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Abstract

Located in the Zhongtiao Mountain copper metallogenic belt, the Tongkuangyu copper deposit is one of the
oldest porphyry Cu (Mo) deposits in China. Through detailed field geological survey and petrographic as well as
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microthermometric studies of fluid inclusions, the authors investigated the origin, characteristics and evolution of
ore-forming fluid and the source of ore-forming materials. The ore-forming process of the Tongkuangyu copper
deposit can be divided into five stages: red albitization (quartz-albite) stage, potash feldspar-quartz stage, quartz-
sulfide stage, quartz-carbonate stage (quartz-calcite-sulfide stage and quartz-sulfide-ankerite stage), and carbon-
ate stage. Quartz and calcite associated with the mineralization contain abundant fluid inclusions. According to
the fluid inclusion compositions and the phases presented at room temperature, five different types of fluid inclu-
sions were distinguished: liquid-vapor inclusion ( I -type), multi - phase inclusion (Il -type), aqueous-CO, in-
clusion (Il -type), vapor-rich or gas inclusion (IV type) and pure liquid inclusion (V). Group inclusions compo-
sition and H, O, S isotopes were used to study the origin, property and evolution of the ore-forming fluids as
well as ore-forming materials. On such a basis, the genesis of the Tongkuangyu copper deposit was revealed.
The ore-forming fluid was magmatic fluid with medium-high temperature, high oxygen fugacity, rich CO, at the
early stage, whereas the middle stage fluids evolved into reducing fluids due to boiling, temperature decreasing,
dropping of oxygen fugacity, and escaping of CO, and led to the precipitation of metal sulfide. With the addition
of atmospheric precipitation and cooling, metamorphic hydrothermal fluids with low temperature, medium-low
oxygen fugacity, low salinity, and poor- CO, were formed. The isotope composition of oxyhydrogen-oxygen
(8040 values from —6.5%o to —1.10%o, and 8D g0y values from —99%o to —58%0) shows that, from the early stage
of mineralization to the post-ore stage, the fluids were characterized by the evolution from mainly deep-sourced
fluids to the gradual addition of shallow-sourced meteoric water. 9 samples from the Tongkuangyu copper deposit
yielded a range of sulfur isotope values (1.1%o to 4.8%o, 2.44%o on average), and also suggest that the ore-forming
materials mainly came from deep region.

Key words: geochemistry, porphyry copper deposit,, fluid inclusions, ore-forming fluid, Zhongtiao
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Fig. 1 Regional geological sketch map of Zhongtiao Mountains(modified after Zhongtiao Copper Geological Group, 1978)
1—Quatenary; 2—Permian sandstone,shale and coal seam; 3—Ordovician carbonate; 4—Mesoproterozoic Ruicheng Group Luoyu Formation
dolomite, limestone and sandy conglomerate; 5S—Mesoproterozoic Cuizhuang Formation - Shuiyou Formation clastic rock; 6—Mesoproterozoic
Xiyanghe Group andesite; 7—Paleoproterozoic Danshanshi Group metaconglomerate; §—Paleoproterozoic Danshanshi Group Chenjiashan
Formation phyllite; 9—Pateoproterozoic Jiangxian Group Wujiaping Formation quartzite;10—Zhongtiao Group Wenyu Formation blue schist;
11—Paleoproterozoic Zhongtiao Group Yujiashan Formation dolomitic marble; 12—Paleoproterozoic Bizigou Group Bizigou Formation
granulite; 13—Paleoproterozoic Zhangtiao Group Yuyuanxia and Longyu Formation marble, schist and phyllite; 14—Paleoproterozoic
Jiangxian Group Songjiashan Formation clastic rocks intercalated with mafic volcanic rocks and carbonate; 15—Paleoproterozoic
Jiangxian Group Shujinggou Formation metavolcanic rock; 16—Paleoproterozoic Jiangxian Group Luotoufeng
Formation muscovite quartz shist; 17—Neoarchean Jiangxian Group Luotoufeng Formation quartzite;
18—Paleo-Mesoarchean gneiss plagioclase and magnetite quartzite; 19—Proterozoic granite;

