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Fig. 1. Geological map of the Late Archean orogenic belt in Wutai Mountain.
1-—Quaternary; 2—Ordovician Gaofan Group: 3—Northern tectonic slice (back-arc melange zone); 4—Central tectonic
slice (plateau-island arc); 5—Southern tectonic slice (forearc melange zone); 6—Fuping metamorphic complex; 7
Proterozoic-Mesozoic granite; 8 —Archean basic intrusive; 9 Archean granite; 10— Fault; 11-—Reversed fault; 12
Normal fault; 13—Extensional ductile shear zone (DSZ); 14—Thrust DSZ of greenschist facies; 15—Thrust DSZ of
amphibolite facies; 16—Longquanguan DSZ; 17— Attitude of foliation; 18—Attitude of mineral stretching lineation;

19—Geological boundary.
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Fig. 2. Distribution of gold deposits in Yantou-Lijiazhuang area.

1—Cambrian-Quaternary; 2—Hutuo Group; 3—Gaofan Group; 4—Metamorphic calc-alkaline voleanic rock; 5—Grano-

-

diorite-trondhjemite; 6— Tonalite-trondhjemite; 7—Reversed fault; 8—Normal fault; 9—Extensional ductile shear zone

(DSZ); 10— Thrust DSZ of greenschist facies; 11—Foliation; 12-—Mineral stretching lineation; 13-—b lineation; 14

Geological boundary; 15—Gold deposit (occurrence).
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Fig. 3. Geological map of the Dayinzhang gold deposit.
1—Quaternary; 2-—Metamorphic basic vein; 3~ Trondjemitic mylonite; 4—Mylonitic trondjemite; 5—Sericite-quartz

mylonitic schist; 6—Chlorite mylonitic schist; 7—0Orebody; §—Attitude of foliation.
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Table 1. Characteristics of main ductile shear type gold deposits in Wutai Mountain area
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Fig. 4. Geological map of the Douling gold deposit.

1—Quaternary; 2—Mylonitic tonolite; 3—Lamprophyre; 4—Sericite-quartz mylonitic schist; 5—Chlorite mylonitic

schist; 6—Hornblendite; 7—Amphibolite; 8—Orebody; 9—Fault; 10— Attitude of foliation.
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Table 2. Calculations of readily-releasable gold in mafic rocks from the Hulishan gold deposit

e | & K R B
E = Augy Aug Aus i 5 Augy Augg Aug
(Pd « KY) (Aug-Aug) (Pd « K') (Aug-Aun)
HO002 5 1. 55 —3.45 H003 4 0.74 —3. 26
HO004 4 1. 44 —2.56 H032 2 0. 81 —1.19
HO063 2 1. 70 —0.30 HO10 2 0.74 —1.26
HO091 2 2.15 +0.15 HO085 2 1.11 —0. 89
HO026 2 1. 26 —0.74 HO088 3 0. 74 —2.26
H105 13 1. 48 —11.52 HO036 1 0. 81 —0.19
HO016 3 0.74 —2. 26 H119 3 1. 85 —1.15
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Table 3. Analyses of hydrogen. oxygen and oxygen isotopes
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4 4-7 PR 11.8 5.6 —69 R, Th=320C, " —mE#h
5 S4 PR 14.8 4.2 B G WA SRk, Th=220C, BE#h %
6 Bl PernWKE 7.3
7 B4 BRI 8.2
8 H002 FrBE 2 8.0
9 H004 DA o 8.3
10 1-9 A1 Y 12. 6 2.4 —112 A G WAk, Th=220C ., Bk R
11 | WD-301 A1 9 10.7 2.4 —90
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Table 4. Analyses of carbon and oxygen isotopes
¥ B 5 A A 4 8V Cros/ %o 8"80pps/ %, 8% 0smow /%o e EIN
1 4-4-® BRATH —0. 87 —13.89 16. 54 T 39 1k
2 4-4-@ BRATH —1.25 —14. 62 15. 79 JRAT R 309 Bk
3 4-5-@ TH®ARSE —1.96 —17.09 13. 24 JEAT 35 ik
4 4-2 THRARSE —0.77 —18.88 11. 40 R R AR K R E)
5 4-3 BHRARE —1.09 —13.42 17. 03 LR AR K ORI
6 HGI CR3=F¥a 1. 37 —14.25 16.17 DR
7 WD-307 Mz —3.47 —10.07 20. 48 HEA 39
8 WD-312 T —0.92 —19.78 10. 47 R
9 WD-317-1 BAns —1.30 —19. 27 10. 99 A 39
10 WD-318-1 BAns —0. 42 —18. 65 11. 63 A 3
11 k-2- BHARSE —4.28 —29.32 10. 94 ik R 6 A0 W 2k
12 fR-2-@ BRATH —4.39 —18. 65 11. 62 i R kA W 2k
13 .16 sgAss 0. 02 —17.08 13. 27 gt R BR A O HLE B B A
14 L11 THARSE —0.99 —18.32 11.99 SHBK R SR L OB B BE )

