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Abstract

The Xin’ gaguo deposit is a typical skarn-type lead-zinc deposit along the skarn polymetallic metallogenic
belt in the north of the Gangdise metallogenic belt in Tibet. The skarn orebody has a bedded or bedded-like struc-
ture and was formed in the Takna Formation of Lower Cretaceous. The results of the electron microprobe analysis
show that the skarn is a typical calcareous skarn mainly consisting of grossularite, hedenbergite and epidote as
well as a small amount of wollastonite and pycnochlorite. The metal minerals mainly consist of sphalerite, galena,
pyrrhotite, chalcopyrite and pyrite as well as a small amount of marcasite, arsenopyrite, native bismuth, cosalite,
and gersdorffite. The metallogenic environment changed according to the composition characteristics of the gar-

net in this deposit, with an early prograde metamorphic stage characterized by transforming from oxidation envi-
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ronment to reducing environment and a later retrograde metamorphic stage characterized by transforming from

oxidation environment to reducing environment. The sphalerite in the metal minerals mainly consists of chris-

tophite, which indicates that it was formed in the environment with medium and high temperature. However, the

bismuth-bearing minerals mainly consist of native bismuth, bjelkite and galena, and the values of Ag and Bi con-

tained in these minerals are positively correlated, indicating that bismuth may have played an important role in

the enrichment of silver;in addition, bismuth has a high comprehensive utilization value and is also an important

associated useful element.
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Geological map of the Xin’ gaguo deposit, Tibet (a) and cross section along No. 0 exploration line of the Xin'gaguo
Pb-Zn deposit (b) (after Tang et al., 2019b)
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Fig.2 Photomicrographs showing ore minerals of the Xin’ gaguo Pb-Zn deposit

a. Native bismuth with sphalerite; b. Pyrrhotite metasomatized by cosalite; c. Gersdorffite with galena; d. Arsenopyrite metasomatized by galena and

sphalerite; e. Chalcopyrite metasomatized by pyrrhotite; f. Exsolution textures of sphalerite-chalcopyrite; g. Galena metasomatized by pyrrhotite;

h. Exsolution textures of sphalerite-chalcopyrite; i. Galena and sphalerite metasomatized by pyrite.

Sph—Sphalerite; Gn—Galena; Po—Pyrrhotite; Cp—Chalcopyrite; Py—Pyrite; Apy—Arsenopyrite; Bsm—Native bismuth;
Cot—Cosalite; Ger—Gersdorffite

2% VAT KRR WIVERbRET B 4K A (Si,ALK)
M A (Mg) LB K A (K) 5 il A (Ca) | 3% B A
(Mn) AR A1 (Fe) (&40 41 (Ti) s (Cr) o

3 WRAET Y AEIRT PR
3.1 ABFA

AR T AR R oA )iz ke w (K
3c.d), BPANFARA T 2R BAR O, HUCO TR

Wl VRGOS, BN R A, ROIREEH
RiAE 0.2~2.0 e NG, FLRDGTT B iR AE 0, IR
R SR IE SR T 2 — K T,
HARESITERER(ED, AFFAT
w(Si0,) =33.63%~39.45%, ¥ # 36.51%; w(CaO) =
33.00%~40.79%, F ¥ 36.53%; w(TFeO) =2.90%~
27.54%, -4 9.68%; w(A1,0,)=0.02%~18.91%, -1
13.33%; MnO . MgO . TiO, . Cr,0, . K,0 . Na,O & £ 14
B ARPE R B AT A 2R R R



=

$39%E Holl RATRESE Y

HLRAYEET RAY R 1) S Jm i My ik 1145

K3 OBEEREVER IR U
a. HA AR B 1741 CRARDE) sb. B AT 577 iR A AL CADG) s e FIBRRIRATR T4 UKL CRA G ) s d. T RDIR A7 187 A1 kL
(IEZCIE) s e. ST AT G WEAT A IE ARG 5 £ T8 (0 B2 L RYIB WA IORE (IESERDL ) 5 g ORI BA T AR (IEZE M ) 5
h REROLGPE AT A WAL ) 51, T3 6 DK Ui T8 G (IEZS i )
Gn—Jr #v” ; Sph— N B0 s Act—BHAL A7 s Gr— 1 41 s Px— W AT s Di—BWE A7 s Wo—fi K17 3 Chl—4R9e 7 s Ep—4k4ii 1 s Cal—Jr fift £
Fig. 3 Photographs showing minerals of the Xin’ gaguo Pb-Zn deposit

a. Zoning structure of garnet (plainlight); b. Actynolin with calcite (plainlight); c. Euhedral garne (plainlight); d. Euhedral garnet (crossed nicols);

e. Epidote with pyroxene (crossed nicols); f. Diopside with orange red interference color (crossed nicols); g. Radial wollastonite assemblages

