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Abstract: The recently discovered Bangbule deposit is located in the western part of the Gangdise—
Nyaingentangula Pb-Zn-Ag polymetallic metallogenic belt, Tibet. The chemical composition of sphalerite, one of
the primary ore minerals in this deposit, is of great significance because it reveals the physicochemical conditions
of mineralization and evolution of ore-forming fluids. This study investigated different generations of sphalerite
from the proximal and distal skarns of the Bangbule deposit using microscopic observation and electron probe
microanalysis. Two generations of sphalerite (Sph-1 and Sph-I1) were identified by their mineral associations,
microscopic characteristics, and geochemical features. Sph-1 was mostly found in the proximal skarn, which is
dark red and coexists with chalcopyrite, replacing magnetite and pyrrhotite. The Fe contents of the first
generation are high (Fe content of some sphalerite is greater than 10 %), whereas the Zn/Fe value is typically less
than 10. Sph-11 can be subdivided into two types: Sph-lla and Sph-Ilb. Sph-lla is brownish-yellow and is found in
both proximal and distal skarns. This generation sphalerite is usually filled in the gap of skarn mineral grains (e g.,
pyroxene and garnet) and their fractures, and the Fe contents are obviously lower than that of the Sph-1. Sph-I1b is
mainly developed in the distal skarn, which is light-yellow and co-exist with galena and quartz, and Fe contents
are distinctly lower than those of the Sph-lI and Sph-lla. The estimation of Fe-in-Sphalerite thermometers
demonstrate that the mineralization temperatures from the Sph-I (160-314 <C) to the Sph-1l (138-157 °C) are
comparable with the results of sphalerite Zn/Fe ratios. Based on the above features, it is suggested that the early
ore-forming fluids in the Bangbule deposit are of high temperature and rich in Fe, Mn, Cu, etc. As the
temperature of ore-forming fluid decreases gradually, the content of Fe and Mn in the fluids decreases
significantly. Spatially, the temperature and oxygen fugacity of the ore-forming fluid gradually decreased during
the migration from the northwest to the southeast of the deposit, indicating that there is potential to find distal
Manto-type ore-bodies in the southeast direction of the deposit.

Key words: sphalerite; electron probes; chemical composition; evolution of ore-forming fluid; Bangbule Pb-Zn
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Fig. 1 Tectonic framework of the Qinghai-Tibet Plateau (a) and distribution of ore deposits in the
Gangdise-Nyaingentanglha polymetallic metallogenic belt(b, modified from Zhu et al., 2011;
Hou et al., 2015; Gao et al., 2021)
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Fig. 2 Geological map of the Bangbule Pb-Zn deposit (modified from TANG et al., 2022)
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Fig. 3 Geological cross section of No. 35 (a) and No. 18 (b) in the Bangbule Pb-Zn deposit (see Fig. 2 for section location)
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FETEVEE A, A A N - (B
) -9 (E 4h-i, & 5d), %5 28N (11 b)h
Zn S EALTEE A 63.78%~65.44%, -1 4 A
64.33%(n=13); S & &~ 32.97%~33.43%, 1y
33.26%(n=13); Fe & & & 1.09%~1.88%, 3%
1.46%(n=13); Mn % & & 0.07%~0.20%, -
0.13%(n=13); Cd & &= & 0.34%~0.39%, ¥
0.37%(n=13); In & & & 0~0.01%, - ¥ N
0.001%(n=13); Pb &N 0~0.11%, V¥ & &N
0.02%. £ Il AN BER T 25— 28 N BEw ([T @) S
TRNEET (M b)fEZ (. IRk L BRI/ Py At
AW EA XN, AAeE o ok W 2
5o O M HHACINERD A1 L F565 1 HACINEED Fe.

5 Wik
5.1 Fe. Mn, Cd TZRERE

KRG EME TR EEENAEEXZ —,
(30N R I i I A = 2254 Y TN T N
PR Ry . BOALAR(CIm, HS™. S%). B iiE . IR
J1 KA BT pH 4 R ER 9L A5 e (X PR e, 1992;
HE SO PRZAR, 2003), A5 A T R INEED TR bR T
FHEWS> Zn. S Hh, Fe. Cd. Mn JCE S RAMHXT B4,
KEWFFEERY] Fe 7 MREGREE KN FHE T
#r, T Fe* . Cd* . Zn® B MU B A E . H fubk
LB PR S sk 2 S E N R 5, 1984; X8k
B4, 2010a) (% 2), BRI o] DA B AR EF 7 28 0 [A] 4 46t .

