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Analogue modeling of through-going process and
development pattern of strike-slip fault zone ()
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NMAaaTdopMma coCcToUT U3 Tpex

qyacTeu Motor 2

N Fixed sidewall2 ~ Quartzsand
1. KOHTPOABHOM CTAHLMMU Y _ _ _ _ ___________ e
. Motor 1 —
2. DKCMNEPUMEHTAABHOM Quartz sand
NAQTAOOPMbI C MOAEABIO U3 >
necka . ,\x;{b
A
. Paboyet ob6aacTH &
OMIMbIOTEPHOU TOMOTPACOUM <5

Experiment Size of model Basement Cover Cover thickness/ Basement Slicine
No. (cmxcm) property material mm displacement/mm -
1-1 6020 Rigid Dry quartz sand 6 62.62 CT
1-2 60+20 Rigid Dry quartz sand 12 27.00 CT
1-3 6020 Rigid Dry quartz sand 16 66.00 CT
1-4 6020 Rigid Dry quartz sand 27 60.00 CT
1-5 6020 Rigid Dry quartz sand 46 60.00 CT
1-6 8030 Rigid Wet quartz sand 50 33.00 By hand
1-7 9080 Rigid Dry quartz sand 40 200.00 By hand
1-8 80+30 Rigid Dry quartz sand 20 50.00 By hand
1-9 8030 Rigid Dry quartz sand 90 100.00 By hand

Discontinuous rigid basement
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Direction of motion PDZ

Inactive faults Active faults

UHTepnpeTauusa pa3/zioMmoB Ha NOBEPXHOCTU
MoAenun 1-7 Ha pa3Hbix 3Tanax (PDZ —
OCHOBHasA 30Ha CMeLeHUA)

DBOJIIOLIUA XapaKTePUCTUK 30HbI Pa3/sIOMOB
Mmoaenu 1-7 (D-cmeweHmne oCHOBaHUS)



Mogenu ¢ MpoLecchbl 3BOAIOLLMM 30HbI PA3AOMOB MOAEAU 1-5, NOKA3AHHOMU

HEOHOPOIHBIM TPEXMEPHbIMU U30OPAXKEHMAMU KOMNbIOTEPHOU TOMorpadouu (KT).
IIOJIEM
HaITPpsSKCHUA

HavanbHas cragua/Cragusa passutus rmybuHHoro

Craaus pa3BuTusa R-cKON0B: TUNUYHbIE
passioma: KOHLEeHTpUpoBaHue aepopmanum B

3lle/IOHMPOBaHHbIe CTPYKTYpbl, R-ckobl B
perynsipHom nosoxeHun, D =g mm

PDZ \ T
| \ .

Direction of
| motion

Passutune P nY-ckonos: passerBseHne B KOHLe R- .
CKO/IOB, pa3BMTUE CTPYKTYpbl uBeTka, D=15mm  O6pasosaHue reHepanbHoro pasnoma, D =27 mm




Mo ¢ Pe3syAbTaTbl KOMNbIOTEPHOU TOMOrpadpum (KT).

HEOHOPOAHBIM
IIOJIEM
HaIPsOKCHUS

) D =0

- ol

Basement
fault

(a) Embryonic stage (b) R (Riedel) shear development stage

(c)D=6mrri 2

\\//\\/‘

? R shear R shear

L — _ : . . (¢) development of P shear (d) Th.rough.-going stage of
and Y shear strike-slip fault zone
,:l Direction of motion |: == | PDZ N_| Fault
Xapaktepuctuku aedopmaumm Ha Pa3sButue c4BMroBoii 30HbI

MOBEPXHOCTU MoAenem 1-4 npu
cMeLweHnn OCHOBaHUA MeHee 6 MM.
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HaIIPsSKCHUA <. _PDZ
MocKOAbKY HaNPSXKEHUS U I, Teal 3
AerOpMCILI.MM B 30HE CABUIa The surface \_‘;)’Zﬁo ?7:5?258%6
nepeAdaeTcs CHU3Y BBEpPX, of cover TSeel

KacaTeAbHOEe HanpsXXeHue
BAOAb CABUIFOBOMU 30HbI
NOCTENEHHO YMEHbLUAETCH
CHU3Y K BEpPXY.

=

OTO NPUBOAUT K PA3HbIM
AMPABAEHUSM FAGBHbIX OCEHU
HAMPS>XXEeHUSA HA PA3AUYHbBIX
rayouHax - Xiao et al., 2017

Decrease of depth of cover
Increase of the angle between
R shear and PDZ.
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NapameTpbl MOAEAU U TPAHUYHDbIE YCAOBUS
AN OPMUPOBAHMSA PABHOMEPHO
PACMOAOXEHHbIX PA3AOMOB.

Earth and Planetary Science Letters

HaITPpsSKCHUA
Spacing and strength of active continental strike-slip faults AT,
Andrew V. Zuza®*, An Yin*", Jessica Lin®, Ming Sun® (. S
% Department of Farth, Planetary, and Space Sciences, University of Colifornia, Los Angeles, CA 900951567, USA | o Tt - JUPPTEEL L s N .
b Structural Geology Group, China University of Geosciences (Beijing), Beijing 100083, China Y ~ o (4] (x = 00) = O'b(
¢ School of Earth Sciences and Resources, China University of Geosciences (Beijing), Beijing 100083, China / E =z E\ Xz
o (x=5)=Y | > / §G’H(x=5’)=Y
Strong bounding —— % Strong bounding
region where region where
o= g’c // g.= a*
Strength Shear strecs on
> ault plane
N 4 N Y H=oh 3
frictional sliding [~ >} 7 dn =h L= h+h,
— [ /S S ] St l\ o B | Brittle upper crust | s
o] VPR S s Ne—> & N Somibriale. S
- . fransitional - — s i S :
= LS b _— Ductile lower crust
1 | A
@ viScous creep .
Q /
Preferential sites of Mantle lithosphere
yBR >y v new fault formation \
Y
Y

