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CTpyKTypHble 3anemMeHTbl HagBuroBsoro nosica (De Paor, 1988, NpokonbeB u ap., 2004).
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Cxema ctpoeHuna Hagsurosoro komnnekca (Coctasmn A.M. HUKMLWINH).
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[1Ba OCHOBHbIX TUMNa NocriegoBaTesibHOCTU POPMMPOBAHNS HAOBUIOB

A. HopmanbHas (ppoHTanbHas) nocnegoBaTenibHOCTb (hopMmnpoBaHus Hagsuros. Pamnbl (HagBuru)
CTaHOBATCA NocnegoBaTeribHO MOJIOXKe B CTOPOHY HanpaBreHUsi ABUXeHUsA
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B. O6paTHas (TbinoBasi) nocnefgoBaTenbHOCTbL hopMupoBaHus HaaBuros. Pamnbl (HagBurm)
CTaHOBSAITCA NocnefoBaTeribHO MOMNOXe B MPOTUBOMONIOXHYH CTOPOHY HanpaBrneHUs ABUXeHUs
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MmOpurKaLUMoHHbIE BEEPbIl U OYNNEKCh

* IMOpUKaLMOHHbLIN
Beep

— Cuctema HagBuros ﬂ

CBs3aHa ¢ ooLWnm
Da3anbHbIM
netTaymMeHToMm

KpoBensHl HapBur ¢ ,U,yl'l JNeKkC

MoaoLLBEHHbIM HaaBUT

— Cuctema HagBuUros
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KNACCUPUKALIMN HAABUTOBbIX CUCTEM (Boyer, Elliot, 1982; McClay, 1992
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Tpu TMNa COOTHOLLEHUU
CKNnagokK n pa3nomoB



Tpu TMNa coyeTaHUU HaABUIOB U CKNaaoK
CKInagaKu cpbiBa

_——\

X okoHuyaHue pasnoma
demaymeHm (cpbie)

CKINagKku npoaBuxXeHus (nponarayum) pasnoma
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cKnaaku usruba-HagBura (paMnoBble CKNagKku)
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HetaumeHT

FeomeTpuyeckne moaenm WeBpPOHHbIX (A) N KOpoBUYaTbIX
cknapok (B) cpbiBa (Mitra, Namson, 1989) n ux npupogHbie
aHanoru B lOpckux ropax (Woodward et al., 1985) (B).

(I') — cxemaTnyeckas moaersnb CKNMaa4aToCTU CpbiBa C MOLLHbIM
crnoem NnacTUYHbIX NopoA, B OCHOBaHUN KOTOPbIX
cdopmupyetca aetaumeHt (1, 2 - ctagun npouecca).



F.O. Marques / Journal of Structural Geology 30 (2008) 29e38
A Top view

— |25 mm Piston Displacement".

Antiformal

B Side view

50 cm »
»

«

Deformation after 25 mm piston displacement, in fold-first mode. Rectilinear piston moved from left to right at steady velocity. (A) Plan view photograph
(under low-angle lighting from the right) shows structures at upper surface of model. Free surface was initially flat and horizontal, and there was no erosion or

sedimentation during the run. Buckling propagated from left to right and died out in the same sense. (B) Sketch of side view.



Cknagku cpbiBa

1) BpalueHue KpbinbeB 2) Murpauus KMHK-6aHAoB 3) BpaweHue kpbinbes
WsMeHeHUe HaknoHa Kpbinbes  CoxpaHeHue HaknoHa Kpbinbee Y MMTPaLMA KMHK-6aHAoB

CoxpaHeHue OnuHbl Kobibee  MaMeHeHue OnuHbl Kpbinbeg — /13MEHEHUE HaKiloHa Kpbiibee
U3meHeHue OrnuHbl Kpblfibes
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modified from Poblet and McClay (1996)

Craanku cpbiBa. KuneMarnyeckue MOIENH CKIAJOK CPhIBA BKIIFOUAIOT BPAIEHUE KPBLILEB,
MUT'paLnio KAHK-0aHIIOB WJIM KOMOWHAIIAIO YTUX npoueccoB. Yaiie peanu3yeTcs MOJEIb C
BpaleHreM KpblibeB. From Shaw et al. (2005), after Poblet and McClay (1996).
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Ckuaaku cpbIBa. From Shaw et al. (2005), after many others.