(crossed nicols); h. Greenish chlorite assemblage (plainlight); i. Epidote assemblage with dusty blue interference color (crossed nicols)

Gn—~@Galena; Sph——Sphalerite; Act—Actynolin; Grt—Garnet; Px—Pyroxene; Di—Diopside; Wo—Wollastonite;
Chl—Chlorite; Ep—Epidote; Cal—Calcite
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Fig. 4 Sequence of mineral paragenesis of the Xin'gaguo Pb-Zn deposit (after Tang et al., 2019b)
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Table 2 Electron microprobe analyses, ion proportions
and end members of representative pyroxene from the

Xin’ gaguo Pb-Zn polymetallic deposit (after Tang et al.,
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Table 3 Electron microprobe analyses, ion proportions

and end members of representative wollastonite from the

Xin’gaguo Pb-Zn polymetallic deposit

2019b)
Gl ZK003-370-1 ZK003-370-2
w(B)/%
Si0, 50 49.23
Tio, - 0.02
ALO;, 0.1 0.14
Cr,0, - 0.03
FeO 15.75 20.38
MnO 0.65 0.42
MgO 7.79 5.62
Ca0 23.6 23.27
Na,0 0.04 0.04
K,0 - -
eyl 97.93 99.15
DL 6 4~ F1 44 B B o R A
Si 1.99 1.98
Al(iv) - -
Al(Vi) - -
Ti - -
Cr - -
Fe** 0.03 0.06
Fe?* 0.49 0.62
Mn 0.02 0.01
Mg 0.46 0.34
Ca 1.01 1
Na - -
K - -
Jo 2.17 1.39
Di 45.88 32.61
Hd 51.94 66
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FeO N4k i

(Mg, 65.5.17F€4 353809019068 L.02.235 (AL 15251 S15 62.5.05010) (OH g0
é%ﬁ?%ﬁiﬁﬁﬁﬁ@%éﬁﬁé-?%%é FEE
e Sk 254, 8 Sakle A AR A %W R
w31 . BROGT gk A E 8N K
R H A, RHREE ), E R WOE T, 2 — K
Wo- e Twe  AaemRE (K3, B
TR BCE o B 45 2R (3R 5) BR, w(Si0,) =
36.64%~39.70% , ¥ 4 37.87% ; w(Al,05) =22.23%~
25.82% , F 4 24.34% ; w(Ca0)=22.63%~25.92% , “F-
¥ 24.03% ; w(TFe0)=5.86%~11.86% , ¥ ] 8.58%;

" ZK003-  ZK003-  ZK003-  ZKO003-  ZKO003-
475-1-1  475-1-11  475-2-1  475-2-2  475-2-1
w(B)/%
Sio, 51.94 52.03 51.66 52.6 51.75
TiO, 0.02 0.02 0.01 0.02 0.01
ALO, - - - 0.03
Cr,0; - - 0.01 - 0.01
FeO 0.44 0.44 0.49 0.45 0.49
MnO 0.2 0.2 0.22 0.26 0.22
MgO 0.01 0.01 0.04 0.06 0.04
Ca0 52.81 48.04 52.16 52.28 47.45
Na,O 0.03 0.03 0.01 0.02 0.01
K,O - - -
sl 105.45 100.77 104.60 105.72 99.98
P 62U R 44 B B 7 R T
Si 1.93 2 1.94 1.95 2
Al(iV) - -
Al(Vi) - -
Ti - -
Cr - -
Fe* 0.19 - 0.18 0.15
Fe?* - 0.01 - - 0.02
Mn 0.01 0.01 0.01 0.01 0.01
Mg - -
Ca 2.11 1.98 2.1 2.07 1.97
Na - -
K - -
Wo 98.95 98.84 98.83 98.75 98.7
En 0.04 0.04 0.1 0.16 0.11
Fs 0.93 1.03 1.04 1.04 1.15
Ac 0.08 0.09 0.03 0.05 0.04