S — paccmosiHue mewdy pasznomamu (stress-shadow length equal to fault spacing); Y —
NpoOYHOCMb Ha cOBU2 U BepMUKANbHAA YCpedHeHHAs NPoYHOCMb Ha cdsue degpopmupyrouse2o
pasznoma 8 obnacmu cdsuea (shear fracture strength and vertically averaged shear fracture
strength of the deforming strike-slip fault domain); h — moawura kopsi 8 06nacmu pasnoma
(brittle-crust thickness in region of strike-slip faulting); L — moawuHa celicmozeHHoU 30HbI
(seismogenic zone thickness that includes regimes of frictional sliding (hy) and transitional
frictional sliding and viscous creep (hg,))
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[1Ba pasnoma
B oyHOaMeHTe

(a)

Basal -=c
Approximate width 65 cm sliding
y ©f shear zones (W) channel = 0.3 mm/s|
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Experimental materials ¥

7

Fixed boundary walls

Trial 5 of 5 for crushed walnut shells with 30 mm thickness:
h:30x1mm S:27.3+57 mm

i S

Pt
Az & =loms

A TS

ez d
e

& =S

Qlysant:{ &ndéﬂain\(by viscoué putty S:10.5+3.2 mm

S TS AT

BMA B NAGHE YCTAHOBKM CO CKOAb3SiLLLEM B OCHOBAHUM NAACTUHOMN LUMPUHOU 12
CM, KOTOPAS UCMOAb3YEeTCS AASl CO3AQHUSA ABYX MAPAAAEAbHbIX 30H CABMIAQ.
NMAacTUHO ABUraeTCcs HANpAso.

PasBuTne ABYX 30H CABUId, PACMOAOXEHHbIX NAPAAAEABHO (R-CKOAbI),
UCMNOAb3OBAHA U3MEAbYEHHAS CKOPAYNA rpeukux opexos, h = 301 mm

Pa3zBuTre pacnoAOXeHHbIX NAPAAAEAbHO 30H PA3BUTUSA R-CKOAOB B ABYX 30HAX
caBura, h = 201 mm. Bga3kocTb 3amasku - putly - B ocHoBaHuu 6.2x103 Pas.



3aBMCUMOCTb PACCTOSAHUA MEXAY PA3PbIBAMU OT
MOLLLHOCTU CAOS

(d) Dry granular materials

90 | | | i i i

80 + = Crushed walnut shells
e Sand

70 T

60 1
50 T S =10.82 (£0.2)h
40 +
30 T

Fault spacing, S (mm)

20 T

]
] ] ] ]
30 40 50 60
Layer thickness, h (mm)

80

(e) Dry sand underlain by viscous putty

60 | | | | |

13 mm putty (n = 9.5 x 103Pa s)
30 T | = 13 mm putty ( =6.2x 10°Pa s)
e 7 mm putty (5 = 6.2 x 10°Pa s)

40 +

30

20 T

Fault spacing, S (mm)

10

0 10 20 30 40 50
Layer thickness, h (mm)

60

d) Cyxoun necok u UsMmeAb4eHHAas CKOpAyna

rPeukKnux opexos

e) Cyxoun necok, NOACTUAQEMbIU BA3KOU
NACTOU B OCHOBAHUU (PA3AMHHOM TOALLLUHbI

U BA3KOCTH)




BAUSIHME 3PO3MU U CEAMMEHTAUUN Ha
CTPYKTYPHbIXM NApAreHe3 CABUIroBbIX 30H

Influence of erosion and sedimentation on strike-slip fault systems:
insights from analogue models

Erwan Le Guerroue, Peter Robert Cobbold

W
layered o
sand pack wtl
2 . X
B S RO K 5
basal plate 1 A s/ w A :
/ -fau 5 % :
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. / / = - ; T
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Fig. 2. Experimental apparatus. Box is in two halves. Screw jacks induce
sliding along basal cut. This induces flower structure within sand. Notice
Cartesian coordinate system (right). E—
(8] 10
AS/S (%)

Fig. 3. Typical experimental flower structure (Series 1). Conditions were 5 cm of basal slip and no erosion or sedimentation. At upper surface (a), carly R-faults were
cut by later Y-faults. In section C-C’ (b), faults splayed up through sand from basal cut (W). Notice reverse sense of dip-slip on faults. Bar diagram at right represents
'3
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BAUSHUE 3P0O3UN U CEAMMEHTALLMM HOCTPYKTYPHbIUM NApAreHes CABMIroBbIX 30H

Pe3yAbTATbl MOAEAMPOBAHMS

SERIES 1 SERIES 2 SERIES 3 SERIES 4 SERIES 5
SLIP no erosion, erosion, erosion, sedimentation, rapid sedimentation,
no sedimentation no sedimentation sedimentation no erosion no erosion
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Erwan Le Guerroue, Peter Robert Cobbold




F.M Rosas, J.C. Duarte, P. Terrinha, V. Valadares, L. Matias

Morphotectonic characterization of major bathymetric lineaments in Gulf of Cadiz
(Africa-lberia plate boundary) Insights from analogue modelling experiments

MopdOoTEKTOHUYECKAA XAPAKTEPUCTUKA OCHOBHbIX OATUMETPUYECKMX AUHECAMEHTOB
B Kaancckom 3aamse (rpaHuu,a AcbpmukaHCcKo-N6eprunucKkon nAnTbI). BbIBOABI U3 IKCNEPUMEHTOB
MO AHAAOTFOBOMY MOAEAUPOBAHUIO

A . Sow P B LAB-PSS#050916: initial stage (top view)

Moving basal

0.5 cm thick sand layer

............

fault trace

\\‘ Non lubricated surface
(total adherence)

Fig. 6. (A) Experimental apparatus and model setting used in the first set of experiments to simulate basement strike-slip faulting and coupled shear deformation (modified after
Casas et al., 2001); (B) Top views of the initial state for two of the preformed experiences (LAB-PS5#050915 and LAB-PS5#050916).




