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Abstract

The active Taiwan orogenic belt is considered as formed by the Eurasian plate
obliquely converging with the Philippine Sea plate. In southern offshore of Taiwan, the
oceanic lithosphere subducted eastward beneath the Philippine Sea Plate along the
Manila Trench. In southern Taiwan there was a slice of Luzon forearc basement as a
consequence of the transition from oceanic to incipient continental subduction. In this
study, we designed the experiments by the sandbox of physical models to examine the
detail impact of forearc lithosphere subduction on forearc basin and accretionary
wedge deformation. We also demonstrate that the geometry of the deformation and
spatial distribution of surface uplift can be used:to the currently active phase within a
frontal accretion cycle. After that, we analyzed the displacement field of particles by
PIV (Particle Image Velocimetry) to quantify the vector field and the shear strain of the
model result.

Our experiment results showed that the friction could be affected the fault
geometry. In low friction basement, the fault geometry favors develop as push-out
décollement, on the contrary, in the high friction basement, the fault geometry prefers
develop underthrusting and imbricate structure. From the PIV result, We infer that the
three phases of a frontal accretion cycle are controlled by the strain hardening and
softening processes. The stress-strain evolution will harden in the thrust initiation
phase and soften in the underthrusting phase. Furthermore, our modeling result from
PIV suggests that the surface erosion promotes the possibility of out-of-sequence
thrusts.

The orogeny of Taiwan is starting when the plates subducted to product the
accretionary wedge. When the forearc basement began to subduct under the Luzon

arc, the new orogenic wedge was grown at the boundary between the backstop and

v



the forearc basement. The previous accretionary wedge and the orogenic wedge were
accreted to develop major backthrust and backfolding in the forearc basin. In our
opinion, this major backthrust and back fold at retro-wedge probably consistents with
the field observation of the overturn structures in the southeastern Central Range. And
the material beneath the seafloor could derived from the thrust and became part of the
Meélange.

In summary, our study results demonstrate early stage of Taiwan orogenic
evolution. At the first phase, plates subducting form the accretionary wedge; at the
second phase of the initial collision, the forearc basement is subducted under the arc
to cause double collisions, which is consistent with the early stage of Taiwan
orogenic evolution. Those helped us. to understand. more about Taiwan tectonic

evolution and built a good example for the application of sandbox simulation.

Key words: Sandbox ~ foreare basement ~ orogenic wedge >PIV - Taiwan
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Foreland Fold and Thrust Belt
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Taiwan
orogenic wedge

Bl 24 1% DEM RSB L b AR 2 e d d» Lk A 5 ¢
L s GAN(F Y RE) AT LA B et
LEARSTERAR Y B - e A s AR o (D

Malavieille and Trullenque, 2009) °
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Lu and Hsu (1992)#% &1 > % 6 2 L& 53 i s & > S8 5 % &
8000~9000 % # % 3t L ol § 38— $8A4 » F P L L B IR R AT G S Tk g
BT AT E R A AT E R T RN I BLERT S R FR AR
B AL A LB RMARTLFR > I RS 2000 £ 2 EEF AR
— e @ EM > FNEEL 1200~15000 £ 7 € SRR T L F A 0 FRRE LA A
LrkE Rl R FEY L LKA RIEELE S ARARL R
RIRIIIH £ 5 2 o

EEFARB- EFGIFESS00F £ 5 0 v o B HTARRARF A B s
oo RS TH - SRR o PO EES300F EW 0 EREABERED T SHS
AR FEMLeaa Al ARSI NERG > 5 T i, o

FePB S RRLRG B R AE e BRI A B D L L Y Lk e L
Ko %R m L F RS o8 15008 E a5 At hak s Py S o
s ok REAAILIEAIGT RS GRINET RE g 2

Zoa AL G Rl E0RE R 0 5B B AR Tl R AT, 2 KU BE R Y
WP LER TR - ARG TR AL SR PR R A (Lu and Hsu,
1992) » B = 8% 3005 2 g W 0 F TR Y < f R Lt Y i

£05ch % hdapl A B 4 £ K

lig LiE#

L

L3 T RO Y S et €
_,3_'3

(F2.5) > & F B S 2 L% i iw i o
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Late Cretaceous - Early Miocene
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B 2.5 Luand Hsu(1992) & #f:8 % 1 # Fe PFER 7 & )
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-

Lueral (2001)t 54k 3 30X FFL BB A S FLELZ 50 $8 0 4

G ek § S o RGBT 3 A I RAR A B B E Ao R R

PR TR L ENTE R @ SR SR R - ¥ S
E i

]

AT 2 3f RdT K (west-verging folds and thrusts) ; SE ¥ 45 R & 642> € A 2
T R iE = 0t W b K S REE F #E (over-turned) 5 i & S-Nw O v fi‘{ﬁ
(tranpression)@) = £ P & $(B]2.6) °

Tight Fald AXis 010 O

e

Eeverse Faull 020 10w

s “,.:;wsﬁ

o\

B 2.6
ARSI 0 i S W T R B K FTAL - B DE 3% C R
B P4 EE - ke AW AP R etk o B F 5 %=

PEE e B SRS $ B-W S o RS 5 B AR (Lu et al., 2001) «
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Malavieille e al. (2002)4* %+ = %= 7 & & kg LA @/ i- E2 - &= 4
Fifatial e $ - R EEF AL M ERIFTLFL 5 ¢ KA H T EIER
FIER AT 2 (R2TA) e % - FRE > EER S ERT AR D05 E F B
P B 2 A TS (RI2.8B) B AR R P A LT o d S
i N R AT AT AR B R A B 0 A R N E g A o ¥ =
L2 T o S AR S B A e #(F27C) 5 J iRk
2ERERI LR G H iﬁ%'/ 2N LE R ie ko bRk g 3RG> F AR AR
FEZFFRE ARIINFF A A SRR L F R S d

%4 T * (exhumation)# § & 4 » & % (off-scraped)z; § 7830 2 ¥ i 4 > ¢ F25

P

BEph PR AR 2 b A i g o AFFERE T MG betek 2 £ o g A B
A5k 7 AR 7 #2248 (Malavieille; 1984) ; 3 ff #2288 cds = 11 2 98m 2 4
Sabi R I R s BER 2% 5 LM R B3 9T & (out of sequence
thrust))4 2 & ¥ % @874 (B 2.8D)c s im 2 # ¢ = 222 (R2.7E) > * =
2P TR R N AL PRE @ 13”5%% N PRI ;;‘%ﬁﬁﬁ%& RS
BR 5 - BEXZEAFORREF GRS e BB EERIF - B
A A i ) 48 2 97 & (transform-tear fault) »25.= = 7 % & (décollement)>+ ] ¥
Fr BleE AR SRR EF L Al el ATIRHA
B MR L ARG S LMo g %7 SR B A 8 2 hnnhia g )
TARFHFE % - BEKd Chemenda ef al. (1997)4% &) > § % B

L5 §ao T A BB NE T B AL 9 T RET K (F2.6E) -
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Bl 2.7 Malavieille et al. (2002)4&- %+ = % = 7 & & kg L4 g i * A -
IR SRS REVESCE P D R B N

Bl® #F 145 7 e prdp covnm A4 o (3 p Malavieille ez al., 2002) -
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-1 Mo