T Wo—Rk JK A7 s En—il K ¥EAT 3 Fs— R} I A 5 =" T IR T4
[ s FeO g4k & it

w(Mn0)=0.02%~0.73% , *V- 4 0.18% ; It &b , & A
b B MgO | TiO, . K,0 &% o M4 L 5 ¥R B B 4
AR BRI R A qjéiﬁE{tMéj‘?iWﬂ:
Ca, g7.25F €0 (Al 09.2.47F €0 30.0.79) 252,08 ( Si1 952107)
(Sig.99.1.0s04)O(OH) ¢
34 ERTY

AR YR e ST ISR 5 R AT R i 20 1, 2R AT
J L FERET S I I SRR LR 6

INEEW w(Zn)=53.26%~56.88% (“F-15 55.48%) ,
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Fig. 7 The endmember diagrams of pyroxene and wollastonite from the Pusangguo deposit (base map modified
after Meinert et al,. 2005)
Di—Diopside; Hd—Hedenbergite; Jo—Johannsenite; Wo—Wollastonite; En—Enstatite; Fs—Ferrosilite

st 6% 26 43 [ i O 4 Meeinert et al,. 2005)
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Table 4 Electron microprobe analyses, ion proportions and end members of representative chlorite from the Xin’ gaguo

Pb-Zn polymetallic deposit

Moy ZK019-386-2-1 ZK003-425-4 oy ZK019-386-2-1 ZK003-425-4
w(B)/% PL14A4> O 7 RT3 BH 8 75K

Si0, 27.31 25.41 Si 5.98 5.62
TiO, 0.01 0.02 Al(iv) 2.02 2.38
Al,O;, 16.14 17.55 Al(Vi) 2.15 2.21
Cr,0, 0.11 0.05 Ti -
FeO 23.93 20.4 Cr 0.02 0.01
MnO 3.19 4.48 Fe¥* 0.08
MgO 14.33 15.69 Fe?* 43 3.84
Ca0 0.22 0.08 Mn 0.59 0.84
Na,O 0.01 Mg 4.68 5.17
K,O 0.02 0.01 Ni -
eyl 85.27 83.69 Zn -

Ca 0.05 0.02

Na 0.01

K 0.01 0.01

T ORI TR ; FeO M Bk 4

w(S)=32.81%~33.36% (*F-14 33.10%) , w(Fe)=9.10%~
12.06% (F-4410.55%) , 53§28 Zn, 571 7F€30:0425:0

7 B w(Pb)=83.08%~89.13% (V- 86.12% ) ,
w(S)=12.71%~14.23% (“F- 14 13.62%) , w(Bi)<0.01 (/)>
TR PR B ) ~3.51% (°F- 44 1.51%) , w(Ag)=0~1.62%
(F-70.66%) , 73§ N Pbg gy 0580

H 2R 8 w(Bi)=91.08%~91.86% (F-14] 91.47% ) ,
w(Sb)=0.15%~0.18% (°F-33 0.17%) , w(Ag)=0.005%~
0.023%(F-340.014%)

BT MBS BT w(Pb)=39.93%~40.15% ( F %)
40.03%) ,w(Bi)=33.56%~33.68% (F1433.62%) ,uw(S)=
17.62%~17.79% (CF-44117.71%) ,1w(Sb)=4.79%~4.83%
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Fig. 8 The classification of chlorite from the Xin’ gaguo deposit (base map modified after Hey et al., 1954)
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Table 5 Electron microprobe analyses, ion proportions and end members of representative epidote from the Xin’ gaguo