VPSS 1~10 FF AR B AT X, 11~ 14 FF &R B BEZM AT XK B B SR B e S BRIFS 7~10 FE & i eh A
Bt A Bl A (WCEE R o LS FE b b A A oT 2 e 0 B A e Ik, B R ORI T AR I H

3.3 Wl 2 L ER Ak 2
SFPRIVE BT D)y BB 9 AN X 24 AN BERATRE S R A B R, 0% S AR A YE [ b
— 3. 7%~9. 6%, » FEEPT 0%~ 2. O%UQ—Z 0%,~2. O%UZ['ETJ . ANEL 9. G%U{Emﬂjﬂ—i



ERGEI RS X & 24, HG i Hs KR B U4y B G e A 359

] A T BRI 31 B BR - A - B PR R K AR s 2L AR AL BT L, WECIE R 0'S e AR
AL, R I — Bl Ja, 3R 0%'S AR/, BURTAE 0 YT, S8 A A h R AL
[l 437 28 21 A — 2,

Gt Lo AR R AR R &SR R VIR S it . TR
fr ARG, T DX G U AR (0 SR U R AU RT DA KRR R 4 18, B AR U T R K T A
. Bk FUA A AL v 5 S SR IS (2) M KRTAZ A T, A A% i B b 8 S e
w AR R AL R A, FIRAT— 2 BRAKB A, Bk —ME & CO,, CH, &+
w3 B AR IR AR

4 RTH A ACHIT 8

o L DX B0 B 1) A 2R A A N AR B e R SCE R AR T AR S B R I i
A1k, AR DGR WAT B A B AR [ 1 )AL 3 AR AR A T RE A, 7R b T TS S 5T I SR A L
3K HL AN [7) 5T A AH B OC FR J7 T BRI S A 114 4 6% 1] A

(1) WS BEN S AR 2R, LG X8 U1 8 &8 R & Ak fE i 1
AR —F RS w A AT, oo AR A SR, W UMEARES S S &P
Rk, HEWT ST R BT K R

(2) &0 4 5 By U1 I 18] 98 R - VR0 1928 AR TEAE LR IR 4 iF s 8 0, et AR T
B AS AE e e s R 5 . R T G AR A U2 0 b R M BY D) A o 18 1)
R IEAR AR —— B AR A U-Ph— SR (2507, 2416.3/16.2) X10°a™, %] %
PR RS A U-Pb— B AE W A (2549+2) X 10°a ", AR A I [a) i - 380 e 284 49 1 BY 1) Ay
(R 15 AR 8S A U-Ph— 8RR A (25204-30) X 10° al™™ w336 o 29 490 v B ) 45 JE 1 T K
R,

(3) HAMA 5 FAE MR, LG X & vy U) 3 b i h 54 5 X 38 4%
AR AR A 0 & R ARG B R OC &R . AR DX IR AR 8 (2573+47.16) X 10° a7 H]
) 3 FH T I Ak 42 8%

(4) WS IKAE PR R UM L S0 R 6 8OV 285 bk U0, X — KA 19 Rb-Sr 4 %7
LR A (2395.684182) X 10°a®, ph AR AE Rt AR, SR P 20K A
ar GRS IR O™ AW — 3,