Cknagku cpbiBa

* OxHoO-Kacnumnckum baccenH » [lBa OCHOBHbIX YPOBHS1 A€TA4YMEHTOB:
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[Mpumep npegnonaraemon cknagku cpoiea (AnbmeHguHrep, 2011)



Fault Propagation Folds

Cknagku nponaraymy pasrioma

« CTpyKTypbl OPMUPYIOTCS Ha
OKOHYaHMM pacTyLlero pasnoma

- Cknagku obpasyloTcs Kak peakuus J_\
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« Animation developed by

Rick Allmendinger, Cornell
Univ., USA
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Cknagku nponaraymm pasrioma
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CkanucTtble ropsl, KaHaga

ATnac, ceBepHoe Mopokko (Al
Saffar, 1990)



FeomeTpus B3OPOCO-CKNaaokK (CKNagokK npoaBuXKeHNs HaaBura). A -
Mmoaenb popMmpoBaHUA B36POCO-CKNaaKku Npm oTCyTCTBUMU
MexcrnoeBoro casura (Suppe, 1985). b - mopdonorusa B36poco-
CKNaAoK C pa3HbIMU BUAAMM MEXCNOEeBOro casura npum
OAWHAKOBOM Yyrne nexa4den orceuku (0) (Mitra, 1990). 1 -3 -
cTagum hopMUpPOBaAHUA CKNaaoK.
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Constant-thickness fault-propagation fold. In this model, the fault propagates up through the
section, with a growing fault accommodating shortening above the ramp. The intersection of the
crestal axial traces defines the stratigraphic position of the fault tip, which is located along the
synclinal axial trace. From Shaw et al. (2005), after Suppe and Medwedeff (1990).




Kinematic Models with forelimb thinning

with forelimb thickening
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Fixed-axis fault-propagation folds. An alternative model allows the forelimb strata to either
thicken or thin during deformation, resulting in different fold and axial-trace geometries. From
Shaw et al. (2005), after Suppe and Medwedeff (1990).
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growth triangles

) , —————growth
A— f\ .. strata
Fault-propagation fold. Growth geometries during fault-propagation folding when sedimentation

rate is faster than uplift rate. The forelimb has one growth triangle and the backlimb has two. From
Shaw et al. (2005), after Suppe et al. (1992).




Trishear cknagka nponaraumn pasnoma.
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Trishear fault-propagation folds. Another variation of fault-propagation folds is produced when
there is distributed shear within a triangular forelimb domain, resulting in fanning forelimb dips.
From Shaw et al. (2005), after Erslev (1991).



growth
_strata

Trishear fault-propagation folds. Growth geometries produced during trishear fault-propagation
folding. The forelimb has fanning geometries in both prekinematic and growth intervals, but the
former have the same thickness in the fold crest as in front of the fold. From Shaw et al. (2005),
after Hardy and Ford (1997).



Forelimb breakthrough

Breakthrough fault-propagation folds. It is not uncommon to find thrust fault breaking through a
developing fault-propagation fold. Although the forelimb breakthrough is the most common, other
geometries are possible. From Shaw et al. (2005), after Suppe and Medwedeff (1990).
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Possible fault-propagation fold. Model fit to data using constant-thickness fault-propagation fold
theory. From Bilotti et al. (2005).
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Exercise 3 - Fault-propagation fold. Interpret the fold, fault, and axial-trace geometries on this
structure from the Adriatic Sea, offshore Italy. From Storti et al. (2005).
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Exercise 3 - Fault-propagation fold. The crestal axial traces intersect below a level (blue) that is
clearly faulted, suggesting that this structure does not fit simple fault-propagation fold theory.
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Exercise 3 - Fault-propagation fold. A better interpretation is that of trishear fault-bend folding.
However, we are dealing with time, not depth data, so geometric relationships can be misleading.
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Fault Bend Folding
Cknagku n3rmba HagBura (pamrnoBble CKNaaku)

HedopmaLnmm B BUCSYEM Kpbine
MPOUCXOAAT U3-3a NPOXOXAEHUA Hag,
Pa3NoMOM C U3MEHEHHbBIMW HaKITOHaMu

3nombl paznoma obpasyoT CKnagku B
nepemMeLlaoLLeMcst BUMSHEM
KpbineBends in fault induce folding of the
translating hanging-wall

— Knaccuyecknn npymep onmcaH B
(Rich,1934) B Annanavax

active fold hinges
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A - cTagun cbopmMMpoBaHNA pamMnoBoKn aHTUKNnHanm (Suppe, 1983). b - pamnoBasa aHTUKNMHanNb
Powell Valley (Annanauyn), cBa3aHHas ¢ nepeckokoM getaymeHTa Pine Mountain ¢ kposnu
dbyHOamMeHTa B AEBOHCKME OTOXEeHUs. C 3TOM aHTUKNUHAanNb CBA3aHO He(PTAHOE MecTopoXaeHMe
Rose Hill (Annanaun, wTtat Bupmxunusa, CLUA) (Hatcher, 1990). B - NTopHocTaxckast pamnoBas
aHTUKNNHamNb, BO3HUKLLIAA B pe3yrnbrate nepeckoka geTayMeHTa ¢ KpoBnu pyHgamMeHTa B
naneosonckne otnoxeHus (KOxHoe BepxosiHbe, BocTtouHas AkyTtus) (MapdeHos u ap., 1998).
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anMepr PaMnoBbLIX CKJTaAOK B 3aBUCUMOCTU OT reomMeTpn HagaBura

