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Mineralogical characteristics of skarn in the Pusangguo Pb-Zn polymetallic
deposit of Tibet and their geological significance
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Abstract: The Pusangguo lead-zinc polymetallic deposit is located in the volcanic-magma arc of the southern Gang-
dise metallogenic belt, Tibet. The skarn type orebodies mainly occur in nearly bedded and lenticular shapes in
nearly east-west direction and are hosted in the skarnized marble of the Cretaceous Takena Formation, with lots of
skarn minerals developed in this deposit. In order to further identify the species of skarn minerals and types of the
skarn and analyze the formation environment of the skarn and its relationship with mineralization types, the authors

analyzed the chemical composition of the skarn minerals by using the electron microprobe technology and on the basis
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of the systematic microscope observation. According to the results obtained, the garnet is mainly composed of dis-
continuous isomorphism of andradite and grossular ( And,; 39 _o5 17G10q 59500, Ura + Pyr + Spe, _5 53), the clinopyrox-
ene is mainly composed of hedenbergite-johannsinite-diopside ( Hdy; o, 74 16J00 o1 -1 66 Dl 43 -46.07) » the pyroxenoid is
mainly wollastonite, and the endmember compositions are Wogg o9 g9 26 E1g 50,56 F'S0. 13 -0.24- In addition, the horn-
blendes are mainly magnesium hornblendes and have the features of calcium hornblende, the epidote is relatively
enriched in aluminum and calcium but poor in iron and magnesium , and the chlorite belongs to the type of pycno-
chlorite. The skarn mineral assemblage characteristics indicate that the skarmns in the Pusangguo deposit have the
features of both calcium-skarn and manganese-skarn. At the early stage of skarn mineralization, the skarns were
mainly formed under the conditions of high temperature, pH, oxygen fugacity, and the ore-forming fluid had high
oxygen fugacity. Manganese skarn mineral characteristics and the single silver minerals show that this deposit has
the silver ore prospecting potential, which can serve as the next step prospecting direction in the future exploration.
Key words: lead-zinc deposit; calcium skarn; manganese skarn; Pusangguo; Tibet
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Fig. 1

Tectonic location map of the Pusangguo polymetallic deposit ( modified after Zhu et al. , 2011 and Zheng et al. , 2014)
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Fig. 2 Simplified geological map of the Pusangguo polymetallic deposit ( modified after Cui Xiaoliang, 2013)
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Sampling location and description of skarn samples from the Pusangguo lead-zinc polymetallic deposit
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Fig. 3 Characteristics of skarn minerals in the Pusangguo lead-zinc polymetallic deposit
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Fig. 4 The And-Gro correlation diagram (a) and endmember diagram (b) of garnets from the Pusangguo deposit
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Fig. 5 TFeO — Al,0,(a) and CaO —Si0,(b) correlation diagrams of garnets from the Pusangguo deposit
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Fig. 6 Compositional section of garnets with zoning structure from the Pusangguo deposit
AL 30T A SI0, &N 47.06% ~ 50.62% ,

HEATHL TR EE 2 B 5 R AN Gy A7y WK 3. i

SEYAAE by 48.59% 5 CaO &4 22.29% ~23.80% ,



o5 2 10

AR VUG SRR 2 SRR R AT AR S RUR SC 249

x3 HRREEZERTAEARFRGSHERMiRRAS

wy/ %

Table 3 Electron microprobe analyses, ion proportions and end members of representative pyroxene from the Pusangguo

Pb-Zn polymetallic deposit

7K805-150.2 7K002-198.5 7K401-206.0
iy
01 02 03 01 02 03 04 05 01 02 03 04
Si0, 49.30 49.13 49.22 47.98 48.20 47.06 47.69 47.71 48.01 47.79 50.39 50.62
TiO, 0.00 0.10 0.16 - 0.00 - 0.05 - - 0.00 - 0.01
Al, O, 0.50 0.49 0.61 0.09 0.13 0.77 0.44 0.50 0.04 0.23 0.18 0.15
Cr, 0,4 0.01 - 0.03 - - - - 0.02 - 0.00 - -
TFeO 21.58 22.76 21.53 17.72 18.54 15.74 18.99 18.28 11.63  15.46 13.77 13.23
MnO 0.37 0.40 0.28 10.85 10.25 12.62 8.79 9.66 18.58 14.07 3.20 3.25
MgO 5.19 4.20 5.08 0.57 0.50 0.43 0.54 0.56 0.07 0.17 7.29 7.90
CaO 22.71 22.52 22.79 22.91 22.96 22.29 22.71 22.68 22.31  22.29 23.39 23.80
Na, O 0.15 0.21 0.21 0.06 0.09 0.17 0.09 0.11 0.02 0.05 0.10 0.07
K,0 0.01 - - 0.00 - 0.02 - - - 0.00 - -
Total 99.82 99.81 99.91 100. 17 100. 66 99.08 99.30 99.53 100.65 100.06 98.32  99.03
Si 1.97 1.98 1.97 1.98 1.98 1.96 1.98 1.97 1.98 1.98 2.00 1.99
ALV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AV 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fel* 0.07 0.06 0.07 0.07 0.07 0.08 0.05 0.05 0.06 0.06 0.01 0.03
Fe?* 0.65 0.71 0.65 0.54 0.56 0.46 0.61 0.57 0.34 0.47 0.45 0.40
Mn 0.01 0.01 0.01 0.38 0.36 0.45 0.31 0.34 0.65 0.49 0.11 0.11
Mg 0.31 0.25 0.30 0.03 0.03 0.03 0.03 0.03 0.00 0.01 0.43 0.46
Ca 0.97 0.97 0.98 1.01 1.01 0.99 1.01 1.01 0.99 0.99 0.99 1.00
Na 0.01 0.02 0.02 0.00 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Di 29.76 24.52 29.47 3.42 3.02 2.60 3.33 3.47 0.43 1.04 43.33  46.07
Hd 69.05 74.16 69.63 59.48 62.06 53.58 65.73 62.79 37.91 51.39 45.89 43.16
Jo 1.19 1.32 0.91 37.10 34.92 43.82 30.94 33.75 61.66 47.58 10.79 10.76

