THE TAIWAN ARC-CONTINENT
COLLISION
NOT-SO-OLD OROGEN

MANY COLLABORATORS: RUEY-JUIN RAU,
YUAN-HSI LEE, HA0O KUO-CHEN, HSIN-HUA
HUANG,

HUANG AND MANY OTHERS...

Support from NSE NSC and UConn Research Foundation



ACTIVE DEHYDRATION,
DETACHMENT AND
EXHUMATION OF THINNED
CONTINENTAL CRUST IN AN
ARC-CONTINENT COLLISION,
TAIWAN

MANY COLLABORATORS: RUEY-JUIN RAU,
YUAN-HsI LEE, HA0 KUO-CHEN, HsSIN-HUA
HUANG,

HUANG AND MANY OTHERS...

Support from NSE NSC and UConn Research Foundation



Detachment —

\ N\

Outline

1. Arc-continent collision - classic example of a subaerial, stead
prism... maybe not...

4+ Areas of anomalous - Low Reliet - topography at high

4+ “Parallel” collision with stretched continental at ~5> M

2. More recent research

+ Age-elevation transects show acceleration in exhumatior——= Delamination

+ Seismic tomography shows crustal imbrication along a d
marked by seismic tremors

// shearing

necking

+ Plate reconstructions for PSP - doubling of PC vector ~

-l

3. Are lithospheric scale processes needed? For example: necking

4+ Crustal detachment or TOday

+ Lithospheric delamination



Large areas (20-100 sq km)

of anomalously low reliet 1n

the higher elevations ot the
Central Range

Anomalous Topography...

THE ‘“PLATEAU” NORTH OF
JAIMING LAKE, AUGUST 2011
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Anomalous Topography...
POETAPRY Most recent field expedition:

SEVEN COLORS LAKE AREA
APRIL-MAY, 2013

View direction‘

cd

of above image

Relief (m)
B < 500
500 - 750
| 750 - 1000
| 1000 - 1250
B 1250 - 1500
B - 150

\ A%
Ithage Landsat

1%
Image © 2013 DigitalGl8be (‘-‘é‘ 2
© 2013'Cnes/Spot Image X } 4
Data S10, NOAA, U.Si Navy, NGA, GEBCO ™
3 =
b ifag2010Date: 9/10/2013 23°46'19.41" N 121°12'13.52"E elev 8921 ft eyealt 22778 ft O

GO MQI\' earth
!




. Iﬁiage Landsat %
Image ©,2013 digitalGI be
© 2013/CnesY/Spot Image

Data SI0, NOAA uU. Si Navy, ;NGA. GEBCO
s Lot \ - '
§imag2010Date: 9/10/2013  23°46'19.41" N 121°12'13.527 E,‘elev 8921ft eyealt 22778 ft O













Hypothesis:

Anomalous Topography... e e
POBTAPTY Areas of subdued, low slope

topography are eroding slowing

and represent a relict landscape
that formed prior to a recent
acceleration 1n rock uplitt rate
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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



Elevation (m)

Table 2 Closure parameters for He and FT dating

E, Dy ”} Tc,lO3
Method (references) (k] mol~1) | (ecm?s~ 1) | (um) Q2 (s (C)
(U-Th)/He apatite (Farley 2000) 138 50 60 7.64 x 107 67
(U-Th)/He zircon (Reiners et al. 2004) 169 0.46 60 7.03 x 10° 183
(U-Th)/He titanite (Reiners & Farley 1999) 187 60 150 1.47 x 107 200
FT apatite* (average composition’) (Ketcham et al. 1999) 147 — — 2.05 x 106 116
FT Renfrew apatite® (low retentivity) (Ketcham et al. 1999) 138 — — 5.08 x 10° 104
FT Tioga apatite® (high retentivity) (Ketcham et al. 1999) 187 — — 1.57 x 10% 177
FT zircon® (natural, radiation damaged) (Brandon et al. 208 —_ — 1.00 x 10® 232
1998)
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ALTERNATIVE TECTONIC SETTING:

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



EXHUMATION
COOLING

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

¢+ When did t»~ \la %
— Oldest A-5 5015)

al.,
track ages %

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



Table 2 Closure parameters for He and FT dating

E,, DO ﬂ} Tc,103
Method (references) (k] mol~!) | (ecm?s~1) | (um) Q2 (s (C)

(U-Th)/He apatite (Farlcy 2000) 138 50 60 | 7.64 x 107
(U-Th)/He zircon (Reiners et al. 2004) 169 0.46 60 7.03 x 10° 183
(U-Th)/He titanite (Reiners & Farley 1999) 187 60 150 1.47 x 107 200
FT apatite* (average composition’) (Ketcham et al. 1999) 147 — — 2.05 x 106 116
FT Renfrew apatite® (low retentivity) (Ketcham et al. 1999) 138 — — 5.08 x 10° 104
FT Tioga apatite® (high retentivity) (Ketcham et al. 1999) 187 — — 1.57 x 108 177
FT zircon* (natural, radiation damaged) (Brandon et al. 208 — — 1.00 x 108 232

1998 :
) Reiners and Brandon, 2006
Vertical transect should
have older ages at higher
" _— }/’7 8 8

elevations and younger
ages at lower elevation

nconormity =) ﬁl

S _ Yield: rate of exhumation

cooling independent of
geothermal gradient




What is the history <
of exhumation? :

A IWAN .

~ AGE-ELEVATION
= TRANSECTS

Four new age-elevation transects
along strike in the eastern Central
Range constrain exhnumation
cooling

Hsu et al., 2016, Geology

—Jsao et al., 1992, Acta
Geological Taiwanica;

— Beyssac et al., 2007,
lectonics
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AGE-ELEVATION

What is the history =
‘ TRANSECTS

of exhumation?
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Crustal

imbrication >
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PLEISTOCENE
CONGLOMBERATES
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What is the history =
of exhumation? = &
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AGE-ELEVATION
TRANSECTS

Very young apatite (u-Th)/He ages
(0.25 Ma) suggest acceleration to
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Subduction and imbrication of stretched continental crust

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

Ambient tremors

I. Chuang et al., 2014

2. Chen, pers. comm., 2016

Evaluate interpretation with geological observations:



ALTERNATIVE TECTONIC SETTING:

Arc collided with, and partially consumed, a wide zone of thinned
continental crust that probably contained N-S trending fracture zones
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21 =25 km 25 = 30 km

Well developed plate
motion parallel
—5% —5% anisotropy (CPA) in
the middle and lower
crust in southern

Taiwan

Huang et al., 2015
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{ Subduction of
low-velocity
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Distance (km)

Huang et al., 2014

Vp 4 5 6 7 8 km/sec




Underthrusting of
Philippine Sea Plate

Vp 4 5 6 7 8 km/sec
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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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Gaps correlate with area
of ambient tremors
consistent with tremors
associated with fluids

Hot, dry rocks
(Kuo-Chen et al., 2011)
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Interpret gaps in low Vp/Vs as
local of area of hot, wet rocks
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Continental

crust

Upper crust

Lower crust

_ Active thrust ", _
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ime 1: Subduction of stretched continent crust
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ime 2: Imbrication of upper continental crust

Active thrust ‘\ Thrust Els Inactive thrust
= N = active at next ‘., =

time increment

faults faults

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



ime 3: Detachment of middle and upper continental crust

Active thrust ‘\ Thrust Els Inactive thrust
= N = active at next ‘., =

time increment

faults faults

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



