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Fig.1 Simplified geological map of the Hetaoping Pb—Zn
district, Baoshan, Yunnan (modified from the Fourth Geological
Survey Division, Yunnan Institute of Geological Survey,2003)
1-Upper Member of the Upper Cambrian Shahechang Formation;
2—Lower Member of the Upper Cambrian Shahechang Formation;
3—Upper Member of the Upper Cambrian Hetaoping Formation;
4—Middle Member of the Upper Cambrian Hetaoping Formation;
5—Lower Member of the Upper Cambrian Hetaoping Formation;
6—Basic dike;7— Skarn;8—Orebody; 9—Geological boundary;

10—Fault measured and inferred ; 11—Attitude of strata
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Table 1 Average contents of some elements in the Upper Cambrlan strata in the Baoshan massif
ZH Au Ag Cu Pb /n W Sn Mo As Sh Bi F B Cr Ni Co \Y
gERL X 146 005 2529 1204 6524 258 424 037 76 199 075 84733 6292 5270 27.52 11.63 66.20
43) S 136 004 21.34 115 5287 137 1.69 010 7.32 169 057 541.04 43.15 28.84 16.71 799 5259
K 058 072 101 081 100 258 184 034 447 663 88 08 572 042 049 048 0.68
kT X 149 014 1438 688 3557 236 40 309 624 262 074 681 427 6472 2728 12.86 50.67
@18) S 120 0.17 14.02 6.14 36.88 1.08 276 461 578 194 084 493.87 4891 29.11 19.44 10.72 43.82
K 060 204 058 046 055 236 1.74 281 367 872 871 069 388 051 049 054 052
B X 066 003 538 267 813 09 - - 385 214 - 28225 47 104 849 414 105
(8))( S 029 001 169 151 285 032 351 1.80 17154 1.66 520 146 0.65 4.66
. K 027 037 022 018 0.13 09 226 713 029 043 008 0.15 0.17 0.11
ii ey ¥ 266 031 2925 212 44625 2.12 25 051 97.1 624 104 9336 8335 7258 31.88 12.18 69.2
1 (S)X S 177 021 1931 22.69 160.54 0.94 128 023 12981 520 1.17 57448 5328 3524 1351 546 367
H K 106 449 1.17 143 687 212 1.09 046 57.12 208 1224 094 758 058 057 051 0.71
FE Y 163 006 42 817 7217 257 5 439 1352 223 048 10022 3548 77.58 485 25.07 127
(S)X S 025 005 447 749 2669 123 323 341 927 125 039 361.73 47.03 1674 92 941 7761
K 065 086 168 055 1.11 257 217 399 795 744 565 101 323 062 087 104 13
VAT T 148 004 2933 1442 105.17 341 436 - 1218 215 075 1067.08 64.44 58.86 35.53 12.29 8442
12) S 138 001 1394 1082 3529 1.51 042 983 172 036 502.86 26.55 22.75 14.57 5.19 34091
K 059 058 1.17 097 162 341 190 716 7.7 882 108 586 047 063 0.51 086
T 194 005 302 172 964 294 4.1 - 758 138 0.8 7838 725 4556 3044 11.74 62.2
bag J(:Si)( S 175 002 16.66 1477 38.06 1.7 225 450 080 05 557.32 50.12 31.75 19.66 6.18 4740
N} K 078 073 121 116 148 294 1.78 446 46 941 079 659 036 054 049 0.63
] Y 45 003 2871 1243 11143 374 447 - 3265 212 073 126943 60.99 6836 39.17 12.69 100.29
a1 | PH S 477 001 13.03 761 3475 139 046 4033 145 036 37667 19.68 493 972 485 559
@ K 18 047 115 084 171 374 194 1921 706 859 128 554 054 07 053 102
(1 ¥ 109 004 25 1233 525 214 438 032 501 125 075 87639 78.07 39.88 2243 9.89 57.72
(18) S 079 002 1356 891 41.86 1.17 1.06 006 3.32 110 045 582.01 4721 28.81 13.36 597 4296
K 04 054 10 083 081 214 190 029 294 417 88 08 7.1 032 040 041 059
T 18 009 33 124 806 308 474 027 62 114 11 13332 9678 719 3486 139 1038
J(:SJ;X S 075 012 548 568 3132 0.19 040 012 187 038 02 13882 36.63 859 966 454 75
K 074 125 132 084 124 308 206 025 365 38 1294 135 88 057 0623 058 1.06
5 X 0838 004 2125 743 1833 1.7 4.63 036 426 073 064 80025 82.05 31.75 18.69 9.19 46.5
i T;X S 077 002 1632 288 1467 136 242 0.13 42 042 045 726.12 5681 2622 137 7.08 4486
21 K 035 056 085 050 028 1.7 201 033 251 243 753 081 746 025 033 038 047
FE ¥ 068 - 23 136 398 1.1 18 - 5 1.3 015 5414 2335 1613 16 7.02 29.6
(S)X S 016 13.13 7.57 2833 061 0.80 311 061 009 29148 1279 1078 80 344 1924
K 027 092 092 061 11 0.78 294 433 176 055 212 0.3 029 029 030
Kﬂi’}_f:‘g 25 007 25 148 65 1.0 23 1.1 1.7 03 0.085 990 11 126 56 24 98
#Ji K H Wedepohl"'; Au H07H ng/g, HARITCE N wg/g; X—F ¥ & i S—hii 2z K—RERE, - —FRIKTH
HiBR
Cr.Ni V. K;0 Na,O WFHE, FiRRZILE, HadE Cu, o, T [ A AR B A R s A kT

