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Abstract :

Seismic profiles generally show fault-related folds and flexures rather than faults

themselves. In order to infer fault geometry and active fault movements, studies of fault-related
folding, growth strata and growth triangles were reviewed. Folding styles can be divided into hinge
migration folding and fixed hinge folding. The former is characterized by an increase of the width
of a limb while its dip and thickness remain constant. In contrast, the latter type of folding occurs
by limb rotation. A hinge migration folding is widely recognized in low-angle thrust belts developed
in sedimentary sequences. Based on the difference of relationship between folds and faults, fold
styles are divided into fault-bend folding, fault-propagation folding and detachment folding. The
strata deposited during growth of folds form a “growth triangle” that preserves the history of fold
growth. In contrast, faults involving basement rocks accompany folds of which hinges are almost
fixed, that are characterized by a downward increase of limb rotation and change in thickness. The
trishear model is one of the models, which can explain characteristics of fixed hinge folding.
Growth strata may show growth triangle like structure in the trishear model. In and around the
Transverse Ranges in southern California, balanced cross sections including detachments at mid
-crustal level have been constructed. The amount and rate of contraction have been estimated
based on restoration of the sections. It is expected that collecting deep seismic profiles and drilling
data will clarify the amount and rate of contraction in Japan.
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1.3 C &I

FHEE (REEHEBGEE) v 74 0Vvid, BET

DHIEEE R RAERICHS »ICTE 3 L\ KREBFH
REON, FEEAVLD, BELOBETEHET 2 X
S CEAMERE CHIBRE 2 BETE RV L VI REALD
5, Tu’Z iy AN LosERE, £FeEEhEER
BEROBERDL/S-1/ABBATHI L vwbhTWwT
(Sheriff, 1977), EEw Xz h X v Ew», FkoARE
B IEIZ1500m/#TH % 5 5, 10Hz, 100Hz, 1kHz D
FHoOWRIZZNZFN150m, 156m, 1.5m & 720, FEH
DEWEIREZ AW IBSEROES N 7a 7 7 4 V215G
B2 rTEL, FERENSE kHz U EOZTIERHWT
BEWE 1 m YT OSFEESHGTE, 1 BOHEA X
Y NPEAITE DRHEEN D B2, D LD CHEERD
BOERIZAKFE D IIHMEF TOEESIRE WD, K
EXHE m U EOER CRBE TOBERE CHE LR
W, ED LD RAKBEDOEBETEOEWT —F 2185729,
H+Hz I TOBEZHAWZOREET, 10m A TOH
fREERBD L RIEEACTARETH B DT, L DM
BAXRVIZHODIZT B EHTE R,

ZD& D, BREEIC L 2 ERBRE ZMBELENE
WEWIKERREND B, MBRADOEMEE: T
BERLHOLIZTEZ LWIFIEL H 2, WEEEIT
DTREEE 2o Twa M, MENED X IERL
TWwbD, /N7 AWE (balanced-cross section) &
EOWLEERTEORBC X > CHBESEL > T
feo ZOFEZFEEHBRALOSERE 07 7 4 Vi
BWHT 3Lk oT, EEHETEROLHMITEREON
BOBELHEEAREL 22 L, HEEMECHRIEHEE
bREMEE» SHEE TE 2 TREND D 5.

2 . NT 2 AWEE & TEBE DR

—f&iz, HFRTEOWE R Ul £ OBERES LR
EREETE 30, M TEIOBE I RHRE 2 L8
W, FOLIRBEONHERED T — 7 ST E
ORGP ETAFEREELTEZLSNT-OBNT VR
WEETH B, ZOEARKLEZ A, FHsWEES
KXo TR ENIbDT, MIBEMNER YO ZRET L
Hh L 7o HifE S ERRTO BR R OMECETTE 2117
THBENIBDTHS (Dahlstrom, 1969 ; Elliott,
1983),

BRI OB ZET T 27011k, WEEENI - T
EDOLSCRBMPRET 20 2HOLIT ZLENDH
%, BEHEZOERIZBC I {#Erh T aERWE 7
By 75477 AT, HEESEMLFEL DT,
ZOWBEICH > CTHEID 7oy 7 DM ZRT T
ERHIOHBERENMETTE 5, LrLaNs, WEs

fringhos-> Tz v, WER L TEMEIENT S L,
Wi LB OHBSEH T 5, 0L 5 HEEHICL -
TR & 2@ iHhEE R, fault-related fold X IEITH T
W3, NI UAMERTE, BBy vEME
DOELEEEBRCHRS itk > T, WE @i s
OB %R L7 (Suppe, 1983 ; Suppe and
Medwedeff, 1990), ZDBEffEHWL L2 &2T, &
HESE» SR TOMBORZHEELZD, WEEHICH
5 B OFEREDHEE N TR > Tz,
CDHFFECEITHEBEZHTL, ZOETET
23, WMBOENME, HROEHEEERD 2 Z LHTE,
HifE DFR b L NEEMHEEDPFERE DHETE S
BT TH5, 251, MBEOKRRPHERL -HE
(growth strata ; Suppe et al., 1992) OIHEEDL S, (R
W OB EEDEE S EbHERRIIC RS, 20
L5 REZFEEALEBEOMRIIHARTIIE 2D
L, TOEMELTFHCEBINTwEWEEZ N
5, KRETE, N UVAMBEORBIC L > THL
W7o T2 W8 & R D AR 72 BRFR B ONERE S DT I
EHE Y growth strata WOWTEREHENT 2. -BE
2, EEER N7 ABHEE CEN L EEEERHEEL
TeRFFRIC D W T DR ICEN T 5.

