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REc B
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® R Preag A

S

73wt 4 4 (active anticline) T Ry B 2 3 & PR ANITERE L3R ETR

F# (fault slip) 1M 7 it RAT R - AT T 7305 T AL & B &5y
ﬁf‘ﬁ P BT RY TR R o g R 2 B R R R o AT e - B EGK O ¥TR
R 0 RIT M A F RS A e a0 JLaFE T IR Tk Ap M A
M2BE 3G R A B M blof K KT RS - R g (e
(buckling) »cfls > T7 @ FAlafrtgicc A B E T { % o AR~ H)
(boundary element model) » /& 7 f-k T e % s8it K (elastic layers) & B i & chix
BT ARG L TR B T R SR A R BT R el ¥ R
/ﬁ’% o W AAT L B i 2T ApRETk B ¢ A4 (fault-cored fold ) SRR o 354 F
AT LpE AR (TN R BRS) hs DIT R et A R
Rk ?f‘ﬁ (localized ) 3| @ % Ak % Al L o AP )% o oie HE3] 4 2 W T IR
p? ' Big Horn Basin 7 Pitchfork # AL:ig {7 #03% > 2% 7 # & Pitchfork # A a5g & 8
ARG S REFAPRET A g'ﬁvj'ff,ﬁ(1oca11zation)fr4ﬁ+§;r—;»_r E RN

BT 48 0T a5 A AL Wk b e o gt s A i > sE Y 5
1985 & % F4c ' ¥ %% Kettleman Hills # 412 2k 2 F 2= 037 0 25T

FAABT iy 5 B EUTR A 2 BT BT 5 1985 E e BB ARA 0 T
A AT R U A 0 B84 I2% (dislocation theory ) it A5 f% 0 %4 &
iR

U @I 5T 4 A 2S5 ( Department of Geological Sciences, Indiana University, USA )
2 FII%"FTEZ'E[S;‘a‘i*’ij“%[%E»ﬁ‘? (Institute of Earth Sciences, Academia Sinica )
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Bo N (crustal seale) U ALRLET - =9[R :Z"w R R
E‘U?ﬁ'%ﬁ’ﬂﬁ’?@ I AT BJ%P 7o = LG B Fug}y{o[rﬁ” ‘J%‘, EARIL
King and Stein ( 1983 ) ~ Stein and King (1984 ) * Stein and Ekstrém ( 1992 )
?Eﬂ”'r?ﬂ"\[ﬁSZIJJ[[J‘I‘IFI'ﬁﬂEmCoalinga ;F‘T%[ & Kettleman Hills ;F'T%J kL - YRR
5 Ellﬁfﬁ?ﬁlj\ (RETEE e AR Ry o (9 (PP R B Elj?ﬁﬁifﬁﬂ
I [~ 9945 1983 F Coalinga PYBE] i S XE I BE S -

fie L VRN EIijF‘J‘,%‘] <RI fk%fl %’r%#iﬁ%ﬂ’r@%ﬂ@%ﬁ’ [ﬁjﬁ%ﬁ:% Ko Ty
W%Féf%ﬁ?ﬁ??ﬁﬂi ( fault-related folds) ElfJ?—'rI?'?j > Y Myers et al. (2003) #]*']
4 i AR p J% it (dislocation in an elastic half space ) & » Jj T’Tiﬂ /4% & Y
W ﬁ[ﬁﬁlfj T VR R RURAY TS - Mynatt et al. (2007 ) I[[F-%fRaplee
Ridge ;F"J'J’él AU (RS - T F R 7 R (boundary element model )
4 G 2 Rl o e R R D A T%‘?Eﬂ)ﬁl'%’}‘[‘[ﬁ\’ﬁjﬁfwi Laramidefr] ]

