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Deformation characteristics and “’ Ar/* Ar geochronology of the Shili ductile shear zone at the northwestern
margin of the Yunkai Block

Abstract: [Objective] The Yunkai Massif of the South China Block, is one of the Precambrian metamorphic
crystalline basements of the southern margin of the South China Block. To understand the Indosinian deformation
characteristics in the Yunkai area, the Shili ductile shear zone at the northwestern margin of the Yunkai Massif was
selected for this study. [Methods] The research included field investigation, finite strain measurement, kinematic
vorticity analysis, and *’Ar-*’Ar geochronology. [Results] The Shili ductile shear zone has a general WNW-ESE
trend with NNE-directed thrusting. It has undergone four phases of deformation. Among which, the D2 to D4
deformations all indicate movement from SSW to NNE. D2 to D4 formed under a unified tectonic stress field,
reflecting an evolution from ductile shear through brittle-ductile deformation to folding during the Late Triassic.
Mylonites formed synchronously with the ductile shear deformation yield a muscovite “°Ar/*’Ar plateau age of
232 £ 2.3 Ma (MSWD = 3.65). The Flinn index (K) is 0.06~0.77, the Lode parameter (v) is 0.13~0.89, the
Effective strain (Es) is 0.41~0.51, and the kinematic vorticity value (W) is 0.70~0.78. These parameters indicate a
plane-strain, flattening-type strain dominated by general shear with comparable contributions of pure shear and
simple shear. The dynamic recrystallization of minerals suggests that the deformation environment reached the
upper greenschist facies. [Conclusion] This study indicates that the mylonitization, crenulation cleavage
development, and folding within the Shili ductile shear zone were dynamically driven by the propagation of far-
field stress resulting from the NE-SW collision between South China and Indochina. [Significance] This study
provides important data for the study of the Indosinian tectono-thermal event and its dynamic background in
South China.

Key words: South China Block; Yunkai Block; ductile shear zone; finite strain; kinematic vorticity; *“Ar-*Ar
geochronology
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Fig. 1 Tectonic site and geological sketch map of the Shili ductile shear zone

(a) Simplified tectonic map of South China; (b) Simplified tectonic map of the Yunkai area; (c) Simplified regional geological map of
Rongxian County

l—Inferred boundary; 2—Thrust nappe belt; 3—Cretaceous—Quaternary; 4—Carboniferous—Devonian; 5—Ordovician; 6—Silurian;
7—Proterozoic; 8—Yanshanian granite; 9—Indosinian granite; 10—Caledonian granite; 11—Unconformity; 12—Fault; 13—Thrust fault;

14—Ductile shear zone; 15—Location of cross section; 16—Town
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Fig. 2 Cross section of the Shili ductile shear zone

S>—Shear foliation of D2 deformation; Ss—Shear foliation of D3 deformation; »—Number of foliations; /—Number of lineations
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Fig. 3 Relic information and features of D1 deformation in the Shili ductile shear zone

(a) DI chevron folds; (b) D1 asymmetric folds, indicating dextral strike-slip shear; (c) Polyphase crenulation lineation; (d) Rotated

porphyroclasts preserving D1 mylonitic foliation

L,—DI1 lineation; L;—D3 lineation; Qtz—Quartz; Ms—Muscovite
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Fig. 4 Information and features of D2 deformation in the Shili ductile shear zone

(a) Muscovite-bearing felsic mylonite derived from clastic rocks; (b) Granitic protomylonite; (c) Tourmaline porphyroclasts in granitic



mylonite; (d) Bookshelf structure in quartz; (¢) Multidirectional undulose extinction in quartz grains; (f) Banded extinction in quartz grains;
(g) Chessboard subgrains in quartz; (h) Subgrain rotation recrystallization in quartz; (i) Bulging recrystallization in quartz; (j) Static
recovery recrystallization and rectangular ribbons in quartz; (k) Core-mantle structure in quartz (core showing banded extinction); (1)
Intracrystalline fractures in plagioclase; (m) Bookshelf structure in feldspar; (n) Bilateral mechanical twinning and core-mantle structure in
plagioclase; (0) o-type porphyroclasts in plagioclase; (p) Core-mantle structure and boudinage in feldspar; (q) Mica fish and undulose
extinction in muscovite within felsic mylonite; (r) Kink bands in muscovite; (s) Mica fish in granitic ultramylonite; (t) Pressure shadows
around muscovite; (u) Euhedral tourmaline with intracrystalline fractures; (v) S-C fabric; (w) Asymmetric folded quartz ribbons; (x)
Retrograde alteration of feldspar porphyroclasts in granitic blastomylonite;
Qtz—Quartz; Ms—Muscovite; Bi—Biotite; Se—Sericite; Pl—Feldspar; Tur—Tourmaline; DB13-1176-3, etc—sample numbers
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Fig. 5 Information and features of D3 deformation in the Shili ductile shear zone

