B Etid

Gold Science and Technology

$£34% F4H
2026 £8 A

Vol. 34 No. 4
Aug., 2026

HMELEEST HIESY T EFEREST FSE
B mAIK R

X PR GRAE 2T, CF N R AT BB, e
L & s be iR Kvb 4101005

2. 11 4 K SCHl PR S5 3 A A BT, RS Kb 4101005

3. PR R MR R S 05 BB B AT (05 R R T 27 A R SR WIS KV 410083
W ERALEESFTBMETIFMELE AT — TR Z K ML FAH KR, R R
A AR SRR A 0% & TR T AR TR A HIMAE SR K 3 0 M 45 AL, 547 5
FRMAEMMEEARERREH AL T MEEHERERK, LB FRELW, 53 A 0.707 F=
0.758, Rl , A B EAF AL T L Lk Ff LTI Lik £ 2 b e/y B4 0.842~0.449, R KW,
ERA RAEF B b i LW i AR, LB R A F | ely 18 A &) AR HR A, JL L3 ik & A
e A, AR B R EMRENRIE, BLTERNFRELAMRET R ENEZRZIAGX R 445 K
(BT HRBEENRKY H5EHFPHEWALZ EAKE, A FHK A W,=0.3146V, +0.3978, 3 1 5
ik RZ ey L5 25 HEE RARKM, I0E T3 H ely=—0.5834V +1.4107. #1H5 otyikis g1 454
AR 5 L EINBAEZ T @ F R ALEANWW Fo NNE 67 4 269 2208 5 bk, A% K345 &7 37
BT 2T @,

K 7K T A 5 A B S F R T A B A kA

HESES . P6I8S] XHAREM:A XEHE:1005-2518(2026) 04-0783-14  DOI: 10.11872/j.issn. 1005-2518.2026.04.114
SIRRE 2 A, R, LT, F AL E Ry AR T Es FRAL IR R A X AT R&HFH K, 2026,
34(4) :783-796.LIU Shoulin, ZHANG Xiong, WEN Ting, et al.Relationship between Kinematic Vorticity of Ductile Shear Zones
and Spatial Distribution of Orebodies in the Guanzhuang Gold Field, Northeastern Hunan[J].Gold Science and Technology, 2026,
34(4):783-796.

VER KGR, & AR R Bk By A o W DR R S IS TPV —0 B

FOMHL ST TAE & i BRI —
D) BH T 4 B 7 S R B 7 4 i B R o
DXk AT T — I iAW R A U — TR A

— T JR R B, i A TR o AT O — T
JUH A TUA FR o LD PR B PR 2 R ] 4 7y
2 P IEIY Gy ) ek W) 3 A TR BRI A R AR

BH— 8 e — M 7R W 2 P XN T IR A 20 A R o a7 SRR R R WL AT <32 DX 32 1 30

75 B #5:2025-03-19; 81T H#A : 2026-04-28
EETE : WrA A KRR T H R M EERDRT &0 R LA KA h R 1 48 /R 38 AR AR I X A 1) (455 : 2024]18356)
IR A M T e 7 AR H W AR LI X A R B A 1 SR 5 S i Ak B (45 - HNGSTP202327) | 17 228 b [ #8234 i H
IR TS T LI X 4 22 A I S A (45 £ 20180308 ) 11T R 44 ML e MU L 4 0 H VTR 3 LU ) R b 4R B4
s VAL R S X PR (4855 : HNGSTP202625) k45 7 Bl
YEE B XIS (1989—) , T3 iR K UD A, i TR, R 7= ™ B A ™ PR bR fh 24 55 TAE . E-mail : 850076291@qq.com
BIEVESE KAE(1986—) , J3 IHIACIRMN A T8t IE 4 AR, SR B 7= Iy ™ T ANl 27 P92 45 LA . E—mail :275201655@qq.com
FERAR(1985—) , T LR BRI N, i G TR, S 1 Hb S AN 7= 9 U A T4 . E-mail: 307970029@qq.com
© Editorial Department of Gold Science and Technology (CC BY-NC-ND)