5 AR IR AR S

BRI G2 IR A B R R A 5% . 480 IR B ad A A SUAL 2 AR IR 22 0F 9T 19
—AEERE, AL HERAMRE S, MR RATC 4 0 BOR S  SL T R 2 R AT )
BRI, KR F w7 R G R s B8 JICIR B iy 7 6 32 87 1 RO 7 G
A, WK Z A Sa G BORE B, G AR O B g e I BAGRORT TTCIR <6

Q AIUH R Rb-Sr i 73 (0 4E 6, il A3 5T 27 e 43 B 03 o0 Uk



360 w 7S His Jit 1997 4

BRI IAE  Groves (1991) F T 75 08 A S 19 £/ 2R [X] b b A0 fim 5 K 45 b K o i 4k 5 i P
o AGEBCIR S0 2B HEFT, N A T IR G A A AR KR A AH X1 BKCIR S0 R A7 R A1 g
AELT s (D WKAR S0 A2 52 90 - e P 3¢ 2 01 10 i 2B B 4™, L 722 T ) A J 7= 7 e 39 Bl 50 77 19
RIesy) (W3 disd; @ eI A RERRSM Au EERE B8 10°~10") 1 “H—
&7 WK @ A4 A LLE S CO,, S, K (Rb, Ba) K5 HXMEEICENFFIE; @ &
& BIY)HE R ) ik A8 4> A X 10 2 ~n X 10 m I RERE A 45 AE o 171 3 i) 43 5 AR AR AE , A& DA
nX10°m ML, B, et XTSRS 8 TR &K,

JCER 4 DR e DRI ASE 2QIE 90 e e e, R ) A 80 AEAR I LASK , fEBEE &0 WF 5 %R K
AR, BER . B AN Y R R R 5 ST 5 T ) OR S, BT A s A o
M EEe AR W&, A — 4 A s T b RS T B SE O e R B Bl B . R EIR B AT —
AN e A7 280 1 A B T A IR S IR I B B T . o 6 b DX 490 1 B 1 2R 1) s R g
I AL P R B A ) “ AL X N, B e AT A ORI LR X T A
GEA G SLIXSSHT IR R RRAE
5.1 &0 AR s R X £ R 3R

(1) Mo T J5 1 29 25 . 6 L DX R 0 vk BY D) Ay B A i R WL IL 5 A SRR AR L AT
BRI R , RAEALEEHIK (8D T TTG HRZT GE 1), {HIX L RER 2 A2 AL 1) 5 41
57 T AE 43 DU AL 9 2% Fr 25 AH A8 AR T2 A I S0s . U6 0 40 B I8 I T X 6 A 4R AL
IR, @05 TTG A REKRE TRATCE ., @ im ot F AR 6 2 4> Bo s 284 J7 1 (0 22 9
0 P D B R T TR R T I R BB AR D R R R ) BT S K A R L i X
PIEBY ) B S AR IE 2 — , IXAR MBSO T &0 5 A R X &R

83 2 2R DX N IR 8 e e Ak A i PR R AR A T & ) AR DU BRI =, H
PR vk v 5 — D R A, TG, XN 2 AR T Bl 1 BIF R LA & M & & 4R . K & BIF Jf
W7 TG R X (il 2EPRRRAT X)) s LR IF R WA T B LIk, FEIRLE K WL BIF 8%
HABAR N (R 1D, W KESI IR (8 4., XUHAX BIF A5 B HFAEEST
i b B4 F, Dt ) AR DR 5t i /D A2 00 UF 3

M A ., AX PR D)y B S vl iE A T R KBS, AR IR R Hb 5 1% 4 3R 4
3,

(2) [AE 27w h A R 2, R TG s X R A7 26 7 T % R s it — bR, HAR
i DA H A A — BN R U T ] — S R, R, e A IR AR 0D EHAE —MTIX A
KM BE AR Ak, AN R AT X1 4 dle 2D ] 41 (R R0 A, PRI 7 ROKBER A AT 5 oIk, B [ Au 5
Pd (1) 6 R S L BR AL 25 REAE A SZHF Au >k B BlE . X0 RAKBE SO — AN F AT, B ar .
JE AR R AT R, T IR LU E & CO, . BT WEIK I 05O o FIHEAH IR R 35 01°C 1 N
REAE, ANMEAE & 7 R AKBEAE R nT GEE, i HAR R 5t 5 B 22 K i IR &0 R 1
ZS, AR, AKX BT D) A B S 10 B o 28 M AR R A B T Bk