(Al TBR R E( i Y= 56l ) 7 RY iU Raplee Ridge H%‘l ot R S
B TERS s

S R el e R PO TR - g e P iR M |t 3

KL o F | :LH\ @_Fgf/ “%Féﬁ%ﬁ%/ﬁfﬁ ?*Jﬂ%{ (active fault-related anticlines ) [V {f %
fE e fl iﬁ’?‘}ﬁlfli*’i%?ﬁﬂ‘[ = JRE A ORISR BT PR R A S
BpEd "Ffv&[l AN H%YE[HHE*J’IHJ_R IK%F@F“?F;”} (fault slip rate) o &
(7" Grantetal. (1999) [BERIF [ }&Hﬁam (REFEH R
TS B E R P R RO Py R %ﬁ[ﬁﬁg—f o FRUBE IE? P A
T+ _[B% San Joaquin Hillsy&l ﬁE‘TEJﬁp‘[ & o T%JEH:Z(%_‘\ I{@f%ﬁ‘ﬁw 3ﬁ%§,g;: o
Ishiyama et al. (2004 ) &HEFFIA | lfﬂKuwana ;F"J'?’Qﬁ% I:?%%%@Tgﬁﬁ KA
U PR O S Kuwana P11 PREUE V725 - Shaw and
Shearer (1999 ) » Shaw etal. (2002) #]|*'|Shaw and Suppe (1996) &'
[ R RARLA RS PURTE 19875 FUWhittier Narrows 5 ( 9] -
Lin and Stein, 1989 ) [l > ﬂ:ﬂ 7F/¥§¥4\%7 AHF‘/’%&?J Fr B B AR et
( Earthquake-induced fault ) —Puente Hllls%tl 1_%?%* ( blind thrust fault) - #&
O R 500 38 4 R TR T 98 S T -
Allmendinger and Shaw (2000 ) F[]™[= &5y pviEi @b SR ( trishear
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kinematic model ) T%["Ef[Puente Hills%fﬂ%’#ﬁ (blind thrust fault) Elflﬁtﬁ‘i?ﬁ’%
Bl o

YRR (15T (SRR (] T
@ﬁﬂzﬂgnm H Ikgr%#ﬁ\uﬁ%?’?éf TEWE AP IR e e
iﬁﬁi}pw’w@ o T {'?J? Vetet Fipu st 1o (=2 WFE#F"??’%WW@? e
E R P SRR EH - R E IR BT PO R H Y A
POt (] o HE R (eH] F'JW%‘%‘T” ( B9p = Johnson 1977 5 Johnson and
Fletcher, 1994 ) B M4l SHRA LY 2 A £ ﬁfd% [Fil = E5- 1 iR 7o
Erslev and Mayborn, 1997 ) &= %’f%*rj;dq“k?gﬂi'wéﬁ‘lif'%/%[%\*@u.ﬂ fl o
Wlpﬁ’r@ﬁfdw@’gﬂl'm PP - 'ili TR T R e |35k -

R IR ERL A %*?ﬁ‘”"b?ﬁﬁl‘ﬁ“ PGl 5 pV R

EH{%‘?@E[I%FE#YF%F&EUF’?W%]EI\JF?% R PR A N IS PR
= SR RE o ﬁ%‘[' A~C1Ey 12 ¥ ¢t (mechanical layers) > 7 H[J7 9t 1 (=
BITh o TR U Y o TR 2 32 E ) (no resistance) 0 FTARB
Fli— BV (e o - D~FHU MR EE e P s i e
P AR » FD B[l B (RECHIE [ A [lIORBEE
S R (R0 T T B E2 1% ORI o o g
3?. 2E1 £5,0. 3'%&”%@?]%'2% T qgﬁl BH]E[J?{?%}H‘ VIeY r"%’r%ﬁﬁ%ﬁ’?g%
ARG > PTG (R o R R ﬁﬁ'ﬁg“iﬁ*%ﬁ'@[ﬁﬁb Af[ g
3ﬁ'%guﬁ'ﬁ[ ° T q%‘\'* Crlipuwafk » FL 2 Ay EJTf“fl il (initial perturbation )
U5 T AR 219% 7 T o [ D~ FIU AT by -2 A~ C
FFEIEI',’FIUEB?F (loading) ™ - g BV RLEIASIGE ! « (W~ BEEERVESSF > W[
E”I?*F'["EE' (flexural slip ) SfRARLTYFZAVRYE » 10280 Ty RA LA AR e i
B O NS R o [ CEERRYESSE o M ()
(buckling ) FESSFRAPTTEFURYAY « Wil CIIPVRAPLY RS 2 B > 5
(il FHET 5 [l FRIVAS 250 B0 308 o el i > [l AZEDRVESS > a iy
%Féiiﬁyﬁ‘&ﬁfﬂaa}ﬂﬁllp“ f&\&vﬁfﬂﬁl‘f“éﬁ SRR TR AU RY Y - PR HERp (R
Ml RS R F?fﬁfjﬁl??%&'/??ﬂf o Z BRIV R B -