Ha[, KPUBOSTMHENHbBIM
pamnom obpasyetcs
N30rHyTasi cknagka

——

KWHK-CKNaaKu
(cknagku ¢ nsriomamm)
obpa3sytotcs Haa
pamMnoBbIMM N3fIOMaMU

C yrnamu .
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CucTtema HaaBUroB, CBsI3aHHbIX
noaowBeEHHbIM U KPOBEJ1bHbIM
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* KpoBenbHbIn HaaBuUr

* [MopowBeHHbIN (basarnbHbIN)
HaaBwur

CymmapHoe cmeLleHune no
KpOBEnbHOMY 1 NOOOLUBEHHOMY
HagBuram pacnpeneneHo rno
MHOIOYMCIIEHHBIM «XOpcamy -
BGrniokam BHYTpU Aynnekca

Bornee BbICOKME «XOpCbI»
nedopMmnpoBaHbl B CKNagku u
NPUNOAHATHI NOACTUNAKLLNMU
«Xxopcamu» Npu HopMaribHOM
nocrnenoBaTenbHOCTN HaaBUraHUS
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KpbiM. FOHbIN cknoH nnaTto Yatbip-Aar.
[ynneKkcbl B OTNOXEHUAX BEPXHEOPCKOM Kap6oHaTHoM nnatcopMbl OB




Mopenb chopmupoBaHmsa aynnekca aHTUPOPMHOro CKy4ymBaHus
(Mitra, 1986). 1-3 cTtaaun chopmmpoBaHusa aynrekca.

BepxHun getauymeHT

V4
HwXHWUN geTadymeHT
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YKopoyeHue

[NogoLlBeHHbIN HAaaBUr



[ynnekcol

*  AHTMJOPMHOE CKyyMBaHne A.

— [lpu cnnbHOU BENMUYUHE
COoKpalleHuns nHansmayarsibHble
OrpaHUYeCHHbIE pasnomMamu
«XOPChbI» MOryT ObITb CKYYEHbI
cybBepTUKanbHoO

— MoxeT dbopmMmupoBaTbCA KpynHoOe
aHTUdopmHoe obpasoBaHue n3
HaABUrOBbIX «XOPCOB» (BII0KOB, B.
Yyeluymn)

— TaKkoe cKky4YmBaHne MOXeT
NPUBOANTL K 3HAYUTESNTBHOMY
CKnagkoobpa3oBaHuio B
nepekpbiBaloLLEN TOSILLE U
obpa3oBaHWNIO PErMoHasribHOro
NOAHATUA B CKNag4YaToMm rnosice

ke, KpOBENbHAA Tonuwa




Cknagku nsrmba Hagsura (pamnoBble
CKNnagKkun) n gynnekceol

 [lpun dopmupoBaHMM AynneKcoB NPOUCXOAMUT:

— Cepl/ll/l KWHEMaTUYECKN CBSI3AaHHbIX «CKI1agoK U3rnba HaaBuroB»
orpaHn4YmnBarOTCA nNogowBeHHbLIM N KpOBEJIbHbIM HaaBUraMu

« CwmelleHWe nepenaeTcs OT OHOro AeTayMeHTa K Apyromy

— bornee monoable «Xopcbl» NOBTOPHO AedOPMUPYIOT NepeKkpbiBaloLLneE UX
HagBWroBble NIACTUHbI

» KomnnekcHas CTPYKTYPHasA nctopua y bonee BbICOKMX HaaBUTIoOBbIX MIAaCTUH

KpoBenbHbI HagBuUr
NMopowBeHHbIN HaABUT
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[TocnepgoBaTenbHOCTb GOPMUPOBAHNSA HAOBUIOB

« [lynnekcbl HopmanbHOW

nocriegoBaTenbHOCTH » [lynnekcbl obpaTHOM

— bonee paHHMe cknagku/pasnombl nocnenoBaTerbHOCTU
NCMbITbIBAOT NOBTOPHYIO — Mornogble CTpyKTypbl cpe3atoTcs
CKnaag4aTtocCTb U BpallatoTCA Hasan oonee No3gHMMN HaABUramMm

— Bebicokuin yron nageHns y bonee — OTcyTCTBYET BpalleHve Hasag 1
pPaHHUX CTPYKTYpP noabem bonee paHHUX CTPYKTYP

— MmHoro das gedopmaumn — OpHa dasa gedopmaunin B
HaKrnagbiBatoTCA APYr Ha Apyra HagBUroBbIX NAacTUHAX
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Break-forward imbricate Break-backward imbricate

incipient thrust

- 1

Imbricate fault-bend folds. The sequence of deformation may be either break-forward, in which
case the earlier thrust sheet is folded by the new one, or break-backward, in which case the initial
hanging wall is cut by a newer thrust. From Shaw et al. (2005).
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TpeyronbHble 30HbI