T Ll M DX 5 A A 5% 1) [ A2 T8 391 5 30 A6 A7 DE K ) 67500 =17. 0%,~8. 0%, 55 X |
FE A ARG 8500 =7, 3%, ~8. 3% AT, 1 B 3 L6y 44 84 5 B2 e i B 4 1F 1 5 [ 4 ik 3
AR F P, AR RO AR AR AE . SR AR AT Sk 60O 0 =1. 5%0~2. 5%, BN &
25 7 AR AR, X R AR T R A B [ P, K, e R R ORI K A



%16 94 MG A . TG X B D) R e A 361

N, EATRBR) 20 B WK R AR AE . S5 — T, AR A TR R K R R
AT Y SCC AR T A G R . AX 5 &0 4% V1A 5 16 1l 28 5 B8 £R 0 P 16 61°C
T —2. 0%~ 1. 4%, Z 18], 334E R 0. 7%, » &% HCHE W 5 Tt F b O iy CIR 607 i 2
THEK . R, BRR D PR o CH 2 i B . Eh 8. pH {H A REW b 24 300w A ik 1) 18] 47
FA T R E IR, X SRR i DT IR IR R 1 01°C A ) e BRI B R A AL A L, K
b, 7E 250~400C. P8R . bR ENEE S ERAEBD I FMA T, AW 2w
B T E 5 005 C A U A b A5 T TS B R AR 1 01°C {2, Mk, HE X 6% Ca~—1.0%,, I
AR BT I8 A B ) e A A AR 1 5 (R4 3R AL K

Bl DR AR B A A Bk R 3R A Rk A G ) R RE R CO, 5 B B8R 0 B IX 28
R REAE S & Rl AR R PV R bl R 1, SR A SR AL E E G, X IR A7
fE— AN A CLE A R Z A BERRAR YR, CEBR BRI TR, DU Z Bl o 7
TE B AR MG . s dh B2, K CO, S ARFIE . AR DX S0 el it A 1R A b5 58 5 — It A4 U
R I B e 1Y 25k A8 0T A 5 T 2 1 wP 0 B B A AR 1 e R R I B i K TR R
S O
5.2 W ERIERS) T

AR, WKCR &0 B R 5T 1 — A 38 20 e 2 LR OR BE (i e . T 1T T 32 Bt
A R 1 b 58 46 R WL AT IBE R, B KA
WEFE IS A DIAH G 2, REHA KR mums CI AR B
2 KR S B A % AR, AR
TERFR B, X B KOIR S 0 2TE R B H R B h
25 5N W AE kAR R T Bl - Bl 25
-l 44 3 3 S et T 1l b X
PIPEBY D)y B S B BT X P i A B v

ﬂﬁmm*ﬁ%mﬁ;%mﬁy\‘rﬁmﬁmﬂ C — /‘I /!rl f‘ f//. o I
5410 S IRV A RAL R, R IR AR
i e 10 R R 3 0 S S I R AR ,
— T 7
RPN S NI S O TR V. V. VN

e, BT, AKX S 2RI K R 80
=B BUAE TP AR A A A B 2k K LB
SUNEIE 7/ 2RI A S T P A AP PR Bl 5 Ll DX A B ) e e BESR
e gt B BRIF R 44, B T /a8y 1 e BEPEsyo)dr; 2 RmiEw iy, 3—&ik; 49
BT AR B B B, A AW 3R T ok R PEAFHE B Iy 5— KUK © — bR 4 @
. g3 P T R B 4 LT BB IR - R
B Fig. 5. Metallogenic model of ductile shear type

e B AR M AR I AT 2 s R W JE L AR R
W R, 1
5.3 &N R A 3—Gold orebody ; 4—Migration direction of ductile shear zone;

E_t@ﬁﬁﬁ‘h ST i %% 1T _?E:f:? Ll #ly 5 Participation of meteoric water; () —Northern tectonic
[Z@J 'ﬁ%w%ﬂﬁw EI{IBZEJ-)“% J—it (@ 5) . ;k slice; @ —Central tectonic slice; 3) —Southern tectonic slice.

gold deposits in Wutai Mountain area.