EMEE - B R ﬁl}%—ﬁf{ﬁg ( boundary element numerical
simulation software ) ° F:j’zﬁﬁ\’ﬁ%‘ff ,I‘}@%Fg?%%ﬁ%gﬂéﬁgi@% TS A
R IS+ ] USRI - 41 e e 5
PR+ SL (3 B R 7 PR BB S Pl Big Horn Basin s
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LaramidefRj 1] (- A[WLf 1 57l R ST= Al ) JI4’?‘}ﬁ’l51Pitchf0rk F“J’* o I H“-Jﬂl’ﬁllp
HI S T RO S IR S Pitchfork TR B B i
fiY (localized ) F]’%H@yﬁl[n ﬁ’l‘b??ﬁhj%’[ @FIJTE[[ [f' Hyiﬂj,%z?}} (-]
B PR RO B R ) IR P A RSB AT
fKettleman Hlllsfﬂ]&lﬁﬁ%{ﬂ YBYTN LR By R URS I B ER o

A NER (D) BB
W7 /% sk R 4% % 0.30W
0 TN 0

B- 4 g}él TW;@]%«&]% 4 fﬁ‘ra i Sha A o K F oA s H kT W L
A dek R SBEE BRI KT IRGREDIH > TR R o Bl A~C
SEERE RIS S BD~FiBERFdH - Emhmm Lp 2 o

Fig.1 Models of folding of passive markers or mechanical layers in an elastic
medium. Layers are horizontal at onset. The layers slip freely at contacts
(A)-(B) and bonded (no slip, passive markers) in (D)-(F). W is initial fault
width. (A) Fold formed by fault slip and buckling after shortening of 21.5%.
(B) Fold formed by imposed slip on the fault with no horizontal shortening.
The fold is produced by imposing the same slip on the faults as in (A). (C)
Buckle fold after 21.5% shortening. The small deflection of the layers after
two increments of deformation in (A) is introduced as an initial perturbation.
(D) Fold in passive markers after shortening of 21.5% as in (A). (E) Fold in
passive markers due to the same imposed fault slip as in (B). (F) Passive
markers are initially assigned the same small perturbation as in (C) and then
subjected to 21.5% shortening.
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MEERFEERNEDER NEHR

ERE TR (Rl Y SR (AR S INE S ZﬂzlE'JB"rFé*ﬁde"w%l » IIPYT
AP R LN PR B BLRL ﬁ[rvfd TGRS 'EJ?F?LI BT A - %%FEWLFF'[
FITE J'F”J”vl Hﬁf MTFE*F%FEJH? R RE I o 5T ] B BT e R (fault—bend fold )
BrieHE R Rk (fault-propagation fold ) F/Mr%*ﬁj,ru??ﬁﬂc (fault-tip fold ) » £l
ﬁ%éﬁgﬁ%&’ﬂc ( forced fold) %Féfﬁﬁ@ﬁﬂci:ﬂ é‘ﬂﬁ SriT —Grpl — BT

