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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 is one of the Precambrian metamorphic crystalline basements within the South
China Block. To better 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] Through detailed field
investigations, finite strain measurements, kinematic vorticity analyses, and “’Ar/*’Ar geochronology, the structural char-
acteristics and evolutionary process of the shear zone were constrained. [Results] The Shili ductile shear zone generally
strikes WNW-ESE 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 (E,) is 0.41-0.51, and the
kinematic vorticity value (W;) is 0.70—0.78. These parameters indicate a flattening-type strain regime 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. [Conclusions] 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 the Indochina and South China blocks
during the Indosinian period. [Significance] These findings provide critical constraints on the Indosinian tectono-thermal
event and its geodynamic framework in South China.

Keywords: South China Block; Yunkai Block; ductile shear zone; finite strain; kinematic vorticity; “Ar/*Ar
geochronology
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Fig. 1 Tectonic setting 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; 1 1—unconformity; 12—fault; 13—thrust fault; 14—ductile shear zone; 15—cross

section line; 16—town
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Fig.2 Measured cross-section across the Shili ductile shear zone

S,—D2 shear foliation; S;—D3 shear foliation; ~—number of foliations; /-number of lineations; DB41-4241-1, etc. represent sample numbers
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Fig. 3 Relic structural features of D1 deformation in the Shili ductile shear zone

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

porphyroclasts preserving D1 mylonitic foliation

L,—D1 lineation; L,—D3 lineation; Qtz—quartz; Ms—muscovite
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Fig. 4 Microstructural 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; (e) 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; (o) 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. represent sample numbers
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Fig. 5 Structural features of D3 deformation in the Shili ductile
shear zone

(a) Crenulation lineation and asymmetric kink folds in phyllonite; (b)
Intersection lineation in phyllonite; (¢) Microscopic continuous kink
folds

S—shear foliation; S—foliation developed on kink-fold limbs
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R A TS BT U0 SR TR, B BT AL AR )
B R ) 385

3 KRB RN E KIE 30k E AT

ek AT BN AR B K 3z h 2 i B 4 AT R 4
BN B U B R 2 A, MR o M s R R T
D2 BB B Y1 AR B 1438 8 S HEAIE
31 BRETME

YU N B R A 2 A e 8 B, R AR
Jo R BE b A T ) S AN R IR, R IE T A BRI AR
Do o A6 ) 072 o B8 e o BRAR A2 JE BT B R
HoA B Uk ) F AS 2 T 45 S, H D R B a4
W7 B ) AR T R BOAR X T AR B I R b A . Rt
W TAES SNE X = A3 T BE A . A3 (= BEBE AR
R ARG BER A b= B % . AE
T ) JBE W o S BE W A Ak AR R s B R AR
X 6 B M R AR S ) AR AR I HEAT A BR N AR I o, R
FEAT B UL 2,

PR AR D i 5 vk A B A R B A ORI AR
FOH i E, 1985; A3 A 4E, 2025; Banerjee et al., 2026) ,
SCEE S FH SR H A Al U B R R XZ,
YZ TH H F, W AR T A S ORI A O S (R D) .
T A OGS RO T, 35 U0 N BE R A 2R A A A
A E K R 0.06~0.77, B HES K vk 0.13~0.89, 4F
JE 5 BE E, R 0.41~0.51 B 1F 5 8048 48 A Ak A
fife S 7 2 v A (T 7))l D, B9 1074 o SF T s 2R
32 EBEHFERE

18 Bl 2R (W) S 25 A 3 1 A8 JE vh AR el
B — bt B, R0 B B U A b 4l BT U R R 5
Y14 43 A0 X 5 b 8 B O ik (2R T M X R Ok
2026) . — M By Y) A 132 B 2 0 B AR A 0~1, 4l
U, R BT IO 1. Uk BE A A SR [ ik
& HHT T8 Bl 2 0 R SOk i 09 5 vk 38 2 i i
LR B A BRI A8 A 51 A K Bl 55 5 D) T =2 TR
Je £y Coo) Ko A8 1 2 AN FRAE 1] £ 119 2 £ (o), HE T
SK I Bl 2 W BE AR, HLAR 5 1 LRSI 4R 45 (2008) o
Z By YAt iz 3 2= 1 EEAE (] 8) R 0.70~0.78(5K 2),
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Fig. 6 Structural features of D4 deformation in the Shili ductile shear zone

(a) Bedding-parallel folds developed in the Hepu Formation; (b) Bedding-parallel folds in layers of varying competence in the Hepu

Formation;(c) Fold deformation in phyllonite; (d) Mullion structure in phyllonite; (e) Folding of earlier foliation caused by D4 deformation

