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Abstract: The 3000 —meter scientific drilling in south Hunan is located in the northwest of the Baoshan Cu—Pb—Zn ore field, and aims
to improve the deep metallogenic model and prospecting clues of copper deposits through deep exploration. A 35.02 —meter copper
orebody was discovered by this scientific drilling at the depth interval of 1664.82~1699.84 m, with the mineralized element Cu reached

the industrial grade, and Ag—Au—Ga—Se met the standard of comprehensive utilization.In order to reveal ore genesis of the deep Cu
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orebody, this study conducted Re—Os isotopic dating and sulfur isotopic analyses. The whole—rock Re—Os age of the copper ores was
dated at 159.1+1.1 Ma, which is consistent with the emplacement age of the ore—associated granodiorite and the ore—forming age of the
Cu—Mo orebody at shallow depths, indicating that they represent products of the same metallogenic system.The sulfides of the copper
ore can be divided into two generations, with the coarse—grained pyrite at the early stage, while the fine—grained aggregates of pyrite,
chalcopyrite, arsenopyrite and siderite at the late stage. The 8**S value of the early —stage coarse —grained pyrite(5.97%o in average) is
slightly higher than that of the granodiorite, indicating that the early—stage hydrothermal fluid extracted a small amount of sulfur from the
carbonate formation. However, the 8”*S value of the late —stage fine —grained pyrite(3.79%o in average) is approximately similar to the
granodiorite, indicating that the ore—forming fluid that responsible for chalcopyrite deposition is a post—magmatic hydrothermal fluid,
which was not affected by the carbonate formation.Our results show that the prospecting potential of deep copper deposits below 1.5—
kilometer depth of the Baoshan ore field is of great importance, with the distribution of orebodies controlled by the structural fracture
zone in carbonate formation and associated with granodiorite. Magnetic anomalies are important prospecting clues, while skarnization is a
sufficient but unnecessary clue that signals the distribution of copper orebodies.

Key words : Cu polymetallic deposit; granodiorite porphyry; skarn; deep prospecting; Qinzhou(Bay) —Hangzhou(Bay) metallogenic

belt; Hunan Province
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Fig. 1 Geologic map of the Baoshan ore field in the southern Hunan area
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Fig. 2 Profile of the 165" exploration line of the Baoshan ore field

in the southern Hunan area
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Fig. 3 The copper orebody discovered by the
scientific drilling
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Table 1 Geochemical results of the samples in the copper orebody discovered by the scientific drilling
- Ag Au
B 25 KA E/m Cw% Pb/%  Zn/% Ga/% Se/%  MFe/% WO/%  Sn/% Mo/%
/gt /(g h)