(flat-ramp-flat) #E[VEIEFEENH) Y > F=UA [l EIUE[ ek [
R R G B B (Rich, 1934; Suppe, 1983) < e B ALY
Bret i i TRk t'['ﬁr@puﬁ*?’& ol ik b IIEB i s j'ﬁ'ﬁ'rfgn“ FLEL I A ok
fuAgT) o Eﬂ%%éﬂ?%’&ﬂﬂﬁﬁiﬁ% F?ﬁif?l (T ﬁlﬁ%%@ﬁ'“@n Jadiid o Suppeit
1983 F i TG gH il v i b BRTED SR8 l“‘difﬁflfﬁ?g}'ﬂéﬁ}"ﬁ%‘r@l o = Mg
i (fold hinge D [« =BT 1 i R SEHET [~ 17+ 2 7 Rl oAsL=" [J;”?" } Suppe
ST E TR L 1 TR ERYE o E 1 gy ?F' B VB R R A e B X 1id 2 4QH
Il © Suppe and Medwedeff, 1994 ; Chester and Chester, 1990) - = E'JE,JQ;I*J
ETEERLEY (1Y) ¢ trishear kinematic model 5 Erslev, 1991) v 3T v ﬁ’l
IR B2 2 Ppfls > [N 2 5%5'5“ it LR (rounded ) [YRARETTE - Ry
RS Y It ﬂfrf;fh 4 4 L B S A W I R -
£2 1aisk J%Fé*ﬁ)’d?‘ k?gg& (B VA ol o SR A S 55 A AT D L
TF I o B AR (P | (ramp foldmg) » o A BreHEPT A B (=P | (fault-bend
folding ) - 7 ¥4TF (homogenous ) s * (linear-elastic ) Eﬁ/f#ﬁﬁ[ﬁk (viscous )
i BYpY }JE’Z%WU » =IHl1Elliot (1976 ) ~ Wiltschko( 1979 ) ~ Berger and Johnson
(1980, 1982) Johnson and Berger (1989 ) ~ Kilsdonk and Fletcher ( 1989 ) -~
Johnson and Fletcher (1994 ) * Savage and Cook (2003 ) sZ&L s o — E5&f
tfﬁlﬂgfﬁféﬁ??ﬁﬂc (forced folds) [iv7sSABLR]* =1 5T % (Sanford, 1959 ;
Reches and Johnson, 1978 ; Patton and Fletcher, 1995 ; Johnson and Johnson,
2000) -~ ¥THA fféﬁ'@rﬁ F3F (discrete element method ) g7 Pl r | F Sl ¥
f 7] 25 55 #7( Strayer and Suppe, 2002 )bﬁiﬂ%%gﬁkﬁﬂgg&ﬁ%@ i ¥ b 1} #%( Finch
etal., 2003 ; Cardozo et al., 2005) ° Cardozo etal. (2003) &f %[ 11 /1
RS f[ﬁ%'fFEﬁLEf%E?f'ﬁ%gifEE'Ji:y} JI T o fmﬂ@?] [FUn A8 E] (finite element
models ) *J=I#¥LErickson and Jamison (1995 ) & " |[Z[Rrid ¥k (ramp folds)
U3 AT e I AL PR 2 Rl S SR B F%f% 3’;’}% s (=R ( passive
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fault-related folding ) ¥4 = > 7 J[|-<T R 5E s (markers ) 7+ %'TF[J‘[‘% (isotropic )
SSTRT £ VSRR [0 i - ASHTT, Y H 9 0 S
k 'ﬁ’r@ﬁf& A%k (passive fault-related folding ) fi*7] 7F’T§T'C A S L
fft 1= I F L@Vﬁ'%ﬂﬂ\fﬁﬁyﬂt o Cooke and Pollard (1997) * Shackleton and
Cooke (2007 ) 3% ¥ 7 85| (boundary element models) H[%¢ 53 #7/g ity il
%’tfﬁ’ffé*rfd”“fé?gﬂl'p“ FUFIR o 8 2 BT AR B (R T > T
Brie EJ’?[ BT SR L 2 EA}CFI [’Efp [rE"@ (plane strain) fi fﬂii% ;
EZEEAY R (non-cylindrical folds ) 57 #7r B/ 3%% (validity ) - Nifio et
al. (1998) ] Jﬂiw%ﬁlﬂ El%krﬁ it s FRE (BH] (shortening ) ™ » £l
ﬁ%ﬂé’gugl BOGHP O E g s R T mﬁ?[gu EEZET U FQF'WF* N
S T [l "F}ii“ﬁ?[ﬁ VIR G

