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Fig.1 Regional geological and mineral resource map of Luanchuan area (from Reference ).

1—Sinian Taowan Group ;2— Neoproterozoic Luanchuan Group ;3— Mesoproterozoic Guandaokou Group;

4—Mesoproterozoic Xiong’er Group ;5—Archean Taithua Group; 6—Yanshannian porphyritic intrusion;

7—Neoproterozoic syenite dyke;8—Neoproterozoic gabbro dyke; 9—Mesoproterozoic alkaline granite; 10—Fault;
11— Thrust fault; 12—Normal fault; 13—Geological boundary; 14— Unconformity ; 15— Molybdenum deposit; 16—Zinc—lead deposit
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Fig.2 Geological map of the Chitudian Zn—Pb deposit (modified after Reference [7])

1—Sanchakou Formation ;2—Yuku Formaiton; 3—Dahongkou Formation ;4—Meiyaogou Formation;

5—Nannihu Formation ; 6—Sanchuan Formation ; 7—Baishugou Formation;8— Porphyry intrusion;
9—Syenite dyke;10—Gabbro dyke;11—Fault;12—Geological boundary; 13—Skarn; 14—Zinc—lead ore body
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Fig.3 Geological section along No. 0 exploration line of
S$130 ore body
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Fig. 4 Photographs from the Chitudian ore deposit
A—Vertical zonation of S130 ore body, the lower part is a quartz—pyrite association, the upper part is a galena—sphalerite—quartz—
calcite association. Vertical height is about 2 m;B—Banded ore, dark brown bands are mainly sphalerite, white bands are mainly
quartz, calcite, with minor amounts of siderite ; C—Taxitic ore, black minerals are spalerite and a little galena, yellow mineral is pyrite,
white minerals are calcite and quartz;D—Sphalerite replacing pyrite (Sample 07—33, S130) ; E—=Sphalerite associated with galena, and
there is chalcopyrite exsolution lamellae in sphalerite (Sample 07—10, S01); F—Banded skarn discovered in adit CM0264 near
Shibaogou intrusion, consisting of red brown garnet, gray green diopside, and quartz; G—Black sphalerite vein in bleached white
recrystallized marble. H-Molybdenite and sphalerite mineralization of the banded skarn;
Cpy— Chalcopyrite ; Dio—Diopside ; Gal—Galena ; Mol—Molybdenite ; Qtz—Quartz ; Py—Pyrite ; Sph—Sphalerite



432 i = L J5i 2011 4%

Bl 5 kA A SR 7 i A b R R B B B G
A—AT PP SR P AT EL R CO, BB RN 2B WA AR (07-30) s B— 3 3 b il BB SO DT AR AL 324K (07-27) 5
C— 77 i R SUA AR S 7 T L 2 PR AU 2B IR B R R (DWG—4) s D— A CO, AR (07-31) ; E—A 9T
RO A L AR 3 A T A BRI AR (07-30) s F— A B P AORPIAH R R R CO, WA AR T CO, fl A IR 384
Fig.5 Microphotographs of typical fluid inclusions in quartz and calcite

A-Distribution characteristics of fluid inclusion type I and Il in quartz, and development of secondary fractures and secondary
fluid inclusions (07—30) ; B—Slightly rounded fluid inclusions of type I in quartz (07—27); C—A belt of primary cubic shaped fluid
inclusions of type Il in calcite and development of secondary fractures and secondary fluid inclusions (DWG—4) ; D—Fluid
inclusions of type Il in quartz (07—31); E=Paragenetic fluid inclusions of type I and I in quartz (07—30); F—Paragenetic fluid
inclusions of type I, lland IV in quartz (07-30)
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Fig.6. A—Homogenization temperatures versus salinities of fluid
inclusions of quartz—pyrite composite sample, ore samples, and
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temperatures of fluid inclusions in quartz—pyrite composite sample;
C. Homogenization temperatures of fluid inclusions in ore samples;
D—Homogenization temperatures of fluid inclusions in quartz—

calcite—pyrite composite samples
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Table 1 Summary of fluid inclusion microthermometric data in quartz and calcite