L,~D4 lineation; q—quartz veins; S,—D2 shear foliation; S;—D3 shear foliation; S,—D4 shear foliation
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Table | Three-dimensional finite strain parameters of the Shili ductile shear zone
e . < Al L (i RS EEARNTH A PAREE L FRAE DS ARTERE
FESg 5 Eﬁu—;z
Ry Ry Ry, X Y V4 K & & & Y E
DB41-4241-1 REAKETEES 113 1.87 1.66 128 1.14  0.69 0.24 025 0.13 —0.38 0.61 0.47
DB13-1175-18 AEA SRR A4 105 171 163 122 116 071 0.10 0.19 0.15 -0.34 0.82 0.42
DB13-1175-20 HZ=BHKIETBER S 1.04 191 184 125 121  0.66 0.06 023 0.19 -0.42 0.89 0.51
DB13-1176-1 46T & 127 178 141 131 104 074 0.69 027 0.03 -0.31 0.18 0.41
DB13-1176-11 AERIBIRIEER 129 178 138 132  1.02 074 0.77 0.28 0.02 -0.30 0.13 0.41
DB13-1176-13 BEMCALP AR A KK A 106 158 149 119 112 075 0.14 0.17 0.11 —0.28 0.76 0.35
1.0 -
% /
& K=1
0.8}
=1.0
o 061 1.0
X
S 04l
AEB
0.2} ® DB41-4241-1 0.5
. © DB13-1175-18
5o o o DB13-1175-20
L ! i ! ! @ DB13-1176-1
0 02 04 06 08 1.0 aDBI3-1176-11
4 DB13-1176-13
In(Y/Z) K=0

In(X7Y)—X. ¥ 24> R BE LE i3 B 5 In( ¥/2) —Y, 224 25l B Lo i 3 Bqf s K—M AR 86 v S8 E—B I 5

B7 +EFETNHETHREREEET ER

Fig. 7 Flinn and Hossack diagrams for the Shili ductile shear zone

In(X/Y)—natural logarithm of the strain axial ratio X/Y; In(Y/Z)-natural logarithm of the strain axial ratio of Y/Z; K—Flinn index; v—Lode

parameter; E—strain intensity

JiE i T 45 i ol L IZRE B TP A SR LS IR S i A
iy I B2 58 8 Ao g m Ry, = bkf
PRI HATAHT . 0 BURRBE | A% 0 AL 1 ml 41 W R T
M E B X, AT UL 2 B R TR s 0, R
i A A2 W AR S e R B A 4 o LR
AHE A+ m AR A A
42 DHHIE

W A6 5 T BE B A R R S Rk Al K F
99% W =~ BE, H 75 I 5 Ve 5 5 ZBH-25 & =B
PRFE (AR 132.7£1.2 Ma, 8155 it 7.6%, B S 507 (8
0.003258) — g% 2 v [ 7 Re Rt 2= mEoE Be 1Y “UiE vk it
W7 b TR MRS TR B4 fLIE, TP IRE
FELI R 2.65%10%n « cm? « 57!, BB} R E] A 1440 min,
Ay op -l R 2.29%10% n - em 2,

R Sl 0 7 A ] b5 R 2 B b 5T 9 T S — S
S I & 22 R WORR A SR TS X Helix MC 58 1, it
FH A 280 AT 4 5 B B R n 34, B — > B B in A

B
w

=/
i

10 min, ¥+t 20 min, B IE(E R4 20 HEHE . Frf
B BRI A [0 050 380 B () 2% P PR AT o i B A I
KAEMKIE ., 25 FARIEM PP oc R R ZAIE . 8
1t 43 B op 7 BB S 3 9 K,SO, Fl CaF, K45 19 T 4[5 £
FEROE RZEUA R : (°Ar/7Ar,),=0.0002398, (“Ar/’Ar)=
0.004782, (°Ar/7Ar)c.=0.000806, *"Ar 2 1 Jift 5t M 7
AAGIE s K FEAR B BA=5.543x10"a" . HARSIK R
i % B Hi A HR AL I SC A (2006) A1k B 4 (2006) , FE
sl A3 AT It 4 SR DL 3.
43 HWER

FE A FE 800~ 1300°C 114 12 i B B B 24 1l 1) B
AR Sy 23242.3 Ma(MSWD=3.65), % [\ T 97.12%
PAr B (B 9a) , AH I (1 55 I 2 4F % 2 23142.3 Ma
(MSWD=3.71), “Ar/°Ar ¥ IR {E N 297+4.6; [ &k
AEHA g 23142.3 Ma( MSWD=3.66) , “Ar/°Ar ¥] 4 18
298+4.5( &1 9b) o F i ) S S AR | S P SR AF 8 RN B
AR AT, HL A/ Ar 9 46 (AT AR KARAE (295.5)
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Table 2 Kinematic vorticity data for the Shili ductile shear zone