(it ?@ b ﬂl‘é{“%E‘irﬂ‘ﬂ’-ﬁ‘IL”‘JW’ZE?T%”?FTJH%"WQ&EJ R AR
5 éﬁé?gi&l'p“ Frru ]| EII?WF[@ g (perturbation 5 90 /| pugefl )
FERI Y S REAE T O B e pu B (R R A ’Ufaa%?w'g Y
AU (7900 2 Biot, 1964a, 1964b: Chappel, 1969 ; Fletcher, 1977 : Johnson,
1977 ; Johnson and Fletcher, 1994 ; Mancktelow, 1999 ) lﬂﬂl@'ﬁ%ﬁiﬂ’
TSP B R R TS Camplitude) - O1ffe 7 £ (2] | ¥ W
A F | F | ﬁlﬁfd o

T AR T RO A< S (BTN S “f[ Eo LIS T IR
B (V) - - PERIOR () PR s T wﬁf
é‘i?f{]i«i“‘:ﬁllflfﬁ%ﬂfi Vi > =i Biot (1961) ® Fletcher (1977) Ei{™
i‘—_r?:f/ ffl 35 PN=" (amplification factor) o [P pd="fL— 3£l (scalar
quantity ) - f' "] JF/\}‘F”I;i%ﬁQ‘__[MfFW T‘WFIFE{“HFH@% f 5 B TS
o

Q‘?ﬂ' AELF|| ' |Pfaff and Johnson ( 1989 ) F F’fréﬁ%lﬂl??ﬁﬁc% T
Ll A AN R SRR A = L o LR et ijl e ]
e A TN AY @Tﬂgfﬁﬁe@ ?ﬁ[fﬁ » DTG BB (frictionless) 0 5d ffJ[JEfQ

TR - 49 L0 R LT BN R BT R

R T EJ[?&WW A E 2 4R (dominant wavelength) ’?F?FJ'FIJj :;liﬁz
S AR BT R BRI B
PRI EH ORI e AL P
U o 8RR T AP FR A -

g g
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SRy B P AOAR SR P | E] T LI'SFE“%* OB R HIBTRAGE (=2 25 PT
SR T RSV HOPE ™ PR B O 72 IHF’L“’FZW%FEH“?‘ (4R
B P AP RERE S PR ﬁ’r%?ﬁ”wﬁ:@f“ o PP R R e TR
BRI R 3 KT IR - SRR Y B *L'%’.‘Eﬁmﬁﬂéif St
CEARIRI R > R F O R o (L ETRRRES S R I Rl
(bonded ) F‘Urﬁ'%FE?LFF'[H'f{J%w » RV -

(A) g |

5 TNN= 10
" \
E 4 T
« N
7% 2 /\\N =4

\\ ”\\N|=|21
. CEAT 1111
0.01 0.1 1.0 10

L/h, & 2 #i& k&)Lt fE

Bl= (A) ZRFEAFA T g2 2cx F 3 2 EHHEE B R BB
e FF S AEAHERER - EDSB FEET D FE o KA
FiAple candbiFtt o (B) A7 A 5 TXLERAF e FDOR G| - 47 & & &
(N) % 6°

Fig.2 (A) Plots of amplification factor of periodic folds in viscous layers as a
function of wavelength, L, normalized by layer thickness, h. N indicates
number of layers in multilayer. Layers slip freely at contacts. Layers and
surrounding medium have the same viscosity. (B) An example of a multilayer
bounded above and below by semi-infinite media. The number of layers in the
multilayer, N, is 6.
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NEE R ESEAN R TRER

251 B0 R Sk ORI RS P
T IR OLIE] » S B B e TR A (0| e A
IR S 0 R SR S B R L e
Bho 0y 5 RIE IS [N AR 5?17‘“3"#IE'PJ,T“?FE“VFQPUJ"'| ( discretized ) »
T E R ko AL RS o [

