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Orogenic accretionary wedges....
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Classical style of structures observed in wedges
grown by frontal accretion
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Prediction of classical wedge model
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Fig. 9. Particle paths and corresponding temperature histories for material exposed at the surface of the orogen at 5 Ma in our preferred model. (a)
Particle paths are shown as fine lines, and the mechanical model boundary is in bold. The predicted surface region exposing material that has been
ductilely deformed is indicated. (b) Temperature histories for particles in (a). The maximum temperature reached by any particle is ~ 3507, consistent

mth constraints provided by the **Ar/ we\r dﬂtmg of Lo and Omtott (1995). See Video 3 for additional detail.
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Peak metamorphic temperatures
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The Basal Accretion issue of Talwan orogen

e Is it Present? If yes, then: Task 1

» 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)? Task 2
»\When has the process started and operated?  Jgek 3

. Target for the investigation: Slate Belt of northern Taiwan

v'Cenozoic cover series of the continental margin,
experienced definitely only the recent Penglai Orogeny

v'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: structure

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
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o resolve the detailed thermal structure wiffifi =
ne meta-sediment regime...

ne carbonaceous detritus!

Estimation of peak
metamorphic temperature:
Vitrinite reflectance (VR),
useful from diagenesis to
~ 250-300°C

Raman spectrum of
carbonaceous materials

(RSCM), quantitative | Lahfid et aI..,. 2010
estimates from ~200 to Beyssac et al., 2002
~7OO C G band

Measured spectrum

Both records the
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Task 1: structure
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Task 1: structure
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Task 1: structure
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Task 1: structure
a

erosion

ial
transport of ecoded

deep sea trench /

frontally accreted and
wedge material

@ frontally accreted material

i frontal

of accretion passive uplift

sand .
glass-bead horizon
sandpa

UNDERTHRUSTING

3.8 mm displacement

basally accreted material

e e "

basal
hccretion

passive

underthrusting uplift

EXTENSION

tension cracks

#iE undeformed gri




(98]
=1
o

L]
(=]
o

I T T T O O T A |

Derived maximum temperature ('C)

TN RN T T T O O |

-
-

Apparent geothermal
gradient ~20°C/km
I

Distance west from the Lanyang River Valley (

5
km)

e - -~

Dist:
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Present-day geothermal gradient
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Delta
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Fig. 4. Contour map of the measured geothermal gradient of the PRMB and QDNB.



Task 1: structure
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Kinematic history of the Hsuehshan Range meta-sediments .
eiposed, dlong fie NOLE imnsect Task 1: structure
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Task 2: locality

Task 2.
__.here it operated?

>Along strlke comparlsons within the Hsuehshan
Range under the space-time equivalence of the
Talwan orogeny:
1. N-S thermal-metamorphic pattern contrasts,
2. sedl. facies differences within the Hsuehshan 2R
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N-S discrepancies in Hsuehshan Range
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Task 3: when

 The Presence, Sites, and the Responsible Structures
for Basal Accretion in Taiwan pro-wedge are pinpointed,
but Whea... ....
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Task 3.
_When it operated?
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Task 3: when

Multiple thermal-chronologic gears

« RSCM (nearby sample): peak thermal state
* Whole-rock chemistry: protolith
o Zircon U-Pb dating: deposition & provenance

e Muscovite “°Ar/3Ar in-situ spot fusion dating:
deformation age

e Zircon & Apatite fission track dating: exhumation
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Whole-rock chemlstry
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To summarize....

» Basal accretion is the major mechanism of material influx in the
Talwanese 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
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ABSTRACT

- Vitrinite reflectance and Raman spectroscopy of carbonaceous
“ material data are used to better resolve the thermal history of

L]

T2

the Hsuehshan Range, which is accreted between the foreland
fold-thrust belt and bulldozer hinterland units in the Taiwan
mountain belt. The observed thermal data indicate that the
strata in the northern Hsuehshan Range underwent dynamic

"_ metamorphism during the Neogene orogeny, while the strata in

: the southern Hsuehshan Range may have predominantly expe-
rlenced burial metamorphism durlng Palaeogene sedimenta-

fom 3

tion. Based on the thermal constraints, the Hsuehshan Range is
interpreted to consist of nappe stacks, originating from the
rifted Eurasian continental margin. This interpretation is
consistent with well-documented cases in the European Alps
and the Himalayas and is also shown in physical modelling and
thermo-kinematic studies invoking underplating and erosion
processes.

Terra Nova, 23, 85-91, 2011
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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
Talwanese 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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