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Abstract: Centrifuge analogue modelling technology is an effective method to reproduce the tectonic deformation
process of the crust-lithosphere scale with a multi-layer rheological structure. It plays an important role in investigating
deep rheological architectures and their influence on brittle deformation in the upper crust, and has been widely applied
to studies of diapirism, fold-and-thrust belts, continental extension, magma-rift interactions, and strike-slip pull-apart
basins. The development history of centrifuge analogue tectonic modeling is summarized, and the modelling principles,
apparatus, materials, and recent advances in monitoring and analysis techniques are discussed in detail. Differences

between centrifuge analogue and normal gravity tectonic analogue modelling experiments are systematically compared.
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Representative applications of centrifuge analogue tectonic analogue modelling under different tectonic settings are
analyzed, including extensional, compressional, strike-slip, and salt/magmatic tectonic regimes. Finally, we look forward
to the application prospects of centrifuge analogue tectonic analogue modelling in hydrocarbon exploration and deep-
earth system research and discuss the future development direction of this technology.
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Table 1. Comparison of major centrifuge facilities and their applications in tectonic analogue modelling

SR WRRH 55 AR A EEFANE SRR
BRI B LIS, BA. SR
B R RIREOHL (4 Harris and Koyi,
Lokl EEEEE S KR A REwE. o
% HRTL 3000~5000 rpm) B (2003)
AL b R
SARIMBIE BHEREREON SRR B BA. WL R Corti (2012): Zou
TOOLab (PM980R) R 2 T ) il et al. (2024)
TP BB
ek INRS g PR = GRS RS . W Godin etal,
(~1000g) +CT #1 o ‘
Ko " AT R B (2011
H
i N 1]
‘ oty L, AR - Chen et al.
EBHIAY PIV 4MH7: ZWIEZahS R U
& (ZJU-400) . (2026)
g2

1.3 SCIaAAst

TEFEEE B B PUE PR SL IS il S S M A O (Koyi, 1997; Corti, 2012; Zwaan et al., 2020) . i
EIZPN i al i b/ RS S RO i N (RN i el i (0 g o a1 8 i w1 AN /) Ol N AN R ek =gz =l e AL
PINE T Hobg, R0 A B AN [B150 20 A R84 B mT BLAy e et LA e A4 B AR 26 (Brun et al., 1985; Ballard
etal., 1987; Koyi, 1997) .

TEFREE W B SL0 H , RRUME PR3 7 (Bt ae) AP Rl 32 E R B BOBURCIR AL B, B K A /P45 (Corti,
2012) o IXEERPRM P BE B A S i s s A B 2 AHBL (Ritter et al., 2016) , K SbIX SR RIGEW TE 5
HARF R R R A IE, BRSSO ZE R B Sbal, 0n RS A FEI BRI A R LR B2 B L Py JBE
MY S48 (Abdelmalak et al., 2016; Montanari et al., 2017; Del Ventisette et al., 2019) . A —LE5URDIRAS
BE (O eR ) HA AR A N EEEE A, JF HA] DUOR RS SR BRI 2, Wnig it /= (Milazzo etal., 2021) «
BT IX LA R A 5 TR IR TE 0, R DUE R R e B E R . FEFE, &R R E
AT EEmEE O,

T AR B B A M IR 0L, BT ML 90° JEONES oL, AL 22 A5 FH 280 00— e 1k AR A0 e L 1) A ) SR
WETE R, nefds &-Hm- L IEA Y (Harris & Koyi, 2003) 4L 7)- i A 1R &4 (Koyi & Skelton, 2001)
FE IR R A D (Corti et al., 2003) « H#P (Moon Sand™, Santolaria et al., 2022) %5, JNE BEIZ G K
V5o FE RO B MERREHEAT B (U0 Harris et al., 2012a, b) , IXZEPPREAE A IURE 4045 T 7 T 20 R 8 4F
{EUAE DA 30375 BT 14 Ui 2 1 -5 7 2 6 A