T Di— @A Hd—E58 A Jo— R ESHEA1s « =7 FoR IR AL, TFeO by Bk &5 6

SFHME K 22. 78% ; TFeO M 11.63% ~22.76% ,
SPIYME K 17. 44% ; MgO &4 0.07% ~7.9% , -
YIE K 2.71% ; MnO 554 0. 28% ~ 18. 58% , T3
BN 7.69% 5 & B /b 5 1) Na,0.K,0+TiO, « Al,0, Al
Cr, 0,0 AT 5 B4 305 oM A — Bl A5 W A — 3B e 2R
ﬂlﬁl{%%ﬁﬂ( Hd37,91 ~74. 16J00A91 ~61. 66 Di0,43~46. 07 )5 ;H\: LlJ ’
PR A7 i G2 2443 CHAD My 37.91% ~74.16% , T+
{E 4 57. 90% 5 5l £ W A7 3 G2 414 (Jo) 24 0.91% ~
61. 66% , “FHIME K 26. 23% ; 3B KA1 3 G141 70 (Did A
0.43% ~46.07% , “V-2IME N 15.87% o W A7 i i1 41
oy R CEE 7a) IR SR AT 20 SR — i W A1
1A R RE RS .
4.3 #HIXA

KA FRAPTEKAG LA, Z 4
ARTBURR S G 4, I SE M T A S Y 3L

LA 6 ANEUJS T 4 AP T A HEME

ARERARE NT 0.1 mme BAfwG T, BEK A A
=i, L EiE i, MR ABANCE 3D, IEA
e R, iR A B ke T acE 3). Ml
TIREF AT 45 FE (36 4) Rty 53415 B g - 7b) mf
HIL IR AT T B2, 2R Si0, AT Ca0, Si0, 5 &
H51.23% ~51.41% , “P-34{E N 51. 31% ; CaO 75 &
) 48.09% ~48.28% , V- ¥I{E N 48.19% 5 53 5 Wb
I MgO.MnO. FeO %5, ik A A7 3 2 4150 (Wo) 4
99.09% ~99.26% ,“F-344 99. 16% ; WK M A7 %ty G 41
53(En) 4 0.50% ~0.56% , V318 A 0. 52% s #4 J5 8k
WA 3 BLH 4> (Fs) ol 0.13% ~ 0.24%, “F- 34 4
0.21% .
4.4 fNA

FRRA T N A B 2 BN ISk - Ak, £
AR A R, RURLE N UG TR, N A 2
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Fig. 7 The endmember diagrams of pyroxene and wollastonite from the Pusangguo deposit
Di—iZE AT s HAd—458MEA1 s Jo— RS AT s Wo—HEKAT: En— KA Fs—RITTHME A

Di—diopside; Hd—hedenbergite; Jo—johannsenite; Wo—wollastonite; En——enstatite; Fs—ferrosilite
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Table 4 Electron microprobe analyses, ion proportions and end members of representative wollastonite from the Pusangguo

Ph-Zn polymetallic deposit

B Sio, Ti0, ALO;  Cr,0; TFeO MnO MgO Ca0 Na, 0 K,0 Total
PD03-4-01 51.37 - 0.05 - 0.05 0.07 0.18 48.25 0.05 0.00  100.00
PD03-4-02 51.23 - 0.06 - 0.03 0.11 0.18 48.28 0.03 0.00 99.92
PD034-03 51.32 - 0.08 - 0.07 0.08 0.18 48.12 0.04 - 99.88

7K401-206-01 51.23 0.04 0.06 0.03 0.02 0.07 0.20 48.09 0.01 - 99.74
7K401-206-02 51.41 0.01 0.07 - 0.08 0.07 0.18 48.22 0.04 0.01  100.00

FE 5 Si AV AIM Ti Cr  Fe’* Fe’*  Mn Mg Ca Na K Wo En Fs
PD034-01 1.99  0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 2.00 0.00 0.00 99.14 0.51 0.18
PD034-02 1.99 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.01 2.0 0.00 0.00 99.15 0.51 0.24
PD034-03 1.99 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 2.00 0.00 0.00 99.09 0.52 0.24
ZK401-206-01 1.99 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 2.00 0.00 0.00 99.26 0.56 0.13

ZK401206-02  1.99  0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.01 2.00 0.00 0.00 99.12 0.50 0.24
T WoREAATs En—Jl kML Fs—RITFBMEAT; © — " FOR IR TR R, TReO Jy 2k gait. BL6 AN TR 4 ANFIE 1 Sk

ERER L, BARAEIR, R sdile, WRE AL, L ANAEE(ES).

%5$l7iﬁlﬂfiﬁ{£(.3k)o EZRmIGT, N4 4.5 A

Akt R T e B 3D . P HRE b 45 FhRA G A B iR Sk, BE B RIR AR
ROES) B, MNAT SO, T8N 44.85% ~  GHEE, LA, k529 0.5 em, 54K+
55.19% , F¥J{H Ky 48.33% ; CaO S 8N 11.28% ~ A LRAAAREN PIHAECE 3e) . Bl T, 4%
13.08% , *V-3M{EN 11.67% ; MgO it 0 15.15% ~  ABIE &S0, R RDIRESGK, Z KT TM
17.46% , F¥I{H N 16.08% ; TFeO AN 9.65% ~  WAMLZAECE 3m3n), KB HEN N6
12.09% , “F- 344 11.15% ; ALO, & &8 0.65% ~  fho HTFHE T4 I 6, thR AT %0, &g 4
9.65% , V¥ N 6.39% . AN, S FEM TIO, .  Si0, & & N 27.16% ~ 28.57%, V-3l 28.0% ;
K,0.Na,0 5. 5 Leake 55 (1997) X M N AN ALO, M 17.58% ~19.10% , V-3 4 18.39% ;
Yy SR R X SR IR M N A 3T 0 R4, TFeO 5 800 15.30% ~ 19.80% , “F- 3k 17.04% ;
SEULR 2 B RV R IN A X8, H AR MgO S oN17.87% ~21.92% , 134 420.39%
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Table 5 Electron microprobe analyses, ion proportions and end members of representative hornblende from the Pusangguo

