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Fig. 1 Schematic diagram of ellipsoid subgrain method and Rxz/8 method: (a) modified after Ghosh et al. , 2020;
(b) modified after Xypolias, 2009
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Fig. 2 Schematic diagram about monoclinic and triclinic deformation( modified after Xypolias,2010)
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Fig. 3 The orientation of vorticity axes in Western Idaho shear zone and its formation( modified after Michels et al. ,2015)

CVA F3Hrxt T H1 W7 59 UDE X B A R IF 45 =
YERT, Sen 55 (2025) 765 S HEHL IX B IR IF /R R 40
£ CVA 2047, 7E MCT H1 STDS 45 B3 1R 31 o faf 28
YIS0 CVA R & 3 B b A Al 7 A% 58 e 3 4l
Y= CVA REX J5 I WA A 2358
FIREL T T A 2 AR B S —— i ATE
i DX ) T A F AR UE Y [R) B4 7 X5 438
T AR Y AT R R Y R

FRUCLASR, CVA AT i W A 12 A R Uil
ZWS A . Miranda %5 (2023) 38 15 %F 5 74 2%
Large A RIEAT CVA Z0FriR gl T A g A B
AR CVA MR = BEFIE A 5 B AT 2l 55 U
FFEHE CVA FEX, 45 GRS b i E 4

KA 5 0 30 I AR I, (B4R G TE B A2 Piette-
Lauziere 55 (2020) $2 75 B A Z WA T2 A fhilf 47
FEARNE CVA S BT Bt is | R s f o i Ul
BT RS A ) R ) AR FE R 38 5 — 80U, i 7E
FARBIYIHF TP ME DL SE P, Sen 25 (2025) XF IR H T
XF He A AT 20 2 EE 45 BURL FREEBUR. CVA R R
& CVA FER s, 02— A B i Ae

25 BJTR , CVA Sr A7 546 VNS 1 2 5 U Y
KL SAR G 2 W0 A48 08 5 T B 4 82 1 H A
{H ARG TR B P 2 8 T A AR B R Bl
25 OB AR AT B AT S W B9 N AR 1812 5 A2 TE HL
il ——FRBE LA KB AR PE CVA 23 Hr il T 4 B Be A
T M Bh S 45 SR CVA 2 U 5 A0 o 72 f s 30



2 A

TR TAF  FRE I ST DA A2 B2 B o M 5

JEF| % 1L FE (Sen et al. ,2025), UNHE &R 48X} b ok
B/ RN CVA X5 45 UK CVA FE20RE X
LR B YIA AT B A 40 A 5, A9 5 —Fh )
ATREREAE TR BB TR X ; LUK, B —TW0RL Y A2 T
WIE NS 0 S5 H 53 H UL, Piette-Lauziere
Z5(2020) XK EHSZ 55 V145 B 9E & I AE 58 BE
TORIAZ B LA S 3R ARAF 1 CVA FER 203530, X i
AR AZ B4 1y A8 S CAZ T B E AT TR 3l A A T 0, 2
WA AR IEA S S AN K B E AN XA 2
ANTRIRE T 5 5% 0 B DT i B 4 X0 LU 5 36E 5 Ak, XoF
FEHA B 3R D7 s 1 H DX 40 & B TR B i s 4
1] CVA FECHY 5 25 22 5 T B 255 % SO 3 A |
HAMAZ B2 308 FE A3 B 073 A A i AR AR 2% T AR SEAT
AL S W) AR T R B LBl ) 2R R

2 BEFIR R A KR L

12 37 0 BE B TR AR TR B D) A
TE A HAT R O B S
Xypolias( 2010) HBLGZE B2 ik

“PIEARIE By B Y BT R ik +C 1R e
i 15 30 LS 2 0 B i 5 D) 26 401G R B s AR T
AU (Li Jianbo et al. ,2010; 22 W %5 2017 ; X 5 A%
84,2021 ;7555 , 2022 ) 5 S5 BIMHEASTE B BT 8
W3 FE T v+ 1) M A8 T8 W B 34 6 107 A8 008 B T
Pe+C 7 B WS 3 WM AR I B B i B BT 4H
ST WG, e B Pk AR I i Be gl 5 U] 20 43 15 K Y
SE N I D AR T 2 5 (B AR AN ¥, 2005 5 X1V
85,2011 FEANSE 20225 R, 2022) , B SF X
i A A TEROKIE Y U)W AR AT 13X — A ik
B PIMEARTE B BT 20 BE T B+ BT AR R By
B A S N AR I B TR ik R AL e
245 B fa] B 5 U] 21 43320 W 4G O B4 AR T U 5K
(Langille et al. ,2010; X 3% 4%, 2010; Li Xiaofan et
al. ,2024) ,

ZEAXT LR B, 5 A R A B ) Z ) T
PITEARTE B B LA e IR TR B Btz SR e 1) 1k A T
W B st iz 2l 27 008 B 1) 728 Ak, HEAR A5 (04 26 fin s i i

