUSIONS

•Combining the analyses of subsurface structures and deformed fluvial 
terraces in the hanging-wall of thrust ramps allows to quantify fault 
slip and shortening.

•With the dating age control, the authors get more detail deformation 
histories and constrain fault slip rates, which are important for tectonic
studies and seismic hazard analysis.
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THANK YOU FOR LISTENING
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