Pb-Zn polymetallic deposit

[ E TR Si0, TiO, Al, O, Cr, 04 FeO MnO MgO CaO Na, O K,0 Total
7K80549. 2-01 46.64  0.97 8.24 0.11 10.96  0.24 15.56  11.43 1.58 0.29  96.03
7K805-49.2-02 44.85 0.82 9.65 0.12 12.00 0.25 15.19 11.39 1.90 0.49 96.67
7K805-49.2-03 45.34 0.85 8.73 0.07 12.09 0.29 15.15 11.34 1.61 0.43 95.89
7K401-55.8-01 48.78 1.21 5.48 - 11.44  0.38 16.12  11.38 1.26 0.36  96.41
ZK401-55.8-02 47.85 1.35 5.96 - 11.40 0.43 16.09 11.28 1.38 0.37 96. 11
7K401-55.8-03 49.66 - 6.04 0.03 9.65 0.40 17.01 11.79 1.11 0.18 95.87
7K401-55.8-04 55.19 - 0.65 - 10.55 0.08 17.46 13.08 0.05 0.02 97.08

B s Si A1V AV Ti Fe3*  Fe** G Mn Mg Ca Na K Mg/(Mg+Fe’*)
ZK805-49.2-01 6.81 1.19 0.23 0.11 0.46 0.81 0.01 0.03 3.39 1.79 0.45 0.05 0.81
ZK80549.2-02 6.54 1.46 0.20 0.09 0.67 0.80 0.01 0.03 3.30 1.78 0.54 0.09 0.81
7K805-49.2-03 6. 606 1.35 0.16 0.09 0.68 0.81 0.01 0.04 3.32 1.78 0.46 0.08 0.80
7K401-55.801  7.10  0.90 0.04 0.13 0.42  0.98 - 0.05 3.50 1.77 0.36 0.07 0.78
ZK401-55.8-02 6.99 1.01 0.01 0.15 0.49 0.90 - 0.05 3.50 1.77 0.39 0.07 0.80
7K401-55.8-03 7.17 0.83 0.20 - 0.46 0.70 0.00 0.05 3.66 1.83 0.31 0.03 0.84
ZK401-55.804 7.89  0.11  0.00 - 0.08 1.18 - 0.01 3.72 2,00 0.11 0.00 0.76
Vs - RRME TR, TReO Jy A8y . LA 23 A O 57y JEif b S W S T 4R B A1 48 -

1.0 BAR 2.0

T BHEAAR

0.8 ‘ *e o 200 | N
~ BB $ARE mER
206} B
& sl ™o} EAAE
€ I
Ca ' g RBEANE

b BT A BAAR BRER 0.5F 3

‘ ERAH
0.0 1 L 0.0 2 . L L 1
5.5 6.0 6.5 7.0 7.5 8.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
SiFF# (Ca+Na)JFF#

B8 IHEAY IR N A F B O EIFE Leake et al. , 1997)
Fig. 8 The classification of amphibole from the Pusangguo deposit Cafter Leake et al. , 1997)

*6 HBERBEZ SRV AZRABFRESHERMGRAS 1wy/ %
Table 6 Electron microprobe analyses, ion proportions and end members of representative chlorite from the Pusangguo
Pb-Zn polymetallic deposit

FEMm T Comment Si0o, TiO, Al, O, Cr, 0,4 TFeO MnO MgO Ca0O Na, O K,0 Total
7K80549.2-01 PLX194 28.57 0.03 19.10 0.07 15.30 0.09 21.37 0.07 0.02 0.04 84.65
7K80549.2-02 PLX1-9-5 28.22 0.02 18. 66 0.11 15.44 0.12 21.92 0.07 0.02 0.02 84.59
7K401-105.2-01 PLX1-9-6 28.36 - 19.03 0.11 15.40 0.13 21.92 0.08 0.01 0.03 85.06
7K401-55.8-01 PLX1-15-1 27.71 0.02 17.59 0.51 19.26 0.23 18.85 0.17 0.19 0.03 84.55
7K401-55.8-02 PLX1-15-2 27.16 0.03 17.58 0.16 19. 80 0.23 17.87 0.08 0.03 0.03 82.97

FE il i Si AV AM Ti Cr  Fe’* Fe?* Mn Mg Ni Zn Ca Na K Fe'/(Fe' +Mg)

ZK80549.2-01 5.87 2.13 2.51 0.00 0.00 0.21 2.42 0.01 6.54 0.00
ZK80549.2-02 5.83 2.17 2.38 0.00 0.00 0.11 2.55 0.02 6.75 0.00
7K401-105.2-01  5.82 2.18 2.43 0.00 0.00 0.13 2.5 0.02 6.70 0.00
ZK401-55.8-01 5.89 2.11 2.31 0.00 0.00 0.08 3.35 0.04 5.97 0.00
ZK401-55. 802 5.88 2.12 2.33 0.0l 0.00 0.14 3.45 0.04 5.77 0.00

TE: ¢ - RRR TR, TReO A8k &t BL 14 A O JE7 A JEHE V5501 B 80 7 Sy 53 4193

00 0.02 0.02 0.02 0.29
00 0.02 0.01 0.01 0.28
00 0.02 0.01 0.02 0.28
00 0.04 0.16 0.02 0.36
00 0.02 0.03 0.02 0.38
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Fig. 9 The classification of chlorite from the Pusangguo

deposit (modified after Hey et al. ; 1954 and Chang Lihua
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et al. , 2006)
4.6 FFA
TFARA LT A Bt ol B AR A gtk th, R

(A RN AN RSEe SEV SN SY e eV sl 3 e S e
WILECE 3d) . W JE N, ST A BN R,
EEARDIRE R, R 2) 0.2 ~0.5 mmC & 30).
IEAS N, SR A S 00 B i (1 T8 (1, B
S, FEAT S IR IR AL CJE 3p) o ARIRFL 52 R 10
A BT BT ERER S A, MR A TR 7. SRR
VR S A IR SR A3 A0 F 2 Si0, 508 36. 26% ~

37.72% , V-39 9 37. 14% ; AL,0, & & 20.53%
~24.52% , V-3 22. 72% ; CaO FiEA{EH N 23.05% ~
23.59% , “F-¥IME K 23. 32% ; TFeO 184 10. 43% ~
15.50% , “F- 34 4 12.30% ; MnO 5 &4 0.01% ~
0.08% , V341 0.36% - BLAM & H /b &= 1) MO,
Ti0, K,0 & . 870 A 2% 100 5 0 TN A AL 2 o)
FILL B & CalAl 177 Mg, Fe HIFFAL, 2 W 4495 4
TE RN £ BE A Mg Fe 55 70 3 1 BTt Cok 75 ik 5,
2011) . SRATARNY R AW B b B W T 3R 5%
2013, IR A ARAE F IR 3 SR AR 2 4 1T A 4k,
TEESHY 525 e B Bibs i A6 1 R 5 Al B s A
FHAIE™ A A H I 46 Rl JRAE 45,1993 .