(a) Crenulation lineation and asymmetric kink folds in phyllonite; (b) Intersection lineation in phyllonite; (c) Continuous kink folds under
the microscope
Sc—Shear foliation; S—Foliation developed on the limbs of kink folds
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Fig. 6 Information and features of D4 deformation in the Shili ductile shear zone

(a) Bedding-parallel folds developed in the Hepu Formation; (b) Fold deformation in phyllonite; (c) Mullion structure in phyllonite; (d)
Folding of earlier foliation caused by D4 deformation

L,—D4 lineation; g— Quartz veins; S,—D2 shear foliation
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Table 1 Three-dimensional finite strain values of the Shili ductile shear zone
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Fig. 7 Flinn diagram and Hossack diagram of the Shili ductile sheer zone

In(X/Y)—Natural logarithm of the axial ratio of the principal strain axes X and Y; In(Y/Z)—Natural logarithm of the axial ratio of

the principal strain axes Y and Z; K—Flinn index; v—Lode parameter; E.—Effective strain
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FEXS 5 EER B BT 0 (RREFMRR R, 20260 o — BTV sl =R EERL N 0~1, ABBTYINE, fAj sy
P19 1o SO T BB EE R IRE 2 H BT 518 3l 27 0 B2 RS i 10 U7 1%, 303 20 A A e 7 [ 7 A IR IS A A [ F
K SO 2 B )M (o) KEREP ML RN IA (o), BEMRBUSEh iR EE, BT WA
WEAREE (2008) . ZBIVIHZEEN R EME (K8 50.70~0.78 (£2) , KN KITUIEH.
R 2 TEHMEYIEMRMNET RS FIRE

Table 2 Kinematic vorticity of the Shili ductile shear zone
HRmS T EFRIEL a v Wi

DB41-4241-1 46 16.3 45.0 0.71




DB13-1175-18 58 19.2 40.1 0.76

DB13-1175-20 56 17.2 422 0.74
DB13-1176-1 58 16.4 459 0.70
DB13-1176-11 54 19.4 38.6 0.78
DB13-1176-13 31 20.3 39.8 0.77
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Fig. 8 Kinematic vorticities estimated with polar Mohr diagrams for the Shili ductile shear zone

(&1,0) represents the eigenvector parallel to the shear zone boundary; (&:,0) represents the eigenvector

oblique to the shear zone boundary; a, v, and Wy are explained in Table 2.
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4.1 FEMFHE

B VR AR 76 B P17 R BORSEAE B R BE RS A AR (TWI0-1176-1) 2 N KA KA, SEL
25%~45%, FHEJREE TN S AT R o bR, W S-C A KPR . AEARN 2 F&HKE,
W BRI L ey, WBRCIRIE G WRE e ARtk K I rsemits, A g s gt i 07 3Q DAE ks e 5% &
gAY, BT AERLEHRSES S A2 5B AaEndsl, 2. PeREL.
Profr. 0 BUREBE . A28 B R TR s IR X, v WA = BEA RGBT G, A R 32 5 AR 52
M. FIH WIS : HAAES A KA AT
42 DWEE

YA B T BE A% 5 B R SR PR A KT 99% 1 F = BF, P PE YL 5 ZBH-25 B BhFRfE (A%
132.741.2 Ma, &8 7.6%, HREFSE0T H 0.003258) —iteik b E R 7 RERFERF TR Uikt ” g1
FRG, RO TR B4 FLiE, IR EZ N 2.65%x10"% n-em®- S, JRST ST [E N 1440 min, A4y FiEEHN
2.29x10"® n-ecm?.