- 0.5 Mo

Fresent

B 2.8 Malavieille eral. (2002) & 3% L W 3w 53] - WF(Western
Foothills): & #% 4 ' &% ; CR (Central Range): ® + ..7% ; LV(Longitudinal
Valley): 5 & 4% ; Co-R(Coastal Range):j# A .Li"% o (4% § Malavieille et

al., 2002)
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Malavieille and Trullenque (2009)#% 1 222 F A s 7 i 3 &1 — B
A A (K] 2.9) 0 0d B RN S g (e i

M8 R LA M KRR I R R BRI G e s £ B8R 2 4
B ITT € B I - B4 ehid L2 pe (orogenic basin) e B o ig L 22 d
WS AR AP AL 3 A 0 M E B L 2R g LR R P

TR R TR L LS RS e o A — B R o

CRINESE FASSIVE MR

s TR

Section 3

,,,,,

29 S#Hyr B(2)E 2 EH3 6 7 & B(+) > Malavieille and

P-H

Trullenque (2009) » % = #8315 SRR W Pladg d 2 B enjpg @d g ic -
SR EEFAFADLT R G ARD AL D DG 2 TR
RATH i AR DA BN AL PR R 2 ST IR R

T4
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22 HFMBHFY

Chapple(1978)12 453 4% #2788 11 % A7k i3 Brs s A # 2cdy 1 0 () B 5 34 44 4
G e > A RPFRLFPIEA S ()RR TR FORE S
A ARE B R ERG 2 ) aF L LR e BRig o (DM FHO R
W) AR e LA o GEEEAR S B AR RS ET
¥R IR 4875 & & (Critical taper) » Davis ef al.(1983)# ! &/t 4675 & ##.(Critical
taper theory) > P FH K ETHBE T > N FEHRG R ST F Ly 0 X FIERIEY
MR AL FIFE BRI IEY > L F R G (décollement) e e fg 0 B TR A
L Fle P A fFR £ B REAL S B A #2788 (accretionary wedge)

A A0 A e 22588 0 wian ) *-Dahlen(1990)# 74 1 ede 3 B HCT o

B EAR ) fid P @B F i F o LI @a > op TR A2 e !
foff 2 dadp o VAR A LB AL RG] S 47 #2548 (Elliott, 1976; Chapple, 1978;
Suppe, 1981; Davis et al., 1983;Dahlen and Barr, 1989) - i ff #2748 & ¥ ¢ 5 f—
B fifh 4675 & A& (critical taper angle)’ "L ¥ 4% F i d ¢ Ap ek R F p S 4p
[(PR=g: i

FWipTeh 2,8 5 > HF R Y 4 T ¥ 3 R F % o (basal décollement)
FEom G- BRIEVER(aP) Bl o MR B AME > PR
Fre A MARVMETEIED LR (P e P RETFS 0 FAR
WA R R € HS o RINERG PR BB INEMR AR RN G 1 F
BRI WA A S 2 X 353 ok T RER 4rig & ik J (Davis

et al., 1983)(F12.10) « {3459 kit * chisp B4 hic £ 8F) > 7 12 8 g & 30

200 A5 f G R R R § R TN B

_ [ l—sing .
a+ﬁ_(—l+sin¢j (1, + 1) 2.1)
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® 2.10

ATV L & ande 2 Bicd] - HA A KT AR S T frR i

M TRR LR f@;,@;’g%%, WieR 47, & & Critical
1‘9}’ = =25

E. 2 2 e E
taper (a+p) ’T@%ﬁ i —\J{{

Z5;
‘%@.’@} ¥ & R % o (basal
‘t@ AGH
décollementﬁé%‘ ,
S

gl poe
N -
£ R A () % 2z i Davis et al., 1983; Dahlen,

=

1990) -
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Hoth er al. (2007)#% & % f# €22, 8 % B PF € & 2 % 3 # ¥ % (frontal
accretion cycle) » A A, cnF Mt > B3 £ {hH 2 X PP aniFE 0 MWDK
HAF AR A 5 440 7 (thrust initiation)F £ ~ JF R F- e £ (underthrusting) 2
£ & it (re-activation) iy B ([B]2.11 ~ B]2.121) o

o BARFE TR AAFERA RN R TR TR LR
oo BT o A - PR IR A 132 (pop-up) (RI2.11A) » 5% < Pk i 4
P SRR AR AR AT ST A £ T IR TR 5 35 e (12.12i)
RREBL ag v O F RS 3 R A A AT Rl R
Wik B AL RO % g (basal décollement) > i = 3 ff B0 2 - B ATS B AR
= B8 97T (ramp-flat) 0 =2 4 > F WA F L DIHRREF > LR G fe
A% A m}‘é‘;f‘r&’f#ﬁ v R = BT s A AL AR (2,12 i) e

¥ BRIV By R AT bt EASIE R Y 20T o g B ehif et
R 123w s ket 4 K oend iedt K (RI21B) s e BRF AR A 1 & K
Foo % P F R BT E R A B S BB AR T AR
s B A RAHER SRR R T e 2 2 e R h
PEEL o

Bz BEE R B AT A A R (RI211C) ) AR G
HAFRED AATH 4 % 2 BIFETA L i g Brlrh € £ATE A= -

ArentiAs i o m o F oW A AR

[rh
She

TR e PR R TARG A

‘?‘“

She

BATETE A8 @ BETE B0 AR 0 B 4 B BHER tho B ATHTER -
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(A)First phase: Thrustinitiation

—| Lower plate

V.D

(B}jSecsond phase :Underthrusting phase

—| Lower plate

(C)third phase :Re-activation

V.D

. Main vertical uplift area

Bl 2.11 Hoth e al. (2007)% 4 3 f% L E B3] A Bl 2 974 4= 408 7 FFEL
A ELE o SR MRS G ORA S B R SRV A
HFEBRWLE o2 Bl CRZEF MR R %k

deffid s bt e o



(1)

stage I| pop-up

v

: shortening 2%

(ll) v.D

stage Il |narrowly spaced fore-thrust

v

shortening 10%

V.D

(iii)

stage ITI|basal décollement

v

V.0 shortening 30%

B 2.12  Hoth et al. (2007) #) 4% % A H W65 2 Ko it
e g pp e e S 2 B RE R o (DEHfEIRARHEE (D)™ %8 7 BEES
2GR 0 AR e RIS S e 0 B RG  HA
(i)y Fra%k? F7¢ BRAHEIIINTE BojlUkinid - B
7k %4 (basal décollement) » 3+ & X | % F = b 1§ e g 2 €73l fody

Heimipig o A8 - BREAASRAEERPLETEL S o
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¥ CABEE T RTEAXTE

i
St

3.1 #alfs

ST WA 2R PR R 2 F S TR
# 8 & 7 #-4] (Mathematical analysis model)

FRARM - BT A TN G 8 i o N HOTATRRIR G R
FREER PPN BE TR 7 2 U T2 2L SR RS
EHE S EREF R LI S e TR R P B R MR
Frfaghasire kit SREULRARE > Ft A7 ERY §HF LG

5 R gH 0 D Y A ON AR BRI R e fR o $T L A een

B e 3 7 A R R

¥ 129 %57 (Physical experiment model)

BRI AT LA ¢ kAR - B Sl A e
I F A R T R % R B R B e o AP RO IR
o AR T ET LB R HARY URBRER E F L EE g

PHE R RE R A E R e b B R R R R
2R A4 BRI LT o FREEAIRG SR EHFEETH
BRI RACABEA EE R 2 RA R S ORI BT R i

SR E Y i H IRk e Rl ¢ R & T ) (Tapponnier

T

-\\%

A3 v
et al., 1982; Vilotte et al., 1982; England and Houseman, 1986; Peltzer and Tapponnie,