FERL R Tm/C Tcla/C Te/C Tice/'C Td/C Th/C i /wt% NaCl equiv
08-A I -10.6~-9.4 257.3~414.9 13.3~14.6
il 306.2 362.2 38.64
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I -57.6 6.3~73  302~309 307~308 52~7.0
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I -57.7~-574 7.0~72 31 267~326 54~58
07-26 1 9.2~-49 230~351 7.7~13.1
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il 211.8~357.2 344.7~350.3 32.5~43.0
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I -59.1~-55.9 54~72 245~315 293~322 5.4~84
DWG2 1 -4.9~22 191~346 3.7~1.1
DWG4 1 5.1~25 209~342.1 42~8.0
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YT-3 I -10.6~-8.5 220.3~287.6 12.3~14.6
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Fig.7 Raman spectra of fluid inclusions in Chitudian samples

A—Spectrum of gas phase from an inclusion of type in quartz sample 07—30, showing H,O bend; B—CO, peaks and H,O bend from an inclusion of

type in quartz sample 07—30; C—Spectrum of gas phase from an inclusion of type in quartz in sample YT—4, showing CO, peaks, CH, peak, and
H,O bend ; D—Spectrum from an inclusion of type in quartz in sample YT—4, showing CH4 peak and H,O bend; E—Spectrum of gas phase from an
inclusion of type in quartz in sample YT—4, showing CO, peaks and CH, peak ; F~Spectrum of gas phase from an inclusion of type Il in quartz in

sample 07—30, showing CO, peaks; G—Spectrum of gas phase from an inclusion of type ? in quartz in sample 07—3, showing CH, peak, H.S peak,
CO, peaks, and H,O bend; H—Spectrum of liquid phase from the same inclusion as the above (G), showing a peak at 2583.17cm—1 (H.S +HS") and

H,O bend;I-Spectrum of gas phase from an inclusion of type III in quartz sample 07—30, showing H,O bend;J—Spectrum of gas phase from an

inclusion of type IV in quartz sample 07—30, showing H,O bend and CO, peak
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Fig.8 4 *S histogram of ore minerals of Mo—W and Pb—
Zn deposits and diagenetic minerals in wall rocks of
Luanchuan area (from Reference )

Note: Diagenetic pyrite comprises nodular pyrite in carbonaceous
phyllite of Baishugou Formation (Reference [15]) and sparsely
disseminated pyrite in stone coal of Meiyaogou Formation
(Reference [24]). The Pb—Zn deposits consist of skarn type
(Luotuoshan), WNW vein type (Chitudian and Bailugou), and
NNE vein type (Lengshuibeigou) (Table 1). The Mo—W deposits
are porphyry type or porphyry—skarn type, including Nannihu—
Sandaozhuang, Shangfang, Majuan (Reference [15], [24])
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Table 2 Sulfur isotopic composition of the Chitudian Pb—Zn deposit
F5 S Y| fiE d*Sveorl%e KW TS ke Y] PrE dSv.epr/%o KU
1 07—10 [NEEH™ SOl 238 w321 Sctl-1 TR VE 5.7 a
2 07—11 EES S0l 23 KL 22 Sctl-3 BT PO 7.2 a
3 07—14 WNEHT S0l 5.8 AL 23 Sct-21 TR P 42 a
4 07—24 HEH S139 5.9 AL 24 Sct-22 WY VE 6.8 a
5 07—24 NEEHT  S139 5.1 AL 25 Sct-23 BT P 7.2 a
6  07—25 HEH S139 6.6 AX 26 CMI13010-K10 #EE"  S130 6.84 b
7 07—26 FEH S139 5.6 AX 27 CMI13010-K11 #EE"  S130 6.86 b
8  07—28 EH" S139 5.3 A3 28  CMI3010-K4  J540  S130 3.08 b
9 075 WEH" S0l 1.8 A 29  CMI3010-K6 58y S130 3.73 b
10 07—5 5™ S0l 0.2 A 30 MD896-K2  HEET  S896 244 b
11 07—6 NEA™ SOl 22 A 31 MD896-K3  HEET  S896 6.43 b
12 07—9 NEA" SOl 6.2 AX 32 MD896-KS  HEKHT  S896 222 b
13 DWG-2 FHEH"  S896 13 A 33 MD896-K6  JrEiHT  S896 0.32 b
14 DWG-3 #EH" S896 1.1 A 34 YCM2-K4  EEFT S130 3.88 b
15 DWG-3 [NEH™  S896 0.8 KL 35 YCM2-K5 ¥ S130 6.64 b
16 DWG-4 &K S896 1.7 AL 36 Y4 T S0l 53 c
17 DWG-4 NEE™  S896 1.7 AxX 0 37 Y10 T S0l 2.1 c
18 YT-3 #EH SOl 25 AL 38 Y12 TIETT S0l 3.1 c
19 YT-3 [NEAT SO1 23 AL 39 Y13 YA S0l 8.3 c
20 YT5 YA S0l 3.4 AL
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Table 3 Lead isotope composition of strata, porphyry, and the Chitudian lead-zinc deposit