F.M Rosas, J.C. Duarte, P. Terrinha, V. Valadares, L. Matias

Yexos1 U3 MecKa ¢ MPOCJIOAIMA CHINKOHA YexoJ1 U3 CMecH MecKa M IeMeHTa

T TR T o T TeTET i T

A Experiment: LAB-PSS#050916

Results Ty B Experiment: LAB-PSS#050915
Cﬁ Interpretation
an
g y=0.8 o \
= : &=
3 - |
plas — Sand surface
g @ Results Inte tion
O
I

=13

Sand surface Sand-mortar surface

@ Sand-mortar surface Silicone putty surface

=371 -

/

\ Fig. 7. Example of the results obtained in the first set of experiments to simulate basement strike-slip faulting and coupled shear deformation, (A) using a silicone-sand layered cake
(experiment LAB-PS5#050916, see corresponding initial state in Fig. 6B1), and (B) using a top layer corresponding to a sand-mortar mixture (LAB-PSS#050915, initial state in
Fig. 6B2). Top views of the sand/sand-mortar surface are shown for successive increments of -y shear strain. Lower right photos in A and B correspond to the silicone surface top view
after removal of the previous overlying sand/sand-mortar layer. R—synthetic Riedel shears; R*—antithetic Riedel shears; P—synthetic P shears; T—tension gashes or extension
fractures; BFT—Basement fault trace.
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F.M. Rosas, J.C. Duarte, W.P. Schellart, R. Tomas, V. Grigorova, P. Terrinha, 2015

Analogue modelling of different angle thrust-wrench fault interference in a brittle medium

AHOAOroBoe MOAEAUPOBAHME MHTEPdEepPEHLLMU HOABUIO-CABUIOBbIX PA3PbIBOB
OPMEHTUPOBAHHbBIX MOA PA3HbIMU YTAOMMU B XPYNKOU CpeAe

A - 1st set of experiments: 60° fault interference B - 2nd set of experiments: 80° fault interference

Strike-slip dinection Velocity discontinuity (VD) 0.3 mm thick metal sheet (fixed)

- 1

dem Laleré{P&rsp&: wall (fixed)

At A
:/ AL
a‘?
&> y- 4

/l Lateral Perspex wall (fixed)
f

L

\ Lateral Parspax wall (fixed)

Aty A A
a el
A
&

) Lateral Perspex wall (fixed)

C - 3rd set of experiments: 120° fault interference (Rosas et al., 2012)

| Lateral Perspex wall (fixed)

AR AR
Aty [ AnsasnE
P LT
—— m‘
&

y s
A

‘ Lateral Perspex wall (fixed)

Fig. 1. Schematic illustration of the three different deformation rigs used to simulate thrust-wrench fault interference for angles of: {A) 60°; (B) 90 and (C) 120°. The difference in the three cases is the varying prescribed orientation of
the velocity discontinuity (VD) relatively to the strike of the basement strike-slip fault. Note that the thin metal sheet has a negligible thickness of 0.3 mm.




F.M. Rosas, J.C. Duarte, W.P. Schellart, £ A - Experimental initial stage
R.Tomas, V. Grigorova, P. Terrinha

Lines used as strain markers
imprinted in model surface

YeXOA — CyxXou Necok, CO CAOSAMMU, o A e
R e

noAkKpaweHHbIMU CUHUMU HEPHUAOMU

2 7——, =

Layers of blue inked sand
used as 3D strain markers

B - Main experimental steps (top view, VD angle of 60°)

1st step X 2nd step

Fig. 2. (A) Schematic illustration of the experimental apparatus in the initial stage, showing the (still) undeformed 3 cm thick sand layer cake resting on top of basal plates A and B
and the thin metal sheet (0.3 mm thick). (B) Top view of the general structural configuration resulting from the first and second experimental steps (for the 60° thrust-wrench fault
interference case).




FM. Rosas, J.C. Duarte, W.P. Schellart,

. Tomas, V. Grigorova, P. Terrinha, 2015 MoAy4EeHHbIe PE3YAbTATbI AASl CUTYALLMM NEepeCeYeHus
PA3AOMOB MNOA YrAOM 60°

1st experimental step

Top view photos tructural interpretatio

— Inset 1
Schematic cross-section (x-x') e

60° thrust-wrench (2

: SAND
fault interference

© w» « @

b

Paspes no AMHuu X-X’

60° fault interference

weo ) metal sheet

Paspes yepes 30Hy HOABUIOB




Top view photos Structural interpretation Lateral Perspex wall (fixed)

A ) e | ! g \ Vol

5 4 i | & o L - i A

2 & Fl 8 ol ! Gf e s

- 4 . Ak 4 9 i e /m
< ¥ Vi G B8 3 ¥ o z A - Experimental initial stage
et ) ¢ : ‘,‘. V "’;; ,, A : ‘.‘.~. Y L'a"eral Persl:ex Wa“ {ﬁ)‘.’ed] Lines used as strain markers
:. b VT . (52 v.-).. 2 . i & imprinted in model surface
1 A X B

2nd experimental step

Top view photos Structural interpretation

Layers of blue inked sand
used as 3D strain markers

MoAy4YeHHbIe pe3yAbTATblI AA CUTYALMU NEepeceYveHus
PA3AOMOB NOA YrAoM 90°. UHTephepeHL s

o06cTaHOBOK; choTorpadcuu BMaAa ceepxy (cAesa) u
COOTBETCTBYIOLWLAA UHTepnpeTauusa (cnpasa). BHU3y - paspes

90° fault interference

T |

VY ¥ V¥ e

i
i

Nhg=hgo/We,

N |
Fig. 4. Obtained results for 90° thrust-wrench fault interference experiments: top view photos (left) and respective interpretation (right) of the structural output obtained after (A) first { W90 0.3 mm thick ¢
experimental step; and (B and C) increasing offset during the second i | step. Cross section c—c’ is shown in Fig. 6B. The meaning of all symbols and letters is as in Fig. 3. metal sheet

W\




F.M. Rosas, J.C. Duarte, W.P. Schellart, O6GAACTb NepeceyYeHns paspbiBOB.
R. Tomas, V. Grigorova, P. Terrinha, 2015 CTPYKTYPG (y3eA raACTYyKa)

\ TKS measured . i
parameters Tie-knot structures (top view)
A
\\T*f TF
P"1\ =3 60° interference 90° interference 120° interference
| v

—» Width -

POI—18 (§102) b2 Afoj0an unpnus fo [puinof /o 12 sosoy ‘W4

Fig. 8. Top-view structural configuration of the different tie-knot structures (TKS) obtained for the 607, 90° and 120¢ (thrust-wrench) fault interference. Inset in the top-left depicts the measured parameters (P1 is the TKS length=width
intersection point). F1 and F2 = Forethrusts formed during the first experimental step; BT — Backthrust; CF = Corner fault; TF = Tie fault; SP - Splay point; OF = Outer fault; R = Riedel fault; Y = Main strike-slip fault; def = deflection
angle between the direction of the Y-fault trace and the general direction of OF (see measured values in Table 3).