1%&EMJ%®’ﬁ?$@@%ﬁ%ﬁ%”iﬁﬁ®MJ%Duj&%%%%?

ikt e @’&Hﬁwwwmﬁémﬂuamwﬁ»%z%i T
SR BT e H R B2 & T -
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3.2 A~ AR

-
—

B BEALE 7R > & BRI AR L S E AR P TRk L
FERECHIIE AR M BHERY A HOMID AP FAY R

2
4= B eh % K (Scale factor) 4 2 4p 02 42 (Similarity)(Hubbert, 1937) -

321 #meBR BRI MG
1 ~ #]=x » +7(Dimensional analysis)

PRENFRT U AT AR IR 2 Tl o )2 R F S A AT
(Dimensional analysis) - i % » - BHZE NFl=d FE LR -FF T FE -
BR - ARSI LA A FE AT E & R LI 1 R F T
HIEprREgmdirabe-mmy AR ;O H 2B LTI Tk
wh3 ?ﬁ?ﬁﬁ%ﬂ‘l{féﬁtﬂ:’tﬁﬁﬁﬁkﬂkﬁvﬁ% o

HERFA RN EEFLTEE AR T AL ke h
FPRAR R e JE R R 1T B e B e MR B ¢ R A IR e AR
Fl A A7 i SRR & A T E T e A 4 o
2~ A AT

Hizr- BHPRE HEEL7232vd 2 BRAAEEUFREF I FE
(Mass) ~ & A& (Length) ~ p* & (Time) » £ fie & dp Bl Thorie s > Big= B E o
BAN RFZ L& P FREFFWERFFON) - BFFFF ()

SRR ST

p=—2= (3.1)

DS R R AR BT TR 0 My TR My AR
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L
A= (3.2)
LP
AHEAIE RAIF AR TSR R E Lyt AR R Ly RAIER
T
T=—" (3.3)
TP
RO R AT o T UEE Ty RAUME
3~HE R RTFIR
I E R - BHILE E A R 2 I 2w Az BA S ¢ R TS

HipbipgmkM G TP RA I pFrReE ez BAAFEZERIFXFTE
Flt o~ RR T BRFS B EF R G R E ISR Aok 321 54 £ ¢

B en%)=x B i+ (Hubbert, 1937, 1951 ; Ramberg, 1967, 1981 ; Twiss and Moores,

1992)
1321 FREASE o2 B H
Quantity Dimensional Formula Model Ratio
Angle L 1
Area L2 A2
Volume L’ A}
Curvature L' 2!
Frequency T! 7!
Velocity LT At
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2 321(8) FREFNHE 2o B F=x o

Quantity Dimensional Model Ratio
Formula
Acceleration LT A
Angular velocity T T
Angular acceleration T T2
Density ML un”
Momentum MLT pit!
Moment of momentum MLT! uar!
Angular momentum MLT"! ut!
Force MLT* pAt
Torque ML*T? uAtt?
Work and energy MLT unt?
Power MLT? ut?
Action MLT! ut!
Stress ML'T? T
Strain L 1
Elastic modulus ML'T? T
Viscosity ML'T! unit!
Kinematic viscosity LT At
Gravitational constant MTLT? waie?
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3.2.2 ipi
I 2 RePFIE AT B A L Wt Gl G Mg A4 R S
Ao 50 fERAR AR 2 B AR LR AL T ReAp DAL el R TR K R e 0 @

PAT BRI A R 2 B AR R

1. i@ 4] i e14p 12 #2(Geometric similarity)
ERAEIE > AR BPHERCEI R BG S FERAR P q‘fﬁ—
ARl PR LR AR AP B L s 0 BB AP IET

WF L ERER -5 WA o Blhe LB R A7

Ly _ (3.4)

L

P

R AR A S on B G ERE RIS I 2 R FX BEA A

2
%=%=22 (3.5)
P o 4

BRARA A o0 BRI MA S ERER L el T R TR BT

Y

3
ZL”Z Bp (3.6)
Vp nL

2.:8 % 5 chtp i 4 ( Kinematic similarity)
RACHEAE R EFES P UG A £ 2 S IE 6 L AR S B

SRR RIGE RN Z R LT R OE S - BRI &

by =7 3.7

RS RS TRNER T SRS TE PR YIRS

PTAR I - O B o FL S A R () E AeiE R(y)A4R 2
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oA 2 R Al BAR i eh e B F]

L,
% foA L
L=p=—r=—=]Ar (3.8)
v, L, 1
Ly
FoA 82 R A 4eid BAp e R R F)=X S
L,
A t: "
A =y="T=]T (3.9)
4, L
2
L

3.% 4 & cnhjp i f4(Dynamic similarity)

AP AR R ERFAp T B4 B & B At AT
A B R LT TR SR E A B E R R A
BRDPE AL FAGIROTE ¢

0 BB SR R A B AN A A B 8 R (Y
BAROMAET L1 BESRAULAANE FHEPNFE S BHREOLE

T 4 o itiE G R B FR-cEe o i K4 B Ap Lo

Fm F F F Fm
& —_im _ vm_ em. fi :¢ (310)
F F, F F F
g ip vp ep /4
gi'_é'_"’ii'f‘ﬁ']é["’vizé‘}%"’ e M4 o ) B4
FEn = fEApiut 50 B R LRT R TP RGP ok b

PR Ap i BT R RS R LR RITE R o TR e
EWARBRALHEHR AR T A RANF RT3 - T RI TR R
Fohehd BT A a3 A TR R E o 70 2 R BT A F A

ot 5 R - B AT KRR
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3.3 RE&RBAHH
BRI BRI R A E RS 6 o B BN AFRAR R AR A LT

BBEFBICE PSP P RO MR R R AT O B R e

FIELIE
Ler§t~ p fh <

AR PRINEAARY BR- 2B R - FHER DR

FPHAEPMRF R RENFRIERAG DR

Aip e £ 4 B

Bl fI* F%ER* ] adplk £4 @ RFT

12738 7

7o flrApinide -

KA E L5 A 6d Tkm Sz 2 lom > 28038 RAIF0 G
Eirlod WTiETF:

B 2T 0 F T A RAeRCA £ 4 St G

(3.11)

Bl
szme\/?:lo% 10” =3160 (3.12)
A R F R R A R AR 6] 5 100000:1 ik T
10 RS FEE T R KR - 2L B b [ F )
AORRHREUERS) AER lom B PIF & 3160 £ R 4 §ET)ER S

AP IR E Ko R B EACICRGE > Bk ) BB R R 9 I
BEE o T AREORT R A L ST 6 g P BRI AL
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2FHATFHRTZERT - BRI BTIFFEFR - 2 FUHT- X
K- PHEDE TR PR ERELT €7 RIEIRDEIEA S
¥ RAHT] > E 64 FAp i TR IenE 4 Wi n K et G0 R
fefAl 2 Bend 4 v @m0
MT’"E:I (3.13)
ﬂpipfp
EAl* ApRe s AL TR E WA A Kol

-2
2/Wl Tm

-2
ﬂ’p Ty

=1 (3.14)

