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1. Arc-continent collision - classic example of  a subaerial, steady-state accretionary 
prism… maybe not… 

Areas of  anomalous - Low Relief  - topography at high elevations 

“Parallel” collision with stretched continental at ~5 Ma  

2. More recent research  
Age-elevation transects show acceleration in exhumation cooling ~2 Ma 

Seismic tomography shows crustal imbrication along a crustal-scale shear zone 
marked by seismic tremors 

Plate reconstructions for PSP - doubling of  PC vector ~0.5 Ma 

3. Are lithospheric scale processes needed? For example: 

Crustal detachment or 

Lithospheric delamination 

Outline
Detachment

Delamination

Today



Large areas (20-100 sq km) 
of  anomalously low relief  in 
the higher elevations of  the 

Central Range

The “plateau” north of 
Jaiming Lake, August 2011



Seven Colors Lake area 
April-May, 2013

Most recent field expedition:











A “plateau” at 
High Elevations

Areas of low relief at high 
elevations	
When, and how did they form?

Hypothesis:

Areas of  subdued, low slope 
topography are eroding slowing 
and represent a relict landscape 

that formed prior to a recent 
acceleration in rock uplift rate



When did the collision 
start and did it 

propagate?

Collected sandstone samples 
from the highest peaks in the 

Hsuehshan and southern 
Cenral Range	

!
- looking for detrital zircon 

grains with totally reset fission 
track ages 



Reiners and Brandon, 2006

Oldest, totally reset ages 
at highest elevations
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Totally reset detrital fission 
track ages in zircon ~3-5 Ma; 

!
No evidence of propagation

Lee et al., 2015

When did the 
collision start?



25

24

23

2224680 60 02040

B ° Lat.

° Lat.

° Lat.

° Lat.
2

Age (Ma)
6080

Consistent with blueschist 
metamorphism in the Yuli Belt 

~ 5 Ma

Lee et al., 2015

When did the 
collision start?



Arc collided with, and partially consumed, a wide zone of  thinned 
continental crust that probably contained N-S trending fracture zones

Alternative Tectonic Setting:

N-S trending arc 
collided with N-S 
fracture zone SCS

Lee et al., 2015 



Recent Observations

Age-elevation transects show acceleration, up 
to 5 km/Ma, in exhumation cooling ~2 Ma in both 
northern and southern Taiwan   

Yuli Belt metamorphosed to blueschist facies 
~5 Ma => some form of tectonic exhumation 

Seismic tomography shows crustal imbrication 
along a crustal-scale shear zone marked by 
seismic tremors

Plate reconstructions for PSP suggest 
doubling of the rate of convergence < 1 Ma 

AHe and leveling data suggest 2nd 
acceleration in uplift/exhumation ~0.5 Ma



Fission track and (U-Th)/He ages 
of  totally reset detrital zircon and 
apatite grains - as a proxy for uplift: 

When did the collision start? 
— Oldest totally reset fission 
track ages 

History of  exhumation?  
— Age-elevation plots along 
the length of  the orogen

Exhumation 
Cooling

4-5 Ma 

(Lee et al., 2015)



Reiners and Brandon, 2006

Vertical transect should 
have older ages at higher 
elevations and younger 
ages at lower elevation	

!
Yield: rate of exhumation 
cooling independent of 

geothermal gradient



Age-elevation 
Transects

Small Ghost L.

Four new age-elevation transects 
along strike in the eastern Central 

Range constrain exhumation 
cooling

Mt. Yu

Hsu et al., 2016, Geology 
—Tsao et al., 1992, Acta 

Geological Taiwanica; 
— Beyssac et al., 2007, 

Tectonics

What is the history 
of exhumation?

Central Cross-
Island Highway

South Cross-
Island Highway



Age-elevation 
Transects

Change in rate of 
exhumation cooling 

~ 2.0 Ma

< 0.1 mm/yr

< 0.1 mm/yr

Hsu et al., 2016;  
ZFt from Tsao et al., 1992;  

ZHe from Beyssac et al., 2007

What is the history 
of exhumation?

Central Cross-
Island Highway

South Cross-
Island Highway



Age-elevation 
Transects

Hsu et al., 2016, Geology

What is the history 
of exhumation?

South Cross-
Island Highway

Small Ghost 
Lake

Crustal 
imbrication

Propose: crustal-scale imbrication is driving exhumation 
of subducted continental crust.



Pleistocene 
Conglomberates

Linko Tableland Linko!
1.24 - 0.78 Ma

Linko!
< 0.78 Ma

Liukuei!
~ 0.78 Ma

Tashe!
~ 0.78 Ma

Toukoshan!
0.91 - 0.78 Ma



Age-elevation 
Transects

Hsu et al., 2016, Geology

Very young apatite (u-Th)/He ages 
(0.25 Ma) suggest acceleration to 

4-5 km/m.y. from ~ 0.5 Ma

What is the history 
of exhumation?