TpeyronbHble 30HbI 0Opa3yTCcA B
KpaeBoW 30He HaBUIoOBOro

Knaccuyeckas TpeyrosicHa 30Ha
dopoHTa, rae ypoBeHb BEPXHEro

MaccuBHbIN lMnactuHa ¢ naccmBHbIM
OeTavyMeHTa SBNAeTCS 0OpaTHbIM Kposensrsii aynnekc J/K\\K HazBUTOM
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«  DopMUpPYOTCH BaXKHblE NOBYLLIKM
B KpaeBoOW 4YacTn HaABUIOBOro
nosca




MepBbiit NACCUBHBIV
obpaTHbIi HagBuUr
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MorpebeHHasn dpoHTanbHas
TOYKa 3aTyxaHusi HaaBura (TUN-MOHT)
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A - mogenb popMmnpoBaHNA KIMHOBUAHOMO BABUra ¢ obpaTHbIM HAABUIOM BO (OPOHTE
pamnoBon aHTUKNMHann. ObpaTHbIN HaaBUI BbIBAET NPUYPOYEH K TOMY Xe

cTpaturpadny4ecKkoMy ropu3oHTY CKOSTbXEHUS, YTO U BUCAYEE KPbINO AeTayMeHTa
(Banks, Warburton, 1986). b - npupoaHbI npumep Takon CTpyKTypbl, [Npearopbs
Ckanuctbix rop, Anbbepta, Kanaga (Price, 1986). B — ynpolwieHHasa mogens Basura.
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Thrust wedge. Type of fault-bend fold with a lower forethrust and an upper backthrust bounding a
wedge of strata that moves into and delaminates the section. From Shaw et al. (2005), after
Medwedeff (1989).



AHTUKNUHaNb Hapsur
Nanliao Chukou

KnuHoBmaHblEe BOBUIM BO
pOHTE AYNIIEKCHBLIX CUCTEM.
A - TanBaHb (Suppe, 1983). b -
CeBepHbin Ypan (CobopHos,
Bywyes, 1990). B - CeBepHbii
Kaska3 (CobopHos, 1990).
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MpuMepbl pamMnoBbIX aHTUKNUHANEN.
A - KOHCeAMMEHTaUMOHHAA pamMnoBasi aHTUKNUHaMNb (pacTywas cknagka) Lost Hills, KanngopHus

(Medwedeff, 1989). b - BpeMeHHON CeENCMUYECKUIA pa3pe3 paMnoBon aHTUKNMHaNU, Hioncko-hxkepbuHckas
BnaguHa lNpegnatomckoro npornba (matepumansl AO "AkyTckreoduamka”, Npokonsbes n gp., 2004).
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NMpumepbl aynnekcoB aHTU(hopMHOro ckyunsaHua Hroncko-[hxepobmHcKkon BnaguHbl
NMpeanaTtomckoro nporuba (MpokonbeB u ap., 2004): A - OTpagHMHCKUKN AyNnekKc,
PEKOHCTPYMPOBaHHbLIN MO OYypOBbLIM N CeMCMOpa3BeAoYHbIM AaHHbIM (3arneXxu rasa
YCTaHOBIEHbl B BEPXHUX YeLuysX U B aBTOXTOHe); b - aynnekc, peKkocTpynpoBaHHbIN Mo
cecmMopa3Beo4YHbIM AaHHbIM (MaTepuanbl AO "SAKyTckreodusuka”).
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TONCTOKOXas! TeKTOHUKA

(ctTunb egMHON TEKTOHUKU O€e3 CPLIBOB-AETa4YMEHTOB)
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« dopmMMpoBaHME CKNaaKu pacTsXKeHUs
Hag cbpocoM B oyHAAMEHTE

— Haaswur J
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B36poc

« dopmnpoBaHMe HagBura B
dyHOoameHTe

dnekcypa obnekaHus
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TONCTOKOXaA TeKTOHMKA

OTcyTCcTBME OeTauyMeHTa Mexay
dyHOaAMEHTOM U YeXSTOM

— ‘®yHOaMEHT BOBIeYeH’

Bo3aMmoXxHa CcBA3b C peaKkTuBaLnen
CTPYKTYp B byHOAMEHTE

OOblYyHa cBA3b CO
3Ha4YNTENbHBbIMN HANPSHKEHUSMU
cXKaTus




TONCTOKOXaA TeKTOHMKA

Complex deformation associated with

the ‘overhang’ developed at the
uplifted corner of the underlying

basement block

—Triangular area undergoin
complex interplay of both f

and thrusting

o?d?ng

Basement reverse faulting is often

localized on favorably oriented, pre-

existing features

—Earlier basement fault trends
—Basin margin normal faults

(structural inversion)

(a) Triangular
deformation zone
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Examples — Western United States

The Laramide orogeny occurred in
Cretaceous-Tertiary time in response to
plate convergence along the west coast
of the North American plate

Laramide contractional structures may
reflect the trends of Proterozoic
extensional faults

— Regional variation in forced-fold
vergence reflects the control of
antecedent fault dips on fault-
propagation fold geometry during
reactivation
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Data courtesy of CNPC

Trishear fault-propagation fold. Possible example from the Tarim Basin, China. From Shaw et al.
(2005).