®3 FLEEET ARESTE DA

EI L ZRLA R

WK B X% 0opp/ ¥y 27pbMPb 2 Pb/ M Pb u ) K PR
DWG-2 T 17.6575 155213 38.5252 865 3771 436
DWG-3 DT 17.6236 155195 38.4985 861 37.58 436
DWG-4 JiET 17.6451 155212 38.5214 8.64  37.69 436
07-11 i 17.3834 15.4908 38.3044 829  36.57 441 A
07-13 Ty 17.8247 15.5287 38.8906 8.88  39.60 446
07-28 Dy 17.9253 15.5387 39.0357 901 4035 448
07-35 Dy 17.905 15.5348 38.9543 898 3993 445
CM13010-K3 TERH” 17.953 15.47 38.884 9.05 3957 437
CM13010-K4 DT 17.882 15.466 38.787 895  39.07 436
CM13010-K6 JTE 17.87 15.467 38.77 894 3898 436
CM13010-K10 #5480~ 17911 15479 38.897 899  39.64 441
CMI13010-K11 BN 17.949 15.507 39.035 9.04 4035 446
YCM2-K3 Ji T 17.69 15.437 38.494 870  37.55 432
i YCM2-K4 HEERA 17.609 1545 38.461 859 3738 435 [16]
S YCM2-K5 e/ 17.685 15.49 38.665 8.69 3844 442
& YCM2-K7 TR 17.005 15.43 37.948 779 3473 4.46
MD896-K2 R 17.57 15.498 38.439 854 3727 437
MD896-K3 MOERT 17.636 1543 38.196 863 3601 418
MD896-K5 PR 17.586 15.469 38.388 8.56  37.00 432
MD896-K6 JiE 17.537 15.49 38.422 849  37.18 438
Y04 Ji T 17.488 15414 38.379 843 3696 438
Y10 Dy 17.567 15.502 38.485 853 3751 440
Y12 D 17.504 15.429 37.984 845 3492 413 [16]
Y13 e/ 17214 15.472 38.198 8.06  36.02 447
JIE 17.662 15.581 38.996 8.66  40.15 4.64
JiETT 17.356 15.541 38.449 825 37.32 452
JiH 17475 15.526 38.396 841 3705 440 [29]
Dy 17.699 15.587 38.713 871 3868 4.44
T 17.241 15.458 38213 8.10  36.10 446
200416 ES s 18215 15.648 3835 911 3544 3.89
200418 s 19.249 15.684 41.104 1044 4915 471
200421 B 17.998 15.56 38.979 883 3857 437
200438 B 18217 15.635 38.598 911  36.68 4.02 [16]
?ﬁ $139-3 “ 17.694 15.525 38.692 844  37.15 4.40
T 200439 e 18.868 15.685 38.303 995 3521 3.54
Y02 be 17.735 15.468 38.631 849  36.84 434
Y03 e 18.071 15.482 38.905 892 3821 428
Y21 ) 17.736 15478 38.463 849  36.01 424 [16]
Y22 = 17.742 15.467 38.493 850 36.16 425
20043b e 18.103 15.634 38.316 897 3527 3.93
S116-1 ESa 18.738 15.672 39.094 978  39.15 4.00 [16]
] B3 Ee s 17.937 15.498 38.84 875 37.88 433
’S B26 ES 18.296 15.508 39.272 921 4003 434
HE B27 e 18.086 15.501 38.667 894  37.02 414 [16]
B28 e 18.443 15.505 39.179 940 3957 421
B29 Esa 18.326 15.506 39.043 925 3889 420
ZK705 e 17.189 15.381 37.655 803 3322 414
. y-1 KA 17.499 15427 37.843 844  34.19 4.05 [15]
% DF-2 JIE 17.45 15.54 39.01 838 4022 4.80
8 N-013 RN 17.605 15421 37.71 858  33.50 3.90
i’% DF-2 T 17.45 15.54 39.01 838 4022 4.80
15 KA 17.806 15.569 38.508 885 37.63 425 [16]
-4 B 17.894 15.482 38.093 897 3548 3.96