3. 220517 NEeH

RS I v 7 B TR TE 3 2 EM% W, F
IR EBRT 5F Y 7NV R, F YOV FROH
BoEfRiz —CEo 7 2BELTCRET 2547
L, EP—TTHEFBPKREL RZILTI>THRET S
A7 25TES (BE1K) (Fischer ef al, 1992 ;
Suppe et al., 1997), HiFEEZ LYY (Fr 7NV ROE
) BER, BEFEPe Y VAR LS, NT v AWH
B EAFHETOMERELHET 27D IHEL T
Eleh, 22 TREVYYBBEIORHBLAFEZLTY
5, —H, EREPSUOEAOHEEIC LS B Tike >~
VEEMOBHBPERINPTwEEZ NS @21
McConnell, 1994),

HAYE & %2 OB of T 2 EN B, mEiE b
7 7R BEREEERVT, KESOMBENER L ST
WESCHEITIWEBTH2 LE2o05, TDL 5 LE
EZ NS BEIEE OFITIC b, bt BB O
DEZFBENTH BHEBE L, £ TET, TV
AW DOFE 2 F R BET 5701, BAuEET L
CRZET 5 b v VBEBBEOBEINIC DWW TERNZERE L
growth strata I DWW THEHL, bt Y YEEROFEIZ
DT, ZORIZIABNS,
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HINGE MIGRATION
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BIR 22054 70F 73y FOEERA.

a) EvOBEELEEF 7 DRI -
THEEPHEIT LRI THRET 2547 (&
YYEER), b)ERS—EDEEE YR
BTl WEoTHETEIAT (V8
A,

Fig.1 Two types of growth pattern of kink bands
a) fixed hinge type growth by kink band
rotation between fixed hinges, b) hinge
migration type growth by kink band migra-
tion with constant dip.

4. eroBEEIOER

4.1 {EASHE &R

B EAYME X TS v F 2> b (detachment) B
Wi 7 an < (decollement) &I 2 HufE Iz S T2l
BE, Zhp5IZIE—EDOAE (—MRIZ40ELT) TIL
HHNE T V7 (ramp) LIRS HIE RO ICY] 2 K
B 572 (Rich, 1934 ; F2aX). ZD &S LFER
ramp-flat geometry & "X %, Wi DRSS HIER ICFE
H4 2513 BEEURE (emergent thrust), HT CH
B 325& X REFEE (blind thrust ; 852b X)) &
B, ZOES HMBLIEETLILCELT, TV
O EEREENER S NS, TREEOETRD 20,

OB AR EIE LN, SRHEEORIROE 2 E

® (forelimb), KHEIZHEE (backlimb) &FE& (552
alk), HREERIEE OBROEWIZ X - T, fault
-bend fold (Suppe, 1983), fault-propagation fold

(Suppe and Medwedeff, 1990) U detachment fold

(Jamison, 1987) @ 3 2 ® fault-related fold iz Zﬁé
ha(FE28). chs 0B Scn o200y
A T TE 508, BHEMTERYR 3 DO/
DV, BB L ORREMEHT 5.

4.2 EERWLRE
EFAHWTE &8 & OBIR 2 E 2 51811, BT X

a) FAULT-BEND FOLD

S Tiind thrust -======7=7-7

¢) DETACHMENT FOLD

ductile unit

#2 {EATEEIZFES 3005 4 7OEREE.
Fig.2 Three types of fault-related folds.
a) fault-bend fold, b) fault-propagation fold,
¢) detachment fold.

S RERRRE LTS (Suppe, 1983).
cHIBOE X LRI, RIS,

EAHDH 5HENEHMT 5 & NECEADIE L 5 23,
FRIZEEEICB - B THRESh, HBDEX IR
Fa&h 3 (parallel behavior ; £ 3K) LIKET 5. &
BrEaNEL20NE, HEORS bEKFENS,
i, BEEIZHE>TZEDNECZTIE, HEN—E
DESEHFETEY E3IXN).

- B ORI > 7 BB Taly 5,

PO, FELAROEEERZFE O LIREL THTORE
G P HEE L TS OYR 7 1:), EBIC IS OfE
R FIEF—E O L FRHFHTEML T3S L
BRI AP TS ZEDBEL, FU IV FOES
ELUTGEBTE 2 (B4 KD, ERDS—EDOESIX homo-
geneous dip domain (K& CTITERNFLESR), Z0D
BT dip domain boundary, hinge, axial surface 7%
E LI 3 (AR CIREE L Ps). HEEEE D
FOEF UV IBBMTIEMTZ ko T, HBORS
PHEEOFENES D, HE L MEBEDOTER
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Fig. 4

HE O I £ 5 B 0K,
a) BHEZBR ST/ IBELL YL/, HE
DEIP—EFRZHRINS, b) BERKH->2

BOBEC RS 4 S HEOEIPENT 5.

Deformation of sedimentary layer due to
buckling.

a) Buckling with layer parallel slip. Bed
thickness and length remain constant.

b) Buckling without layer parallel slip. Bed
thickness and length vary.
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BIABER RS, e, Fr7 L-TEIOHEOE
SHBL R NE, HEEEHOSREOBEOAEE
QES LI AREIMUSE Z i sd (BB5H).

« T I IZZERISE U W,

WiE o EBENEERRIEIZ L35, B0t
DEREBEL R ETROMZEESERINE Z LI
%%, EBRICEERBESREBLH T OZME 2 258
EERELT, HESKECESET 3 &) ithilians,
o T, MBOINERY BHhE S s> T
BE SR S N5, HCHRAHLOHEE O T AHER i
BB OIS BWEET 2 2 EHEETE 3,

- MIBETRIEIEFR LR,

BB O TRIZZER LR, 7272, EEI 3R,
5L TRICIK, EER LTI A3ERNELTVREDT,
BE s HBERE ORI TEROER b ERT 5 LB
b5,

- B /MEITIR FBEEREE D BSE LRV,

RO IZBEAOE Y 2LEL T 50, ZhiEE
FHEEDHTEL, HREEOIMIE TEL 2V,

UEroiRERE, TRehitBEfHET —5»roiE
WEEER S, WENE L THEEMCERL, B
RRTGIZHBIZ R 20 8D D RRIETE, % OWHEMLS
BHETE 2D ES ORI LS.
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Migrated single channel seismic profile of Sado Ridge in eastern margin of Japan Sea collected by Geological
Survey of Japan. Folds can be approximated by kink bands. Broken lines are axial surfaces.
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EE5R F 7Y FORRE,
AL O NI % 253 2 TR HE
T3, ZOMBAIOHEDOES BZEL L0,
Fig.5 Kink band geometry.
Bed thicknesses are constant through kink
bands which are bounded by bisecting axial
surface.