Bonbwown KaBkas, TamaHb, OTNOXEeHUA MeoTuca

NHTepnpeTaumsa cuctemsl B3bpoc-driekcypa. A. HUKMwuH
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 Ramp anticline emplaced prior to the

Seqguence of Deformation

development of the main HW closure
» Fault propagation folding on higher out-of- _—
1b

sequence ramp
« Thickening in the core of the translating anticline /7\/

Subandean Fold Belt
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Mechanical Stratigraphy

Detachment Horizons

— Layers of mechanical
weakness relative to the
enclosing stratigraphy

» Typically shale or
evaporite intervals,
although coals locally can
act as detachments

— Zones of localized slip or

al velocity
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e Thin detachments
typically localize thrust
faults

* Thicker detachments
often underlie trains of
‘detachment folds’
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Mechanical Stratigraphy

« Detachment Strength
— Weak vs. Strong

— Variations in thrust belt structural
style are strongly controlled by
the mechanical properties of

basal detachment unit “STRONG” DETACHMENT
« Strong — localization of
thrust deformation on fault
surfaces

« Weak — general ‘flow’ of
weak, ductile layers and
shortening accommodated
by folding processes

“WEAK” DETACHMENT



Multiple Detachments

EXPERIMENTAL SETUP

== Upper cover (5 x 0.20 cm sand)

=== Roof décollement (0.25 cm silicone)

[—] Lower cover (5 x 0.20 cm sand)

mmm Floor décollement (0.25 cm silicone)

28.5 cm ool f 2 Compressional structures formed by uniform

shortening of a layered section containing two

;‘4 T':‘V : ' PSS detachment horizons

—



Mechanical Stratigraphy

* Multiple Detachments

— Complex mixture of fold
asymmetry, no consistent
vergence (asymmetry)
indicative of the tectonic
transport direction

— Lack of correspondence
between structures at upper
level and those beneath

» Loose coupling between
deep structures and
shallow folds

Upper layered interval thickened above
flat-lying lower Iaye\red interval

Paired syncline-over-anticline \

- syncline-over-anticline
‘\\.; LIS P
P o~

Paired

.
Rl

Fault

i

Wedge taper = 6°

—~— Weld

Fault

0 5cm
| ARSI TS K SS— —

Less-viscous upper
L salt detachment

I More-viscous
S lower salt detachment
B (increases wedge taper)
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Construction of Balanced
Cross-Sections

Key Concepts

* A geological cross-section should
integrate all known geological and
geophysical data

* Wherever possible, data from off
the line of section should be
projected down plunge onto the
section plane

 The line of section should be
chose to lie parallel to the slip or
movement direction, so that the
cross-section can be balanced

CTu-x1

EN
. 1 .

* Following structural section
integrates all of the available

—Qutcrop geology
—Well-data

—2D & 3D seismic data
—Regional structural style



Some Problems Are Obvious




Structural Restoration &

Balancing

Line Length Balancing Lammm
* Pinline E "
. . . ) 7 =
—A line in the cross section 2 =
that remained stationary and 3 B —

IS therefore the same in both

the deformed and restored
Cross sections

—Usually selected

to be

0
(/}7@
\W

aur uid

OQ) P
perpendicularto
undeformed bedding
most undeformed
portion of section . Loose line
most complete o _ _
stratigraphic section — Alinein a cross section that is
Must not cross a fault distorted during deformation

— Fault planes can be thought of
as loose lines

aurn uid



Line-Length Restoration

« Restore the section below using a simple line length
balance.
— A footwall template has been provided for you to begin your

‘ight so you

erosion surface

itum.

from Marshak & Woodward
(in Marshak & Mitra, 1986)

A

Ex 2.3



Line-Length Restoration:
Solution

« HW & FW Cutoff points have been transferred from deformed to
restored state, allowing construction of restored fault trajectories

« Trailing loose line has irregular geometry in restored state suggesting
a line-length deficit exists at an intermediate stratigraphic level

— <\ : i erosion surface
— g w\-

N —_—

\
i

Loose Line

from Marshak & Woodward
(in Marshak & Mitra, 1986)

Pin Line

Ex 2.3



Quick-Look Analysis -
Discussion

« Cross-section A is incorrect.
ldentify what is wrong with the section in one or two sentences.

ion A. /
l Sect ? A :\

« Assuming the fault shape is correct, sketch the correct HW
geometry below (Use the same displacement of the lowest

s Javer, asin A)
I /

-

I«




Quick-Look Analysis — Solution

« Cross-section A is incorrect.
ldentify what is wrong with the section in one or two sentences.