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% IOO%EI'JA,?E%%HH?\
JEE 73 A B HE A [ RUBE DA % TrO 000 e
AR TS 5 0 55 U) 7 LA g S R 010203040506 07 08 09 095 135 3 2 ¥4 B 1
A =N N N V>
A ATEERIA, B Li Jianbo etal., 2010 BT
FAENEX — 0] TR | B
e - B #RpE 2017) S B A 4 ol
FKARGIYH RIS fé?
= =] Az N = X i A% 45 (202 =5
2.1 EEEREMR AT SR o R 2R
KU A 5 i 5 D) A R (2022) & R
A8 I8 A0 R A2 28 U 3l 2o #R —
B AR A EFE (2005) — Rl
( Means et al., 1981; ;; stz T
Bobyarchick,1986) ., #R T, K :§ FAISE (2022) — hEIL RS E
R T 58 N j\;“td “E =-.
?xu)ﬂ@]'ﬂ?tpjﬁéﬂ/j%/u /}lszj gé) T (2022) Ei
JUFAS ] BEAEAE ( Fossen and = —
Ko 925 h
Cavalcante, 2017) , JEF2 & i A o b 3l
FIREAE SHR AR | B [ Lansiteetal. 2010 | Ama Drime
JE#1%, Simpson F1 De Paor g B R (2010) _—
(1997 ) ¥4 55 17135 F v i B[] y
ke 1. w2 s s g s Li Xiaofan et al., 2024 A Ll
W1z Bl 27 i B 2 W /N o
FRASHALIE | T Z WIBR AN | e 5 i 75 51155 7 R4 7 A R T || e C
7 polar mohr diagram method  finite strain method oblique foliation method C’method
e . s 1] 1 T 52 15 — R/ s 5/ 5/ method A LB
2.1.1 MEIRSBBEEYIHRY | rigidgrain mit}joé‘ _ \Ieaf:/ﬂmethod W R 12 % fﬁ%?ﬂj;(gﬁx
IR 15132 By 2 i FE B T % W FE VBT

18 B 18 B I3 M 05 % 1Y
VEFAR KA FE 52 0 25 X 72
TRk AR B I W (BT 4) - 2k %

P 4 A AR S BT VI AN TR iz s~ I LA SR DT IR AL S TR AR I i A 0 &

Fig. 4 Diagram of different kinematic vorticity calculate methods and deformation path

in detachment shear zone
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Fig. 5 Model diagram of the deformation path in detachment shear zone( modified after Li Jianbo et al. ,2010)
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Fig. 6 Example of the decelerate deformation path in thrust zone: (a)and(b)is organized with data from Xypolias et al. (2010) ;

(¢)and(d) is organized with data from Ghosh et al. (2020) ; The /8 method in (a) and (b) represents relatively late-stage

vorticity, while the ellipsoid subgrain method in (¢) and (d) represents relatively late-stage vorticity
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Fig. 7 Example of the accelerate and decelerate deformation path in strike-slip shear zone: (a) is organized with data from Wu

Wenbin(2017) ; (b) is organized with data from Li Wenyuan et al. (2024); (c) is organized with data from Liu Chuanwei
(2017&) ; (d) is organized with data from Zhang Mimi and Zhao Dejun (2021&) ; The 6/8 method in (a), (b) and (d)

represents the relatively late-stage vorticity, while the Rxz/8 method in (c¢) represents the relatively late-stage vorticity
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Fig. 15 Scatter plot of the correlation between strain and kinematic vorticity in thrust shear zone: (a) is modified from Ghosh et
al. , 2020; (b) is modified from Derikvand and Almasi, 2022; (¢) is modified from Imanpournamin and Sarkarinejad, 2022;

(d) is modified from Xypolias and Kokkalas, 2006
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Further discussion of kinematic vorticity analysis in ductile shear zone

LI Zeyu'"? , LIU Junlai"”
1) State Key Laboratory of Geological Processes and Mineral Resources,
China University of Geosciences ( Beijing) , Betjing, 100083
2) Frontiers Science Center for Deep-time Digital Earth, China University of Geosciences ( Beijing) , Beijing, 100083

Abstract : Kinematic vorticity analysis is a crucial method for determining the relative proportions of pure shear
and simple shear components in ductile shear zones, significant advances have been achieved in in-depth research
over past decade. This paper reviews five innovative approaches for kinematic vorticity analysis, spatio-temporal
variations in kinematic vorticity and the correlation between strain and kinematic vorticity in different shear zone
types. The following insights are obtained: These innovative methods are of great importance in some special
circumstance ; Combining ellipsoid subgrain analysis and Rxz/6 methods with traditional oblique foliation techniques
allows finer constraints on late-stage kinematic vorticity changes; 3D strain ellipsoid methods and magnetic foliation
method serve as important alternatives when actual markers are absent; CVA analysis helps identify the VNS,
determine shear type and recognize polyphase deformation. We can aquire the deformation path and deformation
partitioning characteristic in different kinds of shear zones by analysing the spatio-temporal variations in kinematic
vorticity ; detachment shear zones typically exhibit an accelerate-decelerate deformation path, with increasing or
decreasing vorticity toward the detachment plane; Thrust shear zones generally show a decelerate deformation path,
with vorticity increasing toward the thrust plane; Strike-slip shear zones may display either accelerate-decelerate or
decelerate patterns, often with higher vorticity at the center or gradual lateral variations. Besides,the types of shear
zones and accompanying geological processes can influence the correlation between strain and kinematic vorticity ; In
detachment shear zones, if the strain is contributed by magma diapir and vertical exhuming, the correlation between
strain and kinematic vorticity is predominantly negative ; If the strain is contributed by activation of the detachment
fault, the correlation between strain and kinematic vorticity is predominantly positive . In thrust zones, the
correlation is commonly positive. In strike-slip shear zones, the correlation is generally positive, but it becomes
negative if the strain is predominantly contributed bycompressive component. Future research should strengthen
efforts in the comprehensiveness of method selection, regional-scale kinematic vorticity analysis, interpretation of
kinematic vorticity variations along the strike, and the application of physical and numerical simulation methods.
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