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Fig. 1 Geological sketch map showing distribution of Pb-Zn ore deposits in Huayuan orefield, China



H27T A 1L

BV, S5 WHPGAEIEAYEEY D7 %41 REE JUZONI Sr A R0 2 R4 27 2331

e R i S P e S () el i (£ e R
AT R, BRET. FECE SRR AR
RGN, BRI R W S i AR SR 35 L AT
SARYE, BRCL PR R, AR M B
FEUNR o L HOIPPA AT F VR B i v, 2
R F G P RS R I IR . 71X H 5 2
FERNFERRAZENKS, MRARE, WPAK
FHIL R & NNE mRL, TP R T 5 S
HOAT o AR LB TN IR T 23 2R 1) IR 14,
HEEFRE T2, BRUZR. B0k, IR, M
M 8°~15°, HWHZEM, —H& 4~7 E(E 2),
FUZTRERE 1~5 m(ULE 3(a)), KEtK, #Ems
HIRKFINING, MRTARRBAECS, H AR,
Zn SO 50 P48 3%, Pb Az 0.1%~1.5%;
2) R A, BEAT AR BCROLIE 3(b)), XAT
TR A BICIRFI AR, 22 U RIS AF X 85K PR AL 3 2R Bt
o)A, GE 30°~50°, UTHE L, FE 3~20 cm, JRiEE
Ak 50 em, VHEGEMIEPRECR REAK, WK
WAE AR S SIS, Po+Zn ST H R T 10%, Her
AL 50%. WX WA R R, SR Ak A
W, YT, DRI RSB Ll iR
FHHE, Aafike, SEENA. A R
o WAL AE-E BIRRCIRES O 3, ONAE
Ry R, AEELEMOLE 3(g)~(): T A RiE AL
BRI 3(c))s BENICIRAIE ) (LK 3(e)), BHIR
(L 3(H) 4R BUlR. MRRIR. SRR it ik

Z, BWAAR BRORDIR A R I . X
PART R, DAOTEAE. Aol 3, DEENA
fo B, BRI AR

WA AN K 3 0 R DL I3 A A
HAERAAE, ARV EED FH R R 4 3 MR B
(UL 3(e)~(D): Tr i3k — 1 = A~ B B B
(D), I A= B RA — 5 A A — R T BB
Be() 5 =I5 B Be(y, e BA IR By 3,
YO 1B, T BB fhdeed5 . 1 B BENEED LA 3
t—mtoh 3, DLRGSIRIE 00 T O7 il 5 K
FEMARAL (R AE PRI IE), s KA YR sS4
A BCR(LE 3(c)): MBI BOT il 2 R ABEIR(Z
NF 2 em X2 em X2 cm) S ASEE I A0 KR , g 3 R B R
FE—R. 1B IR B T B (8 — B b 2R A
B, FEEREABR AT CE B KA PB4
(B BEfCIRA ), BRZE/NT 1 em, EKEREGRR M AG
T KA PRI (UL 3(e)): BB s A LA
JCR AU BRCIR B THOIR =, SRR R .
I B BEAE BN B/, Tl B B AIG,  HokiAs
g/, fRERZEILE 3(D).

3 HmXERSTTTE

AW ELL TS BT A A e 5%
B O SB EIT I 0, R AE 0.18~0.25 mm Z [,

3178
7K15-2 ZK13-6
1] S — e m oS
............ A 5 G:q
Sfe T e
0r D 2 €q
............ oo olo €q S
600 Pl L
£
= e
500 F
o> 8178 s
400 F ::: €4q"
---------- 45820m
€4q"
0T Joom

[

=21 Argillaceous
[=7—=7] dolomite

B2 THIPEEEIR 98 o ek R AL T

Fig. 2 98th prospecting line profile map of Tudiping Pb-Zn deposit
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Fig. 3 Characteristics of orebodies and ores from Huayuan Pb-Zn orefield (Sp—sphalerite, Gn—galena, Py—pyrite): (a) Stratiform

orebodies from Stope 8-4 in Zone 4 of Tudiping; (b) Vein-type orebodies from Stope 8-9 in Zone 4 of Tudiping; (c) Sparry sphalerite

ore(stage 1); (d) Sphlerite-galena vein(stage II) crosscuts calcite-sphalerite vein(stage I); (e) Spar-vein galena-sphalerite ore; (f)