RN TRE TR 2 a/(°) /(°) Wi
DB41-4241-1 46 16.3 45.0 0.71
DBI13-1175-18 58 19.2 40.1 0.76
DBI13-1175-20 56 172 422 0.74
DB13-1176-1 58 16.4 45.9 0.70
DBI13-1176-11 54 19.4 38.6 0.78
DB13-1176-13 31 203 39.8 0.77

T ook A BRI ASHHG I Fr) 1 -5 B U0 2 (1 PRy SR £ 0o AT T 2R AIE )
IS WORIB BRI

T B 22 38 FBL N — 2, 1 B 00 3 B 45 i o AN A7 A i
TG, TG 3 AR O, PR AR I T AR A
Fl = BERY S AR, ]I D2 3307 89 U028 B AR 1%

5 it

51 TREEAK

A6 B A B B S —HE 1L B T 0 i 1 is Bl B
FE T IR L IR i AR AL . TR F b dl
2, T rE M 5 ARl b P e 2R R LAY Bl 9 GRARF o FD
Blf 48 98 BRI L 95 B 3 LT, L R Y R R AR
JF A AR AT i 1 {H 24 240 Ma(Feng et al., 2024; Zhu et

£, 0) (£, 0)
(&, 0)
[
&0 (&, 0) & 0)
a=16.3 a=19.2 o=17.2
v=45.0 v=40.1 0v=42.2
W, =cosv=0.71 W,=cosv=0.76 W, =cosv=0.74
DB41-4241-1 DB13-1175-18 DB13-1175-20
£, 0)
o
(€, 0) (&, 0)
(¢ (¢4
0
&, 0 D
\ 0 )
(&, 0)
0=16.4 0=19.4 0=20.3
v=45.9 0v=38.6 v=39.8
W, =cosv=0.70 W, =cosv=0.78 W, =cosv=0.77
DB13-1176-1 DB13-1176-11 DB13-1175-13

(&, 0) Fon P47 BY VYA 1 S RRAIE [0 5 (&, 0) Fom 55 09 U4 1 5 A% 38 B9 0 A 1) ik 5 oo DAy A R 728 150 )l 15 5 1) 1 2 [ 9 38 £ 5 0 Oy 327
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8+ B A K AR AE 2h R R AR E R

Fig. 8 Kinematic vorticities determination using polar Mohr circles 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 is

the angle between the long axis of the finite-strain ellipse and the shear plane, » is the angle between the two eigenvectors of the principal

deformation plane, and W, is the kinematic vorticity.
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Table 3 Muscovite “’Ar/*Ar step-heating geochronological data for the Shili ductile shear zone
BBt T/°C AT, AT, BAry YAr, OAr, Sy /Ma PR#%20/Ma PAT/% P Ar/%
FES RS TWI10-1176-1 F=tE FEfhERE=1546 mg ME525%0-0.00398010+0.00001990
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 9811.06 232.5 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 93.33 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 15441.45 229.3 1.16 76.92 8.76
9 1080°C 7.74461 0.0000000 4.361738 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 2.21 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 5.72 34.69 1.44

FEAEIS=232+2.3 Ma(MSWD=3.65); % S50 48 4E1%=23142.3 Ma

TE: AR AR Ar, FITRIERTRA R AL VA L3R A45(Ca) 197 Ar, th*CaZe i 7 BRI, FIT BN & 358405 SAr L3R H&(CD) 1Y
FAr, BCIZE P BT A B, T S W s A A RIOR A B (K) 197 Ar, g K2 B A AR, AOZRE S P KA 5 4 © Ar AR 1 A,

BV E R T A R Ay, ST SEAR S Y B IR

ArAEIR S
320 | KR TH
K 280 |
b 23242.3 Ma
© 240
800~ 1300 °C
200 PPAEYA=232+2.3 Ma
A4 5 22 (MSWD ) =3.65
160
0 20 40 60 80 100

P AR BRI %

0.004 & AinE
800~ 1300°C
= 0.003 A B4R I3 =23142.3 Ma
2 N )7 22 (MSWD) =3.66
2 0.002 .
0.001 | .
o FRARFMBIE e
0 1 1 a 1
0 0.01 0.02 0.03
MAr/*Ar