783



784

B Pt

WA A % BT UIVE T B0 3l 0 2% A (M
RAE,1993) , X I N 3 253K EW [a] 7] P4 55 1y 4% ol
B EA H HR # 38 225 U I 4% 2
Wrsd A7 G (RS2 A 4F,1997) o b4k, BF 9T X B IR
ey 1B PR SR (T8 = & S i - d g 1 ek - T R A N
[45,2002) o PEURAT X 4 B 40 04 b T A b ek Ak
SRR R, S0 RIAZE S LA R, 5 B AR
AR Biti N L3z B A (Zhang et al,2024; Chen et al,
2025) o AT T A5 AT < 58 1L IR AR b b X AE AR
il PRl 3 1L B, PR R A E NSl
AR X IX N 4 2 4 Jm o H AT B A5
LR A5, 2004) 5 % X 0 0 R EE T
440~400 Ma ., 160~110 Ma F1~70 Ma ix 3 ~Hf10], H
X3 4 0 R EA 5 1 AR T A DG B 8 4 ¢
R E 4245, 2008) , WA F N IR X e 48
00 B AR A R0 S (R UM 45, 2010) 5 5% IR &
B B AR CBRAZEE A AR R % E A ) i 47 I AR Bf
58 UESEH S O FAAE — o I 28 56 R CIRFEIESE
2010; ZE AR 4F,2015) . BT WFSE 1 510 4 L4
JR R AR A I o B2 3L T 1 ) 52 (Hou et al,
2023) . I, % X N 40 TR 9 B R 28 AUAF AR 3R
G, H DR 3 45 A FAREAT AN TS 2, TR 0 b o
e TAETH G E R APk
PIE BT VIR 3 T AR A8 i s Zh LB 2
& R P EZERN S . YEEh & Au Tt R
WEAER M B2 R, ARSI fiff 3 428 B T
B, P, B U R G R — R I T RIS A
(BRAEAREE , 1999) 5 DX I8 59 U7ty 4 7 g 107 722 B | It
[i) A H RS A, D) ™ T R AR A B2 ) W
W, WA VR AL R, A7 78— B OCHR M (fe] 27 )
85,1992 XL, 1996) , it i 2 , WA 55 55 DIk
112 2 ¢ F 2 Al 28 A Y B AT A A U 5 0 AR —%
VY A7 7E NNE [ 8 DX 5l 48 1, 9 e — 1k
i ER BB RS B ikE s, &
Bl PRIE B 1 75 DX 5 (2= A 5 L 1999 5 2= SE 4w
45,2001) , R MR ASTE ST IR OC R . TR
K, A 2F O REA LD X = TR B DA R AT T R
FERHE T A B S, A R i% b i 2 AR e i L AR
B i el SE [ NW 33 i 21 47 1 i e A2 BHL S s
YERIB P28 (045, 2021) s % R0 5 40 1 55
VI BE b A W T 45 SRR B, e —f e AR T Adi 45 A

Vol. 34 No.4 Aug., 2026

/NI 7 Al 1) S A R T R s A R T,
HAS T 3 b A9 98 SR (Jiao et al, 2017 ; 28 FESE
2024) o A% HAF (2026) SR o R W], AR RS L
R P9 R 1 4 TR 7E 440~395 Ma, 548 R L IX
I BLAR B AR i) 25 T 30 RN e A AR X AR BT AR FH Y
AW & R — B EXREVNE — T 25 .
BRI, At %o DA A 2% 35 R0 5 U103 ) 3t 1 i 5, %
AR DX DR o8 AL 1 B T AT EE B s R
[ IF A B, 22800 3 DA P 1) o JRE AR 5 DX A
THEH 5 S Z E R | M AR BIA R EAR
D7 AT B, AR ST M) 3 — AR 22 R] (4 A ] R i
RHRNE o 3 o R Y A b BT Ak B, AR B
S8 H & TR ZUPIE ST U i . % XN
12805 & B AT B 0 RIS 25 8] L E 1 AN T
He L RFFEGY

BRI , A YRI5 1k FRDRS 40 0 181 55 4 0 1 3 )iy
Fa 35 T AT S HRRAE , 22 530 B A2 sl 22 R S 4
S A SE R ST 3 2 ) R R O
A BRI TR2E A B B SRR T X
T BT V1T 328 2l i B (R, W ff A 2 ) e I,
SRR A — U A R I X A T A R A
Ik ) 43 AR, A 8 S 4R S 2

1 KEH Y=

WAL XA 47 M b 5 42 B AR e 2 [H] 19
TR ARG 1 (a) 1o XIN &2 510 8
ol — il el BE = I SR A s THCE
R RS R G s Bool T8 BRI CS
BT SR BRI B ICA TS R —
BH R TUE BRA R SRR KA A
o A A BN R— LR s
X NI & A BT — KA R K —F T
S5 T e — A AR W 4, DL B R IL—E ENE
) 52 TR, AR E T 8 LA NNE [ 4 3, 2kl
WHAE[E 1(h) 1(e) .

