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Fig.1 Simplified geological map of the Bangpu Mo polymetallic deposit (modified after @)
1-Quaternary; 2—Paleogene Dianzhong Formation; 3—Lower Permian Luobadui Formation; 4-Biotite adamellite;

5— Monzogranite porphyry; 6—Beschtauite; 7-Granodiorite—porphyry; 8—Quartz diorite porphyrite; 9—Diorite porphyrite;
10-Diabase and gabbro—diabase; 11-Andsite; 12—Mo (Cu) mineralization boundary; 13—Cu (Mo) mineralization boundary;
14-Pb~Zn mineralization boundary ; 15—-Normal fault and its serial number ; 16—Reverse fault and its serial number ;
17-Unknown fault; 18—Attitude of strata
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Fig.2 Features of skarn minerals in the the Bangpu Mo polymetallic deposit
A-Light yellow interference color of garnet and their retrograde alteration; B-Growth zoning and twining of garnet;
C—Sphalerite developed in the fracture of garnet; D~E—Interference color of diopsides, with parts of them altered by actinolite in
photo D; F-Interference color of bustamite and carbonatization; G~H—-Interference color and crystal feature of actinolite;
I-Radiated aggregation of wollastonite; J-Euhedral epidote grain altered by calcite and some opaque metal sulfides which
precipitated in epidote; K—Radial epidote penetrating garnet; L—Radial muscovite and chlorite grains;
(-) plainlight; (+) crossed nicols
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Fig.3 End members of granet from the Bangpu Mo
polymetallic deposit
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Table 1 Types and locations of samples from the Bangpu Mo polymetallic deposit for
electron microprobe analysis
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Fig.5 Relationship between chemical components and growth zoning of garnet from the
Bangpu Mo polymetallic deposit
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Table 3 Electron microprobe analyses of clinopyroxene from the Bangpu Mo polymetallic deposit (%)

PN BMPD8-2-3 BMPDg-2-2 LX11-14
DO1 D02 D03 D04 D05 D06 D07 D08 D09 D10
Si0, 52.30 52.81 52.75 52.44 52.51 52.30 53.54 50.71 52.11 49.71
TiO, 0.00 0.00 0.01 0.01 0.01
ALO; 0.12 0.14 0.16 0.10 0.11 0.23 0.15 0.11 0.13 0.03
Cr0s 0.11 0.09 0.01 0.04 0.00 0.06 0.04 0.01 0.00 0.00
TFeO 10.52 13.50 11.48 13.44 11.80 12.99 11.90 17.38 15.41 13.96
MnO 1.52 1.55 1.57 1.74 1.76 1.31 1.77 2.69 3.37 4,02
MgO 10.64 8.90 10.05 8.66 9.95 9.29 9.63 5.74 6.94 6.88
Ca0 24.66 2435 24.40 2430 2441 2442 24.62 23.53 23.67 23.47
Na,O 0.09 0.10 0.09 0.10 0.06 0.10 0.08 0.13 0.13 0.95
K,0 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.31
L6 MER 1o 5T
Si 1.9937 20050  2.0040  2.0057  1.9988  1.9968  2.0120  1.9971  2.0039  1.9742
Al' 0.0012  0.0032 0.0029 0.0004
Al" 0.0063  0.0073  0.0044  0.0039  0.0071  0.0065  0.0024  0.0059
Ti 0.0001  0.0000  0.0003 0.0001  0.0004
Cr 0.0034  0.0028  0.0003  0.0012 0.0017  0.0012  0.0002
Fe*' 0.0165 0.0031  0.0032 0.0163 0.2035
Fe** 03183 04292 03651 04306 03725 04114 03751 05555 04957 02522
Mn 0.0491  0.0499  0.0504 00562 00567  0.0423 00564  0.0898  0.1098  0.1352
Mg 0.6045 05035  0.5690 04938 05645 05287 05398 03371 03980  0.4073
Ca 10071 09906  0.9932 09960 09957 09988 09915 09929 09751  0.9986
Na 0.0068  0.0076  0.0069  0.0070 00047  0.0073  0.0055  0.0102  0.0094  0.0729
K 0.0003 0.0001  0.0002 0.0004  0.0003  0.0004  0.0001  0.0157
Jo 497 5.08 512 5.73 5.69 429 5.80 8.99 10.94 13.55
Di 61.16 51.24 57.80 50.36 56.63 53.64 55.58 33.75 39.66 40.80
Hd 33.87 43.68 37.08 4391 37.68 42.07 38.62 57.26 49.40 45.65