Initial State

« Assuming the fault shape.i sketch the correct HW
geometry ' lowest
S| /_\ ~.

— <
N



Cxema pacnonoxeHusi npodunen, ans KoTopbix 6biM NOCTpoeHbl cbanaHcMpoBaHHbIe pa3pesbi.
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PEKOHCTPYKLUMUA Ha cepeAUHy J0LeHa

COBpPEeMEeHHbIW pa3spes
Boctouno-
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Feonornyeckas ncropusa 3anagHoro KaBkasa Bgonb TyanCUHCKOro paspe3sa

CoBpeMeHHbIV UCXOAHbIN pa3pes

Bonbwou Kaeka3s
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Feonornyeckasa ncropusa 3anagHoro KaBkasa Baonb CoOYMHCKOro paspesa

Bonbwou Kaeka3

CoBpeMeHHbI UCXOAHbBIN pa3pes

Yeproe mope

Couumcras chnexcypa,
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npodunun yepes
LeHTpanbHyl YacTb TyancMHCKOro
npornba n nx pekoHCTPYKLNSA
(AnbmeHauHrep, 2011).
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Fig. 14. Balanced cross-section of line 1 showing the structural evolution of the thrust-related folds
and associated fault systems. For profile location, see Fig. 3.
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Explanation
Brookian Sequence

Oligocene to Recent sedimentary rocks

Kingak Shale in Bathtub Ridge area

(Kekiktuk Conglomerate north of Leffingwell Ridge,
if present, Kayak Shale, and Lisbume Group)

LA SubMississippian unconformity

Pre-Mississippian rocks

Proterozoic to Lower Devonian meta-
sedimentary rocks; includes Kekiktuk
Conglomerate south of Lefingwell Ridge

A. Balanced Cross Section, Bathtub Ridge to Beaufort Sea, Arctic National Wildlife Refuge, Alaska
South

A

Aihiik igh

Location of vitrinite sample and vitrnite reflectance data. Locations of proprietary
shown. Red symbols

data not

projected onto profile from outside of transect

Approximate depth of burial calculated from CAl and vitrinite reflectance
data assuming geothermal gradient of 30 /km.

B. Structural-Stratigraphic Restoration of Cross Section

Eocene sedimentary rocks Contacts and Symbols 0o0n Niguank st hih g 1w
Unconfomity Stratigraphic contact ; - -

Faut o
Latest Cretaceous and Paleocene sedimentary rocks.
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(includes Jago River Formation) ity R osn
Cretaceous sedimentary rocks (includes Bathtub Gray- Seismic reflections B
wacke, Arctic Creek untl, Hue Shale, and pebble shale urits) 200008 200008
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locally present north of Sabbath syncline T :';ﬁ:m’:';“&”"h“m' ao0r o e

and 1 Seq {0 Refernce pint. See testfr oo T ———————— oo

Jurassic to Lower Cretaceous sedimentary rocks o el Shedeneg e i nd e s i
KJk - Kingak Shale; KJb - Beaufortian sequence P Location of conodont sample and conodont observed along the transect
Permian to Upper Triassic sedimentary rocks. alteration index (GAI). Red
(Sadlerochit Group and Shublik F‘W;‘mv includes onto profile from outside of transect 140 120 120 110 100 % 80 70 ) 50 a0 30 2 10 0 Kiometers
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The Virtual Seismic Atlas

Lateral variation in structural style: deep water western Niger Delta.

48 serial sections each 250m apart.

Data from 3D survey by:

Compiled by Estelle Mortimer and Rob Butler iﬁc G G VE RITAS
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Sarajeh Anticline
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| LY I
Two way time (s.)

Seismic profiles across part of the Central Basin, Iran. Scene
VSA Author: Chris Morley Organization: N/A Date Created: 2009-06-03
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Messinian evaporites across the Anaximander Mountains, Sirr1 Ering Plateau
and the Rhodes and Finike basins, eastern Mediterranean Sea

ALE. Aksur, J. Hall, T.J. Calon, M.C. Barnes, P. Giines, J.C. Cranshaw

Anaximander Mountain (northern foothills)

Vo . Finike Basin
(southerly extension)
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\ [ 3