3.1 EXRFE

PR L1 L T R PR R TR B kL IR
J?Hu PR 1 5 TR T o [ o (A R SRR g Fir,]?}ﬁ[?g
SN ﬁ”fﬁ‘ﬁ“?[ Eﬁj?pl"“ﬂ]}lﬁ‘éﬂﬂfﬁi Y (R 8 59 Tt e v e F”Efyﬁ?l
et > 29 TR (shear strain ) SR I (1 iF;L%%F@?L ’ iﬁ’;@;@l’fl
H iy ,'glljgygﬂF@ﬁlﬁﬁg.éﬁgmgl% . Céﬁ?}%ﬁﬁlfj‘ IS ERTRR > AR
FRFEE A ER ORI PR RO RSEER R R
S B e R o 2 T T R
BYEE o
25 Pl g 1+ e o LR e ] ?Féﬁﬁ'ﬁlfﬁgﬁ%@hl H B R e proi X 4
o [ AFIB R HISL A POBLE AL PRI - 55 IFEJﬁFﬁ?I s B
JFE:' et FIHE PR T i e T T AT SRR g S T EﬁLP[dé“;’FIE b
o I = FER] YT A PSR R o PR R RS RS  ER R e Y T
TIERE T o~ B JF e ISR %[ izt i (Coulomb friction
law) , #d|z|<C + po,, » TEN1 3T T (shear stress) , CRVEEHR Y
(cohesion ) > u Eb/HEE 8 ( coefficient of friction) ¥ o, £l I—[ﬂ [T (RS
FVL-ff) o AUV D BT (medium) [l Eﬂj‘y 10k B 1| R A
1#7E! (increment ) (B(%‘L A) |y rj:YF”i} %r'¢t (detachment fault) 20— ?ﬁ’
217 £ (q&,ﬂ: B) - f@ﬂ[l%ﬁ*ﬁlﬁ‘)’iﬂ{*@f&'l pugyE-d [y (shear traction ) %H'@j
TIRUR B o TR D R T (R e (dissipate) #
HiAY TR 'E’ g{»l}l'jy'!é)]fgl»l}l _JJ JTg;I ] A I E E“F"J N E[fj%[%/ﬁ;muﬁ I
et PRV EESRCT e MR RS EY (P P SR AR P PR TR T ﬁ[ﬁ fiv
W o BlPfaff (1986) * Pfaff and Johnson (1989) "= " F 1IN
FOREIE ™ B9 PO IR 7 R 5 R R
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fF o W T s S A g ﬁﬁ‘?“,ﬂ%‘rﬁl fYH HIEJ{L??FJ ( kink-bands ) °
SR A TS FUR O O B VR (frictionless ) I RUEER T
(cohesionless) [Uffipl » #AC = p =0 Wt@lﬁﬁﬁﬁﬁﬂzl'ﬁ[i A E=2

FE BORFVEATIET > R0 b WP (e | S5 B o (L B R R O

B = grréiﬁgqia:«mﬁ%gq%yoa;%,; e AR - BT, A (- S
Tet @B mBr ST FH - o BB LA FAZRELER o (A)
TG gD o U R H R o (B) #H A o UF 50 T e

FHE

Fig.3 Geometry and boundary conditions of two models of a fault embedded in
sedimentary layering. Notation is _: stress, BnB: normal traction, BsB:
shear traction, PffP |  remote strain and S: uniform slip. Undulated edges

indicate that the medium extends to infinity. (A) Embedded fault case. The
loading condition is horizontal shortening, i.e.P ffP BxxB. (B) Ramp

