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Genesis of Narusongduo Pb-Zn deposit, Tibet: Constraint from in-situ LA-ICP-
MS analyses of minor and trace elements in sphalerite

GONG Xueling"?, YANG ZhuSen’, ZHUANG LiangLiang* and MA Wang*
(1 Chinese Academy of Geological Sciences, Beijing 100037, China; 2 SinoProbe Center, Chinese Academy of Geological Sciences
and China Geological Survey, Beijing 100037, China; 3 MNR Key Laboratory and Mineral Assessment, Institute of Mineral
Resources, Chinese Academy of Geological Sciences, Beijing 100037, China; 4 Institute of Geology, Chinese Academy of
Geological Sciences, Beijing 100037, China)

Abstract

The Narusongduo lead-zine deposit is the largest and most typical Pb-Zn deposit in the Pb-Zn-Ag-Mo metal-
logenic belt on the northern side of Gangdise belt. It has multiple mineralization styles. In this study, trace ele-
ments in sphalerite of the cryptoexplosion breccia type orebody were analyzed by LA-ICP-MS, and the result
shows that the Fe content of sphalerite is not high and hence sphalerite does not belong to Fe sphalerite. The
sphalerite is characterized by enrichment of Cd, Mn and Co and poor concentrations of In, Ga, Ge, Se and Te. The
In/Ga, In/Ge and Zn/Cd ratios indicate that the deposit is a kind of hydrothermal deposit formed in a middle-low
temperature environment. The values and discriminant diagram of the characteristic elements in the analyzed
sphalerite show that the formation of Narusongduo deposit was mainly controlled and influenced by magmatic hy-
drothermal activities and the ore-forming material dominantly came from the porphyry magma system.

Key words: geochemistry, sphalerite, trace elements composition, LA-ICP-MS, Pb-Zn deposit, Tibet
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Fig. 1 Tectonic framework of the Tibetan collisional orogenic belt ( a, after Ji et al., 2012) and geological map of the
eastern Narusongduo mining area ( b, after Yang, unpublished)
1—-Quaternary accumulation layer; 2—8th member of Palacocene Dianzhong Formation: andesite; 3—7th member of Palaecocene Dianzhong
Formation: tuffaceous glutenite; 4—6th member of Palacocene Dianzhong Formation: andesite and tuff; 5—>5th member of Palaecocene Dianzhong
Formation: tuffaceous glutenite; 6—4th member of Palacocene Dianzhong Formation: dacite and tuff; 7—3rd member of Palacocene Dianzhong
Formation: glutenite; 8—2nd member of Palacocene Dianzhong Formation: tuff; 9—1st member of Palacocene Dianzhong Formation:
glutenite; 10—Permian Angjie Formation: slate; 11—Granite porphyry; 12—Granodiorite; 13—Quartz diorite;
14—Diorite porphyrite; 15—Lead-zinc orebody; 16—Fracture
STD—South Tibetan Detachment System; MCT—Main Central Trust; MBT—Main Boundary Trust; JS—Jinsha River Suture;
BNS—Bangong Co-Nujiang Suture; I'Y S—Indus-Yarlung Suture
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Fig.2 Geological map of crytoexplosive breccia-type orebody(a), its cross section(b) and facies zonation(c) in the

Narusongduo deposit(modified after Liu et al., 2015)

1—Quaternary accumulation layer; 2—3rd member of Palacocene Dianzhong Formation glutenite; 3—2nd member of Palacocene

Dianzhong Formation tuff; 4—Lead-zinc orebody; 5—Drill hole and its serial number; 6—Adit; 7—Fault
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Fig. 3 Photos of field (a), hand specimen (b) and microphotopraphs (c~f) of some ore samples from the Narusongduo deposit

a. Breccia rock in caving zone of crytoexplosive breccia-type orebody in Narusongduo; b. Quartz-galena-sphalerite vein; ¢. An ore composed of
galena, sphalerite, pyrite and chalcopyrite; d. Sphalerite with ‘chalcopyrite disease”; e. An ore composed of galena and sphalerite;
f. Arsenopyrite replaced by sphalerite
Sp—Sphalerite; Ccp—Chalcopyrite; Apy—Arsenopyrite; Py—Pyrite; Gn—Galena
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Table 1 Electron microprobe analysis (EPMA) results for sphalerite from the Narusongduo Pb-Zn deposit, Tibet