P

i

5
51 WREXEEREEMIME

ARG IWIF LW RED IR E O3 KR 2
it FAT AL RN o3 I o 200 R L A
5L SE RN s g % D) AH 9% ( Titley, 19735 Burton and
Taylor, 1982; Meinert, 1997; Calagari and Hosseinza-
deh, 2006, 7E 8 R & R AT ST o5 A7 I 2 A
(Einaudi, 1981, 1982) . il X &0 K 12w
REN WSy ARG AT I 2R BEST, TR
R PR B AT I R 3L A B A 5 B R AR AL
(Meinert et al. » 20055 5%, 2015) . RIEH L
A AR PR TR Y R R A AS AR R
AR TR R ASAR B IR o 1 BT ) W o3 B AN
[ AT 23 D 85 RS 2 VBT 2 Bl Y 2 L&
5T 4 (Einaudi, 1982; 84 —15%5,2012; £ 3751
£ ,2014) o B BURY 5 55 L R RR A B ORE A R A R

F7 HRRVEZEEVAETABRTRISINER wy/ %

Table 7 Electron microprobe analyses of representative epidote from the Pusangguo Pb-Zn polymetallic deposit
¥ S Si0, TiO, Al, 04 Cr, 04 TFeO MnO MgO Ca0 Na, O K,0 Total
7K002-103.4-01 36. 60 0.02 23.25 0.03 11.46 0.16 0.02 23.58 - 0.01 95.12
7K002-103.4-02 36.26 0.07 22.67 - 12.06 0.23 0.03 23.50 0.03 0.01 94. 86
7K002-103. 4-03 37.27 0.19 22.19 - 12.25 0.28 0.08 23.59 0.02 0.01 95.89
7K002-58.6-01 37.72 0.03 23.21 - 11.82 0.21 0.02 23.49 0.04 0.01 96.56
7K002-58.6-02 36.91 0.03 22.56 0.07 12.18 0.31 0.01 23.22 0.10 0.02 95.40
7K002-58.6-03 37.60 0.02 24.52 - 10.43 0.84 0.03 23.05 0.02 - 96.50
7K002-58. 6-04 37.14 0.05 20.53 - 15.50 0.27 0.02 23.13 - - 96. 64
7K401-105.2 37.50 0.07 22.99 0.03 12.32 0.39 0.01 23.42 0.01 0.00 96.74
7K401-55.8-01 37.20 0.07 23.06 0.02 11.80 0.43 0.04 23.14 0.03 0.01 95.79
7K401-55. 8-02 37.20 22.24 - 13.21 0.52 0.01 23.06 0.02 - 96. 26

e - RR TR, TFeO 085 H .
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TS JR A B A B = R A DL S D A
O A 8 R A ORI 25, 20120 o JHZ R
IRATRR A 2 Ay A T 0 P A R A — A A0 R 1 2
TG R, 855 A fE 0] - 2 5iE M AR
B s FORDEE AT 32 20 B RV A L B W
AT RS HEAT s A N T A OB A N A &R A A
WM G G, TR IRW R e A iy R
VR T R 5 R .

1R WA PR R A 5 Be 3R A ok T R
EHM BT I BE 1) VF 2 2 B (Einaudi et al. ,
1981; Crowe et al., 2001; Lu et al. , 2003; Kim et
al., 20065 Martin et al. , 2011). 37K & % (1981)
i A5 AR A1 2 2 T8 BT B A B, T B R A
TERR TR T oh T W d £, A 2R AR A T BN (1) it
FEE L6 85 10 A T 1IN (9 480 3% B /& ( Zhang et al.
2017) . EEGEEC1995) 74 th 50 'E Mg, 7 Mn.,
Fe (R4 TE T vt « v 4030 BRI R 2% A1 1, 1R
WI'E Fe \Mn BOARES SR A W TE BTG 1K S i
MRYEZAE N, BJE& S L RA %02
KF o TSI DX LI TE Jle 85 %40 A1 007 W A Ty
Ja TE RSB A 0% 58 %85 U0 %) Bl % 2% A RS A AR A
Z A G R W AR X R LA TR T
Uik R AR SR A Y e B P B O W e A A I
U A1 BECIGR L R i e P ) AN K5 DT T J e S0 - 2
WA E . X GENRY R 2R T PSRN A R
AT, I SRS I S D) DU R A R0 A S0 AR A A
== (Misra,2000; Lu et al. ,2003) )W i AHY) &0 Uk
A, AERY 8 TR K BB Bo ke B — 2 B RO K A
CIE 38330 5 1T R HRAEE AA R T 1 i S 40 v 1Y) 40T 52
( Greenwood, 1967; T #x%5,2013), Xk DUESL T
FIIRY R 0 T B B8O FAL A 85, BRI 25 B
JT AR I8 T R FA T

W REW IR AR A% B RG340,
s oy AR AR AR T oR BARY R 56 T A B L Fi7
IR AR AT A R A B FR s R SRR AR
45,2003 ; Smith et al. , 2004; Gasper et al. , 2008; [%
FAE,2012) o VST IX N AR T A A A A
MR E K 3e 30, i L BB SR I, AL
A 3 38— RS R AR A, T 3 2 B AT WG AH ) 6
W IR S R o BT R 0 B R AR A R A 0 A
AT 03 A A R AR AR CE b)), Fe A
AP 558 78 A A2 3 J0 A i 5 A 1) 2 B R 3%, AN T
T Ay AR A B A R A BRI W AR A A

H, W E AR A TFeO Ml AL O, 25 B A A&
AR ETARENT N o TR, AR A SR A K
Al REAAAE (R T, AR T AL 5 A KRR 2 E
HT IR BB 2 5P 1) 3 R I e M, 1988 ) o Jil SR
W IRATAR 7 ity 03 A0 R AR AL R s 25 ¥ 25 5 iR R
AR A ARS8 AR R R A R B ) EE A 2 B
B s AR CE#%%,2014) , 530 X iy R 4 1)
TE BT — AN AR FF IO A F h GREDAA S, 19965 )4
PRAEEE, 20115 BEARAE,2014) .