fault case. The loading condition is a uniform displacement applied to a
detachment fault along the lower.
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+ 4 ?Ié[“ FIVES (M8 s o 3k mxp_}ﬁ«ﬂﬁ? 1 2B i ( linear elastic
theory ) » B[R bkt 5 7 o[ B prasm B SRR (far-field compressive strain)
* F’?IF_L’?’VFU AREY s PITRE  SEI RN [ RIS YERY AR, B RSN PR
TR ™ B E‘JﬁrFé?LFF[ P B R 1 R S Bl {2 %gy%ﬂﬁg"ﬁﬁ
ol 350 o SR A EORYRLES PR L %A | ER@ (infinitesimal
strain ) [IV3% cﬁﬂff* (edge dislocation ) ## » {FI7% 2 — WhG 5L BT R a1 s
g ( far-field strain) Eﬂf e i el i T’d?ﬁlF, JJF’?IHF‘/EJJI%»R[??TT? ’ 1?; =l
B TG AL R R TR T E ]EIJF{ R fi ’E’TH[F'U’JT,E\_JJL'iﬁiﬁji%%ﬁjﬂ*f”ﬁ
fre BETSMTIeE F'ﬂ’[i%fjjfﬁﬁ['r = ELjﬁ‘g}‘ﬁjﬂ ’ ﬂﬁﬁ']fﬁ[FE?LH'?".WE\_JJF'WF{J\ﬁ@P’ift
AN AT R RIRERV YRS (B (micro-cracking, {7IY[1: Meglis et
al., 1995) -~ Fﬁ#’ﬁﬂ VELR 35 HﬁJ?F’El*J ( grain boundary sliding; fJ]9[' : Langdon,
1970) -~ %ﬁ#,ﬁ\l%’?‘/ (twining, {J]¥[' : Yamashita and Ojima, 1968 ) ’Efitig‘[
(5] ( pressure solution, [J]¥[l : McClay, 1977 ) B’F?ff”l FY | Adi FF# =

(recrystallization ) ( Sibson, 1986 ) =7 = F = YRAV Ak &l JI&WELJ@%EH' ’
2P LR E“lﬁﬂfﬁ&‘ﬁfﬂ‘{ﬁ e = F“ B HH I o PHEEEY > 2 (MY ik
SR ERER T O ARy PR - DI 2 50 Al U SR A
s 5«
F=9F > T A Y POBLEEETE 2 55 iU s AR TR T D EE0.02F5 7
0. 2FU’E@EI £ &ﬂﬁﬂii’ﬁ%?“ﬂ iy = ]fﬂ\ o KN FFA2FD - 7 (MR
PPr=Eh SR AR SR FTFl 1 w3 AR I R A O A N 0 :f* F Ry SRR pUSETE A
M p A %\'4 [ o E A LHHF'F 0. 02E'LJA$5§J’J:§@‘+ET;EH ?i?ﬁﬁiﬂlﬂ’?f@
El EIJB«LﬁfU = ]‘F—LFF[' ELEERUESESS .
3.2 @RHM

A Rl AT R pORBLE R BT RIS T 20 e B AR
[ IR R SR T S e TP T SR e |
EEIOIEREEL R (= A) o bl MR EREET — Gl — e R ()
ramp fault) SRS o A 4GSR SR O
P i - 4 SR (semi-infinite ) Y7 ;’31%?%“‘ e MR
CSUSARINHESE Gl e (YRR R A (e N S‘“E} i 7% ( uniform
displacement ) ( ﬁ%ﬂ‘f B)
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g R LI > 25 17" Crouch and Starfield (1983) fri i i 7%
T aaEE (displacement discontinuity method)}[ﬁ’%’%@ﬂifgﬁlj} R R U
Y I SRR Celement) Tra 75 o 25 PR ELF L7 472091 9]
79 (shear traction ; JJ ]/ 3=El v "FU[FJE'E’?F T SEVSTEN) R
ST VI EFF B e T }JF[J%L TSR R FIEN
B s R Eul_ 7 S T BT R (R 7 RTA
= g,s'sl .