B T IS R R PR )G R R ()% 0 R

b T (3.15)
i ,
/1]) TP

FRAIWR - AL RANE-FFER TR RITEFFR ]
5107 @ ¢ BE R FRMWRE S0 @ e e ae o & 107
c it o kR BRERREEEY REFERFE T HE - R fF

s D ERAL T - W M e e T
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3.4 H-AAR g B ik
AT BHFT LRI RFATF R A HATT R fdp i
BafkT 3R & SR <) &2 2 F BN Flet A pEr - e
B F AR R A T I AR bR R T AR & R R
Iy m’?“{% F LB~ < B FA5(Hubbert, 1937) > 1345 Hubbert #% 1t
HTREPEEERN RS B ER AETR T A RS PHE LA
o FIPL R B TIEY MR LR ER o

P E R A EIEAR DT B RS S

o,=p,%g, xlp (3.16)
BRI P ER)MTEFIRA G

o,=p,*xg *xl (3.17)

AR (o) BA(P) A E ALt bR A R

Y .
4 L f—é:z

=

Do | P o8
O-P pl’ gP ZP

S P g S B 5T AT Lol _rﬂ&?;ﬁ'%,a BE R e

FEEOGRYEATRT L T4 o RN T n A
o, |
Zn = m (3.19)
Jp lp

B Y RRA GRS REF TOFREF L7 (8- 2 W R AN
AL Fenb x4 (o)~ B A4 (o) 2 PR () BEMENAR B ERE

& ¢ % 2 =(Coulomb’s)fzh & :
(0,+0,)sing— (o, —0;)—2c-cosp=0 (3.20)
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c=[(0'1 +0,)sing — (o, —03)]/20-00540 (3.21)

Bt

OB R A B R () A o RIECZIN R S

¢, =| (0, +0,) sinj-—(0,-0;) |/2cxcosj=—"xc, (322)
o i o) P o, '
p p p
Fl A Ao R A ) B4 B R4 iR R AR
o, [
Cn _Om _tn (3.23)
Cp Gp lp

40323 DR E S Tt RAp i R RS PR S S iRk S
GIRE ko PN G - fidd B g o DB R 9 5 10-100km 0 F A B
AER K TG e lmo 7R N R4 5 R E K107 -100 4 ¢ S a4 R B o

B o HRERGEEEL B AR RENES A5 50 7 (bar) -
mAY EY LR REP) B G525 %107 bar » i~ 323 2580 5 (B

] w O :
TR

c 25x10°

AWNL

Cp

=5x107 (3.24)

Fletd 324 383 ¢ > T ERERHPE IR IEORLEY I ERER D
REARRE L 2D SN T ENRS EFRS - T FR L EF G
FHRMAE TR AR R N2 FREV TR LENE P RREN R VR
r»ad o FEREETRS RS ARG AR L - o/t P L as s R

Fegtant ) = S A iR en- 28 B30 AR - 2 2 (Horsfield, 1977) -
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N~

Y HE33

41 e -2
B EMII0R kA PEEERS 2 0 LA PRB AT EFHFE LI
A £ IR L g 1Y a6 £2(Paulcke, 1912; Gorceeix, 1924; Koyi, 1997;
Ranalli, 2001) - Hall (1815) " gktt fF & 7% A cwrid » 1% B 7 £k 3 - B AT
BoP T RECREY JLERBUERTIGOEFY S5 2B I BEE
B AR R AL WRGFE DER - 1Y PR RS R T Y
L F TP AR B AT, N AT IR A RS S 2 3]0 19¢ K58
Cadell (1888)F1* #pitehitdl:d &) » it 73 LA efiche (W4.1) 0 4 T {1

W RS TR P X R SPHEA) S 5 %) f8” (Hubbert, 1951) -

N e

E

Bl 4.1 Cadell (1888)F]* ettt {7i¢ Lk it o
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AL AR O RRES MHM”*’@Féﬁﬁﬁﬁﬁﬁﬁﬁn

T kR AARMEARE 2k B 1 hsa) R B A EE 3x01%x03
N REMEF G TATG 0 UEHT R F AT R T R R b hE

AER 2 TREARE NN NHRERERA > d HEFEPERERINGE N
OB AR AR R E D o AR BN PR E RS A A R
PRFBAGEF o EL R ABEEE LAY - BiE R TG B (velocity
discontinuity)(Malavieille, 1984) z¢ 'fqz * fi# R 2h(Singulatity)(Willett et al., 1993) -

BT HCR A g SRR E T B e 0 A 5 T IS A W R HEAI(RI4.2) e
FiE s H3(M4.3) 0 A 'ﬁ REOLW A EREAY o FRY SENE TS
Food REF LB MATY ST S Jbidd 2 VA 8§ BRI AR pE

A5 HREN A F R Y B IEM § B R EIE T SRR 0 g E S 2 R
#1g L F (Davis et al 51983 5 Ballard et al., 1987 ; Mulugeta, 1988) -

d s B e GRS R i R A L AR

ER(R44) ¥ UFE R A G OFA SR LR CHERRA L 51 8P4 o
oAl FLRCRIRCA KRR F v 2 B8 SRR B P e 2

AT B ;m]}ﬂa‘\ AR E 1 1ﬁxi’fiﬂ']£’/'§§ e ‘frﬂﬂﬁ‘\ DN Yl Rl =

LB B E A bt B L o FYM R % L )55 (Schreurs ef al., 2006) © &

FHAIPLP AR R L] e A R SR B G + A hLu
PR EREURE @ 5 P12 U0h T P 75§ FRLRE
e ¢ A4 5B kA H (décollement slope) » F]pt & ¥ chif Bl LR A 4R R

(Dahlen and Barr, 1989) -
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mobile plate

adjustable tilt

Bl42 "ERIAHHERFoJ S ELFRINGERKEF 0 LTI F T Bk
BrEaEsd AR PR AR RFL WD G F B SRR B
PARBEVAERREADER co AR FMEATHRE (P I RARM

% "B & o (i2:cp Davisetal., 1983) -

Screw-jack

»m
Sand
7 \

Mobile plate  V.D

B 43 HFEIHPRE ;’fgv} W3+ 7 7R (screw-jack)w S iE B 0 Aow  E
R IR R B2 R IRAELIY BV A B S R B A d GE R 7 @ (VD) >
B de w5 B AR 2288 o (12 :cp Ballard er al., 1987; Mulugeta,

1988) -
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View in
cross-section

Proto - Proto -*
wedge wedge
- Z *
- . ./ _-/,a .
= -»—
I P - . N P
e -
V.D ¢ V.D ¢ ) )
View from
above G
v o, i 1 1
_———— - —* "N - L)
o | mp = -— o~ = o -
-— $6
P * - 1 (= » -p- -
== D e
é ¢ ® o

Fixed edges

Bl 44 R H0AZ S hcal o 216 B2 ) RS S SARE(T)E
RHod FHAEARA R A RESF 245 #5857
o SEIRHCA A e 2o SRR BAT Y e Lo (B

Schreurs et al., 2006) -

37



42 +& 3 3R

A AR RE o8 0Bk @R 842 1995 Malavielle and
Trullenque(2009)/5_5 48 3 IR era 3= A Bl ¢ > LRI 2 8 L R 4
B BB A AL R i 589 AL 4 (forerarc basement) » Ff d % F 4 g
RIE® > FAmm 2 A c LPEHREETF A B R R FEVD 2
VD) A Bl 4r™ @ % - Bk R AR FEr AATHRRLTFHe TR ERE
FaFi, 5= BE R EFRY REEAD A BEIoe TF 2 ERIEY - 1)
FRRAISER R G SIE e AR AP IEc E B R Y kLR Y
iy KE - BERFAFRES 2 FH P ERImEES R A FHKEFTY T