Pb.Zn % WA JC R TE KA T i 2L R KA 5 Pb Zn
Cu L A S VIR 5 2 AT 4R 47 19 B AR

3 B R ER AL SRR AR

3.1 ki F4FHE
XN H AT R AT IR 2 5% B0k 4 (B 1), 0726
AT BN E TR, TARMAS 2R Pb—Zn .Cu Au B

fb . A LT WA A5 N Cu—Pb—Zn 5T1ZIS‘Pb—Z11
W KA Au—Pb—2Zn 1K 3 26 BLLLE 0 B (Cu—Pb—2Zn
W) kPR B (Pb—Zn 7)) FFT % M5 B (Au—Pb—Zn #7)
061 43 ) i B AR S BERRAE

DT B Cu—Pb—2zn WA, F=F RS RIA S |58
RG] 20 LB (e ,Sh?) , 2 2RI 24 # i, S2 ket ™ i o™
M RAAGE AR BT ERK L 2 000 m, B 1.11~6.97 m, T2
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Table 2 Average contents of some elements in basic dikes in the Baoshan massif

K& T

S —

ESSOE

SR Au Ag Cu Pb Zn w Sn Mo As Sh
X 33.49 1.11 648.74 175.78 2760.65 16.35 1.50 0.37 43.37 13.33
S 126.23 2.09 2394.26 333.95 9688.75 27.78 1.09 0.31 73.2 14.64
K 37.21 16.57 11.19 11.72 26.54 32.7 1.5 0.82 28.91 83.31
r [ e e+ 0.90 0.067 58 15 104 0.5 1.0 0.45 1.5 0.16
ZH Bi F B Cr Ni Co AY K0 Na0 SiO.
X 13.16  9835.48 6.75 97.89 62.22 54.51 140.04 0.76 1.08 39.67
S 37.33  17397.06 1143 114.33 53.24 36.60 126.56 1.50 1.21 11.60
K 138.53 19.29 0.61 0.44 0.62 1.19 0.61 0.78 0.43 0.82
[ e e+ 0.095 510 11 223 100 46 230 0.97 2.51 48.62

T PRERWI A5, Au L0 R ng/g, K,O \Na,O \SiO, FLA0 %, HARTTE N ng/g; X— T ¥ & & S—hrifE2s K—ik%E
A, e G 2 B R A I O A B,