Disseminated galena ore(stage III); (g) Sphalerite and pyrite replaced by galena (—); (h) Galena filling in cracks of sphalerite as

veinlets (—); (i) Pyriye contained by galena (—)
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Table 1 REE compositions of calcites from Huyuan Pb-Zn orefield

4.2 Sr EIZRFHE

J7 fif A Bt )z Sr R 2 A 85 AN 3 oo b
SAFATIII Sr [T ZA i, K BT g AT TR
I, RHAMAER K INEED™ Rb-Sr 4E#Y (4104 12) Ma™,
1Bl I 1 St R 25 LEMEIE R 1 sra100

TBEATH) T sparo N 0.70923~0.71001, #2504
0.00078, ‘P34 0.70948, T g AR A e el K
BRI TR 22 LBy 30k 0.703508F0 07091 4
B UL BTV 25 FRAR B KA T sp.a10 TH S0
4 0.70886+ 0.70876 i1 0.70850, 41/ F 1l W) 7 it A+
M NARARE . ARBE A N 5 R BFH I T sean0
3504 0.72731 0.72401 F10.72712, 1Rl W07
fEATE . T BYBYTIEAT T sea10 M 0.70935~0.71001,
W29 0.00066, T34 4 0.709643 5 1 B BE 7 AT 1 sea10
40.70923~0.70944, 1724 0.00021, *1-35 4 0.709301
BB A Sr [ 28 LU e 1 11 [ BET iAo

Sample . i Mass fraction/10™°
No. Stage Sampling position La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er
YZK40 1 ZK8508 of Yangjiazhai <0.5 0.5 008 03 0.08 <0.03 0.08 0.01 0.05 0.01 0.03
DZKI118 1 ZK5349 of Danaopo 19 45 058 22 047 0.09 038 0.06 034 0.07 0.18
DZKI158 1 ZK53033 of Danaopo 06 1 012 05 01 0.03 0.09 0.01 0.09 0.02 0.04
KM1-6 1 11th Mining Area of Limei 20 25 028 1.0 018 0.05 021 0.03 0.19 0.04 0.14
CD3 I 5th Mining Area of Changdengpo 0.8 1.2 0.11 0.5 0.10 0.04 0.09 0.01 0.06 0.01 0.04
CD11 I  5th Mining Area of Changdengpo 0.8 1.3 0.18 0.6 0.18 0.03 0.16 0.02 0.1 0.02 0.06
KCD17 1  1th Mining Area of Laohuchong 6.2 158 2.04 74 148 020 122 0.15 082 0.15 0.32
KCD21 II  2th Mining Area of Laohuchong 14.0 31.2 3.60 128 213 043 199 0.19 091 0.16 0.33
KCD25 1II  2th Mining Area of Lachuchong 5.3 11.1 127 45 0.87 020 0.62 0.07 035 0.06 0.13
KCD10 I  2th Mining Area of Changdengpo 124 26.8 3.11 109 1.77 032 1.64 0.18 0.83 0.15 0.28
KCD7 1I  2th Mining Area of Changdengpo 10.7 21.5 231 82 121 034 128 0.13 048 0.09 0.14
Sample Mass fraction/10™°
Stage Sampling position LR/HR Lay/Yby JEu oCe
No. Tm Yb Lu Y XIREE LREE HREE
YZK40 1 ZK8508 of Yangjiazhai 0.01 0.04 <0.01 <0.5 1.73 149 024 6.21 897 1.15 0.61
DZK118 1 ZK5349 of Danaopo 0.02 0.13 002 23 1094 974 120 812 1048 0.65 1.05
DZKI158 1 ZK53033 of Danaopo 0.01 0.03 <0.01 05 265 235 030 7.83 1435 0.97 091
KMI1-6 1 11th Mining Area of Limei 0.01 0.06 001 28 670 601 0.69 871 2391 0.79 0.82
CD3 I 5th Mining Area of Changdengpo <<0.01 0.04 <0.01 1.3 3.02 2.75 027 10.19 1435 129 0.99
CD11 I 5th Mining Area of Changdengpo 0.01 0.08 0.01 0.8 355 3.09 046 6.72 7.17 0.54 0.84
KCD17 1  1th Mining Area of Laohuchong 0.04 0.23 0.03 55 36.08 33.12 296 11.19 19.34 046 1.09
KCD21 1  2th Mining Area of Laohuchong 0.02 0.11 <0.01 7.8 67.88 64.16 3.72 17.25 9129 0.64 1.08
KCD25 1II  2th Mining Area of Lachuchong 0.01 0.04 <0.01 3.5 2453 2324 129 18.02 9504 0.83 1.05
KCD10 1II  2th Mining Area of Changdengpo 0.03 0.16 0.02 6.7 58.59 5530 3.29 16.81 5559 0.57 1.06
KCD7 I 2th Mining Area of Changdengpo 0.01 0.09 0.01 4.2 4626 4426 223 19.85 8528 0.84 1.06
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Table 2 REE compositions of ores and strata from Huyuan Pb-Zn orefield

