W % 5 Ok A T
2022 4 8 H W B 3

Pre-pub. online

Aug. ,2022

GEOLOGICAL REVIEW

yeg B

FE 3T /84— B i S T (0=

1 20 B9 =2 M 43 A "

— K B AR SR 4L AR R R R

1922 ~ 2022

Pre-pub. on line: www.
geojournals.cn/georev

x> 2Ea AERY A2E" B
1) SR LR TR, HhE SR L, 563006,
2) BErARZERI BT R, W44 BITA, 1749-016;

3) REE A AT 52

22m e, HE DR, 300384

MFRE . 12305 MU W B —E N TECR |, JE DR E AT 8] 9 56 2000 B A 2R S A i
A E A R EA T ER L, Wi, B A B R SR W T TS SRR AN [ AR R
X A Y A T S B BRI 35T, 45RO i N AT AR o A IS AR 5, 4
O S AT 18 LA b R v kg S R A, TR A< WE I LA 25 b oy R i RE s, @ Wi IR Y
2857 2 EJE W IR A R B L AR I U B < 88 B — b Wi RO AR R 2 BT N ) R T BRI R R A 5T 1, I LA
Hi i 208 R AR RE S TR Al ) P BRI 2R X Ef‘fi)z'ﬁ’béf”jjﬂ]%ﬁ?ﬂTéﬁﬁ’];éf“)’ﬂxﬁ%
TR R FR L R AE S T, O RS A R AR T R AR AT REDE T HAFTE R BORAS . H40 F BE ARE
BRI AT TR 3 R S 301 Ity i ) A A T SRR R A AR A SO AT T RE SR T 25 S ) AR TR R IR AL

KRR AR AR A R A i 9 A — b P S

H AR AR R ARFNE (A 3 R R 2,
MWW Sz dh G &R ok, EATERN 2=~ BA 5 —
PSR @ IR s sl Bl E N ER T
BB RIRAS 25 5 TP E T H AR I
A e, [RIET, 1218 47 %% ( Deborah number ) 25 53
11, De=tyy/tys , 5 De<<1, PRI N WARLT H 5
4 De>>1, WA BAFT o a8 ) ) v b1
BHREIRE SGM36 , B 5 17 5 /- A sty (8] AN B 1 s
(n/G=(3%10*Pa -s) / (3x10° Pa)=0.1s), K
I, R AN De>>1 B, 5L X 4 B 28 2 1952 W A7
Ak TR Z W ( Weijermars et al. , 1993) . I,
H BT — 20 3R U], AR T 3 R0 E 9K ) o i)
AR BA W B R P E AR, e
AR T A S X, 5T T iz Bl
JEE X M S, A R A 2 R T Ak ok B Y 52 e BIF O
(Rossetti et al. , 2000, 2002; Gutscher et al. , 2001 ;
Smit et al., 2003; Bonini, 2007; Reiter et al.,
2011; Graveleau et al. , 2012), Rossetti %5 (2000 )

TE ARSI R B 2
T (45 B #A KY[2022] 014 5 ) B,

T LA 3R P X AR I 18 52 W AF 5 6 B R 1 22
T AR FCGE T 7 1 5 | 22458 1) 228 0 3 3R 0P ke
RAKGE M Ta ) 5 . Reiter 5% (2011) F A AHAP B
VR Z 0] 1y Bl RS 22 5, % I ) 38 T8 W 1) JLART 4
TESEAT T WF9E, 2R W] iz 2 3 B % A2 I AT H B 15
el , IR TR RSO A 3 1 T RE LA . 1A 1Y
“EF W IE I, B H T80 X R Al — b Y 1 AR T R
ACRA EE AT R, O B P 8 22 S A 1 fi
A S St i N /il il DR AR e o= vl U |
( Gutscher et al. , 2001; Smit et al. , 2003; Bonin,
2007) o, AN, AT AR TR 3 2 e 1 i A
FRITE J80 B 1 A ) B IR AR BEATD AR AN 0% | i = B R T
AP BREE S 3 A FIAR T

YRR AR — & ' 200 Z 4 AT 43T
B, Xof AR Af— Wy 1 AR T T A e R B A A
B R 1 W B 2 7 X (Hubbert, 1937
et al. , 2012; Schreur et al. , 2016; Butler et al. ,
2020) , [AlI}, 7EA4 38 A2 T AT 58 b C A5 B )32 1