20—Normal/thrust fault; 21—Geological boundary; 22—Fault
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Fig. 2 Geological map of Tongkuangyu area and geological section of the main ore veins

(modified after Zhongtiao Copper Geological Group, 1978)

1—Paleoproterozoic metamorphosed volcanic rock; 2—Paleoproterozoic metamorphosed mica-quartz rock;

3—Sericite quartz schist; 4—Tourmaline quartz rock; S—Altered porphyry; 6—Diorite dike; 7—Metagabbro;

8—Cu orebody; 9—Anticline; 10—Syncline; 11—Fault, 12—Dirill hole, 13—Sampling location
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Fig. 3 Characteristics of the major intrusive rocks in the Tongkuangyu porphyry deposit

a. Granite porphyry; b. Monzonite porphyry with albite, sericite and chlorite; ¢. Quartz porphyry

with feldspar, chlorite and sericite; d. Quartz monzonite porphyry
Pl—Plagioclase; Bt—Biotite; Qq—Quartz; Kf—Feldspar; Chl—Chlorite
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Fig. 4 Textural characteristics of ores in the Tongkuangyu Cu deposit
a Hematite and pyrite metasomatic chalcopyrite; b. Pyrite metasomatic chalcopyrite; c. Leaf-shaped molybdenite; d. Bornite
metasomatic pyrite and chalcopyrite; e. Bornite metasomatic chalcopyrite; f. Pyrrhotite metasomatic pyrite and chalcopyrite;
g. Pyrrhotite metasomatic pyrite and chalcopyrite; chalcopyrite metasomatic pyrite; h. Columnar hematite.
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Fig. 5 Characteristics of various veins and the relationship between them in the Tongkuangyu porphyry deposit
a. Quartz-chalcopyrite-pyrite vein and magnetite vein cutting feldspar veinlet; b. Chalcopyrite-pyrite-sericite veinlet cutting quartz-chalcopyrite-chlo-
rite veinlet; c. Sericite-chlorite veinlet cutting biotite vein, gypsum veinlet cutting sericite- chlorite veinlet; d. Chlorite-sericite veinlet cutting feldspar
veinlet; e. Chalcopyrite-sericite veinlet cutting quartz-chalcopyrite vein; f. Quartz-chalcopyrite-pyrite vein cutting quartz-feldspar-chalcopyri
te vein; g. Quartz-calcite-specular hematite vein cutting quartz-feldspar-chalcopyrite-pyrite vein; h. Quartz-chalcopyrite-pyrite
vein cutting quartz-feldspar-chalcopyrite veinlet, chlorite veinlet cutting quartz-chalcopyrite-pyrite vein

and quartz-feldspar-chalcopyrite veinlet; i. Ankerite veinlet cutting quartz- magnetite vein
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ic characterlstlcs of fluid inclusions in quartz grains of the Tongkuangyu Cu deposit
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.0 —Gas H,0; LHZO—Liquid H,0; Veo, ™

Gas CO,; Leo,—

Liquid CO,; H —Salt;

S1,S2—Perfect circle opaque minerals; Hem—Hematite

PR IRTER B A e B b AL B ARAR N IR A 5
A 5 B TG 15 UL 82 B RH G AH AZ AR RRAE , PR ik, A Y]
Tk 3 R o - A B B - A B B
A1 e -5 il A B BRI i A - AR B B, T A 4G
R (E7),
41 AXR-HAKAME

I A0 8 AR A e - A B B ) A

PR LA BRI, S 43 522 BRI D K
DB SRR o KAN— R 3~15 pm. SAHSM K
— N 5%~25%. ¥ — i BE S 220~476°C , V- ¥
323°C, B ¥ — B AH o VKSR B S -12.5~-9.6°C
I Hall 25 (1988) 1y £ BF 31 55 4 5+ w=0.00+
1.781,,7+0.0442¢% +0.0005574 ,, ATAFXF AR w(NaCl,,)
9 14.15%~22.2%, F 35 S 20.3%; B Xk 4
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Table 1 Basic characteristics of fluid inclusions of the Tongkuangyu Cu deposit