Fig.6 End members of clinopyroxene and bustamite from the Bangpu Mo polymetallic deposit
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(Fig.6B modified after [18])
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Table 4 Electron microprobe analyses of pyroxenoids from the Bangpu Mo polymetallic deposit (%)

oy LX11-21-1 LX11-2]-2
) D01 D02 D03 D04 D05 D06 D07 D08
Si0; 48.75 45.92 49.16 49.17 49.17 50.07 48.42 47.90
TiO; 0.01 0.02 0.01 0.01
AlLO3 0.51 0.74 0.56 0.24 0.44 0.28 0.60 0.58
Cr0s 0.06 0.02 0.03 0.09 0.17 0.02 0.03
TFeO 14.92 16.37 16.09 12.42 13.48 15.34 14.26 13.25
MnO 13.74 14.04 12.77 12.25 14.37 15.06 14.05 15.63
MgO 1.10 1.62 1.15 3.05 0.66 1.39 0.73 0.89
Ca0 21.61 19.48 21.51 22.58 22.67 15.71 22.39 21.66
Na,O 0.09 0.09 0.12 0.05 0.12 0.09 0.14 0.07
K»O 0.00 0.01 0.03
Bho DU T h i
Si 1.9836 1.9384 1.9863 1.9890 1.9925 2.0657 1.9764 1.9716
Al 0.0164 0.0002 0.0137 0.0110 0.0075 0.0236
Al" 0.0078 0.0131 0.0002 0.0135 0.0135 0.0053
Ti 0.0002 0.0006 0.0003 0.0003
Cr 0.0020 0.0006 0.0009 0.0029 0.0056 0.0007 0.0009
Fe** 0.0199 0.1371 0.0141 0.0206 0.0422 0.0495
Fe* 0.4871 0.4342 0.5288 0.3987 0.4569 0.5389 0.4427 0.4048
Mn 0.4735 0.5018 0.4369 0.4198 0.4931 0.5261 0.4857 0.5447
Mg 0.0666 0.1020 0.0693 0.1836 0.0397 0.0854 0.0447 0.0544
Ca 0.9421 0.8811 0.9313 0.9785 0.9841 0.6946 0.9793 0.9553
Na 0.0067 0.0072 0.0095 0.0038 0.0095 0.0074 0.0114 0.0054
K 0.0001 0.0006 0.0014
Fs 25.34 2222 27.67 21.94 23.62 30.63 22.70 20.71
Wo 49.00 45.09 48.73 53.83 50.88 39.47 50.22 48.88
Rdn 24.63 25.68 22.86 23.10 25.50 29.90 2491 27.87

24.18%, FABIE A I B AT RS RS TR 3,
RSV (Jo) 2 43 AL IE FE A 4.29%~13.55% , -4
9 7.02% 5 1% ¥ A7 (Di) 2H 43 722 A6 78 Bl 2y 33.75%~
61.16%, “F-31°h 50.06% ; F5 8K #4541 (Hd) 20 5348 163
Fil 4 33.87%~57.26% , 13441 42.92% , 1S RHEA
Uity B3 414 F ) P i b CTEL 6—-A) |, 7 AR il o7 B
I 37 WA B 7, D3 A0 3 A Dl 1) 4 Ak
1o B, IRERH PRV 8 TR0 A - B A
AR R, LIE A 57 5 22 | [R5 /0 A 5
A1 Wb 22 6 8 T DR BRI A0 L 3 B Ry 3
A AERER TR PR WA 10T Mg i Fe.
Mn, 5 H A R ECERE™ BG4 5 S W B
A/ 0 b S = A — B

