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Orogenic accretionary wedges….

In classical theory, 
we expect:

In reality, 
we often encounter:



Frontal accretion

Basal accretion 
‘underplating’

Simoes & Avouac, 2006

Van Gool & Cawood, 1994

The orogenic wedge



Davis et al., 1983

Malavieille, 2010Rosenberg et al., 2015; 
Schmid et al., 2004

Central Zagros (Iran) McQuarrie, 2004



Classical style of structures observed in wedges 
grown by frontal accretion

Suppe, 1980

Validity of such simplification?



The subducting / incorporated 
Chinese Continental Margin 
is highly irregular, may 
preclude the monopoly of a 
single detachment 

Lin et al., 2003



Active convergence is mostly taken up 
along wedge boundaries, other than 
been evenly distributed

Prediction of classical wedge model

Avouac, 2003

Simoes & Avouac, 2006

Lin et al., 2010



Wedge kinematics
-role of underplating

Barr & Dahlen, 1990

Fuller et al., 2006

Simoes et al., 2007

<25%

~50%
>90%

Exerts fundamental 
controls on structural
and metamorphic
configurations of the 
mountain belt “Classic wedge model”



Simoes et al., 2007

Barr & Dahlen, 1989



Beyssac et 
al., 2007, 
Tectonics

?

Fuller et al., 2006 
Tectonophysics

Barr & Dahlen, 1990

Great conflict between nature evidences and the 
classic wedge model in the pattern of metamorphic 
grade distribution, especially the ultra-hot 
Hsuehshan 雪山山脈 in the prowedge part



The Basal Accretion issue of Taiwan orogen
• Is it Present?    If yes, then:
How did material enter the wedge through basal accretion, i.e. 

what kind/style of structures is responsible for the process?
Where is the underplating window(s)? 
When has the process started and operated?

• Target for the investigation: Slate Belt of northern Taiwan
Cenozoic cover series of the continental margin, 

experienced definitely only the recent Penglai Orogeny
Contains complete orogen history in its collisional phase 

considering the time-space equivalence due to the 
southward propagation of the orogeny (Suppe, 1984)

Task 1

Task 2
Task 3



Task 1: 
Is it present? & How it operated?

Detailed thermal & metamorphic documentation 
across the northern Slate Belt

Construction of rock kinematic history by 
incorporating stratal/sedimentary basin constraints

Task 1: structure



The dramatically 
different P-T-t path and 

hence metamorphic 
history between              

frontally & basally 
accreted materials 

Glodny et al., 2005

How to distinguish? 
(via particle path / P-T history)

Task 1: structure



Task 1: structureTo resolve the detailed thermal structure within 
the meta-sediment regime… 
the carbonaceous detritus!

• Estimation of peak 
metamorphic temperature:

Vitrinite reflectance (VR), 
useful from diagenesis to 
~ 250-300°C

Raman spectrum of 
carbonaceous materials 
(RSCM), quantitative 
estimates from ~200 to 
~700°C

Both records the 
irreversible graphitization 
of carbonaceous matters

Lahfid et al., 2010
Beyssac et al., 2002



Teng et al., 1991

Contrasting Paleogene v.s. Miocene 
patterns of sedimentation

Task 1: structure

Shea et al., 2011



Task 1: structure

Northern 
Cross-Island 

Highway 
transect



Task 1: structure

RSCM spectra



Task 1: structure

< 100˚C



Task 1: structure

~ 150˚C



Task 1: structure

~ 150˚C



Task 1: structure

~ 290˚C



Task 1: structure

~ 250˚C



Task 1: structure

~ 230˚C



Task 1: structure

~ 250˚C



Task 1: structure

~ 300˚C



Task 1: structure

~ 280˚C



Task 1: structure



Passive margin configuration before 
convergence

Teng et al., 1991

Task 1: structure



Glodny et al., 2005

Task 1: structure



Yuan et al., 2009

Present-day geothermal gradient 
along the Chinese Continental 
Margin at Pearl River Mouth 

Delta

30 2050

Task 1: structure



Glodny et al., 2005

Task 1: structure



The Presence of 
Basal Accretion 
& How it worked

Task 1: structure



Fault-fold structure:
dominance of the Shihtsao and    

Tahan faults

Stratigraphic architecture:
correlation of Miocene strata 

from Foothills to the Hsuehshan 
Range; lateral facies changes 
within the Oligocene strata

Task 1: structure



Task 2: 
Where it operated?