5.2 WHEBEERTEIN

FEAF SR R A0 R A8 £ R A By
BT 2R G —1825,1990) , Wt k45 B4 £ 4 @ i~
— MR B AR KA AN A R B R
SRR A FE M, Bl T s AR C o R A %
SIBATIR, N AL A4S, 2012) 5 1 R 4 AR YRR R —
W AL TR Kb, SR S R IR A
BRSOV AT AR R R AR A i 3 R
COmL 7 )\ ZE 7Y BET IR, B8 — I 45, 2012) o IR
DAY R e ELAES TR R S RN RS R e R AE , I
WS B OC R B D) IS B AR A RVERR S R A 1
B ORI R TR IR 1K) 3 A P — B
4b. K 7a).

WA Mn/Fe {H2840 T LLFR7REY 25 S @1k
[F)25 7 ( Nakano et al. , 1994) . 19245 (1997 ) fff
FIE L W RS R T RS B AT #E 41 Mn/Fe <
0. 1 PIRFIE; B R A VBN IR A SRS 2% 1 Mn/Fe
>0. 1.Mg/Fe < 1 [FHRFAE; 8 KA B IK A RA
Mn/Fe il Mg/Fe {i( Mn/Fe =0. 1 ~0.3.Mg/Fe =1 ~
4) A = E LB O IS BRI s 5 R AT IR
(R4S 2k HE 47 FL Mn/Fe\ Mg/Fe i A% (45 1E. T 3
T IR R A R B VA S OV A L R
A ROV A A, L 3 K AT Min/Fe fH O [ A
0.01 ~0.02C <0.1), Mg/Fe 18} 0.33 ~0.43( <
1) s SR8 A F Mn/Fe {4 0.24 ~1.63(C >0. 1),
Mg/Fe {H 4 0.01 ~0.94C < 1), Zi G e mili 0N
PRI Y O 8T 5 2 4 IR A 2 Y, 5 b ot g 52
#ﬁo

TR KA SR IR E YL R
(BRI, 1994 B — 1555, 2012) , B 5T R4 2 1F
& PbyZn. Ag 7 R 55 1 B B bR & OB — 19 4%,
2001) o THERFNIR K B & 6% WA 8 2 A
B LR SRR T A IR X T RERE Ag
WAk SR IR FL PR AT BERE R I DX B A v ] DL



254 = A W

37 %

AL R P CRR AR AR D) CORFIBERD . Bk
R 5 5 ALY a8 S e R A A T A A
REEAR B HAEH Z R X TT AR 8™ T A1)
RAG BN EAL, ARWETN D F IR FL 4 T 5
I 1 EEAE AL

6 i

QDI BT N/R A ey Y/ EE iR AR i eV AN
PARIRE AT AR AT AR TN AT R AT R T AT S
AT AT A5 B S A, B TS A A
SRR A SRR AR R A s SRR A i A A5y £
SN 5 WA B A TR AR R A A
g AR oy E R N R I A, B
BN AR Sle A 8 TR G A K IR
A LA T S AR TR R R

(2) B DX AT A A0 ol R 8 HR 45 0, JL A%
N B3 34— (RS SR A 5 100 Gk LA W A T () B A
Gikl o B RAEN WAL A RRE B AR T A0 R A 25
ERY R FIIRY 25 T BT il e A0 A
IR PR S, 17 I SO = 2 D0 T BT A G A A
JEE RVl P 2 () A5G

(3) W DX AT A 0 20 2 R TG, PR A
R KR R S A R L R B ARV A
Mn/Fe Fl Mo/ Fe (HRFIELE G Bl DX A0S 1L 4 4
W2 G Jm . BT R AR XA )
ot R AT 1) R T i il S R IR A AR R ke
W7, R XN DR BRI T AR R 1)

Bift AnMXFEesrkFReFHRgZRT
XX AHIFEFE LT LT KA XF S48
FELFR/RARETERNEN, Eb—FRTEN
89 Bt

References

Ai Yongfu and Jin Lingnian. 1981. A preliminary study on the relation-
ship between composition and mineralization of garnets[ J]. Journal
of Peking University ( Natural Science Edition), 1: 83 ~90Cin Chi-
nese with English abstract).

Burton J C and Taylor L A. 1982. The f,,, -T and fs, -T sability relations of
hedenberigite and of hedenbergite joh-annsenite solid solutions[ J].

Economic Geology, 77(4): 764 ~783.

Calagari A A and Hosseinzadeh G. 2006. The mineralogy of copper-bear-
ing skarn to the east of the Sungun-Chay river, East-Azarbaidjan, I-
ran[ J]. Journal of Asian Earth Sciences, 28(4): 423 ~438.

Chang Lihua, Chen Manyun, Jin Wei, et al. 1954. Transparent Mineral
Flake Identification Manual [ M ]. Beijing: Geological Publishing
House, 119Cin Chinese with English abstract).

Chen Lei, Qin Kezhang, Li Guangming, et al. 2012. Geological and
skarn mineral characteristics of Nuri Cu-W-Mo deposit in Southeast
Gangdese, Tibet[ J]. Mineral Deposits, 31(3): 417 ~437Cin Chi-
nese with English abstract).

Chen Nengsong, Sun Min, Yang Yong, et al. 2003. Major and trace ele-
ment zoning in metamorphic garnets and their metamorphic process
implicatiunS[J]. Earth Science Frontiers, 10(3): 315 ~320(in
Chinese with English abstract).