F.M. Rosas, J.C. Duarte, W.P. Schellart,
R. Tomas, V. Grigorova, P. Terrinha, 2015 BUA NOBEPXHOCTU C PA3HbIX PAKYPCOB

Tie-knot structures (bird-eye view)

90° interference

60° interference 120° interference

Outer fault

/ Tie-fault

Throstfiont

T

b/

POI—18 (§102) b2 AB010a0) [pandUIS [0 joemaf [ [o 12 spsoy "

/

Fig. 9. Perspective (bird-eye view) of the different tie-knot structures (TKS) obtained as a result of the modelled 60°, 90° and 120° (thrust-wrench) fault interference.




F.M. Rosas, J.C. Duarte, W.P. Schellart,
R. Tomas, V. Grigorova, P. Terrinha, 2015 CquHeH”e C NPUPOAHBIMU CTPYKTYPAMH

North Am /
Plate %«

Eurasian
Plate

[[@ NATURE ﬁ

(Nubia) § _Horseshoe
* - 3 HTF 4= Thrust Fault
Footwall

................................................... . HTF
: Hangingwall

Faults

SWiM £Fault

/@/ Dextral strke-slp faul
/ Thrust fault

< Bind theust
/Y Antiarm fold

te Mud vukances

POI=18 (S102) 2 Boyoir) jampmass p (oumef [ 10 12 sosay Wi

= Normal tault

Fig. 13. (A) Location of the Culf of Cadz area in the general tectonic setting of the Eurasia—Nubia plate boundary. AT) — Azares triple junction; TR: Tercewa Ridge; GF: Clora Fault; CC — Culf of Cadiz (B) Simplified tectonic map of the
Culf of Cadiz area (Zitellmi et al. 2009; Doarte et al, 2013); Bathymetry from SWIM compilation of Zitelling et al {2009) completed with CERCO (2003) CCAW — Culf of Cadiz Accretionary Wedge; Black dots correspond to the location
of known mud volcanoes (eg. Hensen et al, 2007) Inset (upper left) SHmax — average directson of the M Heeizontal and age direction of convergence rate between Nubia and Eurasia plates (4 mmyyr, Nocquet
and Calais, 2004; Stich et al., 2006; Fernandes et al, 2007). (C) Zoomed thr! h fault 1fe area and; (D) Companson between the natural example and the model structural pattern for the 120¢ fault interference (adapted
from Rosas et al, 2012)




Gregory Dufrechou, Francis Odonne, Giulio Viola
Analogue models of second-order faults genetically linked to a circular strike-slip system

MoAEeAMPOBAHUE CTPYKTYPHOro napareHes3a B CUTYALLUM,
KOrAQ pasAoM cObYHAOMEHTA UMEET BUA AYTU OKPYXXHOCTHU

110 cm

Fig. 3. Photographs of three successive stages of experiment D {pure sand), showing the fault pattern evolution during progressive deformation after 1 cm displacement {a}, alter
2 cm displacement (b), after 10 cm displacement (c).




Gregory Dufrechou, Francis Odonne, Giulio Viola

BepTUKAABbHbIE pa3pe3bl MOAEAU NPU PA3HOU
BeAM4YnHe cmeweHua -2, 5,10, m20 cm

Fig. 5. Photographs of selected examples of vertical sections from experiments B, C, D and F. a) Experiment B (final displacement 2 cm); b) experiment C (final displacement 5 cm);
¢) experiment D (final displacement 10 cm); d) experiment F (final displacement 20 cm).




Gregory Dufrechou, Francis Odonne, Giulio Viola

BepTUKAAbHbIE pa3pesbl TPpeX
3KCNEepPUMEHTOB

C CUAMKOHOBbIM CAOEM BHU3Y.
CmeweHune 5 cm.

% c;ILIJ?\OJ;ery Base plate faultY

Fig. 8. Top view (a) and vertical section (b) of experiment G.

Base plate fault 4 \» Base plate fault

Fig. 9. Vertical sections from experiments | (a) and H (b), both sand-silicone experiments with a 5 cm total displacement.




Gregory Dufrechou, Francis Odonne, Giulio Viola

30Hbl MOAHATUS U ONYCKAHMU B ABYX MOAEAAX U3 NECKA U CUAUKOHA.
CmeweHne 4 u25cm

. Fault | Uplifted area <\ Shear displacement
. Active fault - Depressed area - s, Location of the edge of the plate

Fig. 12. Location of topographically depressed and uplifted areas for two sand-silicone experiments: experiment G (a) with 4 cm/h displacement rate and experiment H (b) with
25 cm/h.




AHAAOroBoe MOAEAUPOBAHUE 30H
TPAHCNPEeCCUU U TPAHCTEHCUU

4




TpaHcnpeccua — coyeTaHume
O06CTAHOBOK CABUIA U
rOPU3OHTAABHOIO CXXATHUSA

TpaHCcTeHCcHua — codyeTaHue
O06CTAHOBOK CABUIa U
rOPU3OHTAABHOIO PACTAXKEHUS

MoAeAb NPABOCTOPOHHEro0 CABUIA

C <> Ha cxemax noka3aHbl OPUEHTUPOBKU
. F ; Ao W oceun CXATUA U PACTAXKEHUSA U
™ \\\ ~a\ CTPYKTYpP, 06pA3yIOLLUXCS B 30HE
;[‘ RGB\J\ R\ cABUra (CkoAbl Puaeas R, ocu
o CKAQAOK F U TpewnHbl oTpbiBa T)