Thrust ductile shear zone; 2-—Migration direction of fluids;



362 w 7S His Jit 1997 &

o ORI 0 9 il Ll - i R A D S AN [ B R TR R e A T O A TR AR AE R TR Y
FEFI AT R 2% 7 . S AR R AR TR 2% A 7 . K £ e ORI & DU I &5 Eh 08 (2)
5 IEE AT AL A O b 3t 58 (0 AS TR R B T 32 AR A I s, [ I R AR I K A K
WA A IR R TR B 2R A7 T R ) P B D) Al Ao e e IR R R R [R] PA AR T H e
IBIER , KA TG G B 8T U) i R i A s gt Tis B almiE , bl Al i i
VEFI I FFEE, M 5e T B T, A 7 R 30 19 i /K Ik 00 5 i o T 0 TR) 1~ 7 3 B0 3, R i
IR BT, R AR A DA A A RO A, AE R, BB 3 A i S K G B T R 0 1 B )
i R BT T IR,

16

17

18
19

20

W

% 3 Wk

X, R, xRk, B FE M . dbnt. S EBFEE AR, 1992, 127~172
FHACH FE . o6 18 1 S iy b 5T Az 6 9 i 7 F . KR a2 BOR Rk, 1991, 1~229
e, ) S, X M. VT IR W K A P S b W B . dbat. MR ARAE. 1991, 1~68
SREKAE, BT, iR, SR A b X e AR U X S K. db s, MU RRAE, 1991, 324~430
XEE, BARSE) WX S . 948, 1995, 16 (10): 2~5

X&E %, e, MBS, LI LS &, A, 1995, 16 (5): 6~9

T @VEaRYSHE. MRy ieA, 1986, 1 (3): 29~39

A&, Eoed, ZFResE. TG L v IR L S8 U] i R T K AR B R, 1996, 26 (1) 37
~42

FIH g, ot RarsEalad i m. R, RERFZEOR B R, 1986, 198~247

FIH, EicH, ka6l By g€ a0 d O i ok S AR AR, dbnt . MRt AL, 1992, 1~63

K, il R W, BESIE W, g%, KAT-T0 6 1la7 98 il a0 48 T 28 I 07 2 M R A AR S F 9. vl [ 3 i R 2%

Bthedh ., 1984, % 8 %5, 57~84

El, VHL. BCR S ARRE R I BF S RE. = 505, 1995, 9 (6): 493~498

Hodgson C J, Love D A, Hamilton ] A. Gniat mesothermal gold deposits: descriptive characteristics, genetic model
and exploration area criteria. In:; Whiting B H, mason R, Hodgson C ] ed. giant ore deposits, proceeding of the giant
ore deposits workshop. Kingston. Ontario. Canada. Q Min Ex Associates and Queen’s University. 1992, 11~13
Boutler C A. The gold mile Kalgoorie: a giant deposit localized at ductile shear zones by structural induced infiltration
of an auriferous metamorphic {luid. Econ. Geol, 1987, 82: 1661 ~1678

Colvine A C, Fyon ] A, Heather K B et al. Archaean lode gold deposits in Ontario. Geological Survey. Miscellaneous
Paper, 1988, 139~210

Hodgson C J. A view of the geological characteristics of “gold only” deposits in the Superior Province of the Canadian
shield. In: Hodder R W, Petruk W, ed. Geology of Canadian deposits, 1982, CIM Special Volume, 211~229
Grove D I, Barley M E, Barnicoat A C et al. Subgreenschist to granulite—hosted Archaean lode —gold deposits of the
Yilgarn craton: a depositional continum from deep sourced hydrothermal fluids in crustal —scale plumping systems.
Geology Department (Key center) and University Extension, University of Western Australia Publication, 1992, 22,
325~337

