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Fig. 1 Geological sketch map of the

Shizishan orefield in Tongling,
Anhui Province
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Tyh—Upper Triassic Huangmaqing Fm. ;; T,/—
Middle Triassic Longtoushan Fm. ; T,f— Middle
Triassic Fenshuiling Fm. ; T,n— Middle Triassic
Nanlinghu Fm. ; T,t—Lower Triassic Tashan
Fm. ; §—diorite; So—quartz diorite; yms—gra-
nitic porphyry ; y6—granodiorite; vé—augite dio-
rite; M—marble; Skb—skamn; Gn—gossan;
Cu—-copper mineralization; 1—normal/reverse

fault; 2—stratigraphic boundary
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PLZR AT, SR LA R B A S50 DA TR A B3
A A SR IO, 5 BeFs 2 A S b I O JF
B CO, o & AU 28 41 e A A 4 e Bl
WF9E E K A S0 2 MAT — 252 J i A I o 5 A4
A ZEAR Rb-Sr [A]A7 2R AF ity il 28 A1 23 B ey v 1 4 5 74
2 R [Al R MR AT i e = (A 56,
() o R 4 it MAT-261 JSi i (S g , BA 53 1 Jr v
WZEHEFFEE(1998) o B[R s A th WA= & TR i
PRI L WF 5% [ 5K o i 5 30 36 56 i, ik HINO,
5k HF B G (R IUARLE 1.4 1WA ) Wi, ]
LRy 58 DY 98 & M, TG 3R 40 8 A ) 1Y) e Ak Gk 3|
100 2%, A% o O RE >R F HBr A1 BH B 122 4 S
(BioRad AG1 x 8,200 ~400 H) ¥t Pb /& 4lifb H
Ky is FMEGER) Hy PO, FIRERC 4 73 B 2l 5 1) Pb
RTE Re 4 )@y I, Al Finnigan 2\ 6] 5 S 17 /Y Triton
TI e i HAH 2 o A (TIMS ) #EAT 4 [ 32 2% Lo (I
i, WA R AT E PR bR A NIST Pb-981 47 it & I
P, FE G AR AR S TE [A] — I B2 (1250°C) S84 5 kAT
I, ) &5 2R 43 50 PR AR AR NIST Ph-981 5
NBSO81 475 & 4318 A% 1E FH [l o 40 1A IE o 48
[F3% 28 FLAFL 20 BT A BEAE T 0. 05% , " Pb/ ™' Pb HE H
HAE PRI AR ZE (0. 2% AL # i AR & A I
Ix10°~2x10""° g, SEIG R 7S F AR AR Pb <2
x 107 g, BRI ZRE Sl o5 02 AT e v T
P R R 2 E ST S g % (LS ) 58

3 BB R T

3.1 S8 ELE

2 TNV 8 3 A 0 A AR TR 6 3R 0 B (3R
1) R R B3R 8D 2h —71.30%0 ~ —59.30%o,
50 K 12.50%0 ~ 10.43%0; 1% W B H5 8D W
~73.00%0 ~ —60.80%0,8" 0} 11. 00%0 ~ 14. 90%o0;
FIFH Clayton (1972 ) B4 9& 5 7K 1Y R A2 236 P-4 5 e«
80,4 —58"0,~3.38 x10° - T7* -3.40, 0 3155
A7 YA 1) JR RIS O T, T 45 2 W] A
B 1K 8040 N 5. 13%0 ~ 8.40%0, JK B 1 1
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Table 1 Hydrogen, oxygen and carbon isotopic
compositions of ore-forming fluids of the
Dongguashan copper deposit

A == R 5]3Cpms 3Dsyow 318031\10\)& 5180“20
o | PR

BBz (C) (%o0) (%o0) (%o0) (%o0)
I S10-1 365 -0.88 -59.30 11.23 6.33
e S10-2 | 398 -1.43 | -66.00 12.50 8.40
/E’H S13 381 -0.49 | -59.90 12.09 7.59

W S132 | 350 | —1.04
B sie [ 350 | —
MS7 | 256] 1.00

-71.30 | 11.53 6.23
-62.70 | 10.43 5.13
-65.60 11.00 5.29

’ﬁ % MS9 | 250 | 0.60 -60.80 | 11.30 5.59
g,% E MS-1 | 260 — -65.10 | 11.10 3.17
s MS-2 | 270 1.30 -73.00 | 14.90 6.97
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Fig. 2 Hydrogen —oxygen isotope diagram of the
ore-forming fluids of the Dongguashan copper

deposit( after Taylor,1979)
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8" CH —0.49%0 ~ —1.43%o, 1 W AR i Ak C
N +1.30%0 ~ +0.6%0, B H 7 5l $ A 8" Cpopp—