Mass fraction/10°

Lithology Quantity Strata La Ce Pr - Nd Sm Eu Gd Tb Dy Ho Er
Dolomite 1 Qingxudong Fm.(€,q°%) 2.70 590 0.67 2.50 0.51 0.09 0.58 0.08 0.51 0.100.28
Dolomite 5 Qingxudong Fm.(€,g*") 2.12 3.46 038 142 027 0.04 024 004 022 0.050.14
Limestone 2 Qingxudong Fm.(€,q'™*) 1.65 3.10 037 140 024 0.05 024 0.04 020 0.050.14
Ore 17 Qingxudong Fm.(€,q" ™) 0.82 1.18 0.14 0.51 0.14 0.03 0.14 0.02 0.09 0.020.06
Limestone 6 Qingxudong Fm.(€,q'?) 0.57 0.87 0.11 040 0.12 0.03 0.08 0.01 0.07 0.020.05
Baopi-limestone 3 Qingxudong Fm.(€2q1'2) 2.57 477 058 227 049 0.08 045 0.07 043 0.100.26
Silty Shale 2 Shipai Fm.(€,.,s) 50.25 87.10 10.60 37.00 6.78 130 5.69 0.87 493 0.982.80
Shale 2 Niutitang Fm.(€n) 30.00 50.60 7.44 29.00 591 132 629 097 6.07 1334.16
Silicalite 1 Dengying Fm.(Z,dy) 13.30 26.10 3.04 11.50 194 0.44 194 028 149 0.340.96
Dolomite 1 Doushantuo Fm.(Z;d)  14.50 2840 3.12 11.70 1.92 046 1.80 0.27 154 0.341.01
Carbonaceous shale 1 Datangpo Fm.(Nh;d) ~ 52.20 105.00 12.05 42.30 5.84 1.07 4.56 082 577 1.343.89
Slate 2 Madiyi Fm.(Pt;m) 3525 71.50 8.11 29.50 5.64 124 499 0.81 455 0922381
Mass fraction/10™°
Lithology Quantity Strata LR/HR Lay/Yby J0Eu dCe
Tm Yb Lu Y XREE LREE HREE
Dolomite 1 Qingxudong Fm.(€,g*%) 0.04 0.30 0.04 2.60 1430 1237 193 6.4l 6.46 0.511.08
Dolomite 5 Qingxudong Fm.(€,q>") 0.03 0.13 0.02 1.56 8.56 7.70 0.87 857 12.11 0.470.93
Limestone 2 Qingxudong Fm.(€,g'*) 0.02 0.14 0.02 135 7.64 681 083 729 7.79 0.74 0.97
Ore 17 Qingxudong Fm.(€,q"®*) 0.01 0.07 0.01 0.78 323 282 041 7.05 1041 0.840.87
Limestone 6 Qingxudong Fm.(€,g'%) 0.01 0.05 0.01 0.62 239 209 030 6.87 827 1.070.85
Baopi-limestone 3 Qingxudong Fm.(€,q'%) 0.04 024 0.03 3.13 1237 10.76 1.61 6.70 834 0.540.94
Silty Shale 2 Shipai Fm.(€;.s) 0.43 2.84 0.43 2890 211.97 193.03 18.94 10.42 1294 0.640.93
Shale 2 Niutitang Fm.(€n) 0.60 4.13 0.64 44.75 148.44 124.27 24.17 6.14 640 0.650.77
Silicalite 1 Dengying Fm.(Z,dy)  0.14 0.95 0.14 11.20 62.56 56.32 6.24 9.03 10.04 0.69 1.01
Dolomite 1 Doushantuo Fm.(Z;d) 0.15 1.09 0.17 1090 66.47 60.10 6.37 9.43 9.54 0.76 1.04
Carbonaceous shale 1 Datangpo Fm.(Nh;d)  0.59 3.99 0.64 40.30 240.06 218.46 21.60 10.11  9.38  0.63 1.03
Slate 2 Madiyi Fm.(Pt;,) 042 298 0.45 26.25 169.13 151.23 17.90 8.44 8.48 0.72 1.04
F 3 TRHEAVERY R RAL R A AT A A
Table 3 Sr isotopic analytical results from Huayuan Pb-Zn orefield
Sample No. Lithology Sample Position Mass fraction/10° 87Sr/%8r 1 5410
Rb Sr
DZK113 Dolomite ZK5349 of Danaopo(€,q°™") 1.1 87.1 0.70897  0.70876
CD16 Algal Limestone  5th Mining Area of Changdengpo(€,q' ") - - 0.70886 -
YZK40 Calcite(I) ZK8508 of Yangjiazhai 0.6 561 0.70959 0.70957
DZK118 Calcite(I) ZK5349 of Danaopo 0.4 383 0.71003 0.71001
CD3 Calcite(I) Sth Mining Area of Changdengpo 0.2 172 0.70937 0.70935
KCD10 Calcite(II) 2th Mining Area of Changdengpo <0.2 232 0.70926 0.70923
KCD25 Calcite(II) 2th Mining Area of Laohuchong 0.3 158.5 0.70927 0.70925
KCD17 Calcite(II) 1th Mining Area of Laohuchong <0.2 234 0.70945 0.70944
DZK134 Baopi-limestone ZK 5349 of Danaopo(€,q' ) 39 273 0.70874 0.70850
MT2 Silty Shale Shipai Fm. in Motianling(€,_,s) 167 32.8 0.81422 0.72731
MT4 Silty Shale Niutitang Fm. in Motianling(€n) 175.5 37.2 0.80447 0.72401
MT1 Slate Madiyi Fm. in Motianling(Pt;m) 155 90.5 0.75619 0.72712
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Fig. 4 Chondrite-normalized REE patterns of calcites, ores and strata from Huyuan Pb-Zn orefield: (a) REE patterns of calcites(I);
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REE and Sr isotope geochemistry of gangue calcites from
Huayuan Pb-Zn orefield in western Hunan, China