QM)" position

Basement P

fault — — — — — — == ="
orientation

U3imeHeHne OpUeHTUPOBKU OCH
MAKCUMOAABHOTO CXATHUSA U,
COOTBETCTBEHHO, OPMEHTUPOBKMU
CKOAOB PnaeaAs B cAayvae
TpAaHcTeHcuu (6) u TpaHcnpeccum
(c). Bepxy (a) nokasaHa cutyaums
6e3 AONOAHUTEABHOIO CXATUS
UAU PACTSDKEHUSA



dKCNepuMEeHTAAbHOE BOCMNpPOU3BEeAEHUue 30H
TPAOHCTEHCHUM U TPAHCNPECCUM

MoAeAupoOBAHUE TAKUX 30H NPOU3IBOAUAOCDH
ABYMSsl cnocobamu:

(0) ¢ npeABapUTEAbHOMU

opMauuen NOAAOXKMH,

A KOTOPOU AEXUT

MO eAbHbIN Mcrre UAA
bIYHO Necok). B atom

CA Yyae UMeeT MecTa OAHA

U TCI »Xe 06CTAHOBKA BAOAb

CABUTA

6) MoAEAUPOBAHUE C e ol s

0] MCHOAbB%BGHMeM | Lo e ]
CTYNeH4YaToun ' |
koHdurypauuu (stepover
geometries) cmew,aembix
NAQCTUH PYHAAMEHTA

(HeoOAHOPOAHAS
OOCTAHOBKQ BAOAb CABUIra)




MoaeAu ¢ npeABaApPUTEABHOU AechopMauUuen NOAAOXKKHU Fault geometries in basement-
U OAUHOKOBOMU MO BCE€HU AAMHE CABUIa O6CTAHOBKOM induced wrench faulting under

a — different initial stress states
S sers marker NAYLOR, MANDL, SIJPESTEIJN, 1986
(orter i}‘;fgfufmi“ 2 e
ar dipping I Y . '
: = z Whila sand with
fnarker lines on surface
;:?:;ig:eni Arlmntal displocernent _
fooh T _|_" \ I"'I_ —|_—‘ II,/'"' '_|r::-\ ‘|_‘| I:"' "/.— I,J—
| = =N U s infis Aln
b Enstin‘gfbog of sardbox
FR____ 7 E 3
// / |'|pl460p U METOAUKA SKCNEepMMEeHTa
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5
R e /’R“biﬂw AAf TOro, 4ToO6bl CMOAEAUPOBATDL
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/ ?/7/_:7“5/_//:*/ e CcAeAyoMe AeUcTBus: 1) pacTArMBaAu
/
J F?Sb""’?{ ore g T pe3uHy B HaNPABA€HUU NAPAAAEAbBHOM
o ok fonk on ath e o oe e (PA3AOMY B CPYHACOMEHTEN; 2) HACHINAAU NECOK
e e o e C KpACUTEAEM HA MOBEPXHOCTb PE3MHOBOU
Grease bber s S i r pre-siress
Tris sid 'T%ag:z ' sordpa e H MAQCTHUHDI; 3) MO3BOASAU PE3UHE YKOPOTUTHCSH.
.' it I ;
| b | - Sl 4) 3aTeM NpoU3BOAUAU CABUT OAHOBPEMEHHO
’ é T~ PTES:foceg C pacTaXeHuem pesuHbl. Takum obpasom
Bosement fout Runner rass OC_ S

CO3AABAAUCDH YCAOBUA TPAHCTEHCUMN.
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MoaeAu ¢ npeABaApPUTEABHOU AechbopMauUuen NOAAOXKKHU

Experimental apparatus
for transpression

Base of model

Deformed state

IxcnepumeHThl (Schreurs & Colletta, 1998)

Experimental apparatus
for anstension

\
pivonieg bas, providing
ransvena confineinent
of pleviglues and oo bars

=~ Jomgituidinal confincment
of plexighass and foam tars

y sand

glass powder

polydimethylsadosane (PDMS)

Base of model

(

TRANCTEHCHS

peA NPOBEAEHUEM IKCNEPUMEHTA NO BOCNPOU3BEAEHUIO TPAHCTEHCUU XPYNKO-BA3KUA CAOU
OBOHUSA MOAEAU (HepEeAOBAHUE YINPYIMX NEHHbIX U MAEKCUTAACOBbLIX 6PYCKOB) ObIA CXAT HA 2 CM.



YcAaoBUSA BO3ZHUKHOBEHUA
O06CTAHOBOK TPAHCNPEeCCUM
U TPAHCTEHCUMU

a. Strike-Slip Bend Geometries

Releasing double bend
p— . .
e — Subsidence
- ek
— -
S vy
Restraining double bend

Uplift g —

b. Strike-Slip Stepover Geometries

Releasing stepover
i‘
—~— Pull-Apart Basin
«\\ =g

J— .
R Ve

Restraining stepover
— .
B

MoaAeAn C ICNOAB3OBAHUEM U3OTHYTOM

(Strike-Slip Bend Geometries) uan ctyneH4aTou

B NAaHe (Strike-Slip Stepover Geometries)
KOHCPUTrypaAuUU CMeLLLaeMbIX MAACTUH (CPYHATOMEHTAN

HeoAHOPOAHOSs OOCTAHOBKA BAOAb CABUIQ

IIpubop a5t MOgeIMPOBAHUSI TPAHCTEHCHH

(a) Predeformation

Rig Dimensions: 100 x 60 x 10 cm

(b) Postdeformation

—_

— - d=10cm

oy

Rig Dimensions: 110x60x 10cm




MoaeAu ¢ npeABaApPUTEABHOU AechopMauUuen NOAAOXKKHU
U OAUHOKOBOMU MO BCE€HU AAMHE CABUIa O6CTAHOBKOM

TRAHCTEHCUS

Shightly curved
negr vertical

il
N

Sightly sinuous fault
.. 1

|
|

Shgatly en-echelon Riedels, requra lower ang e shears ) One near verticol fault,
t generate througrge ng foult zone : \srdewoys corcave
L
|

il

1 4 T3 \
4\________‘—-———-——_.
Bifarcating neor

3 surfoce.