BEACE A BV, R HSE . BOREHIEEE TUE 2 BIZEE AR, AT DUE A Bl & A Bk
ML H HT G BB S50 g WL AR R W RS (Polydimethylsiloxane, PDMS) , #§H5H
AP RH e . Agerb . WIRSRIRA G, v LS B EA &G % B AR AR RE B AL (Corti, 2012) o 1E
R RS Y B SE IS Gl R IS 2 SR H ORI R, R R e TR TR . ASET A
Bl IR AR TR S AR R A O, B N AR (3G 0T 5 (Brun, 2002) o BRI, 78RS A RS PERT R
N IS 75 A TR ) S S K (TS, [R5 0 Y R B (1) A T T R



S R [ F R LB G R B R T S H I LS
Bl )i

B )

HOHE AT

—_—
B0
B0 ILE A AAEREEA
@ S

BAT

g 1y g R NCE U - BN AR R e
Ld]
il

fc s

§hf

BT

10cm

<

weT |

_ 1o0g
&Sy hid aE

B 1 ABERAR R SEE6 = T B M BEAR AL SE 36 A58 F 1) B oML B 4 (a) 35 R [ SRAIT 98 2% D -k 55 A0 10 K 2 M A 4D S B0 T B 1Y)
Bl (Milazzo et al., 2021; Zou et al., 2024) ; (c-e)Hfi 3L 5 4 K 2P T  BAMAS A4 38 SR 06 =5 1) s Oop L R A 2

E DAL (b)IEAT R
% (Harris and Koyi, 2003); (f) I5E KA 5 A3 [ SRS TU BT FH 0 B WL A #5454 (Godin etal., 2011) ¢ (g-h)ngER
AHEFE BRI S H 0 (C-CORED A+ T B L (Noble and Dixon, 2011)
Figure 1. Centrifuge facilities used for tectonic analogue modelling in different laboratories worldwide. (a) Centrifuge used in TOOLab at
the Italian National Research Council and University of Florence and (b) its operational schematic (Milazzo et al., 2021; Zou et al.,
2024);(c-e) centrifuge and model set-up at the Hans Ramberg Tectonic Laboratory, Uppsala University, Sweden (Harris and Koyi, 2003);(f)
centrifuge at INRS, Quebec, Canada (Godin et al., 2011);(g-h) large geotechnical centrifuge at the Centre for Cold Ocean Resources
Engineering (C-CORE), Canada (Noble and Dixon, 2011).
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Figure 2. Driving mechanisms of centrifuge models. (a) Removal of plates from one side (Nikkil4 et al., 2015) or (b) plates from both sides

1

(Zou et al., 2024) to induce extensional stress through centrifuge-driven viscous flow; (c) application of compressional stress using a built-
in hydraulic system (Mulugeta, 1988b); (d-e) compressional stress induced by centrifuge-accelerated lateral flow of a silicone wedge

(Santolaria et al., 2022; Milazzo et al., 2021).
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Figure 3. Development of monitoring techniques in centrifuge modelling. (a) Surface grid for strain analysis (Koyi, 1988); (b) vertical
marker layers for geometric deformation analysis (Dixon and Summers, 1985); (c) cross-sectional slicing of wetted and frozen models and
(d) their interpretation (Corti et al., 2013a); (e) top-view photography and (f) surface 3D photogrammetry (Agostini et al., 2009); (g) cross

sections, (h) horizontal slices, and (i) 3D reconstructions based on CT scanning (Harris et al., 2012b).
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Table 2. Comparison of centrifuge tectonic analogue and normal gravity tectonic analogue modelling experiments
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Figure 4. Representative early centrifuge modelling of continental extension. (a) Evolution of listric faults and (b) metamorphic core
complexes (Koyi and Skelton, 2001); (c) rift basin models with different types of transfer zones, showing significant differences in fault
patterns and lithospheric structure (Corti, 2004). UC: Upper Crust; LC: Lower Crust; LM: Lithospheric Mantle; WLC: Weak Lower Crust;
®: strike of the WLC within the transfer zone.
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Figure 5. Hypergravity tectonic analogue modelling and quantitative analysis of continental extension. (a-b) Centrifuge models on post-
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collisional orogenic extension (Nikkil4 et al., 2015). (a) Cross-section evolution of the model; extension of the upper crust (UC) is
expressed as strain, whereas that of the plastic middle crust (MC) is expressed as percentage. With time, block boundaries extend, rotate,
and evolve into listric geometries, while domal structures and tectonic exhumation develop within the MC. (b) Top-view photos showing

brittle faulting in the upper crust (light grey) and the exposed middle crust (dark grey). (c-d) Influence of pre-existing upper crustal
structures on rift faulting (Zou et al., 2024), showing significant differences in plan-view images, fault interpretation, rose diagrams, and

histograms of fault orientations.