R3I BMTEET AT ARETRETHIE

Table 3 Average contents of some elements in various types of the Hetaoping Pb—Zn deposit
I aE 31| SR Au Ag Cu Pb Zn w Sn Mo As
WETRT A | X 7.8 70 13374 51326 49232 4.29 3.3 0.68 416
(38) K 5.4 1400 535 4277 757 1.66 0.78 1.84 55
) Ve 43 104 11500 47800 35500 242 2.52 0.27 53
KELE T (24
HETHCY K 3.0 2088 454 3969 544 0.94 0.59 0.73 7
T 12.2 81 17900 56000 60800 5.89 5.54 2.4 1823
o) 4
HRART 4 (10) K 8.4 1620 716 4667 935 2.28 1.31 6.49 240
ragd ek X 26.0 13 13300 31800 102700 14.1 4.4 0.39 420
@) K 17.8 260 526 2639 1574 5.47 1.04 1.06 55
Rl - FER S 15 0.05 25 12 65 2.58 4.24 0.37 7.6
[ aE <2 SR Sh Bi F B Cr Ni Co v Si0,
WET R A T 18.3 107 1950 30.25 44.11 32.17 61.81 51.20 38.90
(38) K 9.21 143 2.30 0.48 0.84 1.17 5.31 0.77 1.09
KEHRY A X 13.9 167 1877 37.22 37.05 29.88 77.03 40.37 32.48
(24) K 7.0 223 222 0.59 0.70 1.09 6.62 0.61 0.91
K REBY A T 30.7 5 1110 12.5 67.74 41.83 32.49 78.86 49.39
(10) K 15.41 6 131 0.2 1.29 1.52 2.79 1.19 1.39
FEE el b 253 3.55 4643 44 8.28 19.88 50.5 15.75 40.08
(@) K 12.71 473 5.48 0.07 0.16 0.72 434 0.24 1.13
Rl - FER S 2.0 0.75 847 62.92 52.70 27.52 11.63 66.20 35.58

Y Au H0T N ng/g, SiO, W0 K%, HATE RN /s X— T A Bk s K— v 55 2R 4 R o 911K 24 8 80 30 2K 04 0 O

LA BTN A5 S N RCT R R R

JZ 429 m, TEMH ILEN Cu—Pb—2Zn, L Ag, i .Cu
0.02%~11.64% , V-4 1.46% ;Pb 0.68%~7.07% , V-1 3.66% ; Zn
0.22%~22.39% , -1 5.75%; Ag 1.3~526g/t, V-4 81.66g/t,
VBB EFH Bt Pb—zn B 1K 77 T RABE IR UYL | JE
G 2H b B iy —rh J2OROR BUE AL R T BT 454 K
T2 B A B 2 AL s ey SRR 2R Ak
WL R AL B AR A 30~43°, 5 TR AR 7 REA -2, £
THRKZ 1 500 m, )& 0.72~27.65 m, P ¥ EE 814 m, i1

MR TF 120 m, 45 Pb+Zn 1.54%~1256%, V3
8.53%, M EFILIHA ]y 14, T HAVMEA S RERFE T
JEAR R RIS AR T ) R A AR R A R
K BUR YUK (N BT 8 0 4

3)FTT M Au—Pb—Zn F 4 77 TR STE RT3 Y 1-JE R
GERBREPER BB 28 B AR KA N IR SR
FEHRIT R L) 800 m, I 440~1418 m, FHIEIE 9.23 m; fifi ,
Pb 1.07%~4.74%, V-3 Pb 2.85%;7Zn 0.34%~6.18%, V-3 Zn
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2.59%;Au 0.41 ~4.91 g/t, ¥4 Au 2.27 g/t, Pb.Zn Au JH"
JLER R PEA:
3.2 ¥ AMIKUFHFE

AR ARMESR, HET aaRFS Y RER K

*4 WAEREREAR

Table 4 Sulfur isotopic composition of ores in the Hetaoping

and Luziyuan ore depsits in the Baoshan—Zhenkang terrain
GG 87

) i 5 ZF (CDT%) AR S3iA SRAE Hb

BAAORSIRU AR A R R4 KR R i e
R , n . ol b AT

N T W L e eSS O G T
FEAT AL R RS W B0 07 B0 B R e 6 WET 1017
B R K G R TSN TG 17 WEE 989 PR~
e o - e . 8B FEE 923 KEEREHT 4 el
HEAE | R BEIT B K 3 56 R4 T 45 260 15 B dh 35 1, 26 It o rEE o 15
A4 ) R A I b g BT Au Ag .Cu \Pb.Zn W, VE LR R B MR TR IR B 2 R A T i S 1
Sn.Mo As,Sb Bi F.B.Cr Ni ,Co VKO Na,O SiO, 4 20 OB