— Rl AR R R EE S N AT 2R kT o

backstop

Forearc

Sandpaper
Bl 45 FAFEFTHEHRAFNEID I - EHF RS - BE A
7R VD, B T R AT AR (T ALY - B
7@ e VD, 24 @ LB A o (13 :kp Malavieille and

Trullenque, 2009) -
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AN AN NE ROZRY TRZNEF ADREEZ SHF LR N
R A2 e L3R A B 2Py apii Mo A EF{ W
TN 2 g & FlR(R14.6) 0 Bk B 2RI Y B ORI KT e I R
Bl® ZRF BER N2 A B DR & > 1995 Suppe(1981)# 41 5 4 & 31 55

BoAERGOTD PR NAMAERCATAL KRB ERELS - BREE A
b AR o g REF RIS ELEF L P a2 TE R 7 R FRHRE

BN EE T R

lower wooden plate

V.D. conveyor blet

Bld6 AFFR*RENFHAED o EFRAT ERLF 0 ERZTKT
I DEA) o LlmIRfRfE DL e 30 R i 2 o TR
BT GGR IR S FRE TR fRR o
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43 SIS

AT P s F MR L RN PR A8 0 d SIBELCO# 4 5 0 o4 2 & Uk
L RRA R AT LR A B E > B 5]1899.75% (£4.3.1) M F
B R)RERA 15 0 % ASTM (American Society for Testing and Materials) 4 i& 7
AR SN A J’%—JF% i i+ 50 mesh A ARF & 5 0.07% > + 60 mesh# 4 F ~
R 1.64% 0 BET R ARERS AR E 393 P - R d PR B ERRATR Y
SR L H g AuFR (2432 £433)c ARk * £ EF 0 42038 2 Bern,
Institute of Geological Sciences » & {7 7 78 4 & F % { 4= 117 S tHF R Lk
F TR ME RN R ER A RS RS ARES T AR
FHRE T B or R A LR R e 35 TR T 5%k (ring shear) : RSk eh
BBETIEEEIF L 3<2150Pa > ¥ 4 # & 5 3mm/min> § & 5 23-25C
B 5 30-40% ~ H #h /BB EE S (uniaxal compression) s kT A 47 £ (£ 4.3.4) -
(Klinkmuller et al., 2008) » 77 § P do i ARLM {25 p — 3t £ 43.6 -

Mair et al.(2002)#F 37 F 3 %7 & (antitrade fault) ¥ e7%74 0k > 857 7 % % 3 ILET
Bl et R A L & 2 SRR AERE B B &SRR B e S FE
TR AR P TR ARt T E SRR A T R4 s o T Y AR
Aol R R T B4 R4 M4 (Mair et al., 2002) e

Klinkmuller et al. (2008)¢F S iRl:2 5% % ¢ WU T hPF B AFH T * kL
FERM R HF) o RS- R G EREIOER T I A Rhl e gt T B
FiRTORBZHMAO BRI OERIE e B4 W e €5 PR I (stick-slip)
% (B4.7) Flot F B fe %0 s PR O BT R % L L IRIT R 4 T

5 gﬁ‘?fﬁf_lﬁﬂfi# g (ER T Al }a Po— REEERY A F e
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National Taiwan University

105-1 Taiwan Sand 1-5

2500

stick-slip

2000

1500

1000

Shear Load (mkg)

500

101 201 301 401 501 601 701 801 901 1001 1101 1201 1301 1401 1501 1601 1701
Time (s)

Normal Load 430 Pa
Normal Load 850 Pa
Normal Load 1290 Pa
Normal Load 1720 Pa

Normal Load 2150 Pa

119-01 Taiwan Sand 11-15

1200

stick-slip

Shear Load (mkg)
g

101 201 301 401 501 601 701 X01 901 1001 1100 1201 1301 1401 15001 1601 1701

Time (s)

Bl 4.7

Normal Load 430 Pa
Normal Load 8§60 Pa
Normal Load 1290 Pa
Normal Load 1720 Pa

Normal Load 2150 Pa

S B b S F)2 BEE% % o Klinkmuller ef al. (2008) 4 %5
SHEIMLBR D MY AR RORMERF AT o A R A
Al bt AR EF TR B §RP A

7 (stick-slip) I % -
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MR RIS 2 SRR AT S B TR O I MR T T R
(Field Emission scanning electron microscope, FE-SEM) » .29 %1 4L + & 7) 2 7
WRIPRE NP R T od T HAREFEREFERR  RAART FFIN A
TER AT R 5 182 um 0 A BT £ )3 % 170 ISR sk s 5 100
pm s Tk BT I(RA8) « ALY 1T R B AR AT AT %
E AR R 3 R ER IR D MR SRR R B R Y REEUTH

PoF B IR R D SEMBp D B R A BIR IR E BT EiT] (F

Bl 4.8 FE-SEM ##&F %Ric 7 272 §F <~ R REMER Y - (A)Oicr &
B e e 182um > H Ik R B % Bt 4251 F15 5 (B)(D)R

FITIRT LN 100um > IR A T 1 -
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4 43,1 2 EF)Z i© 5 447 % % (SIBELCO 7)) °

7P R E A
SiO, 99.75% =99.5%
Al,O3 0.043% =0.1%
Fe,O3 0.01% = 0.018%
Moisture 0.013% -

% 432 F &P A $7.8 % (Klinkmuller # 7)) ©

PR AT AEPAY R
+ 50mesh 0.07% < 0.5%
+ 60mesh 1.64% < 5.0%

% 433 % FRMEF I DE BRRUS S ) ~ 8 E R (Klinkmuller #7B]) ©

Sieve analysis Grain size Category Sorting
(SEM) Category
4 hours Mean(pm) 1=fine > 2=medium - 1=good
3=coarse 2=bad
Taiwan 182 1 1
Taiwan (color) 183

2434 TIRMEBEEINFERE Y ~ 2R - FIR (Klinkmuller #8]) ©

Grain shape Aspect ratio Angular Sub angular rounded
(%) (%) (%) (%)
Taiwan 1.441 33.3 59.1 7.5
Taiwan (color) 1.441 333 59.1 7.5
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%435 BT FE% 2 2 £T 4 F% 2% (Klinkmuller # 77]) °

Strength 430-2150Pa  Taiwan Taiwan Taiwan Taiwan
RST Internal (color) Basal (color)
Internal Basal
Exp.-No. 105 106 119 120
Peak Density 1.63 1.52
(g9/cm) (+/-) 0.01 0.01
Peak Friction 0.734 0.612 0.283 0.407
0.012 0.005 0.008 0.025
Cohesion 34 55 166 103
(Pa) (+/-) 17 7 11 36
Static 0.657 0.501 0.28 0.45
Friction (+/-) 0.006 0.003 0.007 0.022
Cohesion 65 87 133 93
(Pa) (+/-) 8 4 10 31
Dynamic 0.53 0.53 0.253 0.297
Friction 0.006 0.006 0.253 0.297
Cohesion 96 96 128 175
(Pa) (+/-) 9 9 11 26

# 43.6 F % AEF R AF T (Buffalo T > e xb) o

NCA 3] 5L X871K (A150) 1] 5% X1281(Z60)

" - g B € & pA
LR A ¢OR B 3R A
BEF AR A .