Pb-Zn polymetallic deposit

4 ZK003- ZKO003- ZKO003- ZKO003- ZKO019- ZKO019- ZKO019-  ZKO019- ZKO019- ZKO019- ZK836- ZK836- ZK836-
425-1 425-2  342-2-1 342-2-2  268-1  282-1-1  282-2-1 345-1 345-2  360-1-1  37-1-1 37-3-2 192-1
w(B)/%
Sio, 36.69 37.78 37.07 37.81 38.58 37.32 37.29 38.27 39.7 39.120  37.680  38.360  36.640
TiO, 0.02 0.06 0.04 0.01 0.02 0.1 0.07 0.05 0.21 0.020 0.020 0.050 0.030
ALO, 23.86 23.25 25.82 23.79 25.14 24.77 25.69 2223 22.41 25.790  23.620  25.810 24310
FeO 8.51 8.98 7.39 8.83 8.06 8.16 8.01 11.86 10.69 6.580 9.400 5.860 9.250
MnO 0.02 0.02 0.73 0.27 0.19 0.07 0.03 0.05 0.03 0.550 0.050 0.190 0.080
MgO 0.05 0.04 - 0.27 0.02 0.04 0.14 0.1 0.1 0.020 - 0.210 0.020
CaO 25.92 25.58 22.63 23.21 23.45 23.53 23.67 23.52 23.4 23430 25440  25.690  22.950
Na,O 0.04 0.02 - 0.01 0.01 - - 0.01 - - 0.010 0.010 -
K,0 0.01 - - - - - - - - - - 0.010 0.010
S 9512 95.73 93.68 94.20 95.47 93.99 94.90 96.09 96.54 95.51 96.220  96.190  93.290
PL 12 AR BT (9 B B T
Si 2.975 3.037 3.009 3.063 3.070 3.026 2.993 3.063 3.141 3.100 3.014 3.039 3.001
Ti 0.001 0.004 0.002 0.001 0.001 0.006 0.004 0.003 0.012 0.001 0.001 0.003 0.002
Al 2.280 2.202 2.470 2.272 2.358 2.367 2.430 2.097 2.090 2.409 2.227 2.410 2.347
Fe’ 0.577 0.604 0.502 0.598 0.536 0.553 0.538 0.794 0.707 0.436 0.629 0.388 0.634
Mn 0.001 0.001 0.050 0.019 0.013 0.005 0.002 0.003 0.002 0.037 0.003 0.013 0.006
Mg 0.006 0.005 - 0.033 0.002 0.005 0.017 0.012 0.012 0.002 - 0.025 0.002
Ca 2.252 2.203 1.968 2.015 2.000 2.044 2.035 2.017 1.984 1.990 2.181 2.181 2.014
Na 0.006 0.003 - 0.002 0.002 - - 0.002 - - 0.002 0.002 -
K 0.001 - - - - - - - - - - 0.001 0.001

TE: " FORR TR R ; FeO b Ax ik & ik
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Table 6 Electron microprobe analyses of representative ore minerals from the Xin’gaguo Pb-Zn polymetallic deposit

L w(B)/%
FE i 25 LR VEX -
Ag Pb Bi Fe Cu Zn Sb Co Ni S As Se Te pEp |
ZK0-0-315-2 ) 0.02 - 91.08 0.03 0.44  0.18 - - - 91.75
AR5
7ZK019-315-3 0.01 - 91.86 0.02 0.08 0.15 0.03 - - - 92.15
ZK0-0-315-4 ) 0.62 40.15 33.68 0.13 022 0.03 483 0.06 17.62 0.02 003  97.39
BT R
ZK0-0-315-5 0.70 3991 3356 0.12 0.8 0.5 4.79 17.79 0.04 - 97.24
ZK0-0-329-1 - 8.78  0.03 0.09 3.58 21.02 1838 4351 - 0.06  95.45
WMER R
ZK0-0-329-2 - 8.82 0.06 0.07 3.10 21.17 18.17 4234 - 0.01  93.74
ZK0-0-363-1 o 0.01 34.59 0.02 0.02 0.08 1972 4409 - 0.04  98.57
D
7ZK019-294-2 - 3432 0.05 0.07 2027 38.61 0.16 - 93.48
ZK0-0-363-2 - 8913 - - 0.03  0.02 0.04 0.11 13.94 0.06 0.03 103.36
ZK0-0-794-1 TR 1.62 83.08 3.51 0.10 1.21 14.23 0.01 0.03 103.79
ZK019-294-1 036 86.13 101 001 005 0.12 12.71 K 0.02 0.02 10043
ZKO0-0-363-2 - 57.99 0.64 0.07 39.10 036 0.05 0.01 9822
A
ZK0-0-422-1 - 59.11  0.14 - 0.07 39.08  0.33 - 0.01  98.74
ZK0-0-363-3 0.01 2943 3500 - 0.02 33.96  0.20 - 0.05  98.67
WA
ZK0-0-422-2 0.05 2954 3452 - 3426 021 - 0.03 9861
ZK0-0-422-3 - 12.06 53.26 0.01 3329  0.06 - 0.01  98.69
ZK0-0-794-2 - 10.07 56.06 33.06 0.06 0.01 - 99.26
ZK0-0-363-4 [RRER 0.02 10.88 55.71 0.04 3336 0.06 - 0.03  100.10
ZK0-0-329-3 - 10.66 55.49 0.02 33.00  0.05 - - 99.22
7ZK019-315-1 0.02 9.10 56.88  0.02  0.04 32.81  0.05 - - 98.92