8" Ogyon FIH (1B 3) , AT LA H 4 JRIL AR PR A
A ARAIBIA A 53 A1 T 5 A= ik IR 56 10 ] O, ™
SRR AL A 3 A T D AR Bk R ER YO LA, O HLA AR
TR R 7 [ A R S . BB A (16 CAE B
T A IR SR L pH A LA 8" C g ( Ohmoto
and Goldhaber, 1997) . #EER AR 25 (2003) 05T, &
I BT FROB It A 5 b ME— T s R 1% (pH = 6. 8 ~
7.0) , i BE 5 = T 270 °CL7E FiR Y RRAL A S
T R BN A AR A I SR AT A 3 BBk ) 6 3R 40
W AE F AR & /N, — &l DL A R 8P Clrgy =
5]3C26W¢(0hm0t0 and Rye, 1979) , A it HOR A4 A
AR ] BEACIE T I IO AR ik TR 6 1) T Aok e Btk T
PLBCE IR DU S B8 B Hh ade J i 1) 4846 K i o
N IR PR B P A AR ) ) ) A7 28 4L G, ¥ A Bk R R 6 C
= =1%o~ + 2%o, F-JHEZ KT ( Ohmoto and Rye,
1979) ; HIK SHIIE R CO, 98" CEZNTF =7 %o ~
—2%o02Z 0] , A4 HE - 5%o( Cartigny et al. , 1998) ;7T
U R AR T R A 3 R 7 8,67 C = = 25%0(Jia
et al., 2001) ; fif BR £k %5 i 19 8°C =~ 0%o, Bk FR
OB Wk 1E & d R 6°C = +3%0 ~ +5%0
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Fig. 3 Carbon —oxygen isotope diagram of the
ore-forming fluids of the Dongguashan copper

deposit (after Ray, 2000)
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Table 2 Rb and Sr isotopic compositions of the ore-forming fluids

4.1 mREIE
2 3 N AL Z AR PR A5 Fh ™

Jz S | Y ( x ?(}))’6 ) L x 155—6 ) 8T Rhb/%0 Sy 87Sr/865r( lo) Is,

1 | S10-1 | A% | 3.866 1.399 7.981 0.72488 +0.00007 | 0.710000
2 | S102 | ¥ | 2.611 6.574 1.145 0.70975 +0.00003 | 0.709410
3 S13 | A4 1.521 2.200 1.994 0.71319 0. 00004

4 | S132 | fH8% 1.161 1.481 2.261 0.71319 £0.00006 | 0.709127
5 S14 | A% 1.521 2.200 1.994 0.71319 +0. 00004

APERIEAL R T4 R, AN KA
WA Se— R R I KCIR A R A
0.709606 & 'S{H A + 4. 89%0 ~ + 4. 08%o, W 1A
H S — R — S B R Y

T A il R T 2 R [ 3R st R AL 2 B R i S 3 % CRLE ) W

1455 4 ( Burrows et al. , 1986) . & I &8" CAH 48
FRRHE , F2 B4R ILZ2 AR A0 PR A i 4 CO, nT B
FER BB KR AL 0 e b6 H )2 v v AR TR Ak R
h
3.3 BEME

2 2 AN IR 0 AR L 224 Rb |
Sr [AIf R AR, i Xu 55 (2005 ) i A £ Z£ 4K Rb-Sr
IRV 28 7 A 5, A4 I LR 0 R FA8 & I ™ 4
W2k 134 Ma, iR B 1o, [ BI (7 St/ Sr) 1 [F]
N Z WG HE S 0. 710540 ~0.709127, 7£6"0 —
I g (& 4) AT LAE 1, 0400 i A G 224K 1)
15, 54 1 AL RS A AT, 6 O 546 S UL 7
FHAE ; BAHITE T 1 R b e i 2 i & i H.Az
TR ZK B 52 e AN R (2 it 64, 1998 5 Ray, 20005 Fh 5%
A ,2001 5 X1 B 45 ,2003)
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Fig. 4 I,—O0 isotope diagram of the ore-forming
fluids of the Dongguashan copper deposit
(after Ling et al. , 1998)
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BB R E R P B AR 8™ S