w(B)/%
FE G
Fe S Ni Se As Ge Pb Bi Cu Zn Co Sb ER il
7k-9-14-11-1 4.40 33.79 0 0 0.05  0.03 0 0 0.01 61.75 0.05 0.01 100.09
7k-9-14-11-2 5.22 33.56 0 0.07 0 0 0 0.09 0 61.98 0.01 0 100.93
7k-9-14-11-3 5.02 33.04 0.02 0 0 0 0 0.05 0 61.77 0.02 0 99.92
7k-9-14-11-4 2.18 32.68 0.02 0 0 0.02 0.03 0 0.03 65.14 0 0.01 100.11
7k-9-14-11-5 0.66 33.38 0.02 0.01 0 0 0.04 0.03 0.02 67.05 0 0.02 101.23
7k-9-14-11-6 0.53 3230 0 0 0 0 0 0 0 65.72 0 0 98.55
7k-9-14-11-7 0.83 32.51 0.01 0.06 0 0.01 0 0 0.20 66.70 0 0 100.32
7k-9-14-11-8 0.58 32.42 0.01 0 0 0 0 0.02 0 65.74 0 0 98.77
7k-9-14-11-9 0.26 3245 0 0 0 0 0 0 0.01 66.61 0 0 99.33
7k-9-14-11-10 2.63 32.82 0 0.02 0 0 0 0.03 0 64.32 0.04 0 99.86
7k-9-14-11-11 7.55 33.34 0 0 0.04 0 0 0.03 0 59.91 0 0.01 100.88
7k-9-14-11-12 5.15 33.30 0.01 0 0 0 0.04 0 0 61.23 0.02 0.02 99.77
7k-9-14-11-13 3.77 32.69 0 0 0 0.01 0.02 0 0.01 62.52 0.01 0 99.03
7k-9-14-11-14 3.66 33.88 0.01 0 0 0 0.01 0.07 0.01 62.54 0.06 0 100.24
7k-9-14-11-15 4.79 33.25 0 0.03 0 0.02 0 0 0 62.73 0.02 0 100.84
7k-9-12-23-1 4.76 32.55 0 0.01 0 0 0 0 0 62.50 0.01 0 99.82
7k-9-12-23-2 4.69 32.52 0 0 0 0 0 0 0 61.20 0.02 0 98.43
7k-9-12-23-3 5.04 33.38 0 0.03 0 0.06 0.01 0.12 0 62.90 0.03 0 101.57
7k-9-12-23-4 4.93 33.54 0.01 0 0 0 0 0.02 0 62.54 0.02 0 101.06
7k-9-12-23-5 478 33.66 0 0.01 0 0.01 0.04 0 0 63.08 0.03 0 101.61
7k-9-14-10-1 0.89 33.32 0.01 0 0.01 0 0.04 0 0 65.80 0.05 0 100.112
7Kk-9-14-10-2 1.22 33.56 0.03 0.01 0 0 0.04 0.02 0 65.42 0.03 0.01 100.34
7k-9-14-10-3 0.95 32.81 0 0.01 0.06 0 0 0 0 65.15 0.03 0.01 99.02
7k-9-14-10-4 1.71 32.77 0.04 0 0 0 0.05 0 0 66.53 0.03 0 101.13
7k-9-14-10-5 1.09 32.64 0.01 0.06 002  0.06 0 0.01 0 66.18 0 0 100.07
7k-9-15-17-1 6.20 3243 0 0.01 0 0.07 0 0 0.37 59.41 0.02 0 98.51
7k-9-15-17-2 6.50 32.92 0 0 0.05 0 0 0 0.16 60.89 0.03 0 100.55
7k-9-15-17-3 6.75 33.49 0.02 0 0 0 0 0 0.01 59.12 0.04 0.02 99.45
7k-9-15-17-4 7.16 33.86 0 0 0 0.01 0.06 0 0.02 59.02 0.01 0 100.14
7k-9-15-17-5 7.68 33.13 0.01 0 0 0 0.05 0.07 0.05 59.64 0.05 0 100.68
7k-9-11-22-2-1 791 33.24 0.02 0 0 0.07 0.02 0.07 0 59.68 0.04 0.01 101.06
7k-9-11-22-2-2 7.92 33.06 0.02 0 0 0 0 0 0 59.89 0.06 0 100.95
7k-9-11-22-2-3 7.87 33.22 0.01 0.02 0.01 0 0.19 0 0 59.88 0.04 0 101.24
7k-9-11-22-2-4 8.05 33.84 0.01 0 0 0 0 0 0 60.04 0.05 0 101.99
7k-9-11-22-2-5 8.22 3321 0.01 0 0.02 0 0.03 0 0 59.66 0.02 0.02 101.19
7k-9-11-22-2-6 7.70 33.42 0.01 0 0.04  0.01 0 0 0 60.09 0.03 0 101.30
7k-9-11-22-2-7 7.85 33.36 0 0 0 0 0 0 0 59.45 0.04 0.03 100.73
7k-9-11-22-2-8 7.53 33.41 0.02 0 0 0 0.03 0.01 0 58.81 0.05 0.02 99.88
7k-9-11-22-2-9 7.66 32.90 0 0 0 0 0 0 0.02 60.44 0.05 0 101.07
7k-9-11-22-2-10 7.06 33.43 0 0.04 0.06  0.09 0.01 0 0.02 60.32 0.01 0 101.04
7k-9-13-29-1 4.05 33.59 0 0 0.04  0.01 0.03 0 0 63.63 0.04 0 101.39
7k-9-13-29-2 4.01 33.78 0 0 0 0 0 0 0 63.72 0.06 0 101.57
7k-9-13-29-4 3.08 33.45 0.01 0 0.03 0 0 0.03 0 64.53 0.04 0 101.17
7k-9-13-29-5 297 33.83 0.01 0 0 0 0.10 0 0 64.08 0.04 0 101.03
7k-9-13-26-1 0.91 33.01 0.02 0.03 0.05 0 0.07 0 0 67.11 0.09 0 101.29
7k-9-13-26-3 1.53 33.34 0.01 0 0 0.01 0 0 0 66.63 0.05 0 101.57
7k-9-13-26-4 1.03 32.74 0.01 0 0 0 0.14 0.04 0 66.43 0.05 0 100.44
7k-9-13-26-5 1.03 32.48 0 0 0 0 0 0 0.01 66.57 0.07 0.02 100.18
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Continued Table 1
w(B)/%
e TR