Crowe D E, Riciputi L R, Bezenek S, e al. 2001. Oxygen isotope and
traceelemen zoning in hydrothermal garnets: Windows into large-scale
fluid-flow behavior[ J1. Gelolgy, 29: 478 ~482.

Cui Xiaoliang. 2013. Research on Metallization of Pusangguo Polymetallic
Copper Deposit in Tibet, Chinal D]. Chengdu University of Technol-
ogy, 1 ~107Cin Chinese with English abstract).

Cui Xiaoliang, Duo Ji, Liu Hongfei, et al. 2012. Geochemical character-
istics of intrusive rocks in the Pusangguo copper polymetallic deposit,
Tibet: constraints on tectonic setting[ J]. Acta Geoscientica Sinica,
33(4): 537 ~545Cin Chinese with English abstract).

Einaudi M T, Meinert L. D and Newberry R J. 1981. Skarn deposits[ J].
Economic Geology, 75th Anniversary Volume: 317 ~391.

Einaudi M T. 1982. General features and origin of skarns associated with
porphy copper plutons, southwestern North Americal A ]. Titley S R.
Advances in Geology of the Porphyry Copper Deposits, southwestern
North America [ CJ. Tucson, Arizona: Univ. , Arizona.

Fei Guangchun, Wen Chunqi, Zhou Xiong, et al. 2010. Research of
mineralization fluids in the Dongzhongla lead-zinc deposit, Tibet[ J].
Geology and Exploration, 46(4): 576 ~582(in Chinese with Eng-
lish abstract).

Gao Yiming, Chen Yuchuan, Tang Juxing, et al. 2009. SHRIMP U-Pb
dating of zircon from quartz porphyry in the Yaguila Pb-Zn-Mo depos-
it, Gongbujiangda county, Tibet and its geological implication[ J].
Acta Geological Sinica, 83(10): 1436 ~ 1 444 Cin Chinese with
English abstract).

Gaspar M, Knaack C and Meinert L D. 2008. REE in skarn systems: A
LA-ICP-MS study of garnets from the Crown Jewel gold deposits[ J].
Geochimica et Cosmochimica Acta, 72(1): 185 ~205.

Greenwood C. 1967. The thermal degredation of starch[ J]. Advances in



AR VUG SRR 2 SRR R AT AR S RUR SC 255

Carbohydrate Chemistry & Biochemistry, 22: 483 ~515.

Hey M H. 1954. A new review of the chlorites[ J]. Mineral. Mag. , 30:
277 ~292.

Hou Zenggian and Cook N J. 2009. Metallogenesis of the Tibetan colli-
sional orogen: A review and introduction to the special issue[ J]. Ore
Geology Reviews, 36: 2 ~24.

Hou Zengqian, Lii Qingtian, Wang Anjian, et al. 2003. Continental col-
lision and related metallogeny: A case study of mineralization on Ti-
betan orogeny[ J]. Mineral Deposits, 22(4): 319 ~333(in Chinese
with English abstract).

Hou Zengqian, Mo Xuanxue, Yang Zhiming, et al. 2006. Metallogeneses
in the collisional orogeny of the Qinghai-Tibet plateau: Tectonic set-
ting, tempo-spatial distribution and ore deposit types[ J]. Geology in
China, 33(2): 348 ~359(in Chinese with English abstract).

Huang Hua, Zhang Changqing, Zhou Yunman, et al. 2014. Skarn miner-
alogy and zoning model of the Jinchanghe copper-zinc-iron polymetal-
lic deposit in Yunnan Province[ J]. Acta Petrologica et Mineralogica,
33(1): 127 ~148Cin Chinese with English abstract).

Kamvong T and Zaw K. 2009. The origin and evolution of skarn-forming
fluids from the Phu Lon deposit, northern Loei old Belt, Thailand:
Evidence from fluid inclusion and sulfur isotope studies[ J1. Journal
of Asian Earth Science, 34 (5): 624 ~633.

Kang Haoran. 2016. The Study on the Relationship between Skarn and
Ore-forming Magmaiite in the Pusangguo Copper Polymetallic Ore-de-
posit, Tibet[ DJ]. Chinese Academy of Geological Sicences, 1 ~ 84
(in Chinese with English abstract).

Kim H S. 2006. Deformation-induced garnet zoning[ J]. Gondwana Re-
search, 10: 379 ~388.

Lang Xinghai, Tang Juxing, Li Zhijun, et al. 2012. Geochemical evalua-
tion on the prospecting potential in the Xiongcun Cu-Au deposit, Xi-
etongmen county[ J 1. Geology and Exploration, 48(1): 12 ~23(in
Chinese with English abstract).

Lang Xinghai, Tang Juxing, Li Zhijun, et al. 2014. U-Pb and Re-Os ge-
ochronological evidence for the jurassic porphyry metallogenic event of
the xiongcun district in the gangdese porphyry copper belt, southern
Tibet, prc[ J]1. Journal of Asian Earth Sciences, 79(2): 608 ~622.

Leak B E, Wolley A R and Arps C E S. 1997. Nomenclature of amphi-
boles: Report of the Subcommittee on amphiboles of the international
mineralogical association, commission on new mineral and mineral
names[ J]. American Mineralogist, 82: 1 019 ~1 037.

Li Guangming, Liu Bo, She Hongquan, et al. 2006. Early Himalayan
mineralization on the southern margin of the Gangdese metallogenic

belt, Chinal J]. Geological Bulletin of China, 25(12): 1481 ~

1 486Cin Chinese with English abstract).

Li Xiaoliang, Li Zeqin, Zhang Chengjiang, et al. 2011. A preliminary
study on the genesis of Pusangguo Pb-Zn deposit, Xizang[ J1. Yun-
nan Geology, 30(1): 122 ~126(in Chinese with English abstract).

Lu Huangzhang, Liu Yimao and Wang Changlie, et al. 2003. Mineraliza-
tion an fluid inclusion study of the Shizhuyuan W-Sn-Mo-F skarn de-
posit, Hunan Province, Chinal J]. Economic Geology, 98: 955 ~
974.