very sl.git en-echelsn character. {sae sections) -

IxcnepuMenTnl Naylor et al., 1986
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MoaeAu ¢ npeABaApPUTEABHOU AechopMauUuen NOAAOXKKHU
U OAUHOKOBOMU MO BCEMU NAOLLAAU OOCTAHOBKOM

d. Detail of stage 3

N

Vertical Scections

f
TP e s VETETY

e = S
~= - il S T e pea
e T __‘:\E\ :‘:“:\‘\;‘,(\:_ — == ==
e S Sl B =0 N i o S § ] B s sy v e
R \ — |
<> ranstensionsl basin 0
2: shear: v=0.15 & extension 5.1 %

b. Stage 2: s

c. Stage 3: shear: y = 0.23 & extension 7.6 % d. Detail of stage 3

cunepuMeHThl Schreurs and Colletta, 1998




O606wweHue onbiToB (Schreurs and Colletta, 1998)

X strain rate ratio = 3.6 >
I \“\
—— ™~
T T~ ~
\‘\, \
a. Distributed transtension b. Distributed strike-slip (Schreurs 1992)
« = 6-11°, mean value = §° = 17-23° mean value = 20°
* strain rate ratio = 7.3 J strain rate ratio = 3.6
- —
"\\
Distributed transpression Distributed transpression
C.
o =25-30°, mean value = 27° o = 28-37°, mean value = 33°

1. NpoCcTMpaHme PAHHMX PA3PbLIBOB HA MOBEPXHOCTU B YCAOBMAX
MNPOCTOrO CABUIa (b) U (PABHOMEPHO PACTPEAEAEHHDIX)
TPAHCTEHCKM (Q) U TpAHChpeccun (c, d)




MoaeAu ¢ npeABaApUTEAbHOU Aechopmaumen NOAAOXKKHU
U OAMHAKOBOMU NO BCeU AAUHE CABUIa O6CTAHOBKOM

Todrcrioeccys

Most sectiors
show three faults

E [n]
|
Syrrmernge, Farty
9 low gips
i
[~ \E )’
\ /D
\\ Agyrrmatie faull patter-

1!

Cchemges do
1
Sondpack thchress
S cm!

IxcnepumenThbl Naylor et al., 1986
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MoaeAu ¢ npeABaApPUTEABHOU AechopMauUuen NOAAOXKKHU
U OAUHOKOBOMU MO BCEMU NAOLLAAU OOCTAHOBKOM

» 8 cm/h

Expenmenl 1 661 { (movement of base plate)
(strain rate ratio = 7.3) | em/h
(shortening)
O
| / | | [ ' | J
| ~ (Y | Y i R
/’ NS /|l r
INL Y T T 1Ssdd2 28
"—f—x— {——:—r—‘ RJ ‘_SQLJ
l l' ‘I / R ('N / 1‘1 ’|
,’_T—' ;_{- e — —"'-— w"—— J
0 A ) ! /
A B C D
a. Stage 1: shear: y= 0.14 & shortening 1.9 %

Jazy’ z-shaped sigmoidal fault

UccAaeAOBATEAU MPOU3BOAUAU OMbIThI
C PA3HbIM COOTHOLLUEHUNEeM CABUTA U

Subvertical Riedel swings around and changes
laterally into oblique-slip reverse fault
C. Stage 2: shear: y= 0.28 & shortening 3.8 %

CoXXaTusa

IxcnepuMenThl Schreurs and Colletta, 1998

¢, Stage 3: shear: y= 0.62 & shortening 8.5 %




MoaeAu ¢ npeABaApPUTEABHOU AechopMauUuen NOAAOXKKHU

U OAMHAKOBOM MO BCEU NAOLLAAU O6CTAHOBKOM Tocrcrioeccys
+ [m-.w:-m:_-ni:l ::;r |l:.:II.'\nl;n_'_l

1 emv/h
(shortening)

Vertical sections Vertical sections

O T S R r WO _ 1 v

160] =stage ] - S ge 2 ; 1661 - stage 3

BepTUKaAbHbIE pa3pesbl TPEX NOCAEAOBATEAbHbIX CTAAUMNU AecbopumaLLmm

IxcnepuMenThl Schreurs and Colletta, 1998




MoaeAu c npeABAPUTEABHOMU
Aecbopmaumen NOAAOXKHU

U OAMHOKOBOU MO BCEU
NAOLLLOAM OGCTAHOBKOM

TocHcrioeccys

4 cm/h
Experiment 1764 ‘ movement «

. Pt : 1 cm/h o base plate
(strain rate ratio = 3.6) shortening

A B £ D

~
N -
r
—— e 72
I N o B Py Q
L N
< -
- —~———
A - -~ - R =
A B ( D

--
P
/4 "
4 % 3
4
g ; N N
A e N
{,.45 £ -
e, 3 /& e
e, RN . gt
D 3 -
- —
- - DGR
- - b -
PN
~-— -ty .
- - T o - ——
I K
Sem A B c D
—

€. Stage 3: y= 0.40 & shortening = 10.8 %

kcnepuMmenThl Schreurs and Colletta, 1998

f.

Vertical sections




MoaeAu c npeABAPUTEABHOMU
Aecbopmaumen NOAAOXKHU

U OAMHOKOBOU MO BCEU
NAOLLLOAM OGCTAHOBKOM

Experiment 1820

(strain rate ratio = 2.7)

¥ om

S %(sfl‘t‘ré/l’llllng

— — w

K

A B C D | E
Jazy’ z-shaped strike-slip fault confined
o3 between dextral oblique-slip reverse faults

C. Stage 3:y=0.35 & shortening =12.8 %

kcnepuMmenThl Schreurs and Colletta, 1998

3 cm/h
ovement of base plate oblique-slip reverse

faults

b. Stage 2: y = 0.28 & shortening = 10 %

Vertical
‘ Iﬁ NS

sections
partial strain partitioning:
subparallel strike-slip
faults and oblique-slip
reverse faults




MoaeAu ¢ npeABAPUTEABHOU AechopMauuen NOAAOXKKHU
U OAUHAKOBOMU MO BCE€U NAOLLAAU OOCTAHOBKOU