Fe S Ni Se As Ge Pb Bi Cu Zn Co Sb pavi]

7k-9-11-22-1-1 4.62 32.79 0 0 0 0.01 0 0 0 62.71 0.04 0 100.17
7k-9-11-22-1-2 5.81 32.88 0.02 0.02 0 0 0 0 0 61.37 0.05 0.01 100.16
7k-9-11-22-1-3 3.28 32.92 0 0.06 0 0 0 0.02 0 63.78 0.01 0 100.07
7k-9-11-22-1-4 3.93 32.94 0 0.01 0.02 0.0l 0.06 0 0.03 64.62 0.04 0 101.66
7k-9-11-22-1-5 2.83 33.46 0 0 0 0.02 0 0.08 0 66.07 0.03 0 102.49
7k-9-1'-10-2 5.16 34.11 0.01 0 0 0 0 0 0 62.65 0.04 0 101.97
7k-9-1-10-4 4.98 32.42 0 0 0 0 0 0 0 60.64 0.04 0 98.08
7k-9-1'-10-5 6.12 33.15 0 0.04 0.06 0 0.06 0 0 59.97 0.02 0 99.42
7k-9-12-24-1 2.63 33.19 0.01 0.01 0.01 0 0 0 0 65.36 0.02 0 101.23
7k-9-12-24-2 2.75 33.50 0.02 0.01 0 0 0 0 0.03 65.40 0.02 0.01 101.74
7k-9-12-24-3 2.90 33.48 0 0 0 0.01 0.02 0 0 65.33 0.03 0 101.77
7k-9-12-24-4 2.73 33.21 0 0 0 0 0 0 0.02 65.26 0.02 0 101.24
7k-9-12-24-5 2.53 33.35 0 0.02 0 0 0 0 0 64.32 0.01 0.01 100.24
7k-9-12-24-6 2.45 3221 0 0.02 0 0.01 0 0.01 0.04 64.78 0 0 99.52
7k-9-12-24-7 2.75 33.25 0 0.03 0.01 0.0l 0 0.06 0.06 65.75 0.02 0 101.94
7k-9-12-24-8 2.59 33.28 0 0 0 0.03 0.11 0 0 64.77 0.02 0 100.80
7k-9-12-24-9 2.70 33.69 0 0.01 0 0.05 0 0 0 65.32 0.03 0 101.80
7k-9-12-24-10 2.60 33.55 0 0.02 0 0 0 0 0 65.33 0.01 0 101.51