4.3 fault-bend fold

fault-bend fold XfE¥EDRL 2T 5 v F 2> b S
Sy7beBEEEnS (86K Rich, 1934). Suppe
(1983) ¥, Wb ATAREIIZED T fault-bend fold
LW O & OBIfRE Z A E AW B TRT
EWHBETH D I EBR LT, I I TRERNKEE
BHOBfRIZ oW TDOABRS,

HRHES IR, REROEN EEOFEE» 5% D,
BIE R CEREORIHE #2002, &5 4 D OMELSE
ENB(EFEb6e, dX)., EBI 7 ETRS VIR
BCEBACH > 720, BEKEMNT 5iconT, LT
Y THEMENCREEI L T Zkigk B,

TR S BRI ADT Y v F XY M Lo
SNTEHCHY S 5. FiElOFEMAEEE EES > 70
Hiin & B CB D, BlsEET 5 bk
LCEESNT WS, —7F, FIEEZHOEREmET
1S 2 THil, S By, TR L TEZES T

2 (B6cH)., ZD®, ZOSAHEIEIINEOZER I
Mo T HEOHBOT 2R AENCEEIT S (roll). W
DEMENS > 7DORS2B25 L, HET V7e4kn
HIfIOT Y vF A2 LicREEZ iy, BIELEN
L CEES NS (B6d ).

BERI VIV BAHO BB TES VS ICED
FaewiEkans, giflloEsammz LEgs > 7o
Tigi & L TB Y, FEBSERET b B0
ikt L CEE SN T3 (Bec X)), —F, BEBRAMH
DRV X TS > 7 Timd & By, THiexL
THEESNTWT, BBOEMI > T EEBOHEDH
BT 2 (5Hec M), MBOEMENS v 7OEX 218
Z 5%k, BEFGAOERELZ, T8 v 70 iicE
EEND kb0 T, HEOMED 2% 2 AN EE
TAI LIk 3 (E6dR), < ORI CIZEIE DA E I
BOFNLHMBD ICHIGL THw3 Z ks, EMIOY
fEEDS, HTESOBBOITNMI Y OFEERHEET
BZENMY 2E5 2 TIN5, HMERUBREOER TR
HEDORREF b —ET, MEIEE L TENENS Z &
WE o TERIOBBENKRE s, BIBOEMENT >~
TORSEBZI%E, EREEORESEEbL T, T
R LEOFHEEDOENILN 12T £ 5,

EBBEBONS ) 2Bz 5L, TITIRVE
PEALT %, EBRIZEAAHEE CIX TR 2E3EmL,
ETREE TR T 5., REL, [APHHE oM
10-20% AT TH B DL T, HFHREE TORAEZ
40-60%1ET 5, - T, BRI v 7L T8 v F %
VDR IR S &, MR TRETEEMR % DR
PEBIENHB,

4.4 fault-propagation folds

Z DFEMITIRERBICLES RS T, 7 LTE
frEH EREA L, WiBowF CHE T 258 T
EN3% (Suppe and Medwedeff, 1990 ; 7). >
T LV @RABEO FRITETNE S, WEOLRL VN
BESZVOT, TRMEE L LT RIcEY E435, Suppe
and Medwedeff (1990) & fault-propagation folds
EBOES LEESERLDORET 55 4 7 L iFflhn
BEEhOOEET 294 TCRFL, ThENOWE
RO REE ZABBERAVTRELTWS, 2O
H I RTE S RER S W ISR T 2 U BRI 2K T 5
BEEME <, fault-bend folds D X 3 i GRHEHTE O BEH
B2 L 3EZ I W Ep s, FRHSEE
N5 4 70BEBEZ Sz, ZOBERIIFEDOH
BOESE—ETEL, XM I->TEL k-7, &
{Zo7zDT 5, ‘

ERHBEOPNEITIE, FIR L BED 1 D ONAHEC
BL, SMUCREREIES 2 2WXH»nT, HiELEBE
EOMWEERETSER S LS ETH), HHEmE»S

— 63 —




# B A E O A #& (20004 EE51E FE2/35)

a)
hanging wall ]
foot wall
b)
hanging wall hanging wall flat 1
hanging wall flat foot wall flat
foot wall flat
foot wall
c)
- N

d)

hanging wall ramp

=6 Xy s fault-bend foldp KERER,

Fig. 6

a) WEBDOFEE, b) EBLETRICIAFNCERSNESF Y FET7Iy s (Fanrw), c) WBEUENT VT
DORAZBZEVRE, fELBBEOERI EBRECTEDS v 7OBICHEFEhTwS, 4) WBEUENT VT

DEIZEZIRE, fERHES > 7, BBITERS v AcliElshtwns,

Growth of fault-bend fold.

a) pre-faulting, b) ramp and flat are defined in a hanging wall and a foot-wall, ¢) fault displacement is less than
the length of the ramp. Hinges of the forelimb and the backlimb are fixed to the ends of ramps, d) fault
displacement exceeds the length of the ramp. Hinges of the forelimb and backlimb are fixed to a hanging wall
ramp ‘and a foot wall ramp, respectively.
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slip

B7 fault-propagation foldD g ERER (Suppe and Medwedeff, 1990).
WEPRET 3o T, BREEOETFRROBENHEL £ 2, I S5RHBORRENSE &, MEIHEREE » 32

EiRT 5.

Fig.7 Growth of fault-propagation fold (Suppe and Medwedeff, 1990).
Apical flat of anticline narrows as the fault propagates and finally the fault breaks through the sedimentary

unit.

2 DN B BHX, WifB Dk (fault tip) DEXE L
HUTh2, BiEOFKZIH-> T, BB LI
Vo OBRHEELRET 5. BIE O RIHEID FfhETE i b
Bsims s Pt s nT, HEh2RENCEE L T

. BRIENES 2 9T 2 bBBORER L £ b HIORE
¥IIBEIT 270, FMIROBRMOTREE RN, &
BOFIEIOEEWEIENCBEIT 2 Lk s, 12120,
EREEEE CRAEOZREOEREMEIBE L vk
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WwoB # & A A ¥ Q0006 FE51%& FE2/35)

T35, WINOBETH, TRl LR OFEBIIML 25,

BREZRAOMFEE X TEO 7 > 7T & LUt s

DT, EEhEBEANEET 5. BEOERIZ V7D
ERERCTHS., 2Dy A 7ORHS, HEFOMHERZ
—ETHEDEBLNL I k- THET 2 LER L
w3,

CORBESFREZELRET S L, BB HEEERZESEY
THIRIET 25, BHETAOHERCT S vF x> b
2K T 55, ZDHEIEERNT fault-propagation
fold O % EAHI 127 L 7z £ % fault-bend fold & L
THET % (Suppe and Medwedeff, 1990 ; Mercier et
al., 19977z &),