2 ¢cm/h

ricrioecchs | Experiment 1770 movement of base plate

(strain rate ratio = 1.8) 1 cm/h

O 5 cm s shortenmg (,
l—-—l | P 1
f\//v—/ ,I
;' / / I/ |
N / y —..,____  SUE, | . WO 58
. , *
‘N
——
/ f [

A B! \ C D K E

Jazy* z-shaped strike-slip fault confined
between dextral oblique-slip reverse faults

kcnepuMmenThl Schreurs and Colletta, 1998

Vertical sections




MoaAeAn ¢ npeABApUTEABHOU AedbopMaumen NOAAOXKH
U OAMHAKOBOM MO BCEU NAOLLAAM OOCTAHOBKOM

Plan view Vertical sections

B
D
B

Tocl

HCroeccys

<
:
=
CD

2. UAeaAn3UPOBAHHbIE CXeMbl (BUA CBEPXY U pa3pesbl) AAS NPABO-
U AEBOCTOPOHHEU TPAHCNPECCUHU

b. sinistral transpression

IxcnepuMeHnThl Schreurs and Colletta, 1998




MoAeAU C NPeABAPUTEAbHOM AedbopMaLLMent NOAAOXKH O6o6uLeHue onbiToB
M OAMHOKOBOM MO BCEM MAOLLAAM O6CTAHOBKOM (Schreurs and Colletta, 1998)

B A R
‘r(\ C] }_] CTe}_J C |/] ;] |/I ~a strain rate ratio = 3.6 "
TOCHMpeCcCys - TS
—_—— ™ ~.
T —_—— e “~
e T T~ ~
\‘\, ‘\
a. Distributed transtension b. Distributed strike-slip (Schreurs 1992)
« = 6-11°, mean value = §° = 17-23° mean value = 20°
¥ strain rate rutio = 7.3 J strain rate ratio = 3.6
- —
M e ~ ~ S - \
\ S~ AN \
\ h \
Distributed transpression d Distributed transpression
c .
0. =25-30°, mean value = 27° o = 28-37°, mean value = 33°

MpocTUpaHue PaHHMX PA3PbIBOB HO NOBEPXHOCTU B YCAOBUAX NpocToro casura (b)
U (PABHOMEPHO pPACNpeAEAEeHHbIX) TPAHCTEeHcuu (a) u TpaHcnpeccuu (c, d)




[MpupoAHble NPUMEPDbI 30H TPAHCNPEeCcCuu

il foaens - LY Quaz mary ] s7um
At adn S Cealidewce
E T
Sehenlner wih SDVEE)
RSN
¢ I'7zc At 4o Terttary
Gl
- - - - rocks

! v 1tk FAUL T AONE A .
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i Owlshead ’ T TRRN N o s D
© Mountmng | e = _\-Southcm Deuth T‘\ ; 5 o km /

INFERRED FIP-LINE

DETACHED ¢ FAULT ZONE B
..... SEIMMENTARY Y
L CARAPACE — N
(=3 KM

BASALFAULT SYSTEM

Fig. 1Z. {a) Location of Confidence Hills within the southern Death Valley fault zone (SDVFZ) in 2astern
Caliternia and (b) 3D synoptic model of part of the Confidence Hills. Moditied after Dooley & MeClay (1996,

47Uy

Lo

Jargalant Domain

Sutai Domain

High Altai Domain

Fig. 13. Block diagram interpretation of part of Mongolian Western Altai, showing the High Altai, Sutai and (SCh reurs and Col Ietta 1998)
)

Jargalant structural domains. each consisting of large-scale Hower structures related to dextral transpressional
strike-shp fault svstems, Modified after Cunningham ef «f. {1996),




Stepover geometries

i. Underlapping - 30° restraining stepover
=

— T~

~
w= 10 em™
~

Ii. Neutral- 80° restraining stepover
i

—~—— o |
]w= 10cm |

MoaAeAn co CTYneH4aTon B NAGHE KOHpUrypaLmen NoAAOXKKH

e T e 5
—

e
—
~——

Iii. Overlapping - 150° restraining stepover

P—

-~
-
w=10cm, -
-~
P —

/

a. Predeformation

b. Postdeformation

[—

—
Motor drive
— —_—

Rig Dimensions: 120 x 50 x 10om

(McClay&Bonora, 2001)
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MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

TocHcrioeccus

BepTUKaAbHble pa3pesbl
Yyepes MoAEeAb. BapuaHrT |

(McClay&Bonora, 2001) oot oers scm 4 r 10 cm




MoaeAn co cCTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

il. Neutral- 90° restraining stepover

—

g l
]w= t0cem |
i

Cutyaumus Il

—
———

(McClay&Bonora, 2001)




MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

-I-, , : ———

oclHcrioeccus) = %
BepTUKaAbHble pa3pesbl Btttz ] Soctions
yepe3 moAeAb. BapuaHrT li =

[ (o]

i
:] Prekinematic layers 5¢cm 10cm
i<}

(McClay&Bonora, 2001)




MoaAeAU co CTYneH4YaToM B NAGHE KOHdUrypaLMen NoAAOXKKH TOCHCHOSC S

CTpYKTYpPQ HO NOBEPXHOCTU MOAEAEU BCEX TPEX BOPMUAHTOB
KOHOUTYPALLUU (PA3AOMOB CPYHACOMEHTA)

Basement Fault Geometry

10cm

50cm

Stepover Width

25cm

20cm

(McClay&Bonora, 2001)




[MOAeAM CO CTYNEeH4YaTOM B NAAHE KOHdoUrypaumemn noAAOXKH

Tocdrcrioeccus)

MMpupoAHbIe NpUMePbl TPAHCNPECCHUOHHbIX CTPYKTYP
U CPOBHEHUE UX C PE3YAbTATAMU MOAEAUPOBAHMUS

J
109°

North Owl

8

Creek Fault

20 km

Pop-up structure, Wyoming

(McClay&Bonora, 2001)



MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

Bitter Spring Valley
Fault Zone

Bitter Spring Valley

Fault Zone

Pop-up structure,
HeBaaa

(McClay&Bonora, 2001)



MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

ICrioecch

<. - -
—™._ . Present-Day Trace of Atacama Fault System

VAN N Yy

Pop- tructure, M
op-up structure, Ynau (McClay&Bonora, 2001)



MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

Tocdrcrioeccus)

TN ,""'Smctutal contour map on Lower Cretaceous
a S \ [ Muddy SST. Contours In feet
‘A
Land Surface

Overland Thrust e -
=50 ik 4 . 6000
—~ "'-.__4 -

(McClay&Bonora, 2001)

Pop-up structure, Wyoming




MoAEeAU CO CTYNEHYATOM B NMACHE
KOHdUrypaumuen noAAOXKHU

Stepover geometries

i, Underlapping - 30° restraining stepover

.