FTE, 45 (3R 3) KU BRI B K Pb Zn .Cu Ag -
B AL 53 A 5.13% .4.92% 1.34% 5% 70 g/t, TR 1Lk - 5€
WG Z P AL, s 4T 4277 757,535 Al 1400
F, HotRWEFS (K=1.2) N Pb—Ag—>Zn—>Cu—Bi—
As—Sb—Au—Co—F—>Mo—W, HH KIHEEG £ pb ¥
B2 4.78% . Zn A 3.55% .Cu N 1.15% Ag N 104.4g/t,
HIURWEITFH (K=1.2) H Pb—Ag—Zn—Cu—Bi—Sb—
As—Co—Au—F; ¥ RARY A Pb TP EALHN 5.60%.Zn N
6.08%.Cu A 1.79% . Ag 4 81g/t, HILRMKEIFF (K=1.2)H
Pb—Ag—Zn—Cu—As—Bi—Co—=>W—=Ni—Si—>Cr—F—Sn;
A IR A Pb ¥ A 3.18% . Zn A 10.27% .Cu A
1.33% Ag N 12.97g/t, HIOTRWKEFH] (K=12) N Pb—
Zn—Cu—Ag—>As—>Au—>Sb—F>W—Bi—Co,

R HE— 2B WA 5 G R R EE 10 m, A
FEMEFT A B DX 28 KT vh R G0 R AR RE S 27 1, I
T Au Ag.Cu.Pb.Zn W Sn Mo As,Sb .Bi.F.B.Cr.Ni,Co,
V. K0 Na,O . SiO, % 20 Fhoc xR, JF il 1 i 5T 3R 1k 27 )
TP (&L 2) , AR 2 TTN AR EP 0 X &7 R A 5 i e & 1
YN BARRIAE . OiE 0 B A A R AR E &,
AL R BT RN £ @Pb\Zn\Cu\Ag\Au\W\Sn\Mo\
As . Sb.Bi,F.B.K,0 ,Na,O SiO, Ity 7 1t 48 i £ % W 729 (K
A R AACAE B, T Cr Ni Co V1Y & 1t 28 1k il & 0

MBAE, XRM & R B — W T 2 R i 21
SR IR B A A AR

4 FRE R ZRFFAE

41 HEME

Ay IR FETRZ — B Cu.Zn Pb F %
BROCE M EBEUCTE R, B 1R 28 4 L= 0 W7 1 4 09 ok 1R 174
HRFBZ—, TEBEEEATN B T = R (0L 41
JE M B 55 A% B BEDT R 2L S — BV EE TR | 55 SCie b ) ik
KRET 6 0 AREG  Bhik )y 80 AN BE 0 200 ¥ )5 76 B
B 5 B = 0 5T T () A6 3 R Ak O S 46 = HEAT T B
PLZ BTN, AT 8 3R (3R 4) R Bk IT 0 RSP o B
A REY AT R AR A 6MS A 1.95%0~
0.99%o , 5 VR 4 3 A T A 5 04 878 7] 407 26 4 B (5% ) AH— 3K,
T Y e S R [ 67 2 2R I A T B AR R K
PR R 7 BT A N AR B R R AL R 87S
9.23%0~10.17%o , -3 1 9.36%0 , - A B AL 78 B 7] 457 R
ZH AR K 35— | FLAE G A S 1 (R 3 A R A K A
[ 437 28 210 B W 0 e U8 TR 5 2 VR A DR R Ak 1Y
it [ 457 28 20 10, O R L AR AU R R AR F ) 400 ¥ K % e ) 437 36
21 (FE R AL T BRAEH 15%0) , TT AR R B T2 S5 U5 B A i 22