WEI Han-tao'" %, SHAO Yong-jun"?, YE Zhou®, XIONG Yi-qu'2, ZHOU Hao-di""? XIE You-liang':?

(1. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring,
Ministry of Education, Changsha 410083, China;
2. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China;
3. The Geological Museum of Hunan, Changsha 410004, China)

Abstract: With the discovery of the large to super large Yangjiazhai, Danaopo and Qingshuitang Pb-Zn deposits, the
Huayuan orefield becomes a world-class super large Pb-Zn orefield. According to the crosscutting relationship of ore
veins and coexisting mineral assemblage, the mineralization process was subdivided into three stages. REE and strontium
isotope of calcites were analyzed and compared with those of ore-hosting limestone and strata of different geological
times. The results show that the REE patterns of calcites are similar to those of strata. Stage I calcites display low total
contents of REE (SREE=1.73X 10 -10.94 X 10°, average 4.77 X 10°), 8'Sr/**Sr ratios ranging from 0.70935 to 0.71001
(average 0.709643) and LREE/HREE ratios range from 6.21 to 10.19 (average 7.96). Stage II calcites display higher
contents of REE (SREE=24.53X10°-67.88X 107, average 46.71X10°%) and lower ¥’St/*Sr ratios ranging from
0.70923 to 0.70944 (average 0.709301) than those of stage I calcite, and similar LREE/HREE ratios range from 6.21 to
10.19 (average 7.96). These indicate that the ore-forming fluids of stages I and II are derived from different origins.
According to geochemical characteristics of wall rock and strata of different geological times, it is concluded that the
ore-forming fluids of stage I are mainly connate water in ore-hosting strata, mixed by deep-source circular brine; the
ore-forming fluids of stage Il are mainly deep-source circular brine, mixed by meteoric water, and the reducibility
increases from stage I to II.

Key words: calcite; REE; Sr isotope; ore-forming fluids; Huayuan Pb-Zn orefield
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