4.5 detachment fold (decollement fold)

7Ty F R DR THBEMEIBD L THET 2
BEC, TOLBIERsn3ERHEETH S (Jamis-
on, 1987 ; Z5 3 M), 7 > 7% b 4\ fault-propagation
fold £ H2 5 Z B TES, TDL D RBHMBEREN
52iE, TROKCR 285 THREWNZEENEL .4
EXH D, IR0 2005 A4 FTORBHMIT T o T OHEEL
HTREEDERELZIZIRREL T3, ZoBHTIRS
CTAREBCHEYT ZBREOERIZTTERL, TyIv T
AN EOWREBCER T 2HBOE S t HHEEDR
i DB OBREERD LEELEREN S, Z s,
FBHISERE T 516> C, AIERVEBEOER IS L
BHIrd, D200 4 TOEMEIZER S,

4.6 EEOREEEE

PE3D7 4 7OBEFERICDWT, &b HEMiLFE
BTz, EEOBHEE b - s EMTH S, WBD
Z U7 RIZF L Db O D SR S h, EA%
WiEH T, MIBPELVED XS R E NI EBERLE
& (imbricate structure) 7 =2 — 7V v 7 X (duplex)
BESER SN (FHH, 1988). 20X > RBETHHE
CHE 27T, g L BHMOBERIEHIN TS, —F,
FEUDWIIRNIZW L ODDORENEILL EVEE LS
V>, Jamison (1987) iX 3 2D ¥ 4 FOfEHER Iz DWW T
EEXWLEERIEAEL DD, MEDEIVELT 2 LEE
RUBHOEEN ESET 20T LT, &2,
Mitra (1990) & Of Mosar and Suppe (1993) i%, fault-
propagation fold DERHEEDZ Al CRERERICH >
O BECER DI LWL - T, BREEOHENE
¥ % Z & #/RL7%, Chester and Chester (1990) i%
fault-bend fold ®Z > 7D FeiwEkC fault-propagation
fold KT 2ETVEARLTWS, 3512, B
s> T 2O MBI S h 3 ElE D€
TU T HARRIZR > Tw3 (HlziX Medwedeff and
Suppe, 1997). TS bERZ BEETHER SN SR
HESE I D WTHIZELSEA DD B B (B 213, Journal of

Structural Geology, vol. 19, no.3-4)., 2D LS5 ZEF IV
BIIIES T, ERORIEE & 2 HET 2 Fik (for-
ward modeling) 1%, M TFEHORERPHEET 2 RS
Bl tis,

4.7 Bt 0ZELnRE

Jamison (1993) 13 £7% 2 A DO TER & 115 KA
i, EHEICIBTCHIE LFBO EE oK EN S
PRE->THREINDE EF LT, Zhick 5k, fault-
bend fold X T v 72 ELT I v F AL I RETERS
n, TR TRMBPEEL TWw3 r—2X T, fault-
propagation fold i35 > 7D & B DR E o ERC
#FZ 1, detachment fold ¥ v 7O ETICE 23 4
U3, $hbb, BT ElmEO &b & M8
PTHRED, ZHIEIHEOIZEN MR L IGTIRREI
LoTHhE S,

Jamison (1993) %, Wyoming-Idaho-Utah X 7 & b
HICHET 20 L DrOERES 2 HIBKRETL, The
NOBEMORED 5 3TED L D5 4 7 DR »O¥E
25 bz, BUCL I BNENEREROHETY
AR 2 BHBEASTER SN TWAEEZ2EELE, Zh
W& BE, —RIZEERSIVNS WIREE TR EREIL S
BRE L 722 LB EICE LR T {, detachment fold
BTES, 20K, MBMCEET 2WESZITIE
fault-propagation fold 1272 %, —f, BEGIWAE W
REBTKTEEBCAIDPKREL D L, BBEILCERS
9<% b, fault-bend fold BFE S 2, b, AU
XD R IEREERROMBTY, HTEE TR fault-
bend fold SR & 1L F <, ¥HEPIT L fault propaga-
tion fold B¢\ > 1 detachment fold ZSTERE S 1103 s,

5. b OEIEIERICHES growth strata

5.1 growth triangle

Suppe et al. (1992) ZFBEE U T v 3 BRI HEME
L 7-HiJE % growth strata EFEA TS, RicliRiz Xk 512,
bt v OBEE OFEMILFEMEOMEMSEMT 5 DTk
<, BHEOBE Lt BEOBOMWMCL > THEST 5. 20D
L B ASHERE T 2 &, BRI o285
HESMERIT 2 ZLwinb, $5E, RIOHEZEE
SHEOELEL B 20T, BRELTEACELIBE=
A OWHE & OMER (growth triangle) 2B S
% (Suppe et al., 1992 ;5B 8X). KET D F > 7 >
F R 2 115 growth triangle 1, FEIOHEIE DOE)
EHCLESTHSDDRBRIMUFENI—VBHTES

(3 9™, Suppe et al., 1992).

Growth triangle 2 S LERIFIZ 3 DD ¥ 1 X OHIE
KXo THEEINS (FEIK). HENIEIE (active axial
surface) 1ZBEL T\ 2HHE T, pre-growth strata »»



BEEREORE ()

5 growth strata i £ CEMBWCH O 2, EEMHE

(fixed axial surface) I pre-growth strata IZ[EH%E &
N7 BHE T growth strata IZ X S Lz, BEHEIE

(growth axial surface) i3EFEHEIE O Lin & IEEIHYHE
TH D _E3i% % %5 Sl T, growth strata iz U ERK S
hzv, BEERE & RREE & OBROFr s D M
[BOFEREGRER L &, X b EALi growth tri-
angle B’ s L5,

Growth
Axial Surface
\,

>l
>

T, =
eIT
15} b
U
=
2
o
Q
[00]
Fixed Axial a |
Surface

¥E8 t v Y OBENTf£E S growth strataDERE
(Suppe et al., 1992),
Fig.8 Configuration of growth strata due to axial
surface migration (Suppe et al., 1992).

a. b.