T 0~3x1076 2 [f] , 7 LA-ICP-MS ][] 43 3% 22 )
11 ], Cu A Pb T 252 B0 A5 A i 25 A P A A iy
2 (E5);

(3) & 4 Mn . Co, H —# & wAHXHE , w(Mn)
AL FEITE 4.64%107°~15131.48x 1070 2 6], 241 Ny
2481.93%10°°(n=66) . 1w(Co)ZE 4k 7 I 7F 0.28x 106~
370.27x 107 Z [A] ,*F-J{E K 149:55%107°(n=66)

(4)In.Sn Fl Ga & i BAK , Hor w(In) & A1, 25 4k
JEFITE 0.11x107°~3.55x 10 Z a] , H K ZHBUNF 1x
1076, w(Sn) Al w(Ga) 43 K 13.20%1076~35.58x 1076 Fll
0.07x107°~16.62x10°°, Ik, Ni.Ge.As. Sr %
TCEF WAL, 2L TR R .

4 T i

41 B IRERES

DNAEER rp s o0 26 IR BUTRLE LA RRIE I
B, 5 2% B e L 2% 1 B B BE 0 5 4 Fe .Min
In.Se fll Te 50 &K , I HHA B &1 In /Ga HLIH, 1M
IRIR S5 NI BN A X & 4 Cd . Ga . Ge 45T
£, I HEA K In/Ge HAE (RIHEMR 5, 1984; 3 17

5, 1994; 55072 %, 1996), 1fi] Fe F1 Mn Xf T 5™ #) &
PR R ELA Tl R AR s VR e A v A A
TE R N BERT (X 42 55, 19845 45 55, 2012) o 4
B BT, A 5 K P w(Fe) N 0.26%~8.22%, V-1 K
4.11%(n=66) , /N T 10% , A& T = ik N e, Jf
DLE 4 Mn(4.64%107°~15131.48%x1076, -] 2481.93x
10) , M %% In(0.11x107~3.55x107°) .Ga(0.07x 107~
16.62x107) .Ge(0.20x10°°~1.11x10°¢, H Z3{K T
HFR) | Se(fIk T HBR )  Te (fIk T4 R ) A 4FAE
YUNFAZ B R 2 BUE AR Fe \Min 7 AR AIE I 2
T - IR PR IR (A0 2 A LI AZ AR SRS 7
HYRER TR H N AR 59 w(Fe) N 2%~10% , w(Mn)
7 1273%x1076~5115%10°, Ye et al., 2011 ) F1 v I H47k
WK (= m Il ¥ 2 T B B IR INBE B w(Fe)
12.1%~15.4%, w(Mn) } 2626 x 1070~4111 x 1076, I 5§
,2012) o ZIFE AW RN In/Ga HLEA T
0.01~12.22 Z [i] , In/Ge B 7 0.19~5.96, LU AH 4 4%
1%, B AR = TR AR PR (A i g 28 8 0 FL )
SLIA T X TN AERT In/Ga U AE Dl 149.8~792.7,
In/Ge FU{H } 2091~16923 , £ £ 72 45, 1996 ) Al i
PR IR (W= R T 880 IR INBED In/Ga
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Fig. 4 Histogram of trace elements for sphalerite of the Narusongduo Pb-Zn deposit