Mn & LR, Zn & EE . Bt =z Ah, il REORE R w2 R [ g 1Y 55 Ak

a—24f5 | HEACIE L0 (- L0AR (0 IR B S R Y R)™ Hh TREBR 5 b— B fi DL R &8 1| AR I B AR L (B (B S1HOL);
5 | AR B SRR LA, FLINAES LR . AR BT H g (S 5 6);

d—55 1A (Ha) b B O B 5 07 B S R YR ™ A v e—5 1L IR () INEET FEA I T A 2B R T, IRGEE T L2 -
W A GEHHOE); 5 na) it E . Jr 8 7EE A 2B R B (RLAHE); g—58 1A (Nb) R B G I B 5 07 ™ 5 TR
7 h—3E 1 HEAC(D) N ARG T S B G GEAE); i—238 1 HEAC(Nb) N B 5 07 807 I 1L 454 (BUHOL);
Sph—INEE"; Gn—J7 5™ Cop—H A" Mag—HESkA™; Px—HEAT; Gri—A A8 41, Qz— A3,
a—disseminated Sph-I that coexists with magnetite is dark red-reddish brown; b—Sph-1 is dark red (transmitted light); c—Sph-1 and magnetite
coexist, and the exsolution of emulsion droplet like chalcopyrite in sphalerite (reflected light); d—disseminated Sph-1la fills in the fissure in
pyroxene (polished section); e—dark yellow Sph-1la fills in the fissure of garnet (transmitted light); f=Sph-Ila fills in the fissure of pyroxene
(reflected light); g—light yellow Sph-11b and galena (polished section); h—Sph-I1b is dark-yellow (transmitted light); i—Sph-11b interaction
with galena along the tangent (reflected light); Sph—sphalerite; Gn—galena; Ccp—chalcopyrite; Mag—magnetite;
Px—pyroxene; Grt—Garnet; Qz—quartz.

4 FEREIRTET K AR AT = HHHE

Fig. 4 Characteristics of Sphalerite in different generations in the Bangbule Pb-Zn deposit
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— A EEER, BRI T 2R G AR AR
AP HA S KA (KR E 55, 2016; 143 K5,
2019) . HAT G IRINEED H Fe 5 Zn e R B B
A5 R (R OE R B Ree.20°=0.97)( 6a), %
B Fe ELIRRFZ B EH Zn JtHE . Mn 5 Zn
FIZEPE TG R (] 6b), TRIAERI] Mn t 52
PIZE R [RS8 20 B Zn dE A NAED 01 i

Cd TEINER N 1Y & AR 52 WL PR 5% R 3R 1Y 5% T
WO, R R AN Cd oK EEL
FE RIS T 4 Zn T (SF7K L, 1965), JEAE
K, FEN Cd IR PRAPREM T PEA sy, 2
H Cd EELIERFEGMIE X E ik Fe A Zn(X
Bk P4, 2010a, b), 1 HAEAFRE M4, Cd TR
ATRAXS Zn, Fe iFAT 3B B 4 (R4, 2020), =
AT Fe KB Zn, HFEE N T B B
BHTREAR, POYRECALAY Fe? 7E MY I A i #7 T 4h AS
Fas, 1 Fe* i) Fe® i Rs, Mk B DN EER A o [F)

i, CA® iy el b L S BE L H B S o BT Fe®, M
117 B 4 Fe® Ik A NS Sl A% (X1 4% BE 45, 2010a, #F
F4E, 2020), HEATEIHIRINEED H Cd 8 |
AR AR BREAR, RIS T AN B
Cd EE LIRS Zn o R £ 765 T HEACINEE
W (11 b), FOIB SR AEXT AR (B 7), Cd JTTHR F
LIRS B e Fe 1 E A1) &A% (K] 6c, d)o
52 XiR@EKBETR