HFEEE RO IEMORERENELT 5 &, R
HEOMEEPZET 5, &7z, HREAPER DR VIZ L o
C growth triangle DS T 22 L b b 5. Fih
DSHIER I > THIRKICERER T 2588103, MEOBE)
HHEXRBNCHE Z 2728, BEEIE WIS I EITES 3
32 ric5 (510K ; Suppe et al, 1997). 1[EOHL
BROWBENERH m 04— —ThH 5D T, BITO
FEOEICEEETH 2 LHEEINS, BEFEE 07 7
ANTINERET 2, BEEVWIBENLETH
598, BEHTOL—D—DDHEA N M SEFEEINT
WL HEEEDSH B, Z ZTIE, F I fault-bend fault O
fault-propagation fold 12 f£ % growth triangle O #5#&%
% Suppe et al. (1992) KE TV THENT 5.

5.2 fault-bend folds (Zff growth strata
(Suppe et al., 1992)

fault-bend fold DFE WX, BNENT V TDEI %
B2 WiBE L2 2B E W X > T growth triangle ®
CRBEL S, FIEOBECIIHER UEBEDRANE
BIRVENE & 0 D, WMEOHIHEISEEME & % % (8lla
B).KFBTFTEyF R b SIE BRSBTS
DG, 77 ETOEMEIZEED pre-growth strata
DF¥F 7 DBIZFELL RS, BURBST v TORI 2B
25 E, BEOWHOMEIIEENE X201 T,

Kink-Band <, =
Migration

Active Axial
Surface

Fixed Axial
Surface

S e
© O]
< =
p 3
£ o
- o
Fixed Axial ] )
Surface Active Axial
Surface
f.

Pre-Growth  Growth

Two Active Axial
= Surfaces

=

= Two Active Axial
Surfaces

7

Pre-Growth Growth
Pre-Growth Growth

Two Active Axial
Surfaces

FIM trYBEEROEWVIC XS 5 EEOgrowth triangleDERE (Suppe et al., 1992).
Fig.9 Configuration of five types of growth triangles due to the difference of axial surface migration (Suppe et al.,

1992).
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deformation (rapid hinge migration)

deformation (rapid hinge migration)

SN event 2
_____ ARV N
_____________________ AN
________________________ lhoNg
7 ) event 1

sedimentation without deformation

nunnt 2

event 1

deformation (rapid hinge migration)

<) event 3

&« active axial surface and
/ migration direction

' growth axial surface

/

/,’ fixed axial surface

10 K MRWZE > IBENC X o TS L5 Wity

T BT O BEAR.

Fig. 10 Discontinuous growth of an axial surface due
to intermittent migration of an active axial

surface by earthquakes.

deposition non-deposition  deposition

>

>

% 11 & fault-bend foldiz{f 5 growth triangle (Suppe

et al., 1992).

fault-bend fold T TBDZ > 7 L CEH&ET 2
7o%, MRS EBOBEISA L I BEL
Twb, a) MBEMNENS VORI ®E2
oS, ) WEENENT VTOREEE
21, d) HEEESY RS OBEERE
X VBENES,

Fig.11 Growth triangle related fault-bend fold

(Suppe et al., 1992).

The uplifting area migrates backward rela-
tive to the direction of hanging wall migra-
tion because the area is fixed to foot-wall
ramp. a) fault displacement is less than the
length of the ramp, b) fault displacement
exceeds the length of the ramp, c) sedimenta-
tion rate is lower than uplift rate of the
anticline.

HIEOMAOMEREES NS BIbK). Zokd7%
BT, MRSIEBICRZ S C L CEESLET

b5,
fault-bend folding Tid E#&H T >~ 7 2@ T 5 KRic

By 5, MREEEHEMNESISE R, T 7L
DR THBEEE /NS R 570, HEEEEDE:
R (B LT EE) 2, BIEEMOGECH LT
BENCEET 2 LD IR 25 B1IDE). FEOWED

CEEDE S T Wit WiEEITlE, growth strata DR

PIFERTWB L, ZOIENHEL S EROWEDOZEN
FAL Y FAOWEOBE = 2BEL CL % > e85

5,
HREEE /NG {23 L BE T growth
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BEENEORE (FH)

axial surface ZMERITES (angular disconformity)
ELTEREN, HIETIRHEIZATFIZ: %5 T pre:
growth strata &4 > 7 v 79 %7:8, growth triangle
BERI R (BllcK). BIBEMAPETT S &
growth strata 2B BBEIER I NI, FE
HL7zD3 5,

Shaw and Suppe (1994) ¥, Transverse Ranges F§
777 Santa Barbara Channel i23v>C, fault-bend
fold = £ 5 BERR 7 growth triangle #/ R L T\ 3,

5.3 fault-propagation fold |2 5 growth strata
(Suppe et al., 1992)

Sz a7z X 5 12, fault-propagation fold 2 1758
BEEINZIA 7L, ERENRBEIT 554 78555
B, BEOBE LW IEHAr o R 5 &, MEOTRIED
BEHPESIRTTHS, FREBEESNE I A TD
fault-propagation fold i3, B2 D §i{E] D M RHHE L35
B A0 RIETE S IEEEN L 2 5 (F12K), 2

a.

#12K fault-propagation fold iZf£5 growth triangle
(Suppe et al., 1992),
REAT GEFEEE D/ S WEE) 1, fault-bend
fold L ix¥iic EBORE R L FH C AR
35,

Fig.12 Growth triangle related fault-propagation
fold (Suppe et al., 1992).
Uplifting area (low sedimentation zone)

migrates foreward, which is reverse to that of
fault-bend fold.

THEL & L5 growth triangle i3 fault-bend fold OEIE
AN S, BEOMBIOETEIEF W ENIEE
HTHY, 2 2ONMHR=ZAROBRMESERINS,
HREEEITRIBEDEEERE L V3 vk, BEODH]
HD growth triangle WK I Nz, 2 Zmhss 7
DEichbzoT, BEIZHAITT 2 78S (time-
transgrassive angular disconformity) BRI %,
TRl El OGS, AMEOZAEOEREm L E
L k270, HIEIZD 2 D0 growth triangle 23
B &n % (Storti and Poblet, 1997).