——— ‘\.\
w= 10 cm™

o
e,

— .
——

il. Neutral- 90° restraining stepover

.

ha l
]w: t0ecm |
i

[—
———

iil. Overlapping - 150° restraining stepover

e

T -~
P -
Iw= 10 cIm,

-~
&

|

(Dooley&McClay, 1997)



MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

(a) Releasing m—
Stepover
Basement y /
- Fault \\ Linkage of oblique-slip
v - b 2 - fault segments
[OCIFHCTEHC S N
—rt r —rt ~—r J_ S—rt 4 N Basement
T 4 . S | b \ 'xli _1| Fault
/ : i BB e | T 1-cm Displacement 10cm
A
. < +H+t (b) Basin sidewall formation - basi
Stepover geometries L .. e e
i. Underlapping - 30° restraining stepover m Displacement L 1 [ 4 m Dispacement 1
— : ¢ L]
~ T Hi|d 111 i
w=10cm™ < IS :
~
™ ——— e 3-cm Displacement
. b0 P 0 I : et - (c) ~ 5 —
B 5 N S EEREE R Throughgoing principal
§¢m Displacement Tt T 8 cm Displacement T N !
e [ e - Pz SO e
i i s : t -
14 17 .21 424|128
f S
¥ A 1
¥ e Basin Sidewall
10 cm Displacement i Cross-Basin Fault Zone
10 cm e ! 5-cm Displacement

(e) —

PDZ-negative  \
flower structure N

Cutyaumus | - 30° i

2 RS
e
B —— i
Terraced 1 ~= w
sidewall N PDZ-negative

( D O O I ey& M C C I ayl 1 9 9 7) i 10-cm Displacement At i




MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

(a) ——
_Basement T Ew#;smsl
- Fault ! ver
[ocHCTEHC Y e
Fault
R 1-cm Displacement 10 cm
(b) P

il. Neutral- 90° restraining stepover

T

w=10cm | . it 3-cm Displacement

3
-

— . B sicerwaall e i ik
———

e Y

10 cm Displacement
10 cm

Cutyauus |l - 90°
ooley&McClay, 1997)

10-cm Displacement -




MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

TocHcTeHCYS

BepTUKaAbHbIE pa3pesbl

Yyepes moAeAb. BapuaHTbl | u i

14 17 211 241 1 128

10 cm Displacement

10 cm

(Dooley&McClay, 1997)

[ "] Synkinematic layers

]» Prekinematic layers

(D Motion out of page

(B Motion into page
10 em

5

4} Prekinematic layers
[maa:]

Synkinematic layers

(@ Motion out of page

@& Motion into page
10 cm

BAPUAHT | 30°

BAPUAHT Il 90 °




lMpupoAHbIE NpUMeEpPDI
TpCIHCTeHCMOHHbIX CprKTyp

|
68°00'W

N
Oblique-
extensional fault

: Salar

Pull-apart
-~ basin

3AapHUCOBKA NOBEPXHOCTHU
mMmoaeAu. BapuanT Il d

CrpykTypa pull-apart
ApreHTuHa, AHAbI

= Salar
~Antofalla

(Dooley&McClay, 1997)
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[MpupoAHbIE NPpUMeEpPDI
TPAHCTEHCUOHHbIX CTPYKTYP

IOxHas KaamcbopHus
(Dooley&McClay, 1997)




[MpupoAHbIE NPpUMeEPDI
TPAHCTEHCUOHHbIX CTPYKTYP

(c) ~. —
N Throughgoing principal Pull-apart Structure
~ N\ displacement zones Location of Seismic Examples
PDZ ~. established

10

L Fault with
T~ extensional

separation
/ 1 AFZ, Athos Fault Zone Fault with
Basin Sidewall NAT, North Aegean Trough . —4— reverse
Cross-Basin Fault Zone NAF, North Anatolian Fault \*Q sep::‘tlon
S i v L
5-cm Displacement ————
> sy’ 24°50
(e) e A " , ;
PDZ-negative  \\ WT NwW SE
flower structure \\ N 2 :‘L pdid3s ™ TERE RTINS 00 1) I 4w

Terraced 4 = o
sidewall ¥ PDZ-negative
—~g— L flower structure
10-cm Displacement 2
17 a
= el 4 1 7Top Basemen
?

(Dooley&McClay, 1997)




MoaeAn co CTyneH4aTon B NAaHE KOHpUrypawmen NnoAAOXKKH

MoaAeAupoBaHue nyA-annapT 6accenHa
C AQ3epPHbIM CKOHUPOBAHUEM peAbedcha

i N,
Uy
R g =
-~ .- 50 R - »

4D analogue modelling of transtensional pull-apart basins
Jonathan E. Wu , Ken McClay, Paul Whitehouse , Tim Dooley, 2009
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AHOAOroBoe MOAEAMPOBAHME U MEXAOHU3M TEKTOHMYECKON MHBEPC UM
B LLeAbcboBOM BaccenHe Cuxy Car, Bocto4yHo-Kutanckoe mope

énqlogue modelling and mechanism of tectonic inversion of the Xihu Sag, East China Sea Shelf
asin Qian Wang, Sanzhong Li, Lingli Guo, Yanhui Suo, Liming Dal, 2017

Changjiang Sag o 20k 40km

The Fast China Sea Shelf Basin lies
etyveen the Pacific Subduction
Indian-Eurasian Collision
tonic domains and records
Ozoic tectonic inversion,
cially in the Xihu Sag.

Diaobei Sag




BepTUKAABHbIM CEMCMUYECKUU paspes

Two-way Travel Time (s)
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