Along-strike comparisons within the Hsuehshan
Range under the space-time equivalence of the 
Taiwan orogeny: 
1. N-S thermal-metamorphic pattern contrasts,
2. sedi. facies differences within the Hsuehshan
Trough

Task 2: locality



Central Cross-Island 
Highway transect

Beyssac et al., 2007

Task 2: locality



RSCM

Though the T is pretty high, 
it retains signature from 
original sedimentary basin, 
therefore regarded as 
resulted from static burial 
metamorphism

Beyssac et al., 2007

Peak T correlates to 
stratigraphic positions 

within graben basin 
with a reasonable 

(~30°C/km) 
geothermal gradient

Task 2: locality



Choshui River transect

Relatively lower in T, 
equivalent to the outer folds 
in CCIH transect

Beyssac et al., 2007

Task 2: locality



N-S discrepancies in Hsuehshan Range

• Lesser peak T in northern Paleogene sediments

• Dramatic eastward increase of peak T of Miocene 
sediments in the north

• Significantly lower apparent geothermal gradient in 
the north  

Task 2: locality



Geothermal gradient ~30C/km 

Beyssac et al., 2007

Contrast in metamorphic degrees
Rapid E-ward increase 

of grade

Comparison with 
central Taiwan

Task 2: locality



Glodny et al., 2005

Task 2: locality
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Dominant role of tectonic-driven 
exhumation coupled with erosion

Northward progressive maturation 
of orogenesis and exhumation

Chen et al., 2011, Terra Nova

“Where”   
basal accretion 

operated

Task 2: locality



Task 2: locality



• The Presence, Sites, and the Responsible Structures 
for Basal Accretion in Taiwan pro-wedge are pinpointed, 
but When…….

Syn-kinematic muscovite+corrensite growth aggregates 
along pressure solution seams in the meta-mafic-pyroclastics

1mm

Task 3: when



Task 3: 
When it operated?

In-situ dating of syn-kinematic mineral growth 
fibers under comprehensive thermo-metamorphic 
constraints

Task 3: when



Muscovite K-Ar reset temperature

The growth ages of the muscovite aggregates is retained!
The first real chance of dating 
metamorphism+deformation in Taiwan

Task 3: when



Multiple thermal-chronologic gears

• RSCM (nearby sample): peak thermal state
• Whole-rock chemistry: protolith
• Zircon U-Pb dating: deposition & provenance
• Muscovite 40Ar/39Ar in-situ spot fusion dating: 

deformation age
• Zircon & Apatite fission track dating: exhumation

Task 3: when



Whole-rock chemistry

Wang et al., 2012

Sule pyroclastics vs Miocene alkali basalts (Chung et al. 1994)

1.00

10.00

100.00

1000.00

Cs Rb Ba Th U K Nb Ta La Ce Pb Pr Sr P Nd Zr Hf Sm Eu Ti Gd Tb Dy Y Ho Er Tm Yb Lu

NCIHB1-1 PMNormal

NCIHB1-2 PMNormal

NCIHB2 PMNormal

PH-96PMN

TN-4PMN

MQ-1PMN

Characteristics of early Miocene 
alkali basalt 公館期

Task 3: when



Zircon 
U-Pb dates

Formed on the 
Oligo-Miocene 
boundary

Task 3: when



Sample for 40Ar/39Ar 
in-situ spot fusion dating

Task 3: when



1 mm

Task 3: when



Age results
Task 3: when

The First cleavage-formation age in Taiwan!



Insights on 
microstructures

Chen et al., 2016

Task 3: when



Task 3: when

Chen et al., 2016



Complete (P-)T-t history
Task 3: when

Link between thermal history and tectonic deformation?

Corrensite
stable

Muscovite 
stable



Task 3: when

6-2.5Ma

2.5Ma-present

> 8 Ma

6-2.5 Ma

< 2.5 Ma



Tectonic synthesis



To summarize….
• Basal accretion is the major mechanism of material influx in the 

Taiwanese orogenic wedge, with 1 underplating window under the 
Hsuehshan Range in prowedge side (another in E Central Range)

• Basal accretion started immediately after onset of collision, and 
continued to operate

• The Hsuehshan Range consists of nappes originated from various 
portions of the subducted/incorporated Chinese Continental 
Margin with different initial stratigraphic positions, burial-
exhumation history, and grade of metamorphism



If you’re 
interested, please 

refer to:

Thank you for your 
attention!











230-240°C
ZHe

~180°C
ZFT K-Ar

white mica
350°C /
250-280°C

AFT
~120°C

AHe

~60°C
The
“Reset Zones”

Data compiled by 
Simoes et al., 2012



North-east 
Coast

Chen et al., 2011, Terra Nova



Similar to what observed in 
NCIH, derived T decoupled 
from stratigraphy, 
suggesting tectonic 
metamorphic overprint 
through underplating

Data compiled from 
Lin et al., 2001

Chen et al., 2011, Terra Nova



Bonnet et al., 2007

Yin, 2006

The European Alps and 
Himalaya cases

Avouac, 2007





Few concluding thoughts
• The Hsuehshan Range consists of nappes originated from various 

portions of the subducted/incorporated Chinese Continental 
Margin with different initial stratigraphic positions, burial-
exhumation history, and grade of metamorphism

• The resultant nappe stacking structure of the range highlights the 
significance of underplating/basal accretion in the dynamics of the 
Taiwanese orogenic wedge, which shapes the mountain belt 
simultaneously with surface erosion and frontal accretion

• Deformation of the underplated material occurred both before and 
after basal accretion, suggesting continued shortening in the 
interior part of the wedge

• Carbon geothermometers can be useful tools in understanding 
kinematics within orogenic belts, as the VR is more suitable for 
diagenetic-grade rocks and RSCM for slaty and schistose rocks
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