LRE A7 3 5 84 Si0, 28 1k 15 Bl o 45.92% ~
50.07% , “F-YAME Ky 48.57% ; ALOs 254k FEl Jy 0.24%~
0.74% , F- Y48 4 0.49% ; TFeO 25 Ak 7 il hy 12.42%~
16.37% , “F-2I{H N 14.52% ; MnO 22 Ak h 12.25%
~15.63% , “F-H4I{E 4 13.99% ; MgO 284k FEl 47 0.66%
~3.05% , EA{E M 1.32% ; CaO 2L JE Bl A 15.71%~
22.67%, FIIE A 20.95% . ARURE A1 i b3 20 A1 5a 4%
WG TFHR AN, PR (Fs) 272 R 20.71%~
30.63% , 354 24.35% ; EEREAT (Wo) 21432845 il
439.47%~53.83% , -1 0 48.26% ; i i #5 A1 (Rdn)
2043754k B R 22.86%~29.90% , T34 K 25.56% .,
FE = BHE A i B3 21 500 ) B b (L 6-B) , 1ANEE
i AN TR — 9 25 (2012 ) T P 5 114D 95 3 78 e Ay X
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TROVEAT Z B 1Y) 22 590 8 T 117 5 4 03 Hh gk 2 1 B i 4R
=, T REJE TR R oA
3.3 AINA

ARG SE WL T 8 A s AL B L F-HREF AT
MEREE S T2 5, MRZE RFH KA INA FH
43 Si0, 28 AT il Dl 42.56%~52.70% , “F- 1 {H N
50.08% ; ALO ZE AL [ 7y 2.11%~7.74% , - Y {H Ny
3.31%; TFeO “BLVE IR 17.83%~22.20% , F-IE N
19.03% ; MgO ZE4k 15 Fl K 9.55%~11.83% , X4 {H N
11.53% ; CaO ZE b [l A 7.20%~12.30% , F-3I{EH N
10.95%. M4 Leake %5 (1997) F43250, 3485 R A
N B R S5 A TN A R, AT R AR /D i B A
N s FIN A ZECh R A A B EE AN A (7).
3.4 BFA

AR SLEGILTERL T 104 s AL L T4 AT

MEREIES T 6. MERZE R LG R 4 1 &
A3 Si0, 28 A 15 [ 37.25%~38.37% , - (H Ky
37.93% ; ALOs 2B AL [l ol 21.23%~22.70% , V-3 {H
4 22.10% ; TFeO 2B M 11.79%~14.06% , *F-3%)
B K 12.65% ; CaO 224k Bl oy 23.41%~24.60% , 1
BIE R 23.98% . S5 A A o 5 A N A 2
AR Al Calfi %% Fe Mg [URFHE , A %77
Y BRI Fe Mg ST R BT ™, 4445 A
SRR W B B, RS B S A F Y =k
TE SRR A L™, TR RY R A e B iibr i 1
R B b BGR A E A eV E R TF LR ™

4 vF o
41 W ERBSHBRINE

AR 5 ) A R S8 A ik R 6
FlA B 2251, FT RIS R 2 FEERY R 0, X
— N5 55 (1990) 38 i XF [E N 5 Pb . Zn(Ag) Z & & -

RS BHEES SR AANGRFRISTER (%)
Table S Electron microprobe analyses of amphibole from the Bangpu Mo polymetallic deposit (%)