it I 7 ]t J5 R 2 B b J F 9 T A — S S 56 = 2 R USOR A SR TR A Helix MC B 5E Rk, f# A 28
WREATRE S BOHE IR, BN BOINF 10 min, 146 20 min, AFANGE(EISRE 20 HEHE. BT AR
[ Y= 2B 1) 25 0545 AT PR R AR IE . K@K IE . B AREM TR R R R IE. 85 #7715t
i 1) KoSOs F1 CaF, 3K 43 1 F P [A] Az 3 AL 1E R HE N 0 CAr/7Arg)e,=0.0002398 ,  (*Ar/PAr)x=0.004782 ,
(PAr/7 Aro)c;=0.000806 . Ar I BURPERERRLIE; YK AR E HA=5.543x10" a' . EARSZIG AR S B b B
DLBESCEE (2006) FIFKESE (2006) , 2Bl B 0% 3.
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FE B AE 800~1300°CHT 12 /NGB i B 4L I FEAE RS A 23242.3 Ma (MSWD=3.65) , XN T 97.12%M] ¥Ar
Bl (K 9a) , AHN AR ZR 4R N 231423 Ma (MSWD=3.71) , “Ar/SAr ¥JGH1E N 297+4.6; I £L4E
Woh 231423 Ma (MSWD=3.66) , “Ar/’Ar ¥J4H1E ] 298+4.5 (K 9b) o FEFh I AERE . SR LR 4R 6 R BT
SRR, H CArAAr WIRE MBI KRS EME (295.5) TERZETEHIAN — 2, B0 T i RE fh bR 17 7 i R
W, WERFMEER, HIPFRTTRERE R B2 B4 S ER, B D2 B D) AR A6
%3 FEHMEEAEE YA Ar R ERFHENE SR

Table 3 “Ar-*Ar isotopic analyses for incremental heating experiments on sericite from mylonite in the Shili ductile shear zone

i£§ 40 39
i/ 20/ :,(\ ! :,A !
Ma Ma 1% 1%

FERRE : TWI10-1176-1 O=E HRES=1546mg BHESEL1=0.00398010+0.00001990

BYER T/°C ®Ar/ a 3 Alea BAry YAr, OAT,

1 700°C 0.09299 0.0000000 0.634577 57.2790 2195.35 253.1 2.52 98.74 1.44
2 800°C 2.11811 0.0000000 3.576786 265.7169 9811.06 2325 0.95 93.61 6.67
3 840°C 3.03193 0.0000000 5.549519 393.6615 14451.25 231.7 0.82 93.79 9.88
4 880°C 4.32288 0.0000000 7.345234 520.7819 19190.96 231.5 0.77 9333  13.07
5 920°C 6.04426 0.0000000 8.656524 590.5360 22129.62 231.8 0.80 91.92 14.82
6 960°C 7.29988 0.0000000 8.563680 558.6715 21376.94 231.5 0.83 89.90  14.02
7 1000°C 9.25240 0.0000000 8.013721 483.8499 19319.83 230.7 0.90 85.84 12.15
8 1040°C 12.05228 0.0000000 6.643168 348.8783 15441.45 2293 1.16 76.92 8.76
9 1080°C 7.74461 0.0000000 4361738 236.6086 10431.43 231.6 1.50 78.05 5.94
10 1120°C 12.65653 0.0000000 4313819 160.1427 9314.91 234.1 221 59.84  4.02
11 1160°C 10.99917 0.0000000 3.447678 122.2442 7534.32 235.6 2.77 56.85 3.07
12 1200°C 13.67260 0.0000000 3.928635 108.3149 7816.15 234.4 3.38 48.30 2.72
13 1300°C 15.33798 0.0000000 3.804958 79.7868 7291.23 232.6 5.11 37.83 2.00



14 1400°C 12.10923 0.0000000 2.680966 57.3454 5479.13 223.6 572 34.69 1.44
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Fig. 9 “*A-*Ar plateau age and inverse isochron age for sericite from mylonite in the Shili ductile shear zone
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al., 2024; Zhuetal., 2024) . #Frgffithmim g, Eia D -AIK58 G0 SED S R PSR, BB R A6ES
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BUYIHE S 20 gV BT U BE M 5 T 23 03RS B 2 BE S A = B AP Ar RN 227.440.2 Ma. 229.6+0.3
Ma (BRHTERSE, 2006a) o (EiEF 5 PEEKACTE R A Z PIVEST I, RAATEMRRHE, BN S i H = Bk
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(25 A BRARAE 0 8 85 40 U-Pb A8 4 250~230 Ma, i 73 BHH IR sl T- 72 3R 4§ (Wang et al., 2007)
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