Mao Jingwen, Li Hongyan and Wang Pingan. 1994. The Manganese skarn
in the Shizhuyuan W polymetallic deposit, Hunan Province[ J1. Min-
eral Deposits, 1:38 ~47Cin Chinese with English abstract).

Martin L A J, Ballevre M, Halfpenny A, et al. 2011. Garnet re-equili-
bration by coupled dissolution-reprecipitation: Evidence from textur-
al, major element and oxygen isotope zoning of ‘cloudy’ garnet[ J].
Metamorphic Geology, 29: 213 ~231.

Meinert L D. 1997. Application of skarn deposit zonation models to min-
eral exploration[ J]. FExploration and Mining Geology, 6(2): 185 ~
208.

Meinert 1. D, Dipple G M and Nicolescu S. 2005. World skarn deposits
[J]. Economic Geology, 100th Anniversary Volume I: 299 ~336.

Meng Xiangjin, Hou Zenggian, Gao Yongfeng, et al. 2003. The timing of
the porphyry Cu-Mo-Pb-Zn metallogenic system in the eastern Gang-
dese belt, Tibet: Evidence from the molybdenite Re-Os dating in the
Bangpu copper polymetallic deposit[ J]. Mineral Deposits, 22: 246
~252(in Chinese with English abstract).

Misra K C. 2000. Understanding Mineral Deposit[ M ]. Dordrecht, The
Netherlands: Kluwer Academic Publisher.

Mo Xuanxue, Zhao Zhidan and Deng Jinfu. 2003. The volcanic response
to the main India-Asia continent collision prucess[ T1 Geological
Frontiers, 10(3): 135 ~148(in Chinese with English abstract).

Nakano T, Yoshino T, Shimazaki H, et al. 1994. Pyroxene composition
as an indicator in the classification of skarn deposits[ J]. Economic
Geology, 89(7): 1567 ~1 580.

Pan Zhaolu, Zhao Aixing and Pan Tiehong. 1993. The Crystallography
and Mineralogy (volume II )[ M]. Beijing: Geological Publishing
House, 1 ~2 829(in Chinese with English abstract).

Qiu Ruilong. 1988. A study of garnets and their zonal structure in the
Tongshan skarn type copper ore deposit, Guichi county[ J]. Acta
Petrologica et Mineralogica, 7(3): 244 ~252(in Chinese with Eng-
lish abstract).

Qu Xiaoming, Hou Zengqian and Li Youguo. 2004. Melt components de-
rived from a subducted slab in late orogenic ore-bearing porphyries in

the Gangdese copper belt, southern Tibetan plateau[ J]. Lithos, 74:



256 CRN ST A 7 B 537 %
131 ~148. Chengdu University of Technology, 1 ~66Cin Chinese with English

Smith M P, Henderson P, Jeffries T, et al. 2004. The rare earth elements
and uranium in garnets from the Beinn an Dubhaich Aureole, Skye,
Scotland, UK: constraints on processes in a dynamic hydrothermal
system[ J ]. Journal of Petrology, 45(3): 457 ~484.

Tang Juxing, Chen Yuchuan, Duo Ji, et al. 2009. The types, metallo-
genic regularity and prospecting evaluation in the eastern Gangdese
metallogenic belt, Tibet[ J]. Journal of Mineral Resources, Sl: 476
~478Cin Chinese with English abstract).

Tang Juxing, Ding Shuai, Meng Zhan, et al. 2016. The first discovery of
the low sulfidation epithermal deposit in Linziong volcanics, Tibet: a
case study of the Sinongduo Ag polymetallic deposit[ J]. Acta Geo-
scientica Sinica, 37(4): 461 ~470 Cin Chinese with English ab-
stract) .

Tang Juxing, Lang Xinghai, Xie Fuwei, et al. 2015. Geological charac-
teristics and genesis of the Jurassic No. 1 porphyry Cu-Au deposit in
the Xiongcun district, Gangdese porphyry copper belt, Tibet[ J .
Ore Geology Reviews, 438 ~456.

Titley S R. 1973. “ Pyrometasomatic" : An alteration type[ J1. Economic
Geology, 68(8): 1326 ~1 329.

Wang Jian, Xie Guiging, Yu Changfa, et al. 2014. Geological and skarn
mineral characteristics of the Jilongshan skarn Au deposit in south-
eastern Hubei Province[ J 1. Acta Petrologica el Mineralogica, 33
(1): 149 ~162Cin Chinese with English abstract).

Wang Liqiang, Gu Xuexiang, Cheng Wenbin, et al. 2010. Sulfur and
lead isotope composition and tracing for the sources of ore-forming
materials in the Mengyaa Pb-Zn deposit, Tibet[ J]. Geoscience, 24:
52 ~58Cin Chinese with English abstract).

Wang Ligiang, Tang Juxing, Chen Wei, et al. 2014. Mineralogical char-
acteristics of skarn in the Bangpu Mo polymetallic deposit, Tibet,
and their geological significance[ J1. Geology in China, 41(2): 562
~576(Cin Chinese with English abstract).

Wang Liqiang, Tang Juxing, Deng Jun, et al. 2015. The Longmala and
Mengya@a skarn Pb-Zn deposits, Gangdese region, Tibet: Evidence
from U-Pb and Re-Os geochronology for formation during early India-
Asia collision[ J]. International Geology Review, 57(14): 1 825 ~
1 842.

Wang Qi and Ai Yongfu. 1995. The relationship between the manganese
clinopyroxene and the mineralization in the Baiyinhuo lead-zinc de-
positl J1. Journal of Peking University ( Natural Science Edition),
2: 224 ~228Cin Chinese with English abstract).

Yang Hairui. 2013. The Mineralogical Characteristics and Its Genetic Sig-

nificance of Pusangguo Copper Polymetal Ore Deposit in Tibet[ DJ.

abstract).

Yang Zhiming, Hou Zenggian, White N C, et al. 2009. Geology of the
post-collisional porphyry copper-molybdenum deposit at Qulong, Ti-
bet[ J1. Ore Geology Reviews, 36: 133 ~159.