T lﬁ[“[ﬁﬁijﬂi JRVEF = (1) FrEpn gff%ﬂ‘—t‘r”ﬁiﬁd[J
'?'\L*[fljff,ﬁ o (2) fTEV{E T G QIHI Q= SRV R e
4[79 (normal traction) * .57 J[7s > AT PR e (3) LR Fakpu
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Fig.6 Models of a ramp anticline. W is the width of the ramp and initially dips 25°.
The maximum fault slip is the amount of displacement applied to the right of
the model above the detachment. Material above ground surface (Y/W =0) is
eroded away. (A) Ramp-cored passive fold (layer interfaces are bonded). (B)
Ramp-cored buckle fold (layers slip freely at contacts).
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Fig.7 Comparison of amplitudes of folds in Figure 4 and amplitudes of fault-cored
passive and buckle folds in full-space media. The amplitudes of the buckle
folds are approximately twice or even greater than the amplitudes of the
passive folds. The amplitudes of folded interfaces of passive folds increase
with layer interface number, that is, the interface is away from the upper fault.
The amplitudes of folded interfaces of buckle fold in half-space medium
decrease with layer interface number. The amplitudes of folded interfaces
of buckle fold in full-space medium increase firstly and then decrease as layer
interface number increases.
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Fig.11 Reconstruction of the Pitchfork anticline based on the combination of surface
data, well logs and a seismic profile, where Pc is Precambrian, Pa is
Paleozoic, Me is Mesozoic and Te is Tertiary. Numbers above each well
indicate the distance it was projected to the line of transect. The location of
this profile is shown in Figure 10. Formations are projected above the ground
surface to show extent of strata incorporated in the folding of the Pitchfork
anticline (Durdella, M. J., 2001).
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Fig.12 Comparison of the Pitchfork Anticline and results from the passive marker
model and mechanical layer model. (A) Pitchfork Anticline based on the
combination of surface data, well logs and a seismic profile (Durdella, M. J.,
2001). (B) Passive layer model. A broad asymmetric anticline forms above
the upper tip of a curved fault under horizontal shortening of 21.5%. (C)
Mechanical layer model. A tight asymmetric anticline forms above the upper
tip of a curved fault under a horizontal shortening of 21.5%.
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Fig.13 Geological map and cross sections of Coalinga and Kettleman Hills

(modified after Stein and Ekstrom, 1992). Geometry is based on seismic
reflection images. (A) Coalinga profile with focal mechanism for 1983
earthquake. Hypocenters of small earthquakes are shown with small circles.
(B) Kettleman Hills’ North Dome with focal mechanism for 1985 earthquake.
Hypocenters of small earthquakes are shown with small circles. (C)
Kettleman Hills’ South Dome.
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Fig.15 Comparison of the South Dome anticline and simulations. (A) Profile of
Kettleman Hills’ South Dome (profile in Figure 15c¢). (B) Result from the
mechanical layer model. (C) Result from the passive marker model. The

anticline in (B) resembles the South Dome anticline better than the anticline
in (C).
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Growth of fault-cored anticlines by combined mechanisms of
fault slip and buckling

2

Wen-Jeng Huang" ? and Kaj Johnson'

ABSTRACT

A primary goal of studies of blind faults underlying actively growing anticlines is
assessment of earthquake hazards associated with slip on the faults. It is generally assumed
that the amount of slip on the fault is directly related to the amplitude of the fold. Under this
assumption, the potential for earthquakes on blind faults can be determined directly from
fold geometry. However, anticlines grow over slipping reverse faults can be amplified by a
factor of two or more by the buckling of mechanical layering under horizontal shortening.
Studies that attempt to estimate fault slip from fold geometry may therefore overestimate
fault slip by a factor of two or more if the contribution to fold growth from buckling is
ignored. We construct boundary element models to demonstrate that fault-cored anticlines in
mechanically layered media subjected to layer-parallel shortening are not built solely by slip
on the underlying fault. The amplitude of folds produced in a medium containing a fault and
elastic layers with free slip and subjected to layer-parallel shortening are 2-5 times larger
than the amplitudes of folds produced in homogeneous media without mechanical layering.
We compare the model results with data from fault-cored anticlines in the western United
States. The Pitchfork Anticline on the western flank of the Big Horn Basin in Wyoming was
likely formed by the combined mechanisms of fault slip and buckling. Geometric features of
the Pitchfork Anticline such as a localized anticlinal dome shape with tight hinges and
amplitude that increases away from the fault tip are characteristic features of buckle folds
produced in our numerical simulations. The coseismic uplift pattern produced during the
1985 earthquake on a fault under the Kettleman Hills Anticline and subsurface fold

geometry of the anticline inferred from seismic reflection images are consistent with folding
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produced by the combined mechanisms of fault slip and buckling,