—_
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3000

-4000

Marine Geology 395 (2018) 45-64

Fig. 17. Multichannel seismic reflection profile H ex-
tending from the Sirn Ering Plateau into the northern
foothills of the Anaximander Mountain, showing the
distribution of Unit 2. Reflectors defining TS/TES and
BS/BES are discussed in text. The y-reflector is a
prominent marker that separates the isopachous lower
sub-unit 1b from the upper sub-unit 1a which shows
dramatic growth strata wedges that are shingled one
on top of the other (also see Hall et al., 2009: Aksu
et al., 2009). Location is shown in Fig. 2. (For inter-
pretation of the references to color in this figure le-
gend, the reader is referred to the web version of this
article.)
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AE. Aksu et al. / Tectonophysics 635 (2014) 59-79
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Fig. 10. Pre-Messinian tectonic map of the Finike Basin and environs showing major thrust faults (dark yellow lines with filled triangular ticks on the hanging walls). TT shown with dashed
lines is the prominent thrust extrapolated using the thrust surfaces which are cut in the Demre-1 and Kas- 1 exploration wells drilled onland Kasaba Basin (also see Aksu et al., 2009). Letter
with numbers are fault labels discussed in text. Isobaths contours (blue and white dashed lines) are in meters, calculated using the ANAXIPROBE 95 multibeam data and CARIS Bathy
DataBase 4.0. Also shown are the locations of seismic reflection profiles illustrated in figures.
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inued 5000 m; Green et al, 2013) with deep bareholes reaching the basement. The negative gravity
anmu&mdkxs mzmdlhekmmlmeh(mdemsmhm (dotted outline illustrates the deep central trough). Note that the trace of the BIH- 50 _|

a) Section B

I]m 100

S listorf

Eglisau
nticline ﬁlrusl

Badan-Irchel-Herdern L3 em Anhchne
triangle zone o (eastern tip)

PR TN
Baden-Irchel-Herdarn
Irlangle zone

em Anhclme B
LM Mala Thrust)

Mura Main Thrust :-\('\\
(Lagera Anticline) -

Bise Cuatemary
Refiectons of Tertiary Motasse {unciassitied]
Bare Tartiary (BTe)
Base Uppec Jurnesic [BMa)
Top Lower Jurasse (Tu|
Top Muscheikai {TME)
Base Mesozolc {8Mz)
of Pakoze
Faults coofirmadintarad

Chastanbei
Ant clmom

Tortiary Moaste & desing dip
Uppar Jurassic

Middie Jurassic

Lowar Jrassic

Upest Triasaie |Kesper]

Uppar Niddie Triassic [Upper Muschalkak)
Lowst Niddie Triassic [Miode Muschalkek)
Lowsr Triassic in and Lowe: )
Perno-Carteniferous

Crystaline basament

Kilomate

Bad en-Irchel -Herdern-Lineament (BIH triangle zone).

straddling the nmost Jura fold-and-thrust belt and the cntractionally overprinted
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L. Wen et al./Journal of Asian Earth Sciences 135 (2017) 327-337

Wensu  Gumubiezi N

F o Uplift anticline Wushi Sag —_— G

Q: Quaternary;

N2k: Pliocene Kuche Formation;

N1k: Miocene Kangcun Formation;

N1j: Miocene Jidike Formation;

E: Paleogene;

(E2-3)s: Paleogene Suweiyi Formation;
(E1-2)k: Paleogene Kumugeliem Formation;
K: Cretaceous;

Ji Jurassic;

0 T: Triassic;

Mz: Mesozoic.
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Fig. 3. Three representative seismic profiles across the west, middle and east segment of the Kuga FTB respectively (profile location shown in Fig. 2).
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Figure 4. Longitudinal Structural Transect of Central and South Palawan. Structural features include: thrust-faulted Mesozoic ophiolites emplaced over Eocene turbidites (tectonic window), Early Miocene sedimentary sequences
sealing thrusting, post-ophiolite emplacement normal faults affecting flanks of Early Miocene — Pliocene sedimentary Basin. Transect location is shown in Figure 2 as Line A-A-A”". See text for discussion.
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Fig 5. Top: Reflection seismic lines showing the general architecture of the southern Rovuma deltaic system from the translation to the contractional domains of the Mocimboa Arcuate

Complex. Bottom: Structural and stratigraphic interpretation showing basinward-dipping listric extensional faults with rollover anticlines in the translational zone. The contractional
region is dominated by DWTFBs with partly dual detachment surfaces resulting in thrust duplexes.
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LRP98.224
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Breached | Leading
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Fig. 7. Dip-line across the northern DWFTB complex of the Rovuma Delta. The eight major stacked imbricates are indicated as F1 to F8. See Fig. 1 for location. The extensional and
contractional domains are located close together.

Fig. 6. Example seismic section (Profile LRP98-212) showing regional listric normal faults (A), that sole out at a major detachment fault in the southern (Mocimboa) extensional domain.