ZK16508—38 1664.82~1665.82 0.41  0.02  0.01 4.32 0.06  0.000883  0.00291 0.16 0.006 0.011  0.006
ZK16508—39 1665.82~1666.82 0.57 0.02 0.01 4.88 0.06 0.000609  0.00290 0.28 0.003 0.015 0.003
ZK16508—40 1666.82~1667.82 0.54  0.09  0.06 7.97 0.04  0.000572  0.00329 0.24 0.006 0.009  0.004
ZK16508—41 1667.82~1668.82 0.38  0.02  0.01 4.72 0.05  0.000883 0.00220 0.07 0.051 0.026  0.003
ZK16508—42 1668.82~1670.23 0.32 0.02 0.01 4.81 0.08 0.00109  0.00156 0.12 0.017 0.031 0.002
ZK16508—43 1670.23~1671.99 0.01 0.02 0.07 4.7 0.01 0.000231 0.0000234 0.02 0.002 0.004 0.001
ZK16508—44 1671.99~1672.99 0.31  0.02  0.01 5.04 0.04 0.00102  0.00208 0.18 0.027 0.022  0.007
ZK16508—45 1672.99~1673.99 0.19  0.02  0.01 3.83 0.03  0.000809 0.000974  0.23 0.038 0.018  0.041
ZK16508—46 1673.99~1674.99 0.14 0.01 0.01 4.36 0.01 0.000646 0.000762 0.23 0.037 0.017 0.043
ZK16508—47 1674.99~1675.99 0.33 0.02 0.01 3.51 0.05 0.00239  0.00151 0.13 0.035 0.008 0.002
ZK16508—48 1675.99~1676.99 0.51  0.02  0.01 3.89 0.05 0.00188  0.00153 0.26 0.016 0.019  0.001
ZK16508—49 1676.99~1677.99 0.47  0.02  0.03 4.79 0.12 0.00154  0.00136 0.07 0.015 0.017  0.011
ZK16508—50 1677.99~1678.99 0.37 0.01 0.01 4.16 0.03 0.00119  0.00170 1.54 0.001 0.019 0.002
ZK16508—51 1678.99~1679.99 0.34 0.02 0.02 6.50 0.05 0.000759  0.00170 0.03 0.006 0.010 0.002
ZK16508—52 1679.99~1680.99 0.28  0.02  0.01 4.68 0.02 0.00121  0.00130 0.05 0.002 0.025  0.006
ZK16508—53 1680.99~1681.99 0.71  0.06  0.04 6.13 0.09  0.000886 0.00194 0.13 0.01 0.016  0.002
ZK16508—54 1681.99~1682.99 0.79 0.02 0.01 5.14 0.13 0.00139  0.00190 0.13 0.02 0.017 0.008
ZK16508—55 1682.99~1683.99 0.46 0.02 0.01 2.99 0.02 0.00116  0.00207 3.17 0.01 0.021 0.001
ZK16508—56 1683.99~1684.99 0.76 0.02 0.01 4.38 0.03 0.000987  0.00325 9.95 0.00 0.033 0.002
ZK16508—57 1684.99~1685.99 0.85  0.02  0.02 4.11 0.05  0.000993 0.00358 15.83 0.01 0.038  0.003
ZK16508—58 1685.99~1686.99 0.47 0.02 0.01 3.64 0.04 0.000702  0.00184 4.15 0.03 0.012 0.004
ZK16508—59 1686.99~1687.99 0.49 0.02 0.03 4.63 0.05 0.00224  0.00100 34.71 0.00 0.013 0.003
ZK16508—60 1687.99~1688.99 0.66 0.02 0.03 2.85 0.05 0.00123  0.00116 19.58 0.01 0.020 0.002
ZK16508—61 1688.99~1689.99 0.24  0.01  0.01 2.57 0.09 0.00147  0.000836  16.11 0.003 0.024  0.007
ZK16508—62 1689.99~1690.99 0.03 0.03 0.01 1.84 0.06 0.00129  0.000172 0.27 0.003 0.022 0.011
ZK16508—63 1690.99~1691.99 0.02 0.03 0.01 1.23 0.09 0.00142  0.0000942 0.13 0.001 0.014 0.004
ZK16508—64 1691.99~1692.99 0.05 0.03 0.01 1.99 0.03 0.00155  0.000282 0.26 0.001 0.032 0.007
ZK16508—65 1692.99~1693.99 0.95  0.03  0.01 5.46 0.06  0.000388  0.00266 0.07 0.001 0.016  0.001
ZK16508—66 1693.99~1694.99 1.26  0.17  0.11 11.64 0.11 0.000261  0.00340 0.24 0.002 0.009  0.001
ZK16508—67 1694.99~1695.99 0.61 0.38 0.19 13.66 0.11 0.000993  0.00248 0.22 0.011 0.019 0.001
ZK16508—68 1695.99~1696.99 0.65 0.06 0.01 4.10 0.03 0.000853  0.00179 0.29 0.027 0.035 0.008
ZK16508—69 1696.99~1697.99 0.37  0.01  0.01 2.68 0.06 0.00118  0.00157 0.13 0.013 0.046  0.005
ZK16508—70 1697.99~1698.99 0.16  0.01  0.01 3.86 0.03 0.00109  0.000533  11.40 0.004 0.029  0.002
ZK16508—71 1698.99~1699.84 0.36 0.01 0.01 4.15 0.09 0.00108  0.00136 12.20 0.001 0.020 0.001
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Fig. 4 Variation diagrams of mineralized elements of the copper orebody discovered by the scientific drilling
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Table 2 Re—Os isotopic results of the samples in the copper orebody discovered by the scientific drilling
s Re/107 W 0s/107° ¥ Re/1077 17 0s/107° FEAFE RS/ Ma
e TR
MWEM ABhERE el AsERE WEE AshEE el AshEE WEE AHEE
ZK16508—44 477.7 4.0 0.1230 0.0027 300.2 2.5 0.8053 0.0049 160.8 2.3
ZK16508—45 1455 12 0.0512 0.0007 914.2 7.4 2.424 0.016 158.9 2.3
ZK16508—46 1621 14 0.0404 0.0007 1019 9 2.679 0.016 157.6 2.3
ZK16508—54 362.4 2.9 0.0197 0.0004 227.8 1.8 0.5999 0.0035 157.9 2.2
ZK16508—62 463.1 3.6 0.0074 0.0005 291.0 2.2 0.7664 0.0049 157.9 2.2
ZK16508—67 365.7 2.7 0.0688 0.0007 229.8 1.7 0.6148 0.0036 160.3 2.2
ZK16508—68 941.9 8.0 0.0699 0.0010 592.0 5.0 1.584 0.009 160.3 2.3
ZK16508—69 316.4 2.1 0.0954 0.0012 198.8 1.3 0.5282 0.0033 159.2 2.1




542 % 55 4 )

VR4 MR R 4L 1665~1700 m A5 (B R B RS 80 7R 653

1.3) , ZEIF AR IS 4 158.5+2.1 Ma(MSWD =2.9) ,
TRV RN 2B’ 5) .

