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Tectonic
map of
Talwan
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Geodynamic models of Talwan

Mode of Crustal Deformation
-Decollement, Escape
Curustal-Upple mantle coupling
Delamination

Subduction — continetal or lost slab
Upper mantle flow

Collision

Intraplate deformation
Thin-skinned -- Suppe
Thin-skinned with subduction — Lellamand, Malaville
Lithospheric thickening - Wu
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(A ) Elevation and (B) Bouguer Gravity
Shear-wave Splitting
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(A) Shear-wave sphtting (Fau et al., 2000) showmg trend parallel fast directions. Since
source of splitting must be in the mantle. does this parallelism imply vertical coberence
of deformation through the u 300-400 km? (B) Bouguer gravity. Note that the high
Central Range 1s not associated with a gravity mimmum. Also Hengchun Peninsula is an
area of positive Bouguer anomaly.



TAIWAN SEISMICITY (1991.1 - 2001.10)
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Tectonic map of Taiwan
showing the Ryuku and
Manila Trenches and
their associated arcs The
star in the upper left is
the estimated epicenter
of the 1604 M=8
earthquake and 1996
refers to the M=6.5
earthquake in 1996.
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major subsurface stuctures.  Structeres are superposed on 3D sersmue foct. Depth of crustal featres from
sersmic tomography. The WI'W motion of the Plulippine Sea plate led to both northwrard subduction of PSP
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Initial collision

Onset of collision




Initial collision

Onset of collision
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Current Conceptual Models

(4) Thin Skinned Detachment Characteristics:
Suppe (1987) _
1. Accretionary wedge.
2. Critically tapered wedge - very weak.
3. Continental (light) subduction.
4. Philippine Sea plate (cceanic) backstop.

ﬁB} Thin Skinned
(Lallemand et al., 2000)

Charactenstics:

1. Continuation of Suppe model oceanward.

2. A steep subduction with tear at the ocean-
continent boundary {bazed on high
velocity zone under igland).

. 3-dimenszional.

. Continuation of Luzon slak.

. "Subducted” continental roof.

N

(C) Lithosphernc model
(Just south of 249N)
(Wu et al,, 1997)

Characteristics:

%:&:;ﬁ ~ ﬁw’m 1. Iﬁ{ahna;phericdepéhs.h A iateral ch
o i 2. Rheological sandwich and lateral changes.
em—n T t— 3. Major blocks of Central Ranges, Foothills, and
P - Coastal Ranges.
| e ib) 4. Cenfral Ranges has root {isostatic or dynamic?).
e > g 5. Cceanic lithosghere thickens into island.
" - 6. Out-of-plane escape is allowed.

Fioure 15



Geodynamic Models of Taiwan Mountain Belt

WEST Chiai Chengkung Sea level BALT
A Thin-skinned (Suppe, 1980; Davies et al., 1983) W estern
Longitudinal
4 Vally Fault
CER
3. J/ COR  PS§

Eurasian - Philipine Sea

elev (km)

Central Range Coastal Range

B Lithospheric thickening (Wu, et al,, 1997) C Crustal extension in the Backbone Range
(Byrne, 1995)



Subduchon
takes place”

MMantle depressed by
crustal thickenms?

End-member models for arc-continent collision as applied to the Tatwan orogen. (A) Thin-skinned
with subduction. (B) Pure shear with no subduction. Different kinematics exist witon the moumtain

belt and for both medels information regarding mantle structures 15 lacking.



Eurasian Philippine Sea

WEST EAST
Central R. Coastal R.
0 b %
‘: :_ \\ '\ \\ \\ —
Depth og X -
50 =
Neogene sed. Paleogene sed.
Pre-Tert. basement Lower crust
Aseismic crust Oceanic crust

B

B = Brittle D = Ductile

After Wu et al. {1897)




Other Geodynamic models of Taiwan

(A) Chemenda

model

(A) Model of arc-continent collision from Chemenda et al.,
1997b. The critical point of this lithospheric-scale model 13
that the arc 13 a zone of weakness, so that when thickened crust
of the contimental margm enters the subduction zone the forearc

block becomes entrained with it and detaches from the u ;|:|er
plate at the arc. This model predicts that both the forearc blo

and continental margin crust may be found beneath the I'EIIJJlﬂ.ﬂ[
arc terrane and the oceanic plate




Miguis 19

(B) Malavieille model

(B) Model of Taiwan development from
Malavieille et al. (2002). This model adopts the
concepts of the Chemenda model (above) and
includes features specific to Tarwan. Part ¢ (bottom)
depicts the possible tectomc configuration south of
Taiwan, near our proposed Transect 6, featuring a
doubly vergent accretionary prism centered above
the junction of the forearc basement and the
subducting Eurasia oceanic basement.