P LX11-16-2 LX11-16-3
DO1 D02 D03 D04 D03 D06 D07 D08
Si0, 42.56 49.44 51.08 50.71 52.70 51.40 52.65 49.14
TiO, 0.07 0.08 0.03 0.07 0.06 0.16 0.24
ALO; 7.74 2.81 2.67 3.21 2.11 2.51 2.12 3.31
TFeO 22.20 18.66 18.94 18.52 18.94 18.15 17.83 20.85
MnO 0.77 0.68 0.66 0.59 0.76 0.61 0.46 0.45
MgO 11.72 11.49 11.55 11.83 10.94 11.62 11.57 9.55
Ca0 7.20 11.02 11.17 11.09 12.27 11.63 12.30 12.05
Na,O 0.12 0.22 0.19 0.12 0.21 0.28 0.53 0.54
K,0 0.02 0.06 0.06 0.10 0.08 0.11 0.13 0.16
P 23 AU F I HE
Si 6.8302 7.6150 7.6883 7.6320 7.7983 7.7192 7.7827 7.5313
Al' 1.1698 0.3850 0.3117 0.3680 0.2017 0.2808 0.2173 0.4687
Al" 0.2932 0.1246 0.1614 0.2015 0.1662 0.1635 0.1511 0.1294
Ti 0.0083 0.0091 0.0036 0.0080 0.0070 0.0179 0.0276
Fe** 0.5416 0.8399 0.9003 0.8929 0.9517 0.8970 0.8971 0.7624
Fe?* 2.4377 1.5637 1.4839 1.4383 1.3921 1.3822 1.3070 1.9101
Mn 0.1043 0.0892 0.0840 0.0746 0.0948 0.0772 0.0570 0.0578
Mg 2.8043 2.6391 2.5922 2.6536 2.4124 2.6021 2.5488 2.1810
Ca 1.2372 1.8186 1.8018 1.7876 1.9460 1.8713 1.9486 1.9784
Na 0.0358 0.0654 0.0563 0.0362 0.0614 0.0821 0.1516 0.1605
K 0.0043 0.0112 0.0108 0.0188 0.0157 0.0205 0.0238 0.0305
el 15.4584 15.1601 15.0997 15.1071 15.0483 15.1030 15.1029 15.2376
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Fig.7 Classification of amphiboles from the Bangpu Mo polymetallic deposit (modified after [20])
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Table 6 Electron microprobe analyses of chlorite from the Bangpu Mo polymetallic deposit (%)
"o LX11-16-1
D01 D02 D03 D04 D05 D06 D07 D08 D09 D10
SiO, 37.49 38.03 38.37 38.09 38.29 38.00 38.01 37.87 37.25 37.90
TiO, 0.07 0.06 0.06 0.36 0.11 0.02 0.02 0.02 0.03 0.06
AlOs 22.34 21.70 21.23 22.24 22.70 22.36 22.44 21.45 22.64 21.86
CrOs 0.20 0.10 0.02 0.01 0.08 0.04 0.17
TFeO 12.61 12.39 14.06 12.20 11.79 12.53 12.68 13.56 12.15 12.48
MnO 0.08 0.06 0.12 0.05 0.06 0.38 0.34 0.07 0.10 0.05
MgO 0.04 0.01 0.02 0.07 0.03 0.01 0.03 0.03 0.01 0.03
CaO 23.92 24.12 24.16 24.60 24.01 23.50 2341 23.89 24.04 24.19
Na,O 0.05 0.01 0.02 0.01 0.02 0.01 0.03 0.02 0.02
K0 0.02 0.01 0.00 0.02
Aht 96.81 96.45 98.04 97.65 96.99 96.90 96.98 97.11 96.24 96.59
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BEERAR A 2 FOP BT SR A AL R BE b b e
P 00505 AR A0 110 25 S e Rt oy LA g 1) ik
JE o ST RBES (R A ik AR B 5 B TR A
A3 ATTIUTAS BI04 BT 2 O A R L v AR B 1
TEARY) & CGRPIBERE .
4.2 FUERSRT EIL