5.4 detachment fold IZf#£ growth strata
detachment fold IZEREEE D% 2 HERL T 2 REIN 2
kT 2 HEOES PEENC X - T, B REEER
BEOTEEMER B B, FD72, growth strata DIEEED
BREBAWC I>THEL-T { %, Storti and Poblet
(1997) KU Poblet ef al. (1997) W &k - CTEDIR
B—EDEHE, BOERP—EOHE, 1BEMERIOM
TS 2SI DWT, growth strata & Uf growth
triangle 2’2 R EEZER LEZ Z L BREATY
%,

5.5 WIBEMENHTE

PLEaR~R7z & 5 7z, growth triangle 1378 OIEEIH %
L TR ERWwE, ZhhoEHENBOEMELR
oD ERESZW, EBIIEMNESPRD S 1201213,
B OBHHEE E TERCHES 2 LT, WiERUREH
BESREEERORBIETT 2LESH S, Lirl
B, ERCH TEROERLEMEE2R0 5 2 &
BREETH L, —FH, HTEEOHBOEESIER D
5% ThH, BAOHERBE»r BB L ZORUER
WET S Z EWHRELEEDH 5, Suppe ef al. (1992)
o7 RIS NZREOR I PIBOERADE
WEZEoTEDEI BT 20 E2FHEL ST 7 WWRL
TWw3, ZRI2 X 3 &, fault-bend fold THIEERIED
SUy7OREIVEVES, REORIIHMBELIIED
125 IR E 5, 2512, WBOMERIHS0 LT TH
NEWBEENERBREORE S D1-1.25fF 1IN % %, fault
propagation fold D& b, REDERI5-25F DT
biE, EREZBEDIBD0.4-0.6/51C% 5%, 2D LS
BRGRERAVE I EICE>TC, BiBOENER b LRE
DIBETHET S Z EHETH 5.

6. eCEERDER

SETHRANTE T VBHBM OB, FBSHRE
BROroky, BEEMCH>TIIBY DR BT
Bans, —f, LBIEEE, KEAEREOHIMEDE
WEANS R BEEIE, BEEE Y BECIZ Wity,
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ERED &I e v OBHEOFH SRR IS &
FEZI W, 2O XD RER RS LURIE S B
i, HBESOER EEBEE > HBEWOER L KHIL
THEZ BLEWDH LB 21, Narr and Suppe, 1994),
CITREREZBEIHMBIEREINIBHIZIOWTO
B, HRICHENTT 5.

wy ¥ —UIRTE, BRE2SCHEICHEST, 20
78 5 HE ORI IEIR R MiE O T REE S S RS
nTw3, ZORMLEHROTTHEIERT 2 Zn
5 fault-propagation fold XA &N 3%, kv VRE)
HOFME 3R, WEMNIZIZEE S N X ZHTED
EELTW2 EEZ5NTw2 (fixed-hinge folding ;
Brown, 1988 ; Erslev, 1991 ; Fischer et al, 1992 ;
McConnel, 19947 ¥),

ZORBHEIUTDEI>EE o5 TS (Erslev,
1991 ; McConnel, 1994), 1) H&HEEOBTERIZEE &
WERE L OBRTITHBICIGRL, Efilic@Ed»-> TR
MB35, 2) MEOMERIITAHBIZEEKRE L, AULER
EEETRT 555, EALZEER»ICE DBV ERE
EIZET S, 3) HIRCETHERES DEILNRD
Sh, FAFECIREL, TR TIIE L2 EM1DH 5.
4) HBIXBL WEE TR ER RIS ¥ 5729,
A S ER T E R,

ZD XS RTEMEREEFAT 57201, Erslev(1991)
I8 DSl (fault tip) ZIHR & L, EEANLEB =6
EOEH TCOEESTE 2K T % & \» 5 trishear
ETNEREEL (BI3K). ElFEEoER e b
THRHEREEEZ LI ECE>T, ZORETHHED
BEE—BCHRD I LN TE 3, HMHENTIRETEORK
R HTHIBELEET 2, ZOWMECORMNEIRR
CThHadDT, KBTI DIESTRWERSE EH
HEAENKE L, WED» SENTENRWESIZ CEx
BEMNS IS (BI3X). BErHEOH OB,

A. Initial Geometry

B. Simple Shear C. Trishear

DEFORMED AREA > INITIAL AREA DEFORMED AREA = INITIAL AREA

% 13 ¥ trishear® F L OERE (Erslev, 1991).
Fig. 13 Schematic cartoon of the trishear model (Ers-
lev, 1991).

SR OLEL D AERUKBORR & & b sy
DEIEBETINZEL>TRELS b S, BEEOL
DY FHEINNS W EROEEFORICEAPEFT S
L, AESREVERCHEFEORTELBIET 5.
& 512 Erslev (1991) (X EIWrH O etmss T D EE 1 [E
EENDD, FBICEEINRL»ICE > TRIEOREDS
Hip s 2 & Rm Uz, BEREOLRS TROERICEE
ANTHBE WX, R TRORRIIEE s h, EEE
O LEIOER A MIcBE T2, BRELT, BiED
BEIWHE > TEBOEBCERBLENY, EPPITH—
TUEERNEENER NS, —h, EBCEEShT
WA, R LEIOBERIIEE S, HiEFO
TRIOBERS Licm»ro TRET 5, 2079, HBED
R BEEB R, FhEE S HEOEREIIIT
ISR 5, BEEOBMENE <, HHEMw
K28 BE5 B OEAIT EBCEE SN, #HD
B TRIIEEINS £F2 53 (Erslev, 1991),
McConnel (1994) ZBWTR LAIOER % EICEEL,
THIOER 2 TRBICEET2ETVEARL VS, Z
DBEWIE, BIBORKRE L & b Bl ss_ R - T
Bhizamans ek s,

Hardy and Ford (1997) K U* Allemendinger (1998)

A. PIS=2.0 P

growth strata N

e

‘ veAxIs_\

Fixed Axis—initial position of /
hanging wall trishear boundary  /
e

B. P/IS=1.0

% 14K trishear®E TV BT 5 P/SHOBEWIZ X 278
BEEE D& > (Allmendinger, 1998).