Kerrich R. Perspective on genetic models for gold deposits. Mineral Deposita, 1993, 28: 362~365

Groves D I, Barley M E, Cassidy K C et al. Archaean lode —gold deposits: the products of a crustal scale hydrothermal
system. In: Laderira E A ed. Brazil Gold’91. Balkema, Rotterdam, 1991, 299~305

Powell R, Will T M, Phillips G N. Metamorphism in Archaean green belt; Calculated fluid compositions and implica-

tions for gold mineralization. Journal of Metamorphic Geology. 1991, 9: 141~150



%16 94 MG A . TG X B D) R e A 363

21 Wyman D A, Kerrich R. Alkaline magmatism, major structures and gold deposits; implications for greenstone belt
gold metallogeny. Econ. Geol. , 1988, 83: 451~458

22  Kerrich Ry, Wyman D. Geodynamic setting of mesothermal gold deposits: an association with accretionary tectonic
regimes. Geology, 1990, 18: 882~885

23 Kerrich R , Feng R. Archaean geodynamics and the Abitibi— Pontiac collision, implications for advection of fluid at
transpressive collisional boundaries and the origin of giant quartz vein systems. Earth Science Review 1992, 32 33~
60

24  Davis D W, Smith P M. Archaean gold mineralization in Wabigoun subprovince, a product of crust accretion: evidence
from U—Pb geochronology in the lake of the woods area, Superior Province. Canada Journal of Geology., 1991, 99.
337353

25 Koons P O, Craw D. Gold mineralization as a consequence of continental collision: an example from Southern Alps,
New Zealand. Earth Planet. Science Letter, 1991, 103; 1~9

26 Barley M E, Eisenlohr B, Groves D I et al. Late Archaean convergent margin tectonics and gold mineralization: a new

look at the Norseman-wiluna belt, Western Australia. Geology, 1989, 17.: 826~829
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Abstract

In this paper, regional geological setting, modes of occurrences, gold potential of host
rock associations and their characteristics as well as alteration sequence of ductile-shear type
gold deposits are elaborated, with a detailed study of stable isotopes in these deposits. H,
O, C, S isotopic analyses of quartz, carbonate minerals and wall rocks show that in ore-
forming fluids 313();120: —2. 1%, ~4.9%,, and 6D=—69%,~—112%,, in altered carbonates
0" Copp=—2. 0% ~—1. 4%, and 6"*Osyow =10%,~20%,, and in gold-carrying pyrite 6*'S=
— 3. 7%0~5. 6%p. The premineral fluids possess medium-high salinity, the fluids of the ore-
forming stage are characterized by rich CO,, seawater-implying 6'°0O values and marine car-
bonate 6"”C values. Studies demonstrate that instead of corresponding with a certain single
fluid source, the ore-forming fluids mainly reflect the mixture of metamorphic fluids and sat-
urant thermal brine of mafic rocks formed during diagenesis in the sea basin. Synthesizing

the relevant data, the authors have established a genetic model of ductile-shear type gold de-
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posits: the rock associations formed in different environments were tectonically juxtaposed
during continent-arc and continent-continent collision in Late Archean, giving birth to fore-
arc melange, island arc system and back-arc melange. The above rock associations were sub-
ducted to different depths of the Earth’s crust and then metamorphosed and dewatered to
produce a vast amount of fluids. A series of reversal ductile-shear zones formed in the colli-
sion process changed the permeability of the crust and provided passageways for fluids which
came from the depth of the crust. The crust was uplifted rapidly during the continuous colli-
sion, and the balance of hydrostatic and geostatic pressure in the depth of the crust was dis-
rupted. The metallogenic fluids ascended rapidly along the ductile shear zones which oc-
curred in margins of the central and southern tectonic slices and their neighboring areas.
Metallogenic fluids precipitated as a result of the change of the physical and chemical envi-

ronments, forming ductile-shear type gold deposits.