AN, DL A FH T R 2 o e W S A AR R A7 G USRS 100 A, 451 a4 ) e w1 I ) 7 5 1
GRS, S5 7 1A R3S W E R MBS 30 3, RS 2 M S B 5 E w128 . HAEET AN
Wi, Toie W =8 m) S R T7 1a) AT A, Wi EHRIONAERE. v T X — 8, Cortietal. (2013¢) A
Philippon etal.(2015) 256 70 HE 2 0 W 2 sh 3o 5 1 R FRUENLEEGE, JFR T — RV E 505, IARIAL
TR T [ (1 e AE R T R 22 5 R R T I e T 1) JR e e, 3 BURk A A e i) 2 E B K 2 i n T Bl



AR RSN A A — B R HET -

AP SR (V768 B SR A AR A TR B AR EAEE R A R A E A, RN T R 2w E AL AT . Nikkild
etal.(2015) M FH b7 )RS (1) A, FR 90 1 Wl J it Ly B 04 R A ML, DOk g A S A
R AR 72 S e B LUy B R AN — I E BRI &=, R 721G LA E R R M IERHE (B Sa-
b) . Zwaan et al.(2020) 18 5 SR R T ot 1 Hh 52 L RE L A R AU Aok PR 5 IR 356 A i a0 5 g 3 Y A 11 42
YERL, At bihae JE R phoE 1 ik S R B AR IE RS, (i R A 2 B 8UR A I8 A X L ZE 5+« Zou et al (2024)
I A e R A T B SR BT ) AR R I FE R R AL, DO S e AR S RS B e f <45 Y
oA F it 4 i 2 AR A S A E AR RS (B Se-d)

TEAP FEAIERT FL A, 8 E R ) BRI, T 1 A GuAss B e DA 20 1 8 0 3k 2 25 400 5 e A I R & (O 200,
TR 7 BEL S W1 20 e A7 b it s 1) 55 TR (4 7B BRIt A 5 Bl R 22 3 A R A4 T
PR
3.2 FKEWE

AT 1)1 , o B g )3 P BRABE AL AE 5 1 A 3G B 9 o %) 2 P AR M BATS T 1 17— 8 R R e R
R B AR ORI 78 T LLE WIS 4D 80 4E4R,  Dixon & Summers (1985)i i i #E N5 Kk B2 J5 KFHIE O
MUSEES 4%, [T R ARG B dle CRRfsi ) FIRERR I K CRISJE) , BB T B S - TUA IR A S TR RFLE .
Dixon & Tirrul(1991) JES7EAR 5| NF R S MR Z, SR RIS R ZEEN A L1 )15, R
T HHRE R AR HIER (B 6a) o Liu & Dixon (1991)fSZ6 B #E—25, #it 7 5R-3928 & /N4 E B E i
R, R T IR E-RE A A3 0] S B R R A, S5 By 20 L LBk AT TR, BGAIE T -85 58 B M R -
W R LA &M, O AR TR A R 1 AR A T B A SRR

R S
Fla—-¥I \ . &

K6 Bk B IR R RS . (a)99-9R- 59302 5 SRR B T S T SSOR B, 5932 b B B 2 HODURE S8 /)N R A8 4
(Dixon and Tirrul, 1991); (b)# HLH JAE L5568 F AL RIRT bL, B A AL SE N s i =8 70 7 T (Mulugeta, 1988b) 5 (¢)RZHIK
R L T ECHLEAT RS R U 25 2R (Noble and Dixon, 2011)