53 +5.69%0 ~ +4.79%0. +5.40%0 ~

+4.91%0; i 47 B 5°S 1 W /+ T +20.05%0 ~

+14. 80%oZ [B] (X K 5F, 1984 ) | & Fp o v F2 22

WA YR A Z S R, 87 SA T +7. 00%0 ~

+3.90%02 ] [ FEA A N RG B AR AT s £ 20k A X

M PRAE(1984) |, M E T (I S) AT, &850 A

B AT Y RSN SEHA LT E A KBS &8

P 3 e 4L P 25 IR B R A9 6™ SME (- 0. 6% ~

~28.3%0,321 b 5T BA® ) FIITT A 41 B 1967 S1H 52

o NEINTITESE a0 S i3 = T TN W TR T

HORBR AL 8 AR AL 0B [ 057 2 8™ ST - 1%o0 ~

5. 5%o (B 2455, 1986 3 22 LK 5, 1997 ) 43k,

FIE R B AS SRR R T 42, 1T BB 5 VIS

T A (B 2545 ,2003 ) DL G 31 09 A 32 A &

MO A o AR GRS A B AL 6™ ST RS

TR 2R ALY, vl RE S A Pe—H g —¢

BB ORI e A 8 s 1 R A O, R R A

VIR A A 2R AL R 19 BR EX( Ohmoto, 1972)

AN E R IR B R (8™ STE 5 48 IR 1 A 3

N BT 5 187 S 4S5 (8 +4. 0%+ 43 HH 3T (X1 4 IR

SE,1984) B B 7 3 AR AL I B R 2k A

x3 ZNLEYT ST ATEMCRAR
Table 3 Sulfur isotopic compositions of different ores
of the Dongguashan copper deposit

I e v o &S
FE | S RN FE (%)
1| S10-1 | AYe—BEka —s Mo bk | |k | 6.92
2 SIT | AYE—BER —oWo bk | |k~ | 5.97
3| 494 Exla /3 gy | 4.79
4 | 48-16 B WD | 5.69
5 | 48-13 AT SN A T R ik B 4.89
6 | 497 A PR TRk WERET | 4.08
7 S544 R E B 4.91
3 S54-5 i e W 5.40

T s v R () o 3 M R AL 2 T IR R R = ('
)L
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Fig. 5 Sulfur isotopic histogram diagram of different
ores of the Dongguashan copper deposit
RN BT AT R B XA DCAE (1984)
The data of pyrrhotite , chalcopyrite and anhydrite are
from Liu Yuqing et al. (1984)

4.2 $HEMLE

Griffiths %5 (1985 ) A k4% [R5 25 4L 1 T A 4y i
e A6 A5 B Ay Bl 52 35 2h 9 IIE 4%, Zartman 5%
(1981, 1988 ) 4 i w] FH “ # by i 455 X7 R &K 7 U
g 5 2 TR (R 22 OC &R, 1T LA e A BLE B ) ot
VAR RN A L E R (BRZR,1986) . JHK
BCAEF (1998) A5 1 4l I b X R PR 5 A 6 S
KA1 P [E 7 Z 4 5, Hir™™ Ph/*™Pb = 17. 94%o
~18.42%0,” Pb/*™Pb =15. 47%c ~ 15. 60%o, " Ph/
*MPh =38.09%0 ~ 38. 46%0 , 3% BH 4 I b X R 1 1
NAMYI R R IE T L g, s 4L s IR
Wi RS T M B (B 6) o

AN IR R 2R 1A rp oy S — e — 24

Bl 6 & NI B 2 s £ B ) i A i A
(4} Zartman et al. ,1988) ; A {ABAT Y
oK A R IRAF 1998
Fig. 6 Plumbotectonics model diagram of lead
isotopic of different ores of the Dongguashan
copper deposit( based on Zartman et al. ,
1988 ; the data of single mineral of the