ARV NED H Fe. Zn, Cd. In, Ga,
Ge iR IR & 5B | E AL I S5 F SR AR B
414 X (Cook et al., 2009; Frenzel et al., 2016; Bauer
et al., 2019; Zhang et al., 2022), [Ht, [NEEH
Fe 1) & K Zn/Fe 1 Zn/Cd H(E 7] FH SR 48 /R 5™ )9
B AR (P e, 1975; XIBEAR S, 1984; ABifE
45, 1987; XI4kPi%E, 2010a, by, #5 A EhAT R K
INAER T Fe &N 0.95%~14.30%, F#H N
3.26%(n=36), 5 1 HACNET H Fe (Y

a5 VAR SRR T TREERD b, IRl IFLIRAR . ASELIDIR AR s b—3 | AR BR ™ S e S A7
57 ILHEAR(Na) N B 5 5 v SEAF; d—25 11 HEAR(ND) N A 5 0 A, W] DLIN R 5 S0 S 450 . Po—REFEERA
a-Sph-1 is developed in magnetite in the form of the harbor and milky drop and irregular chalcopyrite exsolution can be seen
in sphalerite; b—Sph-I coexists with pyrrhotite; c-Sph-Ila and galena coexist closely; d-Sph-I1b and galena are symbiotic,
and they have a common border structure. Po—pyrrhotite.

5 AT AFEHA NS B S B F(BSE)El %
Fig. 5 Backscattered electron (BSE) images of different generations of sphalerite in the Bangbule Pb-Zn deposit

£2 zZn®\ Fe?, CA'HIEEMIRILFSH(NTEBES, 1984; X ES, 2010a)
Table 2 The main geochemical parameters of Zn®*, Fe?" and Cd®" (LIU et al., 1984; LIU et al., 2010a)

JLH LA LB JETF A nm B TF42/m HfpiRmm BV BT SRR U
zn** 4 16 1.333 1.25 9.391 2.700 -857.9
Fe** 4 17 1.241 117 7.870 2.700 -837.4
co** 4 17 1.490 1.481 8.991 8.991 -827.2
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[@] Blkftner )
the first generation sphalerite

ST AR A 2 5 (11a)
the second generation sp

SETLIHAC A £ 5 (11b)

halerite(Ila) E the second generation sphalerite(IIb)

Bl 6 #HAEMBET KFRNEH Fe-Zn(a), Mn-Zn(b). Cd-Zn(c)% Cd-Fe(d) X R E
Fig. 6 Diagrams showing relationships of the Fe-Zn(a), Mn-Zn(b), Cd-Zn(c) and Cd-Fe(d) sphalerites
from the Bangbule Pb-Zn deposit

T 10.5%, R XAETE TR INFET,
Fe R B R B AT RE R T 300 °C (X &R 45, 1984) A
W Fe M EAFHAS THACRIEE T HRIN s
Wi FeS & 1291 9.88%~22.52% . 1.71%~3.73%,
X IO B BT LB K ECh 160~314 °C . 138~157 C
(B 7), 48555 T HACENSE T HEAQIN BER BRI B
BTG [FIEE, B A SRR R A 1 AN B
W 2800 5 Zn/Fe {E/NF 10, BT T AN EE
W B I R A e i A I AR B T I A
Zn/Fe HAEIIE7E 10~100 P, FeBIH R0 IR 1E
150~250 CZ[H) (5 3).

FIT N T R 178 3t 4% 6 28 A 0 90k 245 SR S 7 5 A1
W IR A e-TAL Y B IR A 180~380 °C. (3K AR,
2012)F1 189~290 C(HI¥KFF, 2018), ASIRINEEH I
FETHAG S R ST NG R AR — 5, RUAMEA LR
AIREMER S, ELAR R B A T RN T
- fr il PR

Z3 (8] b, FEAT A BT R b 0 DN B A 2R )
WA 225, 0 KA R IE b R4 (35 5
TR NED T Fe WP &80 4.08%, #BINEE
W18 1853 7T 38 & Bk N R i B (Fe > 10%), Zn AY-F-
Y&l 61.61%; B IX g AR X s iy <4 (18 =
RN Fe B934 8 1.53%, Zn °F
8Bk 64.35%, BT RUT PR [ I Y ) g 4R
JmiEE, BB TR R AL, AR
RAET IR 5B, R BT AR 7R

#z3 INEH Zn/Fe LLESRF BEXR
Table 3 Relationship between Zn/Fe ratios of sphalerite
and ore-forming temperature