TR T3 R Stacey&Kramers(1975) PP B B 2 SiEA HYBED RAE I B2 8 150 Ma,
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Fig.9 *Pb/*Pb versus *"Pb/**Pb of minerals and whole rock samples from the Chitidian ore deposit
A—Pb isotope composition of the wall rocks of Luanchuan and Guandaokou groups (dash line); B—Pb compositions of

porphyry or porphyry type ore in the Nannihu ore deposit (solid line)
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Geology, fluid inclusions and S, Pb isotopic geochemistry of the Chitudian Pb-
Zn deposit in Luanchuan, Henan Province

DUAN Shi—gang', XUE Chun—iji', FENG Qi—wei',
GAO Bing—yu', LIU Guo—yin’, YAN Chang—hai*, SONG Yao—wu’

(1. State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing 100083, China;
2. Henan Institute of Geological Survey, Zhengzhou 450007, Henan, China)

Abstract: Numerous Pb—Zn ore veins were recently found in Luanchuan area, southwestern Henan Province.
These veins host enormously huge resources of Pb and Zn. The Chitudian ore deposit is one of these newly—
discovered Pb—Zn deposits. Its Pb—Zn ore veins are controlled mainly by WNW —trending fractures. Apart from
Pb—Zn ore veins, skarn with Pb —Zn mineralization was also discovered recently in the ore deposit, but the
economic value is lower than that of the ore veins. Considering that weak Mo mineralization occurs in skarn
close to the intrusion in the ore deposit, the authors put forward a mineralization zoning: Mo mineralization in
skarn occurs close to the intrusion, Pb—Zn polymetallic mineralization in skarn occurs away from the intrusion,
and Pb—Zn mineralization in veins is controlled by fractures much more distant but is around the periphery of the
intrusion. Petrography, microthermometry and laser Raman spectrometry of primary fluid inclusions show
abundant content of CO; in the ore—forming fluid, immiscible separation of CO, and H,O, and homogenization
temperatures in a range of 290°C —340°C during lead —zinc mineralization. 8 *S of sulfides from the Chitudian
lead—zinc ore deposit vary between —0.32%0 and 8.30%o (averagely 4.01%o), and show a bimodal distribution with
one peak consistent with the peaks of porphyry Mo—W deposits (2%o to 4%o) and the other peak shifting the
heavy 0 *S values to the values close to S content of strata  (12.43%o to 18.63%0), which may indicate that the S
of lead—zinc ore veins have two main sources: a magmatic source and a stratatigraphic source. In addition, a pair
of paragenetic sphalerite and galena from an ore vein gives a high sulfur isotope equilibrium temperature of
388.29°C. The Pb isotopic compositions of the Chitudian lead—zinc ore deposit are scattered in a relatively small
range (**Pb/**Pb=17.005— 17.953,*"Pb/**Pb=15.414—15.587,*8Pb/**Pb=37.948—39.036), which accords mainly
with the zone defined by Yanshannian porphyry, suggesting that the metals might have been mainly derived from
Yanshannian porphyry intrusions, and partialy from the strata. In conclusion, it is reasonable to hold that the
Chitudian Pb —Zn deposit is genetically related to Yanshannian porphyry and the Pb —Zn ore veins are of
magmatic hydrothermal filling—metasomatic genesis.

Key words:fluid inclusion;S and Pb stable isotopes;lead and zinc deposit;magmatic hydrothermal filling —

metasomatic deposit; Chitudian ; Luanchuan
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