H9 +EHUTIAN A=A/ Ar F 15 KR % B &

Fig. 9 Muscovite*Ar/*Ar age spectrum and inverse isochron diagrams for the Shili ductile shear zone

al., 2024) . BRI PU R Z, WSS DA IR GRS 5
B[ 57 Hh B PF A il 48, 5 BOBR A6 FF Song Chay 45 Hb
PN BB IE Wi — 2 91 i A8 By (MR 45, 20255 Hau et
al., 2026) . 7RI Hb X, B VLB W 24N 28
F Hb B 5 S M e ) A3 B, AR RE R I RV AL
S FA B 18] £ 237 Ma( Wang et al., 2018) . BiPipi K &
2 %0 AU AR T A Y S A e AR 0 ) 1 B A, B
e AT E W -3 v RRAE, 7E SRR ) 1k Y U K AR 0
BV 5 YA BE AR T oy B AR AT SR B e BB
W) CArAr 4 1% Ol 227.4+0.2 Ma, 229.6+0.3 Ma( [
B ER A, 2006a) o 7RI R 5 PG AR A9 AL P4 1) 2 % W) 1
BB AR LA AT VAR LR b A P Y = A

T 249.7+1.0 Ma 1 247.6+1.0 Ma 19 Ar/*°Ar FEAE 4 (B
B EK S, 2006b) o FE T VU RS, O A WF 58 K5 1 S8 B
JBERE P 2k 11 = BECAP Ar FRAE ISl 237.6+1.3 Ma,
/N BE B K A I 2R AR % Dy 221410 Ma
(RIA R 55, 1997) . e AR d il -F &, Xuetal. (2011)
AT A AT 58 W8 M i A6 AR 1) s R LA E -
TagIarh, R HER S h AR ER S A S
B9 BEAE 18 43 5 R 235.3 + 2.8 Ma i1 238.5 + 2.8 Ma.
Yan et al.(2003, 2009) 3K 15 47 V1. —F§ & VLB 2 7 5
Fh [ AA) ¥ 30 1 2 RO A Ar A5 T AE 8 TS [ 5% 47 U-Pb
AE W4 N 248~223 Ma,

T M X R JE 2k, B AT W 98 BURS TOK BT A
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AIAEAR A 5000, AR [ 45 (1995) 78 = P e b 4 Je &R
GRS P E A o A e A T P L
JHE 7 F 3t ) M s 1 2 B OAT A A I 2R A I 43 )
k7 249.72+2.61 Ma. 255.33+3.03 Ma, 229.35+2.50 Ma.
Wang et al.(2021) 7£ BH PG 1 X It P4 7Y [ 5% 30T 4 —P4 )
BYP)AT FRFRAS A [ A 1 B 5 RE O A/ Ar FEAR IS S 229~
225 Ma; 7 A JH Hb X BE v AR A5 19 [R) b 3t 2R = B
OALOAr FEAEIE Sy 224~222 Ma, FH G IR B A KRB A U-
Pb 4E % i 249+7 Ma 1 24149 Ma., 7£ 2= JT Hl B i #,
Wang et al.(2007) 7515 B.— =5 M H X 3545 230~222 Ma
B [7) #) s B o B A Ar FEAE RS o 7E 2 T Hb B 7 )
107 KIL L IX, & & — R A w79 —db 4E )
14 28 B33 ph AR 2 . B AR A R B Y B0, AR R
A6 VG —RE AR 1l H 3 Y ) 3 0 1), L AR AR T 253~
245 Ma MR ME 3 YDA AR08 (£ 30, 2017; Tk %S,
2018) . [RIEF T, KA I —1TJ7 KL H A 46 X A
IR AE 5 7 85 A U-Pb 4F 1%  250~230 Ma, Bff 5%
F W HIE )T M58 2 PR 6 (Wang et al., 2007) .
TR X =S FRANRAEE Trh =&
AN K EZ b BT RAE (2018) 3RAF = T b
DX i 2 AR T LIS AN AE B A Ik e B A AR RS AR 3D
H U-Pb [A) i ZAE IS S 231~229 Ma, T #F %5 % (2020)
ARAR N — 15 B — 5 A6 B R JRRA v JE  AS ek
FEA A E A B K A S R 2 AR IR 4 B
236 Ma 1 230 Ma, % B = JF Hl1 X B[ 32 9 19 A8 i — IR
125 15 FH AF 5 240~230 Ma. B [ 8% 45 (2026) 75 .
VG BH T DX 0 R Bk TS RS b 1) A BF R AR
[ F8 BF B & T R AR T A0 2 b, IR 3R A A8 o i
A A% (245~225 Ma) o DL L BERH R B — & i
B S 38 — A I AR