Nakano 55 (1994) 45 i , # 41 Mn/Fe FL{E A fb AT
VR R A SR LA, X —ng4£(1997)
R R 6 R B8k S RAR 8 R oA
) Mn/Fe LLAEEAR , KZ/NT 0.1 8 RAEEDT IR
HRERAS B A1 1Y Mn/Fe HLIE K Z 5T 0.1, H: Mg/Fe
P /N T 13 B R A B0 R O £ 1 Mn/Fe LLIH £
T 0.1~0.3, O BR IR Th B AHAIG , {HH: Mg/Fe [t
H A 25, R 1~ 1 R AAAR B IR TR aE A Y
Mg/Fe HH FIRY R A8k A0 R A B HEA K —
i, (B3 Mn/Fe LU B ZERS R — 20, FREHT IR IR
RHFEAT Mn/Fe HAEARFEE 0 0.10~0.30; Mg/Fe L
{5 0.59~1.80, F5/n H LKA Z & @01k, S
FrE S —H,

b Ry R A1 5 Po Zn  Ag B LA 5 BT 6
2 VERE R A VEMN A Po Zn Ag iy R A R B
B FREIDT IR & 5 i 55 e 04 AR A o A v
A RS A S D AR R R X AT RER B
Agi k. W AR EYVEED A T Ag & Rfs s ik F
JLTpug/g (B AR AGETR) 5 J& 1 (2012) X8 8 m™
AT T T ERER T, 85 R R Ag & B IR Al A
890 ug/g™; AN, FEBE TS AR nT WLARS 1) (Rl
W), FIRRRS SR AW Y R A S50k
TCE A FTARLE R IEAR —F9 ) (B IR
XTI AR Fo0 TARAAAR B A, AR5 T
— 3 FHR Ag iR T G SLRE

5 45

COFSE BT SR RY 55 A Tk A2 F A
AT FEAE T T o A AR T A S B 20 LA R AR A
A, SRR A SRR 1 s SR A1 N 1B
WEAT—ESERME A1 B, 5 — AR BIHEAT , (DU A7 7]
RE N RS B A1 5 AN 1 2800 TR 41, B A5 A

INATJEE

(2) FHA" PREY e e B AR 2 MR iy
E PSR, PR RS R A T R
PR, AT SR AR TS RAT B e SO

)5l i K e AT AE 4R 7R 07 IRAFAE Ag 7 4%
BT, A IR — 24 TARSR A T8 %

Bt AN R G B R AT A IR A F] R
ik TAR T By A A B, B TR AT AT IR e P PRIk
FEARAMBDA L TEOR T, TR EFH
REZRET ZRGE LR, A M —5F B0k
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Mineralogical characteristics of skarn in the Bangpu Mo polymetallic
deposit, Tibet, and their geological significance

WANG Li—qiang"?, TANG Ju—xing', CHEN Wei', LUO Mao—Cheng’,
KANG Hao-ran', LENG Qiu—feng’

(1. Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China;
2. School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083, China;
3. College of Earth Sciences, Chengdu University of Technology, Chengdu 610059, Sichuan, China)

Abstract: The skarn type Pb—Zn ore body of the Bangpu superlarge Mo polymetallic ore deposit is hosted in the skarn and marble of
the Lower Permian Luobadui Formation. The orebodies occur as stratoids or lenses, and lots of skarn minerals are developed in the
ore deposit. In order to further clarify the species of skarn minerals and types of the skarn and analyze the forming environment of
skarn and its relationship with the mineralization types, the authors studied the chemical composition of the main skarn minerals by
using electron microprobe technology based on the systematic microscope observation. Electron microprobe analyses show that the
end member of garnet is mainly andradite with a small amount of spessartite and grossularite. Pyroxene comprises mainly diopside
and hedenbergite with a certain amount of johannsenite. Pyroxenoids consist mainly of ferrobustamite, and the end member of
amphiboles is dominated by calcium actinolite. Fe and Mg content of epidote is very low. Skarn mineral assemblages show that the
skarn of the Bangpu deposit has characteristics of both calcic skarn and manganoan skarn. The skarn of the early stage formed in a
strong oxidizing environment, so did the ore—forming magmatic fluid. The discovery of manganoan skarn mineral assemblages
indicates that the prospecting potential of Ag in the Bangpu polymetallic ore deposit is promising, and this study provides some
theoretical support for the next step prospecting work.
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