44



4.4 3 %H =

441 FERS G RJIL

SRR £ A TS SN e TRV AN FEER
B2 BRI RI 9 TEHE R RE R TENT AL T R o 4
FUFH R ELGIG 1120800 Fhd iR g BT ER GRS R (KR
019985 B & 0 2009) 0 MR d T ERE AR KR p AR F
RRGCRLO L IR RHWEID AT ELRHFILBA T J R
P R BEE Ko M2 F R B R R LA A F R o
Bofs#e Joehd BB T o 0 BT R FEER EAE P T A
Teipfa b RIREL R p I AN PR R RAL A flF o IR R
23

FieEgshs o R PG RE R DICENLEL R LEERC TS

SRR BHE LR | VBT % o

442 mapBER Rk
AFREREALLD A T RS [T T T Rkt B P VRS
dife 4 B, FEAIMASRBT SRS > I AT R 0 3SR
WHEP IR TN R RS R R TR L LR ER . AT K
s i o o en B ALfR b p42 BUE * F R Rain - xESRA {1 Bk Y k7
ERFEN AR HTMERAIE g AN R FEL R
Bk B I - Rk R A K § X PR AR S R g I

BORERI 2 A F R B BRI ER
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443 FH%iEs

FoRBALT R REPAF LI EER R T RE LD IR EE
Fiiog chT g nmfap o FIRE R R EHBHR R R > f4fp R
FRREERFIAR-FR AL TERIRNL3008 o K B AFE T
RS TR E IR RIBRE VM E AR - > U RS D
FEHBRERAENZ AN S PR REEDTRL o L ITET LY KK F
PIV(Particle Image Velocimetry)4 17 8 fx & 1 2 45 S #) W i & L > 355
R ei8 d g T e gl U T fRADRX DIHR ) niE & ) B4
FEOMEES DA LB &R - 0 RDRR[HRIT - BIREF) ApALD

HEF o
TEBRPEI R A PCAIE 7R RO B e s T R

%0 B it Rirdl b3dat/min BB PEEE KL S04 Mo AR Y

N

AR EFHBHRESNLE > BREF BN CF DR GET A€ 3
B oo

BB SRwed 30§ T rik RS R PR 2 o RAp 48 B AR
RO AT X AR RFEI EH R B E v b i o
RS E R R A RBFLLET RGpApSpED DS F T 2 B
PR o X7 iR PR S&RG K AP B AT ST Y AR A5 5
Canon350d >  S%iEA27 > AP R FHIpTEP g § FHE 48 1% XnViewd
xR F r B o T 4% Windows movie maker #it 8 H-BL iR dde k> WA 5B
FRGAL o R IR RS T U iﬁ"*{%’%ﬁ PR EE RE

B 2Tl gL R o
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444 35 4 iEd
195 Davis et al. (1983)#% 11 H R fi #2785 B £ 2R 467) & & (atP)is
oA A B A MR A 0 & o HIRE EY PG H A
VLT F R EIA RAGHAR L A5 R EFHAORE T
Podom HRMEF S T § A S p i b o JH L2 AP R SRR
FRE NS0 AL HAHEUMSL G LR §F BT BIRR G 0 %
S AR HAD RS HAE 656 R E (W 49) 0 #A A5 HA
R FRATI 7 R S B AL
FRG RGFRE AR EY - KR ROEFE AT ER T &
B p AR ¢ b e ff (00 Rl (R 15 EATH IR A1

B IR R e R
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A5 Freed it B A4
451 PIV@A
B BER ja# R 4~ 47 (Particle Image Velocimetry ,PIV) 5 — fain3-& Bl 47
B R A EFFRER O FHPG R OEHE BT IR Y
% +7 (Cross-correlation) » i& @ # I 4 47 & F] 0 =4 H-(Landreth et al., 1988;
Adrian, 1991; Lecordier and Mougallid, 1994) » 71 & ik B £ d g% r g 5

a—

(double-pulse laser) ~ & 7= 48 & % ¢ (charge couple device) ~ = /i # (target flow) ~
#cdh (data) “rie S (F14.10) 0 7 & & { LB A irh & AR B ok 1 fEL M o
FEEFRFT L F ~ FELL (% it (Dominguez et al., 2003; Tseng et al., 2008) >
FI*PIVA 472 2 ariiad %? - ¥ 3% B f347 & = # T Rl(Adam et al., 2002,
2005; Hoth et al., 2007) » 12 % &-%F 1 K sk B # g B H BLenSE 1V 00 2 248 35935

L T ER L SIPSTE

measurment

unit /'
. target
Cylindrica / aea imaging cCcD
Double-pulsed laser lens / \I I l uuflc\ I
At o il .
LT light ~ H o
L sheet A
. I I | y —
g L "

image frame
from pulsel

N
T L Z#:

Data output and .
put - . correlation image frame
data an al_\'sm s from pulse2
l)
| ] 4 A « \ |
Pur!icll'/
images [

B 410 FERGE ARSI RIZ o BrRErS S AiREapE (AR 3 S0 A SE
REERRSIE TG 0 PR3 EEPP Y RGN R k3
BREHe S e drd A R I AL IR B g &

MR LR o (B f #IF 0 2006) °
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452 PIV ?7}4/@/?&

PIV sic 88 4~ 45 FF B i A2 Bl 4o Bl 4.11 o A7 3 7 * hPIV A 47 30 1 5
PIVview2C Demo3.0 » & it 88 #7ic rdZ et 3% 2 A FE B o PTIFRG 1 5% > 7 24
R (XnView) P T g T B BEFRPGF B R i o XA
PIV Mask#- it (7 ¥ AT 11 2 % 247 F & 18 (7 0 49 45 F(H14.12) > 2+ a2
m';&%f FUGEARNEBLTEF LR Lt e R ReiE Y o

d PIVview2C Demo3.04 #7488 > 3% 200 T = B3R5 (1) 4 (grid) ~ 2) 2 =
% & 4p B 4 (correlation) ~ (3):% & /2 (Algorithm) ~ (4)* & # /f](Peak Dection)% (5)
AT E(R4.13) -

T R A ERE L REENE RO E SRR T AT
P BFLS TR GA S F e %7 ¢ (Interrogation window) » H H = LxL
pixel (H14.14) « 2| $AR EENA | £ 70 KBTI PR B R R (F4.14) 4 T
R B ETALT > T B2 e RN R L4 7 B HETAR T A 475 % 0 U6 -
16 Pixel ~ 32 - 32 Pixel ~ 96 - 96 Pixel:r14 37 & % 28 BAR® | ST 7 > A& 8

Fijr e £ P B O EARE i B EWNLA L cHEAFTT A
15 P 2 ETAR E g 0 IR GEOMODBIZ ic e 03] € % @ T2 7 it

FEF R FPIVA TP » T % 32 - 32 pixel | $74RF % /] » P % 3¢ 5 e

=

Ll

R

Ao ¥ B AREFP RO TR F 1 * 2 (Susanne and Guido, 2008) ° "$
TR ERDRT AT REA RART AR R > BLE 32 - 32 pixel ik
?""J‘M%F‘T Qmmi}’%%ﬁi’*lg ﬁi%’/i’ﬂtbj‘zﬂ%ﬁg*%

PIVENZ| S & 532 - 32 pixel > 2 - ¥ iR T =» & T R %~ 47 0 2 B2 T
~

wﬂ
A% Fx‘a

#3232 pixel > § FEFBF M) T RE T A2 D M EF o

GA T R PR EE R 58 - 8 pixel s B A H T BEL 4T 0 ATH B
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b TGP B A R R > T AR TR MBI &

TEEE 2 E 2 FE £ L 17(FFT-cross-correlation analysis):* & » & 4p i
GEOBMTEZEIRGFEZAFHE G R Y HET F - Rod WER N L7
RREE L R g FoT DM NE S od AT HRIEFAT
Bl et R A TRAC] 0§ B RRILE A S T A (B A
gEpchae b "5 £ A7 B AP M % Bic(Multiple repeated correlation)” i% 3E (]
4.13B) > ¥ e S 3R TR a /ﬁ“f ¥ S ATREER AP B
(Phase correlation)” 3+ 5 % B efp it > H 25 FIFTHE L @ el B E
e s B A RE A KAFT AR .