Figure 6. Exploratory centrifuge modelling of compressional tectonics. (a) Deformation of a weak-strong-weak stratigraphic sequence in
cross section, with more numerous and smaller-scale folds in weak layers (Dixon and Tirrul, 1991); (b) comparison between normal-gravity
and centrifuge models, highlighting the enhanced role of gravity in the latter (Mulugeta, 1988b); (c) large-scale fold modelling using a
geotechnical centrifuge (Noble and Dixon, 2011).
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Figure 7. Representative centrifuge tectonic analogue modelling of compressional tectonics. (a) Effect of the presence or absence of a weak
layer at the basement-cover interface on fold geometry and (b) corresponding 3D CT reconstruction (Yakymchuk et al., 2012);
(c)model of a basal detachment-thrust system, where imbricate structures preferentially develop above the detachment (Milazzo et al.,
2021); (d) top view, CT cross section, and surface topography of a wedge-shaped thrust belt model, showing more numerous and tighter
folds in thin cover sequences and imbricate structures at the thrust front in thick cover sequences (Santolaria et al., 2022).
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Figure 8. Centrifuge tectonic analogue modelling of lithosphere-scale strike-slip pull-apart basins (Corti and Dooley, 2015). (a) Top view of
the model; (b) interpreted top view; (c, d, e) different lithospheric cross sections. UC: upper crust; LC: lower crust; ULM: upper
lithospheric mantle; LLC: lower lithospheric mantle; AST: asthenosphere.
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Figure 9. Hypergravity tectonic analogue modelling of asymmetric continental margins (Corti and Manetti, 2006). (a) Cross section of the



asymmetric margin model (UC: upper crust; LC: lower crust; UM: lithospheric mantle); (b) enlarged view of the strongly extended margin,
where dv represents the vertical distance between marker layers of the continental shelf and ocean floor; (c) weakly extended margin; (d)
plots of thinning factors (1/B) for the crust, mantle, and lithosphere versus distance.1/p is the ratio of initial to final thickness; smaller
values indicate greater lithospheric thinning.

Tentler(2003) K% 1 M1 i 7e- WA A Pl 08-S B F) = 2 AR, S el o g XSl i P e 55 A A
I TR ARG, VO W E B R RS R S S A P P R R S SR B
#. Cortietal. (2003b) i B AU IR TT 1 A0 Bl kAR VERL I8 X0 KRG A St e sk i e, A
NEAE gAY E GOEERRAR . TGS T RIS RR R OB ER,  RE RN a6 3G 22
R, W SEEREE R LKL ARN R EANF. £X—IAREMR E, Corti and Manetti (2006) JTf& 1 5 i
B ISEE, PRI TS (Moho) JEASK KB KA LG ], DO AR SRR T & LBz K
Wi AN FR A T ) R B S D], BB TR AL (M5ed D) KR Se o g ol FSWREsh. &R
Pl v 5 e Pl s, 3R T R BN AR SRR B R TR R (&1 9) o Mart et al. (2005) Mt 17— #5176
[Fi) 8273 8 SIS T 1 ARERART R AR A LA 6nE 1 0 1 R R R DUR B, R . (R KT
A B AR AR SR T S BGAIEHE o« Philippon and Corti (2016) 548 5 /BB S50 5 2 BR AT 0 4T, 4R
FC§ BRI TGRS i e SV IR AL IE A T I BIE T, A s R FEAR I 57 B 5 (e ko A Bl iR 5 25
s, RIE KRR S Y K R K.

i B R i P BRASADLAE AR A 3 S B ] RIS T, D ORB M L el Bl S Bt AN 0 R &5 il RS A4 1 3
RIBOAR TR S RO R RO A2 R R i, AN BE AT -5 FE R PR A& T AL R 1 22 B2 i R 38 M P SR
WAL RS, (EAEPRGH BB B R RERAE AN, SEIRACREST, R A A RES Al i i
HH ) B A

SZEANFREASE P I A (GR 3D, EE MG BB A O IR T RE £ S0 i R iRl
HJIRANRINL, AT BOBORIR R it A R i AL 1 A T B IR o 25 VR R T 8 A BEASAUAE fe
AR I %2 S IR AR G KR T T PR, (AR EIMER SN . R I AR A S O A i I R A DAAE S
HILS E R

R 3 HE IS BRLLE AN R R 3 S T v 1 82

Table 3. Applications of centrifuge tectonic analogue modelling in different tectonic settings.
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