Fig. 14 Difference of fold geomery due to the defer-
ence of P/S ratio (Allmendinger, 1998).
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% Erslev (1991) @ trishear &7 v %%Eé ¥, WEL
WO EIE (propagation) L WiBOZEfIE (slip) ki
Erokh (P/SH) 2EAL THL 2 @BHEMOFELRE
TE2HEE TNV 2BFE L. Erslev(1991) OZIWHH O
FHATHROERBCEEEINE 7y —RAX P/S=0, L#
WHEESNE 7 —A X P/S=11MHHEd 5, P/S thas/h
BV EEBRIACERICRREE L bz, HREO TEHT
WEWENKE S BV BELIHBSERINS (5Bl4
bE). P/SHA1 &Y KE W EWEDI LD propaga-
tion 23F\ 72 8, BIRTTE A X WifEAER B DB\ HipH 1 5
132, 2 OBECIIEEE LHloBER ISR BE L,
TR TEIOBER I B AE (RED wEET 5, HEgT
i3 b v VRRENE OFE R CRIELSHT T BB T 5 O L EEL
DEEHHEZ D growth triangle JROERIHELEE I 1L
% (FBlda ), 72720, EEOEMTEIEL <, matE
BB IC 2 5 E, TRIZEEROIAKEZWI L ER
5, b VRBEIR O L XK T %, Allemendinger
(1998) 1, P/S LB & » &b T 2854, B

HHESRM L & bR T 25E, BEmEISET T
N3 - T fault-bend fold 2 ££ 5 B4, MBESHREE»
42 & F C breakout 3 B3FBEL Y, BRR Ty —ATD
FRHOBEERL T3,

Ok nREMmER R v v YBER OEER & g

FIXED HINGE

active deformation
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upliftcsedimentation

c ©

ke) ~_ active deformation

® A zone

c VAR

® T AN growth

£ e AN, strata

S T A N N N N

8 ———————— EA ANIRN AN . \/- ----------------

0 N N

A W NN pre-growth

= AR S strata_____

=¥ R,

=] Yummmm oo m oo
R

LG, HRETRIIEE L 2280 lE L TRESEINEI
HATEIZERE S RY, HROBEIEHOEREL &
BRELT 20BN D 5,

7. FEREBMOEEIRN

HREPEEHORERER S e v OBHHTH I
VORBERTH LT L 5T, growth strata DBEER
FLOEROELZEBFICKEEORET 2 (15
).

v OBBADOHE I, BRINEBIRE £
5, - T, EDERE - KEZBHT 5 W iiEihe
HoOMBE#BEL LT L LE LT, BENEE T
ERrHopThEL ., MEBOBEEESHERE
% EEZBECIE, FIESHBEREERL, L LHE
BHIEOEIRIC UHERE Ly, fault-propagation fold
DEFEWIE, EOEFICEENHEIEREINE DT,
Fric 2 BEPHF L WHIB OGS ER L (5815b, d
B, BEDEENZ OV T HBE R FAETE 2 RS
vy, —7%, fault-bend fold T I3 HTERTEEZR O 1L
BEIL Rz, HIBROEMOHEBYNCIER 1Lk
W (Fllc X)), ZOEAEWIX, fault-bend fold 2> & il
WTFZvF A2 b U THEMNHUT, fault-propaga-

HINGE MIGRATION

active deformation

d)

active deformation

_____________ R growth
_____ / AN strata
..... FANNNS
————————— A N fmmmmmm e
-------- NN . A
N/ pré-growth” "
\‘/ ______ strata_____
N

B v rIBEREKENE v PEERM OIS growth stratad v,
Fig.15 Difference of growth strata implied by the hinge migration and fixed hinge kink band models.
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M
odIEe Comma e
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Formation
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F1I6K £ IVFOBENIC L % growth
Growih strata (Suppe et. al., 1997).
Asdal Suriace BobsCrYEEELL L
2 & = T, growth triangleNyd
WEDEE (LA OERORE
A) WSFEARTHE,
Fig. 16 Growth strata formation by
hinge zone migration (Suppe
et. al., 1997)
Rotation of beds (upward
decrease of dip) can be explai-
ned by migration of hinge zo-
ne leading to an increase in

Axial Surface

tion fold »HRIET 2WiBAEHK T 23T TH 3. »
THDY A TORHTH->Td, BEESEOEREE
BRETEDT, ZIWRWHEHT LI L Lo THLLE
BrERWIZE2uaeMsdb 5, BED growth triangle
LEBEOBEBNICREETH S (Shaw and Suppe,
1994).

—7, ErVEENOEMTCIIEMFEENRERT 5
7o, BESHIEERSB T2k s, 209,
BOEEIC Lo L B R L T wBEii,
ERO—LLU LRI I ENTELRVWI L CERBLET
H5 (FEIHAK).

b o DORIOETH B » 1L, growth strata DER}
KRBRENPRDSNZ2DEI D THKTE 23T ThH2
Y (BE15M), YIEXREELEZEE LD 5.

LV —[UARFEEE D Sant Llorenc de Morunys i
3, BHEEOHRETICHBEL REEENEEL T
% (Riba, 1976). Ford et al (1997) 1% OEHIEE
BREZHS T 572D, &> Y BE A fadlt-
propagation fold Ut v YEIFEE D trishear fault-
propagation fold IZ DT, D& 3 growth strata
DBRET 59, BEETMELTHEK L, Z2hick 3
&, £ OREIRI D fault-propagation fold TiZ, BIE®
ERIRUHBOE S B—E L, $iAOHME 2>, —7H,
trishear fault-propagation fold Tl&, TERDMikE L 7= #
B 5 _EERDIZIEAFE L HE & ChRa i ERDE L,
B b ERIERIC D> Tl 5, 85I B LA
ERUOTEERRED, £, il 7z X 512 growth tri-
angle CRI7-BELPRINE L5 CRZ DM, vy
BEE O growth triangle 7 FlE U CEiEID 3R HSREE

dip during a passage of the
zone.

Ptz e 5. $E O growth triangle IZfEEIEI TiX 2 D
DHAEDLEDP SR 5D, trishear EFAVTIX 1 DLy
TERVWREDEVLEH S, ZDLDLHED»S, tri-
shear & 7 V%3 Sant Llorenc de Morunys O#E &S &
S E{HBATE S LiERL,

ZhCX LT, B UHEH##ES %25 L 7z Suppe ef al

(1997) 1%, FEkMiE CRIERMNENT S EL TV
D%, ®3EOFTEFIEIT 2 LD b IR
PEAL, TNHBEIT LI L ILo T, HWEDEES
BRZWCEL, EAAD» > TERIDER I 2 Bl
DEEPTERI NS L LT (B16K), 20 LT, Sant
Llorenc de Morunys Q#EHEEICFET 2 BREREE O
FETEEFNE, HBIORTR L7z & 2 RERBZ E v O
HOBENC L > TR E Nz L F 2z,

ZDESt vy YBEIRIE TV L trishear €TV 1F
BT LETNVE L TERELTERY, ThENBIES
MmzoshsZ ik o>7T, growth strata OS2 130
Bk bi e S o TETE, ZOREELT, T
BEUCLEEBBEHIL CH3 LW HEEERFOI &8
ZiF o b, Allemendinger (1998) W€ 7 WIEXL T
2H5DTIRHEL, BOWZENTHLOREEHES>ETNLT
HbHEBRRTWE, MEOEZFEBETIIEE-
T, REREWEEDE T WVEMNTREIC R 2 L& 2 5h
5.