PIVic#8 ¥ /% & /2 (Algorithm) » | * 3-8 ¥ cni># £ 5 H = id i (single

pass)’ iz &~ B HAHE R IR 2o gt B RBEE L R € SHEHE R end| STl

~
~

FERHEE e B 7Y AT B A7 Y P E4E § =X i 4 (multiple-pass)

3y

;J.Er ,—‘:;J.;g_:—g PR ﬂww = ﬁg”—} L_"f‘JLL"J%”rE?P IR i+ 4 ;mé'ﬁﬂ j\),{. 3B B A T

ET LA R R BT F E e B PSR EL v S i B 4 (bias-error)
fed AT RRE SBRETRRN T g5 PN F o R s
R IR E S VEIEs SR S SRS R

(F14.13C) -

PHEFEIS AL E#Hr L RFE ElRpD AL ERY E* = B3 416 R
P EFNBBFEE Y2 BT R G ARG FEANEE
B EHRR] 0 AT Y A% ERPIE Y B S B 2 (center of mass fit)F 45 i § o~ A i
G EAT o B ERPSET RF e RO R S FTe A 2
2L Y 5 1 (F)4.13D) -

B {6 3K T8 b AT E (Outliers) » #rd8 ® ¥ 1% T < ehizf £ (Maximum

Displacement) 4 i ¢ 3% T & (Pixel) ™4+ » F & ¢ B &+ =8 & 58 F Y

Yml

3pixl-20pixel 2 fF 7 $2 it che 47 5% % i&ﬁ¢iﬁ;%l§]é\$% T EINA L E A

F £ IR B < iz £ (Maximum Displacement Difference):- & = ;8 £.4 & &
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BEGRE LR N AT ST R A L At B E R T 4 AR e (B2

i

)

TR D ehiE 0 B G ARGR R HETAR T P 3% 5 MATE SR RBEF R
) 1pixl-10pixel 2. fF # 12 {8 3| o e e % o ¢ > il g (Normalized median Filter)
Fd AT EHE Y N BAITHER N e £ 00 s T AN T N R

KA GO T P 30 B F S BATE - F S RIE S B9 1pix]-Spixel » BaciE A F fit
FREE ¥ R E D e T e BB PATEINA 4r » Eo] 2 F (Minimum

signal to noise ratio)d pt A~ 477 2 > BRAWEF @ L E B

Ik

|

Ik

BAOUFI TR E 0 A 17§ B 5 10pixl-50pixel 2- ¥ (B4.13E) -
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L.oad image pair
and paraamters

v

Setup
initial grid

Standard

PIV analysis ¢

(FFT-cross-correlation)

N

Final pass? _>

® 4.11

Deform images
with new prediction

O

*

Smothing
of data

*

Proj ect data
onto
final grid

Y

— = = - 4

-
A
#
4
#

NN N
MM W W

Refine grid,
reduce
sample size

T

- S,y
L R A el B e
R R

u
N
N
v
\
4

y

¥

N w KR Y P A A e x
ek X ANt LA A A A
LR RN N DY
KK RX g AA A
IS ESEERERESFFES
Kxx KAttt A A A
ek XXttt ttrp

Validate&

interpolate

52

R
'
¥

R A R R s e

R R
B T
SRR NN LML b a v sah A A A
MRER AR RANN R A A A G A A
R L L L AR E
Ry R

.....

-
-
e i

PIV = 45428l % o (2 :xp PIV view v3.0 Manual) -




E No mask

B 412 A®B 5 PIVview3.0 5t 9 % B 5B - + Bl - i~ 54
i@ % PIVMask ¥ # it > T Bl 5 1% PIVMask i& 7% # i >

Ed @YU R T EOEERT RS RE DL -
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C

2 T 21X
Grid  Comeleon | Algorithm | Peak Detection | Vebdstion | Comverson | Fim 4|» - T

> PIV Evalustion Setup [ 2x %P1V Evalsabon Setup

| Comelstion | Algorithen | PeskDetection | Vebistion | Comverson | File «|»
Hooomkl  Verscal  Gnid sligument

Wandow Size [pq [32 I [ ol vitibotomedze =]

& et [15 18 o o e

roew [ PR 3 0 3

g Ottetld 1 [0 2 i [

Muilti-grid oyhons

P — Initel smpleng wandow [FZ332 ) Finalwamdow sioe: 5192 px
X=(B, 3448 -> 431 Nodes 1 wer specified cormlebon mamplngottet ¥ [Fr 3 7 e 3 Image o L opkors
V{8, 2206 ) -» 267 Hodes = 123607 Modes wal S o Sobpiel image ity [Dkl? 7]
s ‘"H pp— S - tctene [Fopir e ) o ontc 5 =
3 o e 3 ks

|2n3 3.

o speed cptmson. = Léiened |

B X oy | co | o || iy

Josbe | Gl | OR

!]EI Apply | caes | x|

D E

21
Gt | Comeistion | Algorithn | PeskDemctin  Velidstion | Comverson | Fim 4]»

F Mdmmm Displacement Test (5] |45 =  Try lower apler pesks.
™ Max Displacement Difference [] |1 0 3: F Iniempolation
T Nomsloed Medsn TestOhead)  [TD = | [ Resyaboste it Jspos surnsle
I Dymarmic Masn Tect {mnl$-grid omly)
HH:.II.E 5: Yz, II L] 3:
I Limit Peak Seazch Ama I Dimble 2 comelrion ¥ Miimon sgulbcienta  [50 =
Borz m Terl rt5 W‘E: Mesarmm distence from [0,0) [ Patio Peskl - Peak 2 lﬁ
(Distance feoen Cigind =4 I Misimun consistion m

I™ Global Hirkogrem Filler

CE iy | oo |_ox

!1' Apply | Camel | 0K

Bl4.13 PIVic 8~ 47 S8k 7o Aifa(grid) ~ BR = jF 5 4p B |#(correlation) ~ Ci% & ;2 (Algorithm) ~ D*# {8 # ip|(Peak Dection)
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Interrogation window
16+16 [Pixel]

Interrogation window e o SO
3232 [Pixel] : -

Interrogation window
9696 [Pixel]

Bl 414 PIV 72 FXER T EHFE DL 475 % o Z B 5 50080 k1 29§ & %) 816 - 16Pixel ~ 32 - 32Pixel ~
96 - 96Pixel > md j2d T R B - BHEART  H-Hixi- BPixel +RIFEL T RAESE T