Part b, across the Hengehon Peminsula, shows the
forearc block detached from the arc and entrained
with the subducting continental margin hthospher

Part a shows the possible configuration n:uf t]:LE
mature collision. At this stage underthrust
confinental crust 1s being underplated beneath the
Central Range. Note that all stages of the model

predict the presence of a Eurasia plate slab, incloding
sigmficant undertbrusting of the continental margin

crust and hthosphere.
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accretionary wedge
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South China Sea

Eurasian Continent.

b. Initial arc-continent collision (5 Ma ~Recent)
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Western Foothills- =D
Hsuehshan Range Caniral Rnn.gt 2 ‘E
(mping Slope) SR 3 2 North Luzon Arc
defarmation Lishan-Lasnung = .%
front Fault ==, ¢ HTR intra-arc basin
b e A
1 1 Stm fﬂ"h : \\“:\\ l.: > - ] 1 :

—_ fi

- Eurasian Continent

d. Arc collapse/subduction (1-2 Ma ~Recent)

fold-and-thrust bely ~ accretionary wedge
Hsuehshan Range Central Range
Western Foothills (slate belt) (metamorphic

Lishan-Laonung belt
deformation Chuchih
Sfront

fault scarp

ippind
Plate

0
o
2

{2 Ma ~Recent)

¢. Advanced arc-continent collision

fold-and-thrust belt ~ accretionary wedge

Hsuehshan Range  Central  Range  Clockwise rotation
Western Foothills {slate belt) (metamorphic  _ —

deformation  Chuchih :I,Isla.an—u.unln: belt) :jk__l‘_:mla-l Ran
Sront F. ' : -_ 2 ’ 2 =
¥ o e e ,}\ | intra-are basin
. Coas o, iR o N E
i llf — = =i .‘97!:'-
™ S ko
| Eurasian Continent ity

Collapsed/sinseded Luzon are foreare



] ] |
Tectonie Map of Taiwan
gy ol Pl Py Py W Wl il it s Pt
= Fold-und -thrust belt = e
(Callision-related sccretionary wedpge) ?Iun:nx Bh 2t
{Fassive Aslan coniinearal marging glrough
¢ Pldstaeeni-Halassas Tirelaail B
Mg e Pleztosmie sl nerilies
Falerzene dhallw geriics
Frievollision seovrvii gy i
e e e s ;I:
= Miarasbily sal wrlidaies i "'\'.Pa-‘.!u
Unilerthrust Eurasiam ennfimest ur:u'.l’.i,pm-‘s.r.-h.ﬁrrﬁ;au Arc
Fracne S5-La-El |
| Pretertiaey naipmarphic
sl A i
™ Accrded Lucun arc-fiear —_—— —g N
Ao ok by, Mg
| £
"rf
Ya,. e
fﬁ J"-r'-‘n'qu.“ gy
& | Rigg,,
£ R'rm‘.\lr
Peibknng Basewent : : _S:.“ F ?*‘Eﬁgw
; CLATAmMAN & L Advanced
High f R O s be“\‘ 5 arre=canniEreaed soliEvion
ACCHETION, et 1 i
i e T —— o 10"
S 15 —— e =
Tainan < ' ol = : T
Basin - = ) s [}
y & SR == m
TIPS A L3
A £ Lutao %))
r" % A | =
/ S o E
/ b ca | 3
3 X Fdid-and-thrust . | T
! Kaoping & A Lanhaw .
~ I _}( Slope | I =42 N
: Iniint
\ tsvi-collision m.“ e E
¥ \!\ = 5 Orcecomtineny coliision
neerefivnary wedge) | 73]
ot =
) Bk e
92 ¢ N
[ | =y
] P
=9 5 foA
£ b ¢
S e —r - [
: - ¥ =
& g o " Im-oceanic subdcion =3 -7 n
2 3 b on =
-;_: P L) -;, =
X - x r.@ =
South - 5 : =
N E " " Batan
=
| @ i x W on A
China = =
= oA
e G =
= ]
Sea :
[l 1 N
I
19"k 121"k 122"k




Pros:
B Southern Offshore Taiwan
E Onshore Field evidences
E P-wave velocity
k Earthquake data
cons:
Gravity modeling
Earthquake data



offshore
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Structures in southern offshore Tailwan
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Fig. 8. A 3-dimensional structural interpretation of the Taiwan mountain belt for the area offshore southwestern Taiwan. Topographic
relief of the anticlinal ridges in the lower slope domain indicates that the structural trend curves from NNW to NNE as these anticlinal
ridges extended toward the Chinese continental margin. The overall structural pattern suggests that the deformation front aligns with

the shelf-slope break as it approaches Tainan.