intrusion are from Tang Yongcheng et al. , 1988

BBCIRE A 1 B4k 4 Pb [F] 47 K 4118 Pb/*Pb =
18.24%0 ~ 18.36%0, *"'Ph/*™Pb 15.60%0 ~
15. 63%0,”®Pb/*™ Pb =38. 54%0 ~ 38. 98%o, 5 ‘1A 5.
W4 Pb [l 22 4 BAH I, 22 W L A gt A4 A 2 —
AR B T35 J2 R B e AR v i vk
" Pb [m){ 2 4 5> Pb/*™ Pb = 18. 49%o0 ~ 18. 80%o,
"Pb/*Pb = 15.66%c ~ 15.70%0c, **Pb/**Pb =
38. 42%o0 ~38. 55%o, Y KA Th ALY P [FIf %
ZH % Pb/** P = 18. 15%0 ~ 18.20%0, " Pb/**Ph =
15.68%0 ~ 15.78%0, **Pb/*™Pb = 38.56%0 ~

F4 ZNUERET & BFRUDBRALEAR

Table 4 Lead isotopic compositions of different ores of Dongguashan copper deposit

}?% H‘% F;{k ﬁ'_: ﬁ:‘lj 206 Ph /204 Pb 207 Pl’) /204 Pb 208 Pb /204 Pl’)
1 S9 P — R K ALY 18.3027 +8 15.6341 £9 38.5754 +29
2 S10-1 AR — R ik ALY 18.3597 +6 15.6301 +6 38.5762 +15
3 S11 AR —E K k4 18.2396 +43 15.6328 +36 38.5347 +92
4 S13 AR — B k4 18.3466 +33 15.7742 +32 38.9781 +95
5 S16 A — R — K ik 18.2593 13 15.5962 + 11 38.5928 +29
6 S17 R — AR Tk ALY 18.3007 =7 15.6333 6 38.5717 16
7 $494 O AR vk [ia=¢n 18.4910 19 15.6641 +15 38.4200 =40
8 48-16 Exila s R PR 18.7995 + 17 15.6884 + 15 38.5522 +40
9 48-13 1L IR KA R ALY 18.1437 £32 15.7248 +39 38.6928 +129
10 | 497 IR K R Rk ALY 18.2803 +28 15. 6336 +24 38.3871 +60
11 S544 R IR 18.2003 =13 15.7800 £ 11 38.8738 +28
12 $54-5 SRR ALY 18.1479 +18 15.6840 =15 38.5610 +39

T R A N AR SR A RS HL [ R B R SR e 1 ~6.8.9 3R H AR BR A IR - 730 HhBL 48 27 k7 .10 2R A M 4
JRIIAAE - 730 HhBL 49 ZE2Fk; 11,12 3R [ B AL AT - 730 H B 54 57 fk.
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38. 87%o, Wi 11 Ph [mI{v Z ZH AR , JEC PR B R 48
SrERE, BEAE T ST Ph R 2K AN
fIE 33X —FEAE 5 1 525 el oA i 2 U A — 3 A
YN KA RIS A B Pb [0 3 41 Pb/
*“Ph = 18. 14%o ~ 18. 28%0, " Pb/*™Pb = 15. 63%0 ~
15. 73%o,”*Ph/**Pb = 38. 55%0 ~ 38. 69%0, Pb [a]{i
RANA — AT, BEA A 28 S o ok U
fiE, A EHise Y BORIEARE . 235G Bk &R A
by Pb [RIN; AL, AMEF i, ) o 3 Bk
B DU Z 8 5 AT 014, 500k B A K . Hefimze X
B B A ALY Ph R R ALK T 2R
AtmALd) Pb [R67 R AR, X 5 £ SORAE (1995) 48
THAYRTL R 3 DX R B A ) - R B Ak )
Pb [R]{v 2% 4 BURFAE AR — 3K

5 e

AT P B in s G A T b D 5 PR 1
RS IK—ERK R (Xu et al. ,2003 ; 24 4
2003 ) , HA il e R R PORCER BT R B T R AR
(Xu et al.,2003; i il 4= 2%, 2003 ; Hedenqusit and
Richards, 1998 ; Marta et al. ,2000) , F 323k [ &3¢
T, TR A /DS 1 AR K R 2 K 5 2 i i 78
AR CO, AT fig Bk A 9 I WAL Y iR 46 Hb
JZ AT L, fE R R e S 5
W 25 & e B i A 2y 134Ma (Xu et al.,
2005) o A" A Bt E A T T 3 T AR AN I B 1 e IR A
W NGV E AL, 5 A 8 U DL b 7e o &