Jr— R EEWE UORIRIE/SC  COMM— T e — Wo(NaCLY% 15/ (glom®)
FA ARilEE/SC RLE/C L/ C g/ C o
I -10.2~-12.5(26) 220~475(26) 14.15~22.38  0.73~1.02
Il 272.4~500 (8) 266~421(8) 36.85~59.76  1.15~1.20
ATEHHR A BB
b -8.6(1) 27.8(1) 341(1) 21.1 0.78
\% -19.6~-20(2) 391~500 (2) 22.10~22.38  0.69~0.83
1 199~345 (25)  143~252(25) 31.95~42.98  1.12~1.20
AT B -9.2~-19.1(12) 160~285(12) 13.07~21.75  0.92~1.03
Ma 4.6(1) 28.4(1) 325(1) 9.59 0.7
A A - —5.6~-20.6(41) 166~333(41)  8.68~21.68  0.82~1.06
AL B B I 187.7~450 (16) 152~308 (16) 31.19~37.71  1.09~1.16
Jrfa-mempre 1 —0.4~-5.6(36) 166~358(36) | 0.7~8.68 0.83~0.98

TE AT B bR AL

(1987) 1) 22 30 28 X SR 45 U 14 %% 1 o0 0.73~0.94 ¢/
em?, FHJ4 0.89 g/em’,

I 70 4 B2 A AE 2 0 R ) DL A A =
o F i E2EN NaCl, JE &8 5 7 K il soAs
TR, KNy 3~12 pm, SAHE 53800 5%~15%, <
WAHS A To 76 AR R AT A p B R — S
WK, T YRR XA S i, £
BRI — IR h 217~420°C , F-214 319°C ., NaCl
T WIS R IR T} 272~359°C , F-44 322°C ;343 541
A TEIRE T2 500°C UL B & A A AR L
HEDHT S M)Al BEh KCL.CaCL B R ke, 1124y
FEUR I £ B ] 5 A AR () #55 (Hall et al.,
1988) , N FHN iy, = 26.242 +4.928x 1073 + 1.420 %
10742-2.330x 10773 + 4.129% 10719%* + 6.295x 10713/5—
0.967x107155 + 1.112x1071%7,[0.1°C<t<801°C], hJ¥
w(NaCl,)H 38.06%~59.76% , -4 Hy 48.24% ; i fAc 2
J& 4 1.09~1.20 g/em?, F21 K 1.15 glem?,,

I b 7840 2 1A A 2 3 Pl VRE /K (L) RS
1 CO, (Vo ) ZH A TR AR £ 2 A% T 214 i J32 [ 31 -
130°CHTTLM)H,T\§IJI7<cozﬂﬁéﬁn%o TEA B
B, ﬂlbﬁ”@%ﬁiiﬁul‘,ﬂ 2% 5 — ANk 2
SR, HKR/NHN 3~7 um, W H A A BN
o%;,\J:B R B -58.2°C 115%?9@ CO, 1y —HH A3

B (=57°C) , R BRAARR T CO 40, ik & A7 e

@fkﬁ,méﬁ’%—mrgﬁ%l%o

IV A FE AT 28— P R FL B8 172 I, K/ 3~
10 pm, Fo B0 A A e s I, AR RN,

T EE AR, AT Hoh S A A
4.2 AXR-HUEIME

]1 T B AR A et A I B 1 AL AR R
LIRS 2oy bW | N 5 X U DN (1 DA D WS & s
E’\JK%U!IJH:O RN 3~20 pmo SR> B — ik
H 5%~20%. FE A0 R A AR, S AR
WHARTH R, FOWEIHER ., BERNY—RER
143~252°C ,F-¥1°0 179°C . T8 ¥4 IR M 199~
348°C, -1k 244°C . T3 AME — AL BRI S TH
SRR EE R 203°C , 5 b T 2 TR BE O 202°C , PR il
FEAAMIA o R A3 B w(NaCl,,) h 31.95%~42.98%,
S8 35.02% ; AR E R 1.12~1.20 g/em?, 44 H
1.17 g/em?,