—— 4y

Chengkung sea level

CIRN R

‘ \ l ; LiSl]an\; Fiill]t ]
e

s level

O 0 4 20 30 Kkm

MF—- s

LA 2 B AR i i 2 4 B8R K (Suppe | 1981) A & ¥ 26 SR 4k 3] 5 I8

i:uppe A980a) © Bl %k 40 B A af A (1 Isinchuang ) & B R ( Chuchib) 8,
% 2 1 -




Retrodeformmble aross-section [Suppe, 1980
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Structure Cross section across northern Taiwan
as interpreted from Thin-skinned tectonics
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Nanchuang Formation as a Decollement horizon in SW Taiwan
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Decollement faults in western
Taiwan Fold ad Thrust Belt

k Field Evidences
B Locations of detachments in Taiwan
Pre-Miocene : bottom of Wuchihshan Fm
Miocene: Nanchuang Fm.
Pliocene: Chinshui Fm.
m Depth of basal Detachment )~10 km depth




Stratigraphic Separation Diagram

A
Stratigraphic
separation
diagram helps to
identify the
location of the z, FW. Cutoff
detachments. iz

5F =

Distance Along Strike
B

1% FW Cutoff
HW Cutoff

Stratigraphic
Thickness

Distance Down Dip

Woodward (1987)
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Earthquake indicated that Sani thrust Is rooted
beween 8-10 km deep
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Thick-skinned
(above) and
thin-skinned

(below)
Interpretation
of the
structures near
the Kuanzulin
anticline
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Gravity model shows that the material undernearth Central Range Is
not compensated by thin-skinned tectonics

MODEL1 MODEL 2 MODEL 2a
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et 4 .
Sediments 2.30 gm/cc A Hisingchuang C:.::‘l“'h Iﬁ:‘;t" I
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Pre-Tertiary Crystalline
Basement 2.675 gm/cc

T Oil Well

i (a)

% Pliocene-Quaternary OBSERVED
4 Sediments 2.30 gm/cc M
f h il
Miocene Shales l / o mgal
2,40 gm/ce \

i Hisingch i i
m Miocene Slates = 5"&:";"5 Fault \ MODEL 4 liu‘::ln -100
i 0 > SO, ™

No Vertical Exaggeration

2.40 to 2.60 gm/ce

% Upper Paleogene Shales 0
and Slates 2.50 gm/cc

\\ Lower Paleogene Shales 5

R R
<

F-o~] Lower Paleogene Slates
BERA 2.60 gmice

Pre-Tertiary Crystalline 1 y
Basement 2.677 gm/cc (b)

OBSERVED 200
MODEL 3a
Undifferentiated Pliocene- ;
0 mgal

Quaternary, Miocene, Pal e -
and Voleanic Accreted Rocks /-_ e s
2.40 to 2.60 gm/ce B
C MODEL 3 Approximate Location

Philippine Sea Plate of Lishan Fault \
2.677 gmfec

: Pre-Tertiary Crystalline
Basement 2.677 gm/ec

(c)

No Vertical Exaggeration




NI
7 -t

¥ i




Evidence of Reactivation on
the Pre-existing Normal Fault

_ Abrupt change of facies and
stratigraphic thickness across major
thrust (reverse) faults

_ High-angle dipping reverse faults
at depth (>10 km)

_ Change of stratigraphic separation
from pre-extensional units to syn-
extensional units

_The presence of high pore pressure
zones between the Miocene Nanchuang
and and Pliocene Niaotsui Formations.




Noraml faults
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Gradual change of stratigraphic thickness (green color)

across major thrust faults
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Abrupt change of formation thickness (green color) across
the Chukou fault, and high fluid pressure helps to reactivate
at shallow part of the pre-existing normal fault
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Tapu Earthquake Sequence
120.3 120.4 120.5 120.6 120.7
m T [ [ 7 23.5
. ' 1213
High-angle 3/
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reverse fault at

~TO75

depth (Tapu : oo oz
earthquake fault) d

6 L ]
- - 232 S
4 °
3
2
1 -
o | I | I - | 23-1
A Al
! 120.65
23 2;20 = 23.17
§ 0.0
5.5

Dip = 50b ~ 60P

Strike = 170Pb ~200Pb
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Fluid Pressure / Depth ratio and Stratigraphic
Horizon in North-central Taiwan

Abnormal Fluid ) S —
pressure H - curbcomersam
encountered in &
wells drilled in | I b
the Foothills belt = | ]
of Western ——
Taiwan g =
A = Pf/Pr ~ 0.7 e BRIk
Mushan :. ;‘ : .'.;
Wuchihshan

1.0 2.0 1.0 2.0 1.0 20 1.0 2.0 1.0

Fluid Pressure/Depth (104N/m3)
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Gravity sliding of the Alishan Nappe propose
by Biq (1969, 1972)

L
SHO_D‘U.[U 5h0ﬂ5“1‘00

: hisiehi

Wwens

B b - SRR ARTEL(E By B2 M2 ® - 55 H0r
BEE AR (REEB F 1069 ; 1972) «




soil or snow bare patch Jcritically lapered

N N wedge \/ﬂ -

slable shiding withoul

Coulomb- e

== i i
continued growth maintaining
critical taper

L | |
Figure 1. The wedge of soil or snow in front of a moving bulldozer grows
sell-similarly as freshly plowed material is encountered at the toe. The
critical taper is the shape that is just strong enough to be slid over a bare
patch without steepening or deforming.
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Surface
motion of
various
Wedge
States

Surface Motions of Various Wedge States

(A) Critical Wedge

(B) Subcritical Wedge

I

.

(C) Supercritical Wedge
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