FE {4 0.88~99.65, In/Ge U {H A 11~1689 , M 7§ 55,
2012) , 5 7R 99 QAR 22 B B T R B B T B AR L
7S

NEER P i 0 R Zn 58 0K Cd 1Y HefE
X I s LA 7 S (X 4R, 1984) , AP
i Zn/Cd LA > 500, Hhi Zn/Cd HLIE 240 250, fi%
i Zn/Cd Ll <100, 2805, g anws 2 Bt /A ik
UG v RBET Zn/Cd HAE A T 118.82~252.12 2

8], SEH4{H R 181.67 (n=66) , I 75 HIE LR A Ik
o 5 (2010) WP UIIAZ 1 S0 XH 1 A etk
A AR I I 5% R A5 24— TR 188~372°C , ¥ {H
287°C ; ZE 5 0 3L BRI R A U A P i A 2
AT 28, 30 A5 1) — YL BE Sl 138~441°C , #41{H Ky 285°C,
X5 INERT Zn/Cd ARG B A 45 R — 35, F5/n gl
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Table 2 Trace element analysis (LA-ICP-MS) results for sphalerite from the Narusongduo Pb-Zn deposit, Tibet

w(B)/10°¢
EETRE
P Ti Mn Co Ni Cu Ga Ge As Sr Ag Cd In Sn Sb Pb
7k-9-14-11-1 56.43 281 607.07 47.34 - 1.56 0.08 - - - 0.25 1917.90 0.62 17.26 - 0.36
7k-9-14-11-2 73.64 283 495850 4.68 - 11.69 6.67 - - 0.01 1.14 237991 025 19.86 0.08 0.75
zk-9-14-11-3 108.42 1.76  3148.29 0.28 0.65 28.17 2.14 1.11 1.12  0.01 094  2569.93 048 1942 353 1.64
zk-9-14-11-4 57.01  3.97 571.49 128.45 - 4.90 0.34 - - 0.02 0.70 227323 136 16.06 1.25 1.46
zk-9-14-11-5 99.70 235 4.64 14.86 - 2.53 - - - 0.03 0.07  2848.49 0.54 16.62 0.1 0.92
7k-9-14-11-6 69.97 2.84 12.39 3.63 - 2.71 0.47 - - - 020 263590 0.34 1478 122 0.70
zk-9-14-11-7 80.32 275 11.86 3.36 - 6.47 3.77 - 0.52 - 0.66 236445 0.62 1553 1.57 1.46
zk-9-14-11-8 76.57  2.10 72.64 1.98 - 165.83 2.98 - - - 2.55  2368.03 0.68 14.87 4.70 8.61
zk-9-14-11-9 70.67  3.62 33.17 1.96 - 10.31 2.81 - 0.58 - 227  2470.82 1.58 1515 2.86 2.20
zk-9-14-11-10 67.10  3.10 93.95 6.21 - 46.98 0.28 - - - 0.51 2637.48 3.55 15.55 1.50 1.19
zk-9-14-11-11 76.25 329  2429.17 15756 - 4.30 1.34  0.63 - - 0.86  2362.14 0.57 16.58 - 0.65
zk-9-14-11-12 7496 245  3775.02 6539 049 123.57 385 072 - - 0.93 2384.69 0.12 15.81 - 0.53
zk-9-14-11-13 69.67 1.58  3466.03 59.72 - 715.36 6.03 - - - 3.54 243516 043 24.69 049 3.03
zk-9-14-11-14 7339 258 857.46 159.28 - 30.76 434 043 - 0.04 1.00 © 2229.89 096 3558 145 3.11
zk-9-14-11-15 67.64 212 560.92 149.15 - 2.76 1.09 - - - 0.13  2749.16 041 14.61 - 1.56
7k-9-12-23-1 63.11 3.68 300299 206.58 1.92 1.34 0.07 - - - 3.41 2785.55 0.46 16.46 - 2.16
7k-9-12-23-2 60.82  3.68 3076.78 173.61 197 1.14 - - 0.41 - 216 2827.51 0.17 15.50 - 0.32
zk-9-12-23-3 63.41  2.09 213036 16650 1.64 2.88 - 0.43 - - 6.99 264289 0.11 16.49 - 7.60
zk-9-12-23-4 68.72 235  2163.06 153.08 1.68 2.64 0.17 - - - 4.70 268845 0.56 17.30 - 0.73
7k-9-12-23-5 69.11  2.09 215828 157.16 1.48 30.64 0.20 - - - 8.23 2666.48 0.50 16.41 - 3.46