The deformation resulted in the formation of rollover structures in the translational zone and two detachments in the east. (B) Shows the corresponding compressional structures that
developed above a single master detachment. The grey area indicates mobile strata.
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Fig. 7. Schematic comparison of structural style and overpressure distribution associated with thick mobile shale and mobile salt detachments. A) Mobile Shale, B) Salt. Partly based
on Warren et al. (in press) and observations from the Niger Delta and Brunei Darussalam (Morley and Guerin, 1996; Van Rensbergen et al., 1999; Morley, 2003a,b).
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Fig. 8. lllustrations of fluid flow in deepwater fold and thrust belts associated with shale detachments. A) Cross section through the Hikurang Subduction zone cross section (Barnes
et al., 2010). B) Schematic 3D section showing typical features associated with growing deepwater folds (based on Morley, 2009a and Barnes et al. 2010).
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a) building the taper angle to critical

| deformation front

strain localisation

c) deformation front

forward propagation of wedge material

e) rebuilding the taper angle to critical

deformation front

Fig. 15. Schematic sections showing how the observed cyclic behaviour in the numerical model relates to the cyclicity of tectonic processes in the thrust wedge. Pink (new fault
initiation) and green background (wedge accretion) corresponds to the pink and green bars in Fig. 14. The size of black arrow represents the scale of displacement in the process of
wedge growth. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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a) Thrust Wedge Model

Y
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g.2. Setup of the thrust wedge experiments and illustration of wedge parameters at different shortening periods. (a) Setup of thrust wedge model, a horizontal sand layer with
idth of 10000 m and thickness of 600 m is shortened by a moblle wall running from left to right, while the base and right wall remain fixed. (b) Schematic illustration of the
iproach followed for of wedge a= front, defined as position of 0 m displacement along the detachment, b = 50 m displacement position
ng the detachment, ¢ = failure front where the frontal thrust roots into the detachment, d = deformation front (in this case, the frontal thrust tip), e = inboard corner of the
2dge, f = overall taper angle determined by the slope of straight line from e to d. (¢) Schematic showing the measurements of additional wedge parameters. As further shortening
added, a new fold is formed in front of the existing thrust. A new thrust is about to initiate to break the new fold with its fault tip reaching the wedge surface at the deformation
nt d. g = surface slope determined as the best fitting line enveloping the thrust wedge (Schreurs et al., 2006), h = height of the thrust wedge, w = wedge width determined by the
stance from deformation front d to the moving left hand wall.
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Figure 1. A) Relief map of the Kumano Basin Region of the Nankai Trough as modified from
Moore et al. (2013). The figure shows the location of the 3D seismic volume (white dashed
box), maximum horizontal stress directions (red lines and blue line), the location of JAMS-
TEC 2-D seismic lines (white lines) and convergence vector between the Philippine Sea
plate and Japan (yellow arrows). Also highlighted in the figure are also the study area (yel-
low lines) and the distinct tectonic regions of the NAP as shown in Kimura et al. (2011). Inset
shows a regional tectonic map with the present day configuration of the Nankai Trough. MSF
- Megasplay Fault; ITZ - Imbricated thrust zone; FTZ - Frontal thrust zone; KPR - Ky-
ushu-Palau Ridge; FSC - fossil spreading center; PSP - Philippine Sea Plate; IBT - Izu-Bonin
Trench. Red box shows the location of main map. B) Tectonic interpretation from Moore et
al. (2013) with the area interpreted in Figure 1C. KBEFZ = Kumano Basin Edge Fault Zone;
SWU = southwestern uplift. C) Bathymetric map derived from the Kumano 3D seismic
volume showing the direction of seismic profiles in this paper and IODP Sites C0001 and
C0018. The study area comprises the southern limit of the Kumano Transect, until the
MSFZ.
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Figure 2. A & B) Depth-migrated seismic profile (Inline 2315) across thrust-and-fold structures of the NAP showing i and shaded) tects i
units and the location of IODP Site CO018A. Unit | (yellow) is slope i cover ition 315 Scientists 2009; Kimura et al., 2011; Alves et al., 2013; Strasser et al.,
2014) and Units A (green), B (blue), C (purple) and oceanic crust (colorless) are adapted from the Park et al. (2010). (black lines — major thrust and back-thrust faults;
arrows — vergence of anticlines and thrusts; white line — décollement fault; dashed lines — possible décollement paths; yellow lines — splays of the MSFZ; MSFZ — Me-
gasplay Fault Zone; ITZ - Imbricated Thrust Zone; FTZ — Frontal Thrust zone). C) Close-up of IODP well CO018A highlighting the subdivision of Unit | in Units la, Ib and Ic
based on Strasser et al. (2014). D) Compiled well log of IODP Site C0006 from Expedition 316 Scientists (2009) tied to interpreted units in this work. According to Expedi-
tion 316 Scientists (2009), Unit 11l is consistent with deposition in the Shikoku Basin.