Graveleau

EZR I H (45 :201908520019) SN A RIH T R BIW H (45 B RS 2 mb-2k [ 2022]) FaE ST 5 2% ¢ ¥ B

W R F 91 :2022-04-01 5k 71 H 48 :2022-07-27 ; 4 1 & :2022-08-20 ; AL 4 . XIS TR, Doi: 10. 16509/]. georeview. 2022. 08. 091

TEH i

AR SCRI 51982 4EA: - B # 4% s £¥M$$@ﬁiﬂﬁﬁfﬁ%;Email;hewenganng?)@ aliyun. com,



2 oo i PF 2022 4E
1R 1 T
o S G ﬁ HRUEEE IR [ =25 em/h Fﬁ@ﬂ%ﬁﬂjmlﬁW%WC%m
L e s /A
i 30 cm (b)|7ZIIIIZIZIIIIZIIIIZIIIIiIZIIIIZIIII:IZIIIIZIIIIZIIIIiIZIIIIZIIIIZIZIIIIZIIIIZIIIIZIZ -~
J | , \ |
R PE LR B R 2 JEE 0.5 om
o w20
TR I J2 0024 42 B =15 em/h Eﬁ@%ggﬂsmlﬁW%m—ﬂm
........................................................... /A
g (C)|VZIZIIIIZIZIIZIZIIZIZIIIIZIZIIZIZIIIIZIIIIZIZIIZIZIIIIZIIIIZIZIIIIZIIIIZIZIIZIZIIIIZ ~
(=) 1
7 | , \ |
RIPE SR 36 Bk I J2 T J5=0.5 cm
133 T
CIRIUERET % 3 =5 cm/h ﬁﬁ@@)ﬁ;wﬁ:l.s em Ja R BRR a0
........................................................... /A
(d)|VZIIII:IZIIIIZIIIIZIIIIiIZIIIIZIIII:IZIIIIZIIIIZIIIIiIZIIIIZIIII:IZIIIIZIIIIZIIIIIIZ D
4R | 1 |
@) RIPESERE R R A2 2 FE=0.5 em

B 1 BRI E R S5 (a) 2EEFIEH; (b)—(d) Zral Bl 1—HaAl 3 454 )
Fig. 1 Model set up and structure; (a) the plane view of models;(b)—(d) the model 1, model 2 and model 3, respectively)
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Table 1 Model parameters

MR | B | RRRER | FEAE | K| R | &
£l (em/h) JB(em) | #E(em) [(em)|(em)|(cm)
iR 1 25 0.5 1.5 80 | 30
FEHR 2 15 0.5 1.5 80 | 30
i 3 5 0.5 1.5 80 | 30
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Tabel 2 Model material and scaling
(from Hubbert, 1937; Bonini, 2007)
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%A ¢ 80 4.0x107 | 2x107°
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IR 3 U (m/s) Vi 16.9x107° | 8.9x107® 775
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Fig. 2 Deformation pattern of high velocity (25 cm/h); (a) plane characteristics; (b) original model slice;

(¢) drawing interpretation )
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Fig. 3 Deformation pattern of middle velocity (15 em/h) ;
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(¢) drawing interpretation
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Fig. 4 Deformation pattern of low velocity (5 em/h): (a) plane characteristics; (b) original model slice;

(¢) drawing interpretation
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R A9 R P ) 1 22 B 07 7 8K, A R TR A — o
WT 18 rh B A IS AR S TR B N Ui
DT A R LR o (K 7a) o S5 ihAy
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(b) deformation of medium speed compression; (¢) deformation of Low speed compression
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Fig. 8 Complex structural style was formed by the control of
movement velocity: (a) pudding structure along the coast
of Lighthouse Cape Eshpichel in southern; (b))
superimposition of multiple folds in the south of Lisbon,

Portugal
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Fig. 9 Examples of tectonic deformation patterns under different velocities: (a) thrust fold belt in Longmen Mountains ; Burchfiel
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FFEERFRI N 5 Ma, 444 25~30 km (Smit et al. |
2003 ; Burbank and Beck, 1989) . W5 45 4F ) 45
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R 5~6 mm, ZXBIEIRERERT, BT
HT e ORI RR A B P A 3 (1] 9b) .

AR 78 3 238 G 1| A A T 4 i (4 R
20% ) #7136 km( Yan Danping et al. , 2003 ; 5§
45 2010) o ARAEBDLIS IR, BAE R 4R R 1. 36
mm ,J& A ] BRI B A (148 15 4 X 1Y ( He Wengang
etal., 2018), 1M H , % XL 4 5 b 2 F )™
1253 AT W IR G2 A8 B S A7 7 e 5 (IR B R R
#H5% (Zhou Chao and Zhou Jianxun, 2022; & 9¢),
[FI3, Jb 36 R30Iy Bl 9 2 05 vk & 09 T8 i A
AT RE 5 h e A 5 A6 AR P SR I AR AR 3 4
AR (B 9d) .