ek T AR 3R A5 1 BB Y Y05 A8 i S5 BE e
o A 4 3 1 5 B AP Ar BEAE IR Ol 23242.25 Ma, R
2 H D2 9 1 55 U0 A2 JE AR %, 1E AR W 29 30 km,
T (5] J8 A 1% — T 7 24305 10 = B0 B B P 3Rk A
[F] 44 38 248 2 BE°Ar/°Ar P A % Ry 231.942.2 Ma( 25 i
FAF, 2020) o [A] A, - B BY DI AZ 5 L
i 55 Mo AU AR ) By 244 T, 55 U AR TR G Bl AR IS
B Sy B S0 300, 5 D047 b D19 AR TR TR S A
A5 I i B A, AN 5 YDA i M R B Y T e e B
0k TIZ WA, HAE st I8 M H1 51, (5 D2—D4
WA 48 7 T H e P8 2 A6 AR ) 1942 8h
HIE W F 88— W 16 13, R T i = & ik R )
PEBY DI ARIE | ME ) ¢ AR B R 4% A8 I8 1 AR Y T Ak

52 BHAhEEF

5 =T Hb X e JH G R A TE —m R TR, D
A6 AR —FE P4 10 Sy = R 8 B AN R], -+ B R 5 )
i FABIE I (D2—D4) JE iU BEE Ak . 78 B 21 . RH 4
TG B LA 2% | 3s Bl A R AR U R B R TS — B
Y1, R A ACICIR ) 306 v AR AE o 2= JF Rl e i+
3R L 7 A 3 BN A 2 AR ) A P A e () P
T A TR X DK S, 5 O A B O B, 2022), = KILAR
1 2 HE B AR 3 L 53 S e HE BT A L P 0 A
Ha) 3 Ja AU P 1) B AR 0, AR R e 8 B S e
YA B 43 0 22 T 35 v (248~220 Ma) K 72 e & WY
(220~200 Ma) 2 #1725 J (Wang et al., 2007) . Wang et
al. (2021) 7 == FF B v st X3 5] Y 248~220 Ma
A6 74 P4 1] SO0 AR — PG ) A7 AT R 3 e T A )
PEASIE, 48 0 H E B2 40 R G R A2 1 - SVl
R BT S P S AR

A g BN S I AG 3 1Y) 2l g 2 B AR T LK AT A
fE4 1Y, Liand Li(2007) £2 i iy KPR A — &2
(~265 Ma) JF 46 At 74 1] fI% £f1 B A o T 42 g A B 2
T, BT A2 K Rl b A AR 1300 km B8 A il Y RE 4
T | e S A S B VR I EA A AR W G P
TR/ DS E Sy N GRE Y T8 2 R L L = W N VA R
ERIMRET o 2 A ahdt R —m
] ¥4 15 8 3, (HIZ 3l J) S A ik = e 4 5 S M B
AU K 1L A A R4 32 £ (Wang et al., 2013; 5K [E
A5, 2013), 5ty KPR b 1) 3R T A 2R PG 1) B
A6 VE —Fg 7% 1] B Y At I8 1k ol RT3 Al B R o
P B (Chu et al, 2012) . R—rp =& i 45, B
b e 5 A R B PR A R, AR R B TR I AR K
WA E—bn ik 88 G, AR - b Wiy W R AL R —m
VG 0] B ) hL A £k R A ] JE AR (9 5 ) AR B (F R 2%
&, 2022), S5 A A G AR 0 R A VT DX B R 4% -
W R E R — R AR AL R b R
B 3 w2 (B S0, 2021) o & = P IX, Bl R
W16 7Y a4 1 & B B89 I 2 S5 AR 1) A 3 ek
1 5 2, AR BE TR B S A AR PG [ /A S —d b V8 VG i e
#7428 ¥ (Lin et al., 2008; Wang et al., 2021), B K [
A T b B R 2% A b AR ) AR R B W8 55 (F R 4
45, 2022) . R, - LD BT U Y BE R Ak L R
BRI RE AR IE B ) R R T BN 3 M B 5 AR g B L
R —g VY 1] BE A Bl JE AR S AE R R R, I
Y PR B g i T3k R gk e E A, FE TP e BRI
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“Ar/Ar FEAE % f 23242.3 Ma( MSWD=3.65) , 7% H] 1
6 BB R = B i b .

(2) 47 B Rz A% 0 it J 328 22 06 B o3 W 6 B - L
0 55 U 90 M B U1 AR T O B 45 B b A 2
AR FE R K 0.06~0.77, B 2K v 4 0.13~0.89,
AIESRIE E, 7 0.41~0.51, i 5124 1R E(E R 0.70~0.78.
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