x5 WAMBBMIRAN

Table 5 Lead isotopic composition of ores in the Hetaoping and Luziyuan Pb-Zn deposits
in the Baoshan-Zhenkang terrain
S Ty *ph/™Ph *"Pb/™Ph *pb/™Ph & “ @ﬁ‘]_(g/)la ) Th/U IREE S
11 J78SH 18.249+0.001 15723 +0.001 38.446+0.001 0.607 9.73 429 3.84 K REBITEE T4
12 J5ET 18.251+0.002 15723 £0.002 38.450 +0.007 0.607 9.73 428 3.84 K RABHT YA
16 NA 18.271+0.003 15.715+0.003 38.484+0.010 0.605 9.71 405 3.85 KREUATUEVERR £
17 NS 18.247+0.001 15716 +0.001 38.446+0.002 0.606 9.71 422 3.84  REUAREN 4
18  JFHM 18.224+0.002 15.697 +0.002 38.381+0.005 0.606 9.68 417 3.82  RIUATEEEE 6
19 Jr#T 18.338+0.002 15.849 +0.002 38.874+0.007 0.615 9.97 509 400  RILEBIEED A

TE L RE i R B M S 7 RIS T A0 3% M R A 2 T S 86 3 2 i K
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Fig.2 Geological and geochemical section of an adit in the Hetaoping Pb—Zn district
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1—Mantle Pb;2—Upper crust Pb;3—Pb from the subduction zone
where the upper crust and mantle mixed (3a. magmatism:
3b. sedimentation) ;4—Chemical sedimentary Pb;5—Submarine
hydrothermal Pb;6—Pb from medium— and high—grade
metamorphism; 7—Pb from the high—grade metamorphic lower
crust; 8—Orogenic belt Pb;9—Pb from the old shale upper crust;

10—Pb from retrograde metamorphism
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Table 6 Features of fluid inclusions in the Hetaoping Pb—Zn deposit and their analytical results
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Fig.5 Temperature frequency histogram of primary fluid inclusions in the Hetaoping Pb—Zn deposit
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Fig.6 Emulsion texture resulting from the unmixing of a solid solution of chalcopyrite and sphalerite in the Hetaoping Pb—Zn deposit
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Geochemical characteristics of the Hetaoping Pb—Zn deposit, Baoshan,
Yunnan, and its genetic model and ore prospecting model pattern
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Abstract: Study of the geochemical characteristics of the host strata of the Hetaoping Pb—Zn district, Baoshan, Yunnan, indicates that
the Lower Member of the Upper Cambrian Hetaoping Formation, Lower the Member of the Shahechang Formation and Upper
Member of the Baoshan Formation might be the source bed of Cu mineralization, that Middle Member of the Hetaoping Formation
and Shahechang Formation might be the source bed of Zn mineralization, and that the Middle Member of the Hetaoping Formation
might be the source bed of Pb mineralization. In addition, the Upper Cambrian as a whole is characterized by strong enrichment (K=
5) in Bi and B and enrichment (K=1.2) in Sb, As, W and Sn. The pervasive enrichment of metallic, semi—metallic and nonmetallic
mineralizer elements such as Bi, Sb, As and B in host strata may lay a material foundation for entrapping ore—forming elements, caus-
ing superaccumulation of ore —forming material and eventually forming a commercial ore deposit during the late hydrothermal ore—
forming processes. Basic dike rocks are characterized by strong enrichment (K=5) in Au, Ag, Cu, Pb, Zn, W, As, Sb, Bi and F and
similar to ores in the element types. According to various ore—controlling factors, combined with a study of the features of stable iso-
topes and fluid inclusions, the Pb—Zn deposit is considered as a stratabound hydrothermal deposit that formed in a favorable tectonic
area on the basis of ore source beds and mineralizers formed in Late Cambrian specific sedimentary conditions and through late hy-
drothermal superimposition. Mineralization shows multi—stages and multi—source features. The genetic model and prospecting model
of this ore deposit are established on the basis of the above—mentioned study.

Key words:Pb—Zn deposit; geochemistry ; ore—forming process; genetic model; prospecting model; Baoshan, Yunnan
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