[ 57 22 IR AL F 9 R O AL R B
W AT RE 2ok B DR L2 85 G i )2 , e
WA G P ) & AR PT/ES Cu 1AL
I (HEW] 5, 2004 5 Ji ¥ J 55,2000 ) , {30 FH 1 23 5
58 R 1 = e S O AR 7/ e N T A (B
(Mookherjee, 1976) , ii& LA W) i ik — 25 & 4. @
TRARALE AL 15 93 2ok B2 vh R A Tk I F (Marta et
al., 2000) , 4= B T R 5 L B 70 A sS4 Q R I Y A
YE—tm ALYk , IF-EERE S 53 BT ) BT T B 5 B
B SOT AL A 5 8 L T 95 B I K B 2 K AR A, AR AR
— LSRR Y B AT K. B S AT A R X
[ IEH 2T & IR, R4 i s i IR 2 A8 e
@ FHE 11 5 IR PR S I Sl T JeRaiik o 5
KA Y R S R R BE A T R TE A IXOREE Y JEAE
(IR 7E 8% 1978 Gu et al. ,1993) . ik HFIE 45 51
UEHTAC TR R AT PR B i 2 Iy 1 A o tH T
TP I8 T C R R G LU 25 0 AT 8 o o5 A L i

TRIESCAE « i bl A TN AR 87 [ 97 38 M BR A B Lt 5 49
B,
6 ZHig

AN AT RSB AR A SRR 37 2
P, & R PR 2Ok AR TRA
RAREK,CO, FZR A BUEIK R AR 5 hh 3 )=
R CRRBR IR EE s 15, HA b 7e Y FOR IR A FRAE . B
WU AT B 1R 5 2K TR A M KA IR 2 7
BRA 2 BRSOV, S BT S DLUE , A5 20T A1 YRR B TR 37
SRR, B AT TSI WAL TURR AN 0 o
BIEFIRORRAE, # LL E 3 Fe ol 32, IR A /D
WY 28 BRTIR, &R Z ARG R DR IR =
ZRFHE LYY SR AR N P i SR ST T T A
J5% THE A TR ML T BR R L 30T S PR B I el A1
BB,

T B

O L 1992 44 B e B e SO
O LRAE BT JR 321 M BT BN. I L T R X4 B e
P ETE (E).
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Isotope Geochemistry and Mineralization in the Dongguashan Diplogenetic
Stratified Copper Deposit, Tongling Area

XU Zhaowen'" , LU Xiancai' , GAO Geng' , FANG Changquan'’ , WANG Yunjian"’ ,
YANG Xiaonan"’ , JIANG Shaoyong' , CHEN Bangguo”

1) The State Key Laboratory of Mineral Deposit Research, Department of Earth Sciences, Nanjing University, Nanjing 210093 ;
2) Dongguashan Copper Mine of Tongdu Co. , Lid. , Anhui,Tongling, 244031

Abstract

The region of the middle—lower reach of the Yangtze River is an important mining district of copper, gold and
other elements where a series of sedimentary — hydrothermal diplogenetic stratabound copper mineral deposits. Tak-
ing the Dongguashan deposit as a study case, this study invesitigates the mineralizing material origin and metallo-
genic mechanism of these sedimentary — hydrothermal diplogenetic stratabound copper deposits based on the analysis
of isotope geochemistry. The hydrogen and oxygen isotope composition of the fluid inclusions in vein quartz of dif-
ferent stages shows that the ore — forming fluids are mainly originated from magmatic fluid with a minor mixture of
meteoric water. 8" C of the inclusions shows that CO, was derived from the carbonate assimilated by magma. I
proves that ore — forming materials mainly originated from the crust, and §*S data indicates that the sulfur is from
submarine exhalation sedimentation and exhibits characteristics of hydrothermal superimposing. In addition, the
similarity in lead isotopic compositions of different ores indicates that the ore — forming material was mainly derived
from the upper crust, and partly originated from the magma. By integrating the isotopic dating data and the geolog-
ical setting, it is proposed that the mineralizing processes of Dongguashan copper deposit could be divided into two
stages. In the first stage, stratiform sedimentary deposit or protore layer formed in later Devonian to later Carbonif-
erous period. In the second stage, the pre — existing protore was diplogeneticaly alternated by the hydrothermal flu-

ids mainly derived from the Yanshanian magmatic activities.

Key words: Isotope geochemtry; metallogenic mechanism; stratabound copper deposit; Tongling
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