| A EAEARAED RO RAET, 2
1R A8 1520 R R G Al AN R TR, R /N — i oy 2~23
um, A — B R 5%~15%. ¥ —E N 160~
285°C V-1 207°C, UK ERE A H-19.1~-9.2°C,
V¥ Sy —14°C o K 45 ER E w(NaCl,,) i 13.07%~
21.75%,F31 17.91%; A% 4 0.95~1.02 g/em?,
A 1.00 g/em?,

M a AL AR AE A BB B B R B0, Rl
HIKE R (L) A CO,(Leo ) M CO, (Vo )4
B AR, R jq7~8 pm, H T HASH
SR T0% 5 He = A s R B -57.8°C |, S8 ¥ — R
9325°C,,

43 AR-ABRA-HRUYME
A B T5 A - AL B B A AR R A
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Fig. 7 The histograms of homogenization temperature and salinity at the every stage of the Tongkuangyu Cu deposit
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1 A SRR T A 1A

I A0 BE AR K/ N— M 3~30 pm. KA 5—
M R 5%~30%. ¥ — Ik FE N 166~339°C , F- 4k
218.4°C, VKM H-20.6~-5.6°C, -1 K-11.8°C, 3K
PR BE w(NaCl, ) 8.9%~22.8% , V-1 4 15.5% ; i fA
B H 0.80~1.06 g/em?, 214 0.96 g/em?.,

I 2880 B2 AR K /N — R 5~30 umo A ECH
5%~20% . £ 8 G I ek A R v, G oA R AR AR
FEW R MG T WIE R . AR R R
JE R 152~308°C . 4 4 1H 2K i £ Ry 188~294°C
— MR E) T TER T 450°CiR A fl L, 7 4h 2
2T ALK A 0 FTE 300°CIH K, A I TE
450°C I & A7 fl Ak , 48 00 57 5 4 1T g Sl KCl Bk
CaCl,,

V R BARAE LB B AT 40 A, S B LKA
TESASKLIPR , K/N—J8 4 3~8 um.,

44 FHEA-HHYME

J5 A -t AL o B i A R AR A [ A
FLFER , HAMAA D i TR B A | TV Y AR
VARG

I R A0 B R K/ N— M 3~20 pm. KA 5—
B R 5%~30%. ¥4 — I B N 148~354°C , F- 4 h
195°C, VKSR -5.8~-0.4°C ,F-#h-3.4°C, £
J# w(NaCl,)) } 0.7%~8.95%, *F- 34 5.39% ; Wi /K 25 &
7 0.65~0.98 g/cm?, F-14 4 0.87 g/em?,

ORI 380 — 4> 1 78 S AR A 2 A 1) S0RE T 2
&8 229°C , ¥4 W18 < IR B O 281°C, SR A5 £h B
w(NaCl,)) K 37.47%; AR % BE o 1215 g/em?®, B4 2
ALFER T FHFE K T S00°CHHBER AR T 2%, M H
anfl YAl e CaCl,s

WL ] — A~ IV AL LR, K/NH 5~8 pm, 34—
T Sk 358°C , UK A5 =3.4°C , 3K 15 46 & w(NaCl,,)
5.56% ; T A% B R 0.66 g/em®,

V AU SRR Z B Bt A A A, R IE
WA s RIAR , F/N—f R 4~10 pm.,

5 TR B A T

3 1A ST SR 4 1Bk R 3 G ZE R U AR
FH LS T S TR b 23505 1 A4 A AN ) 1
BB, e g e 1R A 46 R BES P i £ -4 £
BALPIIK , A9 1R A A e-TAb Pk , 415 I A J7
it A7 MR A 1 507 A -BRALPI K, J7 il IV 2R A J7