D ARITNGE-S 15:E E < N N g IR S
R AR S 8 B R R L 4
P AR Z S5 R L R R 4 T RS A
B W m Lk E A U2 R AR A — R )
BREZRM TR S 8 , (AR &S
SN —GRUEE AR A I 3 8% ) 38 4 X By 52 e
FF48 735 A8 T T A2 5 e 1 e AR T B HE AR ) —
F R RIR R TR 2R ER, HARFR
IR — MBS s w8, BRI,
AT BR T AH [F] i A2 22 4500 2510 T M e Y B iy
T R A X 1 AR T S A R 2 T e
PRI 2R 1 5 B i 2 i A 1 T Jm Stk — P IR A
WFFERERT

4 g

2B H ETET AT FE R I 554 B A1 5 5
5%, 0 3 AN [R] AR A 3 A ) B IS PR M
JEA G RYZEAERETY | Xof 748 1 3 238 o) g 36t A 0 5 Wi
KAEAHEAT TP B T FOAR T, 453 2518
FIIAIH .

(1) R 48 T 2 T8 U 2L o 32 4
TR, TP A5 R I B LA A RS = R
7 ARV A 08 B DA 28 J5 Ay 32 1 ) 3
o

(2) 7288 3 8008 g 3 A 2 ) 52 0, A JBT %
TAEM iz s, e W) BN R R RS R A T
U TEARR A— R W A AT T B AT e 24 2
AR e X, LR B Ry 4 FE AR T LR T AL iR
PIPEZ BT g, (B2 M58 W) B N AR e TR A%
SROEL RN i85 D B DN < R LR AP D ERUIE |
X R iR 1 AL

(3) Ahy 3 by B A (8 A2 T T30 5 HO M 1 =X B

K, ABIE AP T HAAERPIRAS . A2 2 e
B AG TRY 3 R T L RR A | T TS k|
R Bty RN 56 R i oty Bl A 200 5 o b i 25 22
S B AR AR A S A X R A AR IR ) AR AR T
R, B2, B AR TR E AR
FAFAERZS 1 — A+ L EE A R P, (AR A
BRI

Bt AR IR TE BT A K% Fernando Ornelas
Marques . Filipe M. Rosas Joao C. Duarte 3 {3/ #(#ZHY
T SEA T AT BN e e 20 AR R
BT R R B (e R — K
HEAE SR Bt m i TS st
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Effect of deformation velocity on the deformation patterns
of fold-and-thrust belt

——Insights from analogue modellings with brittle—silicone layers

HE Wengang'>’ | LI Shenghong'’, LUI Chongging'’, ZHAO Yuanwen'’, LUO You"
1) College of Engineering and Technology, Zunyi Normal University, Zunyi, Guizhou, 563002, China;
2) Instituto Dom Luiz, Faculdde de Ciencias, University de Lisboa, Lisboa, 1749-016, Portugal;

3) School of Geology and Geomatics , Tianjin Chengjian University, Tianjin, 300384, China

Objective: There may be a closed relationship between the velocity and the structural style. It is an important

material attribute, which is of great significance to understand the deformation and evolution process of nature.

Methods: Therefore, combined with field outcrop observation, this study carried out physical simulation test

and analysis of different deformation rates of fold —thrust- belt.

Results: The results show that: (DHigh velocity forms a structural style dominated by forward thrust faults,

medium velocity forms a structural style dominated by forward thrust fault and backward thrust fault, while low

velocity forms a structural style dominated by pure backward thrust fault. @The difference of structural deformation

patterns is mainly determined by the internal stress state of the rock: the forward thrust fault was developed in the

hinterland of the fold -and- thrust belt, and the shear stress of the brittle layer is greater than that of the basal
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ductile layer, while in the middle and front domains, the shear stress of the brittle layer is close to that of the basal
ductile layer, mainly forming back thrust and symmetrical pop-up thrust structures. 3)The deformation rate of
tectonic geological body may determine its existing state.

Conclusions: The pudding structure of the coastal area in the south of Portugal and the dominating back
thrusts in Cascadian-type margins in North America are likely to be formed under different deformation rates.

Keywords: deformation velocity; structural style; evolution process; fold -and- thrust belt; analogue
modelling
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