T "R TR IR .

(19 4.81%) , w(Ag)=0.62%~0.70% (14 0.66%) ,
ﬁ'¥itj‘7 2Pbg 37.0.88S " B} 45.1.475;30

Fhib w(Fe)=34.32%~34.59% (F-1434.45%) ,u(S)
=19.72%~20.27% ( F 3 19.99%) , w(As) =38.61%~
44.09% (F-3141.35%) , 53 P A Feq 071 01AS080.0965 0

WG w(Fe)=57.99%~59.11% (¥ 58.55%) ,
w(S)=39.08%~39.10% (F-339.09%) ,1w(As)=0.33%~
0.36% (SF10.35%) , 73 T2 N Fegos.0065-Fe, 061 0050

BB w(Fe)=29.43%~29.54% (V-1 29.49%) ,
w(Cu)=34.52%~35.00% (*F-#134.76%) ,w(S)=33.96%~
34.26% (F-1434.11%) , w(As)=0.20%~0.21% (F13
0.21%) , 73T 2H Cuy gy 04Fe€).99S20

4 ¥ ow
4.1 HHERAREER

WA Py LA 5 M LA A 8 K 7r R se
FURY A RS RS e, SEAR BN YRS - 4 IR

YIRLo3 YA 3R] 3 SR 85 et R BEBURY R i
Y 2 LA RS 7 (Einaudi, 1981 ;#8X — M8 45
2012) . BGRY R A 2 A A AR A
B, JR A A G R A B A A (R — P9 58 2012) .
BSR4 A i T 5 1) 5 A AR A -5 40
WA R TRRIR R G, ISR A R 3, D 850
A DS ERNE AR 3 RCORB A, I K
(R RE KA, 2 B T MR ) 5 Ty R . IeAh , & JE
R4S TR 28 S, A MR R B4 44 b 1 i ok T
R FAE W (Tang et al., 2019b) . PRI, 3 6 2
W IR R 5 R AR T AR A2 AR e IR 2L ik R ik
TE o
42 NHFIMESTHUHER

W RE T Y 8o A YA A R TV R
RS PR 1 2 # 2 F D (Einaudi et al., 19815
Crowe et al., 2001; Lu et al., 2003 ; Kim et al., 2006;
Martin et al., 2011) . F58H A1 2 5 I BT 08Pk A Bt
o TS AR AR A AERR T B R i A, HAS 2 A
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T B 1) 4R B LE B 40 AR A T8 B 1Y) AR
(Zhang et al., 2017; %7K 5 45, 1981) . HEHEG K
AT A RN SRR A, R R e AR R R
T BRI RS . A A
TN R KGR N R SRR AT, AR A S AR AR AT
([&19a) , Z W FUHAE LI AR Y <25 B B b AL ER R 1]
WIS IRIE AR R 2 B B, K & B Ak
A1 (Fe) , R B FREE N AL AR . i fb P B Bt
HA ™ R, 8 7 BT 5 A8 S SIS, I
T AR R B & SR AL TTE o R, R R
BB T 3UAAGE R Ak R . R A
ALY T A LA e I R L LA SO, 51 SO,
I AFAE A R4 B S R it s 8 o
SO AR L M 22 v 1) A R T I A R A BILIT
It HAR 5y 4 I G AL A S i (R 67 38 s 2B P it 9
I, 123 P BILJTE AR i A2 8 B 3 Ak P SR AL B A%
AR Ry SR IR B G R K (Tang et al., 2019b) .