ATk, 2 VR ABRIRER K . A 2
PR3 3 AT A5 SRR W B O e B R B e A, SR
M5 VAN, . H,0.CO, #1 0,4 %, /b & C,H, fll C,H,,
A T Y CH, s WBOR J80 vh BH B 1 2 25 Ca?t
Na*.K* Mg, (CH,+C,H¢+C,H,+C,H,)/CO, [t {H
AT LAVE S 3 J5E 2 B0k W 1 O A 1 3 i R R
(F/NFF,2012) , NF 2 T, AT S - A7 B Ak 4
B B 3 A - Ak A i B, T 3 o - R - AR
BBt (CH,+C,H+C,H,+C,H,)/CO, FL A MK K FE A,
11 A B -7 ff A - A 0 B B 31 O # A -B AR
Bt , (CH,+C,H,+C,H,+C,H,)/CO, LA it It , |
W T HE R A R BB AR Y R S ARG S A Y
IRIE [) A A 5L A BR B 5 A8 | T S P 1) A G SRR 1
WEEEAS . FBAN, R 2 Bon O e A
CO, Mk K ; @ 76 B 1 f v CL % it e 1 s 7 1%
%, 10 BH 6 B AE B S R v S T PR AR

Xof A 0 22 4 T A AR 0 i B 1) A S0 BORE
AT T RGN IR A AT, WAH B 53 & A T
B Ca2 (K Na* o /b i Mg?, Hiv Nat/K* oA >
1, CI/F LUAE> 1, BEHA B ¥4 R AH X & Na* (Cl; % L
B B 74 CI.SO," F-, LA I 32, Ch SO 3 7EA
KA o v, A 22K L H,O0 F1 CO, A 3, HiYk M N, Al
0,, i & L) CH, .C,H,+CoH, \CoH 55 o 3 it
b Na' /K el <2, R IR A 72 IR, Na /K H (E>
10 B A4 18 I8 (Roedder, 1972 ; F9 M %545, 1990 ; 7K
2345, 1998) , Hi 0 WA AT 7 1 Na/K* LU B A T 1.1~
2.6 Z ], PR i R VR = 2 Ry b 5E R U (F A 1 U
PIRIINA o B R 2 al AL, R AR & A — o =1
CH,,, it B 3t 4 A2b 1 A8 X6 380 JiE 4% 1 (3 A 9 18 5%
2009) , R G0 1A A R T oAb P 0 R iR .

6 FeE R Z AL

6.1 S.|]ENMEHK

JIT S A i 43 I 1 AS TR BB i B 1Y) 7 A
FE AT & B R AT, LR 3. 80 fHH
Fridman (1977) # V- #f J7 £ 8"Oy.suow=1.03086
880y ppp+30.86 54N SMOW Hyife , 43 B &% 1 L 3%
3o A HE-BE AT -BRAL Y B B A B 8130 .spow TH
1 12.2%0~12.6%o , -3 4 12.4%o 5 5 47 FL - 1) Fi 4
850y o} 6.1%0~6.5%0 , ¥ 34y 6.3%; 8D i
1 =99%0~—92%o , “F- 14 H—-95.5%0. £1HE-BRAL ) B Bt
P 810, gvow TH K 12.1%0~12.5%0, F- ¥ Ky
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Table 2 The composition of fluid inclusion of the Tongkuangyu Cu deposit

x2 T IRET KREEEERS

w(FABHE F)/ (ng/g)