Zn/Fe AR C BER IR
<10 250~300
i
150~250 s
10~100 e AL (1987)
I
<150
>100 itk

B 7 #HOMBET KANEN P FSEE5REXR
(B AHRE, 1975)
Fig. 7 Relationship between FeS content and temperature
in sphalerite of the Bangbule Pb-Zn deposit
(after LU, 1975)
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120 7 AR R
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El SR N0 . SEILHEAR N 867 (11a)
the first generation sphalerite

SEITHEAR A B 6™ (11b)

the second generation sphalerite(Ila) E] the second generation sphalerite(IIb)

a—INEET" Zn/Cd-Cd & fiff; b— AR [RIZE BN £EW Cd-Fe-Mn ff1 € (I 4% Zhang, 1987);
c— A RIZEEH FRINAED FeS-MnS-CdS = i & (iE B4 Shen et al., 2020),

a—Zn/Cd-Cd diagram for sphalerites; b—-Cd-Fe-Mn triangular diagram of different types for sphalerite (after Zhang, 1987);
c—FeS-MnS-CdS triangular diagram of different types for sphalerite (after Shen et al., 2020).

8 EMENTRIEN RINSET RE 7 ERE

Fig. 8 Genetic discrimination diagram of sphalerite in the Bangbule Pb-Zn deposit

1% 2 A BTS2 v iy sk ks TRl AR T
UE H R T AN B T 45 a2 Manto AL
& (Meinert et al., 2005), Rl it &5 & iR bE ALz 7
T, A SCINH A 8 KR AR ) B4R
Manto % i b AL AR H T -

AN, TRl B R 2 AL A A BT R B R AN [
AR BT RN B AL 2% 55, SU0E F2 000 d A% B
WOLE M & B RE1 2% 5 (Cook et al., 2009; Ye
et al., 2011; Lockington et al., 2014; Frenzel et al.,
2016; TREMAE, 2017; XIFEESE, 2021; EAET4F,
2021; Xing et al., 2022) il 4n: LT AL PR A
BEW™ ZniCd 8N 417~531, YIRS FRE™ R F0 LT R
AT ER T RN BT Zn/Cd N 252~330,
VMS B PR INEES Zn/Cd {58 290~417, K IR
WK A S AW K N B ZniCd i I
104~214(Jonasson and Sangster, 1978), 5 fji B 4¢
B RINFED Zn/Cd HLEVE Y 112~216, {7 THUK
WIRICTH N (18] 8a), HE4%IT o IR IR I HRALE
BRI A RIS BV R b [N BT 1 R AR 2
T Cd-Fe-Mn. FeS-MnS-CdS [AEEH™ il K25 4 3] 5]
&% (Zhang, 1987; Shen et al., 2020), #5 1w Ik 2
AR B A TR Fe Imc 0y 4 3K PR AL
PRI (] 8b, c)o PRIIN AR 4) 32 5 JC R FFAE
AT LA Sy 40 0355 A 1l DR 6 B ) A 2T B, =z xef
U EE 1 S e, R B DA B X6 T A T R Y
A AP HA —E 388 B L

6 4w

A Tk o AT B R AR N BT A A 1
T, GE 0T R AR H LUF 4518

() AT BT BE A R R I B RT3 23 2 A AR,
WA T HEACEN AR, DA BE ™ 06 I 20 6 - A 4L
B IR E A, 5 T RN E T A S RN

BEWT- 5 BV - TR £ B AT, 5 1T AR R AT
HE—25 5 W SR —2RNEE ()i & N
BER -7 -CRAAT)-17 R0, 5B RN
(L b)Y R N -7 B - (B AR ) - B

()T AR A EET IR INEED H Fe, Mn 2RI
FERZ I B Zn JCEK; 1 Cd JTEAN [ AL
T T AHAR 3 DA e (T @) b = 2 DA 2S5 [R) 42 1)
WX B Zn oK, 765 TR N B (1T b)H
F LIRS B Fe 1 UEAT W)kt

(3)INEFW Fe FeS 1 & Zn/Fe HLIE I EM, M
AR B AV [ g AR s B i B IR B IR AR, R
S A7 8™ R R 2R 7 o] B 34k Manto 7455 S 6 B
NER I
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