X3 N KB WA KA R A B o AR K
L WK =R A AR L A M A B AR
WA AZ B A AR TN B 5 R IR AESE S, 2010 22
445 ,2015) s =& 2R KA, Tk L AR B B X
o HpAERZE, ZX ARIER, & KE A%



RUSFAREE R0 ™ B BY V05 iz Bl o 5 4 AR 2 8] 23 Af PR G 2

114°E

29°N

28°N

o,
@,’?
)‘1&

§

30 km

112°E 113°E

B O O - G

114°E

B B0 (70 £ Desdis ek [5e 15 [ 1o

Lgel — il ol SE S IR A R A TRCE RS LA RN G A 2 800 B RIS (M =8 s e TR s
3T BRI BEICE NS 4. 8 B — R R IUE BRA RS ;5. =B —REBRICE =5 Wh AT A
6. 5 MR — I LREE VA7 A RL—M AR P AL 5 8. =B B A 9. el BB B 45 5 10 BT i ARAE R 5 11 A2 AT I 24 AR G
2512, BIVESYUIF ; 13, 10 RS R 14, (B m) RS R 15 EBIE D7 1] 5 16. 0 R (50)

1 R R R R IR X i E (152 8 Xu et al, 2017)

Fig.1 Regional geology of northeast Hunan and geological map of the Hongyuan mining area
(modified after Xu et al,2017)
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Fig. 2 Geological map of ore vein distribution in the Hongyuan mining area

(according to Hunan Provincial Geological Institute, 2020)
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Fig.3 Tectonic geological characteristics of ductile shear zone in the Hongyuan mining area
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Fig.4 Microstructural geological characteristics of surrounding rock of gold—bearing quartz veins

in the Hongyuan mining area
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Table 1 Kinematic vorticity value of ore—bearing structure in the Guanzhuang gold field
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Fig. 6 Geological map of kinematic vorticity value distribution in the Guanzhuang gold field
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Fig. 8 Geological characteristics of vein morphology distribution in the Guanzhuang gold field
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Fig. 9 Relationship between orebody variation coefficient and kinematic vorticity parameter

2026 EF8 A HF 34 E-F4H

791



792

B Pt

*2 BESYHBYTETHRHSI
Table 2 Statistics of orebody variation coefficient
in the Guanzhuang gold field
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Relationship between Kinematic Vorticity of Ductile Shear Zones and Spatial
Distribution of Orebodies in the Guanzhuang Gold Field, Northeastern Hunan

LIU Shoulin"?, ZHANG Xiong"**, WEN Ting"?, YAN Changhua"?, LV Xingqiu"?, WEI Jinju"?
410100, Hunan, China;

2. Hydrogeological Environment Geological Investigation and Monitoring of Hunan Province, Changsha
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Hunan, China;
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Ministry of Education, Central South University, Changsha 410083, Hunan, China

Abstract: The Guanzhuang gold ore field, located in northeastern Hunan Province, is distinguished by its
extensively developed ductile shear zones. This study aims to elucidate the structural development mechanisms
within this region by employing kinematic vorticity parameters of the ductile shear zones to investigate the
characteristics of regional metallogenic structures and to examine the relationship between structural
mechanisms and vein development. Field investigations were conducted to assess the structural features of
ductile shear zones within the Jinhong and Jinxing ore sections of the Hongyuan mining area, complemented by
a detailed petrological microstructural analysis. The kinematic vorticity parameters were calculated using the

Mohr’ s circle method, resulting in W, values of 0.707 and 0.758 for the Jinhong and Jinxing ore sections,
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respectively. These findings suggest that pure shear and simple shear are nearly equivalent in the Jinhong ore
section. Furthermore, the ratios (&/y) of pure shear strain rate to simple shear strain rate were determined to be
0.509 and 0.449 for the Jinhong and Jinxing ore sections, respectively. The ¢/y ratios for the Zhengchong,
Xiaojiashan, Jinhong, and Jinxing ore sections within the Guanzhuang gold ore field, arranged from west to
east, are 0.842, 0.751, 0.509, and 0.449, respectively. All ¢/y ratios in the area are less than 1, indicating
significant lateral tectonic movement within the Guanzhuang gold ore field. Furthermore, the ¢/y values exhibit a
gradual decrease from west to east, suggesting an acceleration of simple shear rates in the same direction, which
is indicative of nappe thrust tectonic movement. For the first time, a quantitative relationship has been
established between kinematic vorticity parameters and vein variation coefficients. The variation coefficients
(V) of orebody thickness for the four deposits demonstrate a positive correlation with the kinematic vorticity
(W,) values, with a fitted function expressed as W, = 0.3146V,, + 0.3978. Conversely, the shear strain rate ratio
(e/y) exhibits a negative correlation with gold mineralization, with a fitted function given by &/y=-0.5834V+
1.4107. In conclusion, it is posited that this region corresponds to a hydrothermal deposit model typified by
tectonic-magmatic-mineralization processes. The area experienced Caledonian hydrothermal activity, which
facilitated the formation of gold deposits. The ductile shear tectonic movements have influenced the spatial
distribution of gold ore bodies, it reveals ore bodies in any directions, but there are two sets of gold veins
oriented in NWW and NNE directions. These orientations offer a principal framework for guiding prospecting
activities.

Key words: spatial distribution of orebody; kinematic vorticity; ductile shear zone; Guanzhuang gold field;
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