) —% P2 ETAL T AR L > A r g E AN T o
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453 PIV F#

—

AP RT PIVEGARISIHM RG] e > d PIV il F 5] 2
FEFVIZBARIAER LB KTLE LT L E T HEE > B
IFEHEAF -

FHREEMEFL PIV BHEEFTHEL AR > AF RN %Y @
S TR TR R A TR B Y ¢ AT U e T BT R
FREHEREOFETEL o N AMARVMO RIS AR K
A RTRATIES > TR - BB R T RS T B AR K

e AT RT LB PEREAEMETREE O VRT BRI
RP 2 BIEE A He K E BRI Y (B 55-B 56857 %858 d %
IEANBER KT B LR BT TR R E B SGY KT AR
A VL RBIE EEBIFE ORS 2 R

TSR LT E T ORE T Ao AT R R F ARGy

i<

AT RRE X EATAMIEF L RRREEA U2 Lg ik E o BET

:ﬁ
3
*jﬂﬂ
A%
e
4
i
2
—
N
=
3\
s
&
&k
ek
F_&
i
o
=3
>
i?
}\@
W
w
?5
&
[
3
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4.6 afb;‘l‘ T %Lﬁﬁ'}éﬁ EAR RS2 )

HA B 45 B > 5d S5 85 B g & 3 @ T EL(V.D)(B 4.15) 0

%
i

EAcHES MR Rk Sl e B JEd DR ETE A4 Sl ARG
R EGY  E BPRGER B TR AR E R ST GG R E R T G
FREAVR T RN e (o d B R FERL BEORET Y o M ek 0 & R
o gt R T ERALE SRR (d mAR) o AT MR TR T TR 4 K
Kz R B EaFY HETE DR B T G (2 FR)CFFFR
Lo UTE M A ARTAR (o B BTG ETE 2 E R 7 G gk ark TR
€ & it |

3 FTE AR AL PR R M) AT R BT i Y
B R E AT

CERA S s SRS 2 S R RN L L Bl RY
EREHONIT RS EFER R E T R Sk 4 £k 0B R4 K
bR A EARY R TR ARCE B Ao & G R T TR 2 R
BB U EE A&l p o Atk Tt a2 o 1Y AP
MRS o H n e S F G A LIENER BT T e

i€ 7 i -

Frontal accretional Distance from V.D (first)

Frontal accretional Distance from V.D (Second) @ -

forethrust growing stage

New forethrust growing stage

L
v

H
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¥IF FHkEF

510 HEGATES

(S

AEL RSB EAS L2 BINA A IE BEe HfEE 0w 5 R
BREFSS M R St R S T 02 B S HEEF AR R &
HERgAF LA P PEREETHR B RRANNFRG LK &
Suppe(1981)3% 1 & 4% FUEILF - F 55 T E(B) 2 6 & « FAPH L5 LR L
ELGEPEIom AR Y ERASATER Y KRS > F B
By g BiwA kL 2 AT BR) G R E R U R o

1395 Hoth et al. (2007)4% I MM 3 #8 5%k AT fI* Hifa g %
O E e R A HES SR 2 e R R Fh R AP R
OEREAC AP 5% 501,50 A8 504 ¢ 41T AR IR STkl A I RS
PR M2 Ao gd BAITY DR RS E ¢ LI P R OSBRI E AR

SI’QQ%W‘L-‘% ﬂﬁz—é\d—kr"’:aﬂo

251 A % T

P& LH Exp5.1.1  Exp5.1.2 Exp5.1.3 Exp5.1.4
RELER 156cm 142cm 166cm 170cm
BFRER 2 A% 2mm = A% 2mm
5 maicr 4 4 } 3
nHEAGHR 6 B 4 B 6 & 4 R
Wk & (a) 12 & 16 & 28 B 36 B
FRiza8str(a) 0 R 0 & 27 B 29 &
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RN E B BRI BN E TR RINEING € R BEaw) KA 4

Pl

3 4 s fs(Locked) o #7k 2 £ v R0 iR dreng ] 0 0K 0 R RN A £ B
AR A B B R (00 2 o) RBH ARV ORR A ERE R HAY

% R 2B g (% B 4o @ B 4o (Dahlen, 1990)(F] 5.1) -

512 RIvHBES R

Bedid ot B RER) A RV R E 2mm T #100 S o IR 7 % AT
LRI FR IR dem B T SR T B AL KA AN 30
B A £ A AR e B SR R TR R A R ARG B A
reniE B R ERD BB D - AAIF et Ot e R B SR

‘—\w
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Shortening 5 cm
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Shortening 60 c¢m

Shortening 80 ¢m

Shortening 90 e¢m

Shortening 120 ¢em

Shortening 140 ¢m
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Shortening 170 em
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Horizontal vector Vertical vector Shear strain
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5.2.2

FRICHEEES T PIVAEES

4 PIV #4552 BRI e %(F 5.6) 2T %A+ 8% s B LER

3156 =

VS LVET R B - S

KA FIAY - BHERFRS S kT g e tngiRs s T RE

BRA RN G ERRRABAT A BRI o d g

%Y AR

AP B el R AT R

BJe 2 24 el oRtE MBS o n MBS iR ie (T RF B

fed AR B R K Y M B

e g TR A K AR G el K AR g S IFEIN IR IR B 3 (] 5.6E) -

FREEATE S5 0 R AT A

IF. ’ ’:_/\"é‘l”m 2 I3
LS e AR R TR el L/t B

P BTk £ AT B S B AW A

il

P ORE T s 8 & () 5.6F < B).5.61)

68

RINEEEE A 1 & o g ETE P2 K
BAERd BE LR ARl Bt Wb
W RE LRI A e ) )



Horizontal vector Vertical vector Shear strain

A ) R
Underthrusting phase
E ) p—

52-53cm

Re-activation phase and Thrust iniiation phase.
Underthrusting phase
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Horizontal vector Vertical vector Shear strain

Underthrusting pha

Underthrusting E
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Horizontal vector Vertical vector Shear strain
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shortening 2c¢m

shortening 30cm
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shortening 70cm

shortening 110em

shortening 118cm
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shortening 2cm

shortening Scm

shortening 20cm
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shortening 25¢m
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shortening 70cm

shortening 75¢m

shortening 80cm

shortening 85cm

shortening 90cm

shortening 95¢m
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shortening 115¢m

B 5.10 (F) M3 B4 289 5%k s A g ko

82



shortening 120c¢m
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shortening 2

shortening
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shortening 90cm

shortening 95¢m
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shortening 120cm

shortening 125¢m
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shortening 115¢m
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shortening Ocm
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shortening 30cm
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shortening 65¢m
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shortening 48cm
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Natural rock Granular analogue material

T Maximum decompaction rate
=incipient failure

Incipient failure

Peak
strength

Peak
strength

)
-
| RRR LT stsrt:nb;teh

- Stable
= mm=s strength
Onset of
decompaction
Y
--------- Strain softening — [ lastic deformation
Strain hardening ———— Deformation-dependent variation

. . of sample thickness
——————— Stable stress-strain ration

B 63 pRARREEZ FERR AR % MIZB o (Lohrmann et al., 2003) »

Thrust initiation phase Low friction

A

Underthrusting phase
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D ——
1520 —

High friction

Thrust initiation phase

E F

Underthrusting phase
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