Small Ghost 
Lake



Crustal-scale P-wave velocity models: 
1. Rau and Wu, 1995 
2. McIntosh et al., 2005 (TaiCrust) 
3. Kao-Chen et al., 2012 (TAIGER) 
4. Huang et al., 2014 

Ambient tremors 
1. Chuang et al., 2014 
2. Chen, pers. comm., 2016

Evaluate interpretation with geological observations:

Subduction and imbrication of  stretched continental crust



Line T3

Lester et al., 2014 

Continental 
Crust

Alternative Tectonic Setting:
Arc collided with, and partially consumed, a wide zone of  thinned 

continental crust that probably contained N-S trending fracture zones



Well developed plate 
motion parallel 

anisotropy (CPA) in 
the middle and lower 

crust in southern 
Taiwan

Huang et al., 2015 



Rau and Wu, 1995

Huang et al., 2014

Kao-Chen et al., 2012

4 5 6 7 8 km/secVp

CMMA

Subduction of 
low-velocity 

crust

Subduction of 
low-velocity 

crust

Subduction of 
low-velocity 

crust



McIntosh et al., 2005

Line 23

Rau and Wu, 1995

CMMA



Rau and Wu, 1995

Kao-Chen et al., 2012

4 5 6 7 8 km/secVp

CMMA

Huang et al., 2014



CMMA

Rau and Wu, 1995

Huang et al., 2014

4 5 6 7 8 km/secVp



CMMA

Rau and Wu, 1995

Huang et al., 2014

4 5 6 7 8 km/secVp

Underthrusting of 
Philippine Sea Plate



7

Underthrusting of 
Philippine Sea Plate

CMMA

6

4

Subduction of low-
velocity crust

Huang et al., 2014

Detachment of 
Crustal Root



Contour map of 7.5 km/
sec surface!
red = deep!

white = shallow



Contour map of 6.5 km/
sec surface!
red = deep!

white = shallow



Contour map of 6.5 km/
sec surface!
red = deep!

white = shallow
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Underthrusting of 
Philippine Sea Plate

CMMA

6

4

Subduction of low-
velocity crust

Huang et al., 2014

Detachment of 
Crustal Root

Tremors (2007-2011)!
Chuang et al., 2014







Hot, dry rocks!
(Kuo-Chen et al., 2011) 

Gaps correlate with area 
of ambient tremors 

consistent with tremors 
associated with fluids

Interpret gaps in low Vp/Vs as 
local of area of hot, wet rocks



Resistivity/Conductivity 
(Bertrand et al., 2012)

Highly 
conductivity zone



Highly 
conductivity zone

Tremors
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Underthrusting of 
Philippine Sea Plate

CMMA

6

4

Subduction of low-
velocity crust

Huang et al., 2014

Tremors

Tremors (2007-2011)!
Chuang et al., 2014
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Underthrusting of 
Philippine Sea Plate

6

4

Subduction of low-
velocity crust

Detachment of 
Crustal Root

Aseismic zone with high Qp/Qs and 
low Vp/Vs suggest hot, dry rocks 

(Lee et al., 2010; Wang et al., 2010)

Our high Qp/Qs (1.2–1.4) and low	
Vp/Vs (1.6)
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Dewatering 
during prograde 
metamorphism

Exhumation of 
hot, wet rocks

Remolding of 
ductile crust

Exhumation of 
hot, dry rocks
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Dewatering 
during prograde 
metamorphism

Exhumation of 
hot, wet rocks

Remolding of 
ductile crust

Exhumation of 
hot, dry rocks

5 km/my 
exhumation rate

2.6 km/my 
exhumation rate

Crustal 
imbrication



Moho

Time 1: Subduction of stretched continent crust

 Active thrust 
faults

Thrust faults 
active at next 

time increment

Inactive thrust 
faults= ==

Upper crust

Lower crust

Oceanic 
crust
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Moho

 Active thrust 
faults

Thrust faults 
active at next 

time increment

Inactive thrust 
faults= ==

Time 2: Imbrication of upper continental crust

Uplift driven by thickening in the upper crust 
(note shown: subduction of forearc and 

exhumation of blueschist belt)



Moho

 Active thrust 
faults

Thrust faults 
active at next 

time increment

Inactive thrust 
faults= ==

Time 3: Detachment of middle and upper continental crust

Uplift driven by thickening of the middle 
and upper crust (and buoyancy?)