7k-9-14-10-1 67.58 275 771.30 333.85 522 1.76 0.64 - - - 0.06  2183.86 0.32 15.77 - 0.54
7k-9-14-10-2 61.00  2.46 895.16 315.15  6.23 1.55 0.31 - - 0.02 0.10 224992 0.53 15.48 - 0.68
zk-9-14-10-3 61.72 228 939.04 311.16  7.87 9.19 2.15 - - - 0.67  2298.03 0.30 15.15 - 1.42
zk-9-14-10-4 6293 246 108497 309.49 8.04 6.73 2.66 - 0.38 - 0.08 242921 025 14.73 - 0.80
7k-9-14-10-5 64.55  2.72 726.57 33824 517 113 0.16 - - - - 216224 0.16 15.34 - 1.05
7k-9-15-17-1 8643 215 460634  97.34 - 61.06 035  0.88 - 0.05 8.73 2487.13  0.72 14.11 - 0.88
zk-9-15-17-2 86.09 332  5752.80  120.00 - 713046 349 074 1.04 7.79 30.58 244856 0.69 17.12 1.06 25.74
zk-9-15-17-3 72.17  3.81 5179.40  104.37 - 347143 195 046 - 0.02  37.06 239479 0.57 1527 0.16 11.79
zk-9-15-17-4 79.50  2.69  4361.20 151.01 - 71.41 0.11 068 0.60 0.35 3.73 244479  0.24 16.67 0.66 121.10
zk-9-15-17-5 46.14 3,55  5087.20. 135.37 0.57 1217.11  0.21 1.07 - 0.01 6.62  2509.06 045 1428 0.11 19.00
zk-9-11-22-2-1 78.81 376 2708.48 19326 1.65 5.95 0.84  0.64 - - 7.65 272948 0.77 22.50 - 3.52
zk-9-11-22-2-2  79.52  2.19 , 259597  186.50 - 1.78 - - - 0.05 1047 276522 1.14 21.00 - 14.88
zk-9-11-22-2-3 8036 2.75 2659.51 19319 1.62 434 027 073 030 - 11.99  2843.59 1.59 20.18 - 20.82
zk-9-11-22-2-4  64.71 1.43  2587.23  197.84 446 19.16 024 0.69 0.50 - 885 277156 129 2210 0.25 8.99
zk-9-11-22-2-5  73.66 298  2596.29 19421 2.62 7.34 0.12 - 0.46 - 6.40 274720 0.76 20.37 - 1.03
zk-9-11-22-2-6  68.19 243 2798.80 203.13 2.87 9.92 029 050 - 0.02 9.67  2779.10 0.74 20.74 0.20 16.62
zk-9-11-22-2-7  57.80 246 274513  201.53  2.30 4535 027 0.65 057 002 1672 277329 0.66 1890 1.69 4.12
zk-9-11-22-2-8 8333  2.17 263598 19530 2.58 3.95 030 0.81 045 - 7.65  2690.55 136 19.09 - 1.02
zk-9-11-22-2-9  71.65  3.01 274453  203.68 2.35 6.23 0.19 1.10 - - 9.60  2816.80 1.34 19.80 - 1.30
zk-9-11-22-2-10  66.91 272 265398 20333 146 26.58 0.10 - - - 11.11 272041 0.62 19.99 - 4.00
zk-9-13-29-1 70.31 345 214691 25418 3.85 221.53 0.10 055 053  0.08 0.78 191597 090 17.40 0.94 4.40
zk-9-13-29-2 88.71  3.43 224451 26823 4.19 3.78 0.17 - - - 0.14 1928.13 139 17.34 - 0.09
zk-9-13-29-4 7195  3.56 210620 14570 2.43 4.97 0.51 - - - 0.21 214548 0.99 15.79 - 0.11
7k-9-13-29-5 8290 274 193757 16445 3.16 2382141 0.11 0.56 - - 2.62 222858 1.15 17.12 - 9.26
7k-9-13-26-1 5538 323 660.42 370.27 11.03 1.45 0.13 - - - 0.09  2301.83 0.94 16.44 - 0.91
zk-9-13-26-3 65.59  2.77 610.13 36240 11.48 1.04 0.08 - - - 0.13 2299.81 0.72 16.46 - 1.23
zk-9-13-26-4 69.55  2.84 646.31 357.97 10.63 21.40 2.02 - - - 0.67 226450 091 1593 - 1.83