INEED H R DT R T BT ELAT R Y s
W, AF 5 2 B v R AR T B R N F 0 5 4 Fe .M,
In.Se Fl Te 550 &K , Jf H E A5 19 In/Ga UAE , T
MRS I BN BER™ I A X 5 € Cd . Ga . Ge 55 7T
%, HEA B In/Ge LA (X PR 5, 1984 ; 7 1Y
55,1994 85 £) %255 ,1996) , 1M Fe A1 Mn X} T8~ 1 i
B E EA TR R AR s VR T TR R R i A
TR TN BEA (X D42 55, 19845 MR 55, 2012) o 3
WS N BRI Ry RS RN BE DT, Fe & & 0

b | Gr,,Ad,, .

9.10~12.06, F¥{H 10.55 , 2 B HIE ol T v 1 iR A 555
(M-3R ,2012)
4.3 SFHREREREX

B ) 3 AR T RO IR, R SR ALK
F R PIR IR (Zhou et al., 2017) . 7EAT R AT L1
15 < o B G B PR TP O I e BB ST 9 B, O B
Au . Ag 5 Bi 2 IEMC, f8R & (BT 580 =
A DI LR R R R, 20015 F = A2 45, 2004
XK 446 ,2010; 1 W HT4F,2012; Zhou et al.,, 2017) .
WG R H , B AE A TR SR AT LAWK B 45, DASI -4 0
RIERIEH %4 (Zhou et al., 2017) ; 75 & B AN ZE
B B e A rp B B SR B - A SR Bk- A SR & A
G T AR BRI, S> B R IG N, SR AE B B
rh FE RS A YIEER, DA ey ik
T B BB - AR A (R T AL &
(Cook et al., 2004 ; Tormanen et al., 2005 ; Oberthur et
al., 2008 ;Zhou et al., 2017) .,

BRI R &AM i Bi & i, S &
SR H AR R BT T BT, X ST 8
TAH R Ag, I E B 1 Ag A Bi Y F
SRR OCHE: , F8 /R AR -0 FR A A R il T T AR
PR B A3 A o Je Ak AR B AR A B SE T R
BER

B B Tk AT T &R iR IR %
WA B R e (e 8 AT A 722.4 %107, R TR
i) 0 XES T B 7 L2 = A RV REAR T R IF AT

BIO SBTILRA R AT B30 BRAlF S R 1o S T 4] () SO 3R B4 28 (b)

Fig. 9 Compositional section of garnets with zoning structure from the Xingaguo deposit (a) and electron microprobe analyses

of representative garnets (b)
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I A 5 1] A BLAT A 5 S, B Y AR S
WHFEA T B Z5A DO  dAy b 2 — 20
TR T o™ P 5 4R Al B0 G 28 S oA R, X%
A R ) T LA ST B —E e A

5 45 i

(1) B R TR 0 i R 2 a1
BREAFNGRA A1, DB AR A ke A1 55, Oy i A
WS BT R EHE . SR Y EE NN JrE
H\Eﬁﬁ%ﬁﬁf\,\%ﬁﬁ” A SRS R T R B
0 R A

(2) B LS PR 3 J= A7 BIL IS A A J8CR B 45
AR B IR R, TR0 b R X A A R B A i B A
Az, T 300 o SR AL PR B B PR i R
YIBTOivE . INEER T T P il PR3

(3) B LR PR 5 B 0 B 2 A AR B R
I HERTBET R 454, X SE R ) Ag R Bi Y 75 1
TEAR S, B X 4R Y ' A vl e % EE B AAE I, B2
HEREAEA RDCR , RA R R L a M.

B ORI A RS A R
TREGOR, I NVEE MRS TAESAE T35 Bl Jgal)
ﬁiﬂﬁﬁ*lﬂ*?ﬁ@%ﬂﬁﬁ%?%%ﬂﬂ"iﬁ%’d s gl
TR R e A SRR T 2 MR L
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