8 . BA&AAiEE ) growth strata

4% TIziR 7z growth strata BAERBAEHETED X
SO oN %, BREBERERUCKRBETESL:
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77y A NVTRTY,

AREEGICZER ST L% 2 55 BATKES
JEL FEL T35 (Okamura ef al., 1995), & ZWZmRL
70, IEEEANRO ST 7 7 A VT, L ORER
FL e T 5ERHEED—HTh 5 (BITH). 2L T
FERFRBE 2 ORE L EREETH 205, BE L
INRBE SRS 3 DUA TV S, & HHAIOERE
& (Al) TRETEOMS I TR TH 20, BEIIMOER
LoofELTWS, FhiLT, BEED I >OY
#EE (A2-A4) X B grwoth triangle 25> T8
D, EVBBMOERBETH L Z b b, &b
HEIOBEFHEEIIBREORIRIC L > THRELRY, Z0
EOBEFEV AN v 7 BERER RO MBI EER I
X o TEEEETH 5 (Mitra, 1993) O T, t ¥ YHEE
BOEMEHE 2 2083w, BE LD 3 OEMNEE

(A2-4) WS growth triangle 1 [ 15 BN AR
ThH 5 Z ks, fault-propagation fold Bz gk ERER DS
HEIN, PRELHBEOITNEMMSY 2 KBLL 72

240 255 270 285 300 315 330 345 360 375 390 405 420 435 430 465 480 495 51

fault-bend fold TR W I b » 3, &bEAIOER
i (Al) OEBIRIZHRED OGO EE (H1) i
XoT, BELOEH (A2-A4) DOEBHIEIX grwoth
triangle DEEB¥E (H2-4) k> THIZ I L TE,
ZNoREKT 2Lk > T, BERIOEHE LK
BHBEF LW E¥hbns,

ARED 707 740 (EI8M) BETHhERIER
BREEEEBEENT5b0THS (AT, 1998).
FWTBICH - TS L5 Bl i3 EER T growth  tri-
angle ¥RBH 5N %, 22T ZFOHEPEEHINEE E T
R OYE BB DR s, AT 23 E
ENTWBEESIKEAZ S ZEH» 5, fault-propagation
fold W ERREEZ oh 3 EL2R). 72771,
grwoth triangle ®_EZRIZ A5 - THEF OISR &
5285, HMEDHEIERD FRFCETL WA, Lick
Nk D, ZoXSBERERIEE v OREREOBE)

(Suppe et al., 1997), B\ it trishear EF LD WTFh
THHATE 3,

T TR §>

o

B 17 M BAREEEN OIERNFRE HHRHIEE D 6 B growth strata,
BRI, RDBFEOREWER (Al OHRIITHEBE CRRERIEESEZETH S, ZOREAO/NIELY
BEE (A2-A4) widgrowth triangle?’FBw 55, HEME: L growth triangles SHEE I N2 FNEROERD
ErbkEREEH 1, H2, H3, H4 TR U, SHERHEFSIRE Lie Y Y IV F % Y ANDTF—F T4 T —v g

VHLBEE T WS,

Fig.17 Example of growth strata observed in an anticlinorium off Sakata, Japan Sea, on a migrated single channel
seismic profile collected by Geological Survey of Japan. :
Thin broken lines are axial surfaces. The largest anticline (A1) shows growth by backlimb rotation, but the
growth structure is obscure in the forelimb. Growth triangles are recognized on the forelimbs of major
anticlines (A2-A4). H1, H2, H3 and H4 are stratigraphic positions at which anticlines have started to grow,
which are inferred from the rotation of backlimb of A 1 anticline and growth triangles.
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%18 B RBREWE A By (&g, 1998 X D 5(H).
EREERD, BTHWRSPBELWETH S %2 bh 59, growth triangle f35 Bl 2K T 5. 2 2T,
Suppe et al. (1997) dactive hinge zone®DF 2 %FH L 7-BR 27,

Fig. 18 Seismic section showing a kink band associated with Osaka-wan fault (Yokokura et al., 1998).
The fault is presumed to contain major strike-slip component. Large-scale flexure zone accompanies growth

triangle that can be interpreted by hinge zone migration model or by the trishear model. Caption is based on
hinge zone migration model.
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fTohTway, EEEOFMz L Lizfle LT,
AV T FIWVZTEEED T v AN—XHE (Transverse
Ranges) TOWFREEHEICHNT 5. 72 ) 2 EEBRC
BoTHETBH Y7 Y RV T AWBIRO S > Y 2 VR
LT big bend & FEIEN 2 HEINOHT LI D B34E T
TW3 s, ZOW~FEEEN RS RO B BRI A
KIS0 ERTIMBICERE L, b 7 > AN — R HIHTERL &
7z (Yerkes, 1985). Namson and Davis (1988) i,
AMFEEDTD /s NI REFERR—) > 77—
FEFEHLT, o7 P v 7 aBoitEin s irEs
Mo CHAIDO N7 Y ANN—X I EE T 2R &
123km D/37 > A ¥ 1-FALME %2, HE DR S BMR1EF
& h, B v YBEH Ofaultbend fold & U fault-
propagation fold IZ & - THEMEESFHEEL I LWk
EDETIER LT, ZOWEICE, HTH km 55+
km DT I vF A IR ENLOIRELIET VT EZE
DOETHRET2ERBEDREINTW S, HiEEE 8
ToT % Z LI & o TiFE200-30077 4 i #153km HiE
Lic EHEEL, BfEE217-2Tmm/y E REb -7z, %
725 v P THIROBRELE W Z L 236/ L 7-. Huftile
and Yearts (1995) 1% Namson and Davis (1983) Dt
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