zk-9-13-26-5 77.69  1.12 674.46 359.36  11.43 39.30 3.04 020 - - 0.68  2340.83 1.27 16.21 - 8.41
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Continued Table 2
. w(B)/1070
eSS :
P Ti Mn Co Ni Cu Ga Ge As Sr Ag Cd In Sn Sb Pb
k9-11-22-1-1  72.04 2.80 4414.64 109.02 - 762 256 041 ; - 251 379779 012 1944 - 0.29
k-9-11-22-1-2  89.18  3.33 425244 10479 - 1773 184 - ; - 418 364121 017 1831 - 0.50
k-9-11-22-1-3 6549 321  4666.61 11647 - 1143 224 051 ; - 038 3817.18 0.4 2590 - 0.67
k-9-11-22-1-4  66.54 223 473741 11652 - 1052 184 - ; - 234 396611 018 2059 009 259
k-9-11-22-1-5  59.49 273 475730 11492 - 99.02 220 - 100 - 1835 394245 026 22.87 255  26.53
2k-9-1'-10-2 - 2531 1513148 15630 - 52227 6.1 ; - 1253 79.06 273374 341 2239 1750 65026.20
7zk-9-1'-10-4 62.16 45.21 2725.35 182.36 - 26.68 1.27 - 091 0.40 95.81 2838.17 1.64 16.05 5.26 414.50
7zk-9-1'-10-5 83.59 7.55 2312.52 166.25 - 32243 1.59 0.50 0.44 0.44 113.93 2736.76 1.70 16.17 10.85 6637.19
7k-9-12-24-1 59.04 1.87 1870.70 70.88 - 345.86 13.84 - 0.65 - 3.95 326527 0.20 14.44 1.67 21.01
7k-9-12-24-2 57.74 3.86 1881.21 69.68 - 27.80 14.43 - - - 1.07 3255.81 0.22 1440 0.14 4.93
7k-9-12-24-3 77.49 1.60 1935.36 66.44 - 59.50 12.94 - - - 1.54 345528 0.25 14.70 0.24 3.26
7k-9-12-24-4 72.54 3.08 2021.05 66.45 - 15.50 12.38 - - - 0.51 3431.73 025 14.17 0.12 1.38
7zk-9-12-24-5 77.49 3.21 1573.77 64.41 - 22.15 14.61 - - - 2.36 3191.66 0.14 1454 0.05 2.39
7k-9-12-24-6 79.22 2.12 1892.77 70.82 - 241.59 14.40 - - - 3.62 331891 0.26 13.20 1.67 23.43
7zk-9-12-24-7 54.27 2.32 2038.19 63.01 - 13.69 14.06 - 0.35 - 0.17 3573.73  0.17 1491 - 0.42
7zk-9-12-24-8 88.05 2.49 2122.29 60.82 - 13.94 13.89 0.75 - - 0.28 3623.60 0.21 14.55 - 1.97
7zk-9-12-24-9 57.72 3.01 2506.71 66.19 - 17.05 14.98 - 0.25 0.01 0.18 367431 0.18 13.91 - 1.88
7zk-9-12-24-10 73.76 3.25 2677.04 73.74 - 17.04 16.62 - 0.12 - 0.13 3784.60 0.21 14.53 0.07 1.68
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Representative time-resolved depth profiles for sphalerite analysed by LA-ICP-MS of the Narusongduo Pb-Zn deposit
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2033.70x 1076~4244.08x 1076, & 7 5 1Y Cd /¢ 3 T
TLA K B BT K 1Y 4§ 1E (Zhang, 1987) . Zhang
(1987) # 4k 60 A~ [R AU HT BB PR P TN B
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Fig. 6 Discriminant diagram of Fe-Cd-Mn formation in
sphalerite of the Narusongduo Pb-Zn deposit
(base map after Zhang, 1987)
I —Magmatic-hydrothermal deposit; ll—Sedimentary modified deposit
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