e A= R P —— K'/Na'  Na'/(Mg*+Ca>') Cl/80;”
a K* Mg?* Ca F cr SO,
5147-4  HIE(T) 4990  20.88 1.37 50.12  0.16 14293  7.75 0.42 0.97 18.43
DI0  A¥(I) 3205 12.07 0.81 29.83  0.07 7399  3.72 0.38 1.05 19.87
5147-13 A3 574 529 0.62 2676 0.07 29.84  3.53 0.92 0.21 8.46
4s’-11  FffA D) 99.77 7115 3423 24553 0.64 253.05 239.11  0.71 0.36 1.06
D9 Jrffi(IV) 63.93 5582 3244 22885 021 18444 81.19  0.87 0.24 227
D5 Jiffai(IV) 1695  6.82 4.62 80.59 0.87 7562 56.18  0.40 0.20 1.35
5147-5 Hz=A(V) 4293 2582 129.90 382.59 3.46 316.80 1287.07  0.60 0.08 0.25
B TSR wCUHIRID (g/e) COJH,0 (CH+C,H,+C,H,+C,H,)/CO,
. CGH+CH, CH, €O, H,0 0, N, Cco
5147-4  A[¥E(T)  0.04 0.11 0 144.97 197.05 12458 602.62 833 0.74 0.00099
DI0  A#(I)  0.07 0.24 0 367.30 406.78 133.54 684.73 1274 090 0.00082
5147-13 A5 (1)  0.07 0.19 0 308.07 323.70 167.06 848.07  nd 0.95 0.00085
4s’-11 JifpA () 0.1 0.22 0 50006 377.91 89.62 519.17 14.09 132 0.00065
D9 Hf#ACV) 0.10 0.22 0 393.56 473.96 137.56 724.01 12277 0.83 0.00080
D5 Ff#EA(IV) 0.3 0.26 0 37535 439.56 131.75 710.08°/16.65  0.85 0.00103
5147-5 H=zA(V) 013 0.25 0 58431 409.23 207.89 1143.85 nd 1.43 0.00064

12.3%0; 5 41 & - i /) UL 14 850y o A 2 1.81%0~
2.20%o0 , 25 K 2.01%0 ; 8D K —58%0~—51%o , “F- 1
K —=55%0. A1 9 - T fif - £ B AL W B Bt A 95 Y
3180, smow TH A 12.4%0~13.5%o , 141 K 12.95%0; 547
SOV BT TR 810y o [N —~1.10%0~0.02%0, -3 %
0.56%o0 ; 3D 1 H—71%0~—58%o0 , ‘-4 F1~64.5%0

Xof HECAN [v) i B A s B LA T o Ay 805 R 3 (&
8) , JA - T B A it 8 s S0 e K Xk 5 2
B B A i 0 88 05 32 B AR TP DR R ROK R 2
AT I B B, B a5 T i K e B o 3K Pl e 2
T K 5 RAKIR G 1T & AR A R 4

BRI SOR R “ B 7 i HIR AR KB 2,
CTEERS AR ZL (TR FENI, 1985) o W B BLw i AR 7
FRAHE LR B B R, T REJ2: A A 5 B B ) 7
YN GEROE YN E

EARFRIER W], B S B B A A R R
A AR B TR A T FEAR KRR BE - Bl %
TSR A B T A B AL A SR, SR R B
BT B BRI B B TR AT 4 A B A
K8 ikl LI i, B BBV F B REA T DA Bl
W BL— FE R B Be— ™ e 9 B, i et B2
%, 0 AU TR A 2R 2H A 32 3 1) KU K 2 gl (14

x3 AT RET KT RENS . AR RHE
Table 3 Oxygen and hydrogen isotope composition of the Tongkuangyu Cu deposit

A W JIKZH I BB MEAE Y 8"%Oygmow/%e 880 4 4/%0 3Dy .gyow/%0 1°C
4S8-15 A SA KA ALY Ik | A 12.2 6.10 -92 325
41432 {1 HeBi R ALK | A 12.6 6.50 -99 325
58-9 AL K Il A 12.5 2.20 =51 225
48°-3 AL K Il A 12.1 1.81 -58 225
S5-6 AL K Il A 12.3 2.01 -56 225
4S-4  fET5 AR ik Il A 13.5 -0.02 -71 175
D8 s A A ik I A 12.4 -1.10 -58 175