B AR T B AL B[R] 7 2R I 4
W33, FHIE SRR B4k (Py1) 19 7S fEAY
T4.57%0~7.37%Z [0 (°F-3 5.97%0,n=16) , i HHTE
R AR kL B R (Py2) 1 8 S (H AT 1.76%0 ~
6.45%0 2 [8) (¥ 3.79%0, n =22, 4l % B i 5
(Cp2) ) 8 S {HA T 1.40%0 ~ 3.95%0 2 [0] ( F-1
2.63%0,n=15) (K 6),

5 1 w®

5.1 AW AT HIE

2 5t 45 R R W, W R B 4 1664.82 ~
1699.84 m AL MHIT A Cu K5 Tl &7, R B4
Ag . Au,Ga,Se % 45, XLl b0 2K % 2 fl IR
JE R IR, 5 M bR ALAREAR ST (& 4) o

MATEE BRI 2 & B IR R T K
BUA AT AEAEE T AR, 5 A I AL 5 N A 1Y
BT U—Pb 4E T 160~ 155 Ma ({HL0GH,2005;
FLAESE 20135 WHR W4 2013, 9RAETH %, 2018)

AT LR K A T 1) Re —Os 4Rl N
16042 Ma( JRiL &4 ,2006) , CEAEIYE 5 R
SEERER TR 2 ST AR (159.1£1.1 Ma) — 3
(B 5) , BT ™ 7R 5 850 00 4 0 7R s 1 [R]
— W RGEAEAFRE W =8, BT AR S &
L™ X B A6 G N A

MR R FE 0 G S Y 2 ke | 8
W R AERALY , R IR R Eh 0, 2 B AL A
WP BORT 8L S?al HS T BB SAEAE , DRI A
RS mi i ) HAA AL B TR R AL, 7B BEsi
e SRR B, I Y B 4y 2 A A i kT
3SIH (°F- 34 3.79%0) K T H 4 H(1) 8**S B (°F-3¥
2.63%0) , S [ 28 AE BRI P AR 2 rh Al 45 i
Iy e O TSR T R VAR 7 1 B O N v T L
NWFFE R, S IX R A6 b N KA Y 87*'S fEA
T 1.5%0~3.5%Z [8] ( T 545 ,2016) , KA A A
W ZBRIR R A 1) 87 S [HA T 17.8%0 ~ 22.6%0 Z [A]
(BRAE,2014) o WHEERFAEN A (R 7 B B (A kL
HERRE™ 8 S H (1 5.97%0) W B 5 T M B B 15 1%
HRA AR B AR R %S (E. (T4 3.79%0) (1 6)

£3 HEMFHETAPERT RURRMEULER

Table 3 In situ sulfur isotopic results of pyrite in the copper ores discovered by the scientific drilling

ESRETRE FH S/ %o TR A FH S/ % A 2 FH S/ %
ZK16508—38—1 Pyl 4.69 ZK16508—38—-10 Py2 2.50 ZK16508—44—-18 Py2 3.78
ZK16508—38—2 Pyl 4.68 ZK16508—38—11 Py2 4.44 ZK16508—44—19 Py2 3.94
ZK16508—38—-3 Pyl 5.33 ZK16508—-38—-12 Py2 5.92 ZK16508—-38-20 Cp2 3.34
ZK16508—38—4 Pyl 4.76 ZK16508—38—-13 Py2 3.68 ZK16508—38-21 Cp2 1.83
ZK16508—-38—-5 Pyl 5.01 ZK16508—-38—14 Py2 2.38 ZK16508—-38—22 Cp2 1.40
ZK16508—38-6 Pyl 4.82 ZK16508—38—15 Py2 4.44 ZK16508—38-23 Cp2 3.95
ZK16508—38—7 Pyl 4.57 ZK16508—38—16 Py2 3.70 ZK16508—-38—24 Cp2 3.36
ZK16508—44—1 Pyl 6.61 ZK16508—38—-17 Py2 4.21 ZK16508—-38-25 Cp2 3.83
ZK16508—44—-2 Pyl 7.22 ZK16508—38—18 Py2 3.29 ZK16508—44—-20 Cp2 3.86
ZK16508—44—-3 Pyl 7.37 ZK16508—-38—-19 Py2 4.32 ZK16508—44-21 Cp2 1.83
ZK16508—44—4 Pyl 6.70 ZK16508—44—10 Py2 3.46 ZK16508—44-22 Cp2 1.97
ZK16508—44—5 Pyl 7.24 ZK16508—44—11 Py2 1.76 ZK16508—44—-23 Cp2 2.21
ZK16508—44-6 Pyl 6.66 ZK16508—44—-12 Py2 6.45 ZK16508—44—24 Cp2 2.47
ZK16508—44-7 Pyl 6.58 ZK16508—44—-13 Py2 3.02 ZK16508—44-25 Cp2 2.31
ZK16508—44—8 Pyl 6.53 ZK16508—44—14 Py2 3.54 ZK16508—44—-26 Cp2 2.07
ZK16508—44—9 Pyl 6.78 ZK16508—44—15 Py2 3.63 ZK16508—44-27 Cp2 2.76
ZK16508—38—8 Py2 4.02 ZK16508—44—16 Py2 3.55 ZK16508—44-28 Cp2 2.18
ZK16508—38-9 Py2 3.601 ZK16508—44—-17 Py2 3.85
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Fig. 5 Re~Os isochron diagram and weighted average age of the copper orebody discovered by the scientific drilling
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