T :8"50 4y THR FHA T 1000Ina=—3.31+3.34x10%(Clayton et al., 1972)1] 57,
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8), VLB Rl A B VE M EAT , KATK I AR >k
Z RSB BE W B AWTREAIS, T A i
RETOIE . T B B AR Ry 5K F R <R
IK IR A, T LA J5 B B, KRR IR AN TE £,
FERRKABEK,
6.2 FREMIZER

T WA B B e SR BRIk A 3 1 B
BRI 2 1 B A SRR T KA 4 4 B AR
FEAIEAT TER R R 8T, PRI 4,

MR ZE R (92) i, 9 B AL P RE i 63S {H.
AT 1.1%0~4.8%0 , “F-AI{E N 2.44%0 Horh B4
f) 534S {H 2R AL T 2.2%0~4.8%o , “F-2I1H 7 3.57%o ; B 4l

W1 83S A ZE AL T 1.1%0~3%o , F- 2118 J9 1.88%0. H2
P AR 127 B A6 0 A 4 A 11 CIEL 9b) ml DAL,
YIS T RE R UE T4 K . R 0T 45 (1995)
PN TR L TR N SR R e 7 I R R A IR DA s
58, A6 B IR AR B 534S g [H 29 M +10%o , iX
IR BT 83S 55 (0~5%0 ) 1 , 3¢ B AE WL 1
A SNSRI . R (1985) A R A w7k
Y1) SMS A Hie B R 3k WESH W BT W Bk
RN B 5 H5 0 B R A U< a3 ek, 1T 4
WU 4 T PR B Ak Y 534S (B 3 5k K T AR Y
SMS A, X Ui WX W IR A9 3 B A Ak B UL TE T Il —
P HLAL 2 A R R 2, BSR4 22 1 1) 4 )
PR REARR T, BRI, Bk i
538 BB AN T AR &R 48 Hh BV 1Y W) 46 84S, 4
U 5 47 R B Ak 4 1940 534S 341 Sk TE AR, PR T 90 4 O
TR R G 8348 %A B W TE{H o Gt i AE 1Y B
AN BE AN Hok T A LA (534S i AR K Y 11
1B ) | Hb s B B30 2 B (8348 =0~2%0 ) B, 5 1T B IR
£ O AHDTRR ) sk 25 % ) GRS BRI IEAE) |
T 2 AN TR 4 58 0 i g 825 A, 25 AL )
(TR & -1 1 A FH i 35

7 W ow
7.0 RE AR R SRR

A SE-FR AT B B 2R R 2 2 RO A A
T T8 YLK, 75 A A7 DB UM AL B AR
H CO, L H A . % B IR A D R U L
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Fig. 9 The histogram of 3**S(a)and repository diagram(b, base map after Zheng et al., 2000)

of frequencies of sulfur in various types of deposits



374 S

LT - 1L P A% LI B B A PR BT AR 1105

R4 A IRET RETRE LR FHE
Table 4 Sulfur isotope composition

of the Tongkuangyu Cu deposit
FESS BB W ALARFIE

FERBFE 84Sy cpr/%o

48-8 I AR K B 4.8
5S-10 II AR Sk B 22
48-6 I AR Sk B 3.7
58-9 ] AYEEER Ak B 1.3
5S-10 ] AYCEER Ak B 1.7
D8 I ATHEE K il 3.0
5147-16 ] ATYEE K il 1.6
58-21 ] ATHEEE K i 2.6
DY ] B K B 1.1

I HEEAR R ICRE RS & 709 0 2 Rk 3t
A TS T 2 R A AR 1 3 R 25 A
Ko B, A5 -H K A B B A 22 AOR AT BB T8 o Ui
A1) 9% 18 A FH 308 AN TR A T WL, T2 H 25 SR 3R
WA B R A3 2 B AH R R AR (DU £6 B A 22
BRI AN [ S A B A A= ANl TR L Y, A 2 AT
A . —Fh AT R0 2 Fh L AR R R Al A . AR
i Fournier (1999 ) 4 H iYL HY | 5 187 4 1) v R
£ 2 A2 Fh 1 7K 28 5 e - 10 1 B g DA TR R 3K
RGFEEA DARER B A 22 1R A0 3R b
RGEMIE 8 5 5 — Fh nl 68 56 & 2 Fh 4 ZE 1R O 3
(] ) S99 08 R, B ATTAR R T PR 2R e 1 Ak 1Y A [+
BB o 1B B 2 1 A R A SRR A R
BT, LA 325°C S 1153040 A I 5 7 K 5 3% R A S )
V- 14 A ) 2[R 07 3R 8180y o TR AT IROK
T, SR A R AT RIS T I .
Ab 5B I AR BT PR 1Y) 3 R BT 1Y) 834S {H R 2.2%0~
4.8%o , “F- 3511 3.7%o , L0352 305 2 J A (4%o 5 Taylor,
1974 ) BIAE , B 12 B B i Ui A Al B 25 S AR Ry 32
RGN, R A SR A B BT - i
MR

AT BB IR EEA &Y a
FARFE WA, B MA A DRI E CO, [ E
o &F0 WA BN K, WY
JEIER o BEB B 0 W A S R A A A A
T R — A BE A7 (] 6e) , 3 HHA FILY 35—
JE 33 2 LAY 1 AL R A YR VA A FH S0l B A FH 0 AR ik
(LA, 2007 ; 5 M 555, 2004) o 5340 TEA Y

B, e R R ) A S AR B A A AR i L
BATEAT AL R 3t U B R AR kA
TR VR S 1R o I Bom AR ) A L]
73R AE 550y o-3D [ (18] 8) | BT AT A it AR (0 F 5
HOKFNRN K ], 0] B 7K 26530, Ud BH B 25 B #4
WAL, KUK S5 R B ROk % It 5
W R AR A L AR IR R BE B T I
KB YAk TTTE

AU 5 A - B B A AR R
AR T YR, 2 B E R
A7 2RI S 7, AT 9 A P K 1 b f5) e ok i
TS ST VAR S DRI 4 s /v 0 0 A 1 B — 3R
LR B LB TR

S AT I AR BT I AR D R B e e A T
— ZR AN A A A2 Al - TR T AT, DA -
A1 B Bt 319.4~340.6°C , 3| A1 9 - Bt £k ¥ B Bt 207.4~
244.2°C, B 10T AT -Bi Ak W B B 208.8~237.1°C,
T3 7 R A - fe P B B 148.4~194.8°C ; £ i 148 ¥
I, w(NaCl ) AT - HR R AT BT BE 14.15%~59.76% , 3l
A7 BB AL W B 13.07%~35.02% , B 7 -5 it A -
T AW B B 8.68%~22.78% , 1531 J5 it A1 - B AL 4
BL0.7%~8.95% ; T AR o CO, Ay & B Wi B AR, 75 A
BB A B B A B Ak W B BT AR B CO,
() = A AL BRI 7E A1 98- T Ml A - B Ak o B L7
ff A - AL P B B 2R & s & CO, 1 = AH L 2
M F8 R B AR R CO, iR R B AT i A T
bR 2% CO, ARER BE B A AR o 5L B B 1 B 40
AR E & CO,, MBS A R T
Y, 0 W G S G A T AR A ) A R R
B Bt B I AR v A 4 B A v s TP B B Y B
1 CO, & B BEAR, KAL) UTVE , 8 78 B I 14
R AR B I s I B BE R CO, & R I, th A I £
(B AL P UTVE , Ul Wi B Be () R B2 55 . 45 G
T AR A B AR AR R AT R A R A T I
W DR 8 B AR FR 7 9 B 1 2 2 TR 1) e B B2 1Y)
KA PRI A (] 10) o
7.2 REERKERE

BB U R A BT AR R S R R
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