Ying Lijuan, Tang Juxing, Wang Denghong, et al. 2012. Features of gar-
net in the Jiama super-large Cu polymetallic deposit and its genetic
Significance[ J]. Acta Geologica Sinica, 86(11): 1735 ~1 747(Cin
Chinese with English abstract).

Ying Lijuan, Wang Chenghui, Tang Juxing, et al. 2014. Re-Os system-
atics of sulfides ( chalcopyrite, bornite, pyrite and pyrrhotite ) from
the Jima Cu-Mo deposit of Tibet, China[ J]. Journal of Earth Sci-
ences, 79: 497 ~506.

Yu Miao, Feng Chengyou, Bao Guanying, et al. 2013. Characteristics
and zonation of skarn minerals in Galinge iron deposit, Qinghai Prov-
ince[ J]. Mineral Deposits; 32(1): 55 ~76(Cin Chinese with Eng-
lish abstract).

Zhang Hongfei, Xu Wangchun, Guo Jiangiu, et al. 2007. The Gangdese-
India orogenic event: Evidence from the zircon U-Pb chronology and
petrogenesis of the granite[ J]. Earth Science-Journal of China Uni-
versity of Geosiences, 32(2): 155 ~ 166 (in Chinese with English
abstract).

Zhang Yu, Shao Yongjun, Wu Chengdong, et al. 2017. LA-ICP-MS
trace element geochemistry of garnets: Constraints on hydrothermal
fluid evolution and genesis of the Xingiao Cu-S-Fe-Au deposit, east-
ern Chinal J]. Ore Geology Reviews, 86: 426 ~439.

Zhang Zhixin, Yang Fuquan, Luo Wucang, et al. 2011. Skarn mineral
characteristics of the Wutubulake iron deposit in Altay, Xinjiang,
and their geological significance[ J]. Mineral Deposits, 30(2): 267
~280Cin Chinese with English abstract).

Zhang Zhiyu, Du Yangsong and Zhang Jing. 2013. Alteration, minerali-
zation, and genesis of the zoned Tongshan skarn-type copper deposit,
Anhui, China[ J]. Ore Geology Reviews, 53: 489 ~503.

Zhao Jinsong and Newberry R J. 1996. Novel knowledge on the origin and
mineralization of skarns from Shizhuyuan[ JJ. Acta Mineralogica Sin-
ica, 4: 442 ~449(in Chinese with English abstract).

Zhao Junxing, Li Guangming, Evans N J, et al. 2016. Petrogenesis of
Paleocene-Eocene porphyry deposit-related granitic rocks in the Yagu-
ila-Sharang ore district, central Lhasa terrane, Tibet[ J]. Journal of
Asian Earth Science, 8: 249 ~267.

Zhao Junxing, Qin Kezhang, Li Guangming, et al. 2015. The exhumation
history of collision-related mineralizing systems in Tibet: Insights from

thermal studies of the Sharang and Yaguila deposits, central Lhasa



A VERH R R 2 R

JEATREY R A0 W= A R A S HL R 257

[J]. Ore Geology Reviews, 65: 1 043 ~1 061.

Zhao Miao, Pan Xiaofei, Li Yan, et al. 2015. Mineralogical characteris-
tics and geological significance of the Zhuxi Cu-W polymetallic ore
deposit, Jiangxi Provincel J 7. Geological Bulletin of China, 34(2/
3): 548 ~568(in Chinese with English abstract).

Zhao Yiming, Dong Yongguan, Li Daxin, et al. 2003. Geology, mineral-
ogy, geochemistry, and zonation of the Bajiazi dolostone-hosted Zn-
Pb-Ag skarn deposit, Liaoning Province, Chinal J1. Ore Geology
Reviews, 23:153 ~182.

Zhao Yiming, Li Daxin and Bi Chengsi. 2001. Distribution and geological

characteristics of silver skarn deposits in Chinal J]. Mineral Depos-

its, 20(2): 153 ~162Cin Chinese with English abstract).

Zhao Yiming, Lin Wenwei and Bi Chengsi. 1990. The Skarn Deposits in
Chinal M]. Beijing: Geological Publishing House, 164 ~ 171 Cin
Chinese with English abstract).

Zhao Yiming, Lin Wenwei and Bi Chengsi. 2012. Skamn Ore Deposits in
Chinal M]. Beijing: Geological Publishing House, 1 ~115 Cin Chi-
nese with English abstract).

Zhao Yiming, Zhang Yinan and Lin Wenwei. 1997. Characteristics of py-
roxenes and pyroxenoids in skarn deposits of China and their relation-
ship with metallization[ JJ. Mineral Deposits, 16(4): 318 ~329(Cin
Chinese with English abstract).

Zheng Youye, Sun Xiang, Gao Shunbao, e/ al. 2014. Multiple minerali-
zation events at the Jiru porphyry copper deposit, southern Tibet: Im-
plications for Eocene and Miocene magma sources and resource poten-
tial[ J]. Journal of Asian Earth Science, 79: 842 ~857.

Zheng Yuanchuan, Fu Qiang, Hou Zenggian, et al. 2015. Metallogeny of
the northeastern Gangdese Pb-Zn-Ag-Fe-Mo-W polymetallic belt in
the Lhasa terrane, southern Tibet[ J]. Ore Geology Reviews, 4: 1 ~
23.

Zhou Zhenhua, Liu Hongwei, Chang Weixiong, et al. 2011. Mineralogi-
cal characteristics of skarns in the Huanggang Sn-Fe deposit of inner
Mongolia and their metallogenic indicating significance[ J1. Acta Pet-
rologica et Mineralogica, 30(1): 97 ~112Cin Chinese with English
abstract) .

Zhu Dicheng, Pan Guitang, Liao Zhongli, et al. 2010. Shrimp zircon age
and geochemical constraints on the origin of lower jurassic volcanic
rocks from the yeba formation. , southern gangdese south Tibet[ JJ.
International Geology Review, 50(5): 442 ~471.

Zhu Dicheng, Pan Guitang, Wang Liquan, et al. 2008. Spatial-temporal
distribution and tectonic setting of Jurassic magmatism in the Gang-
dese belt, Tibet, Chinal J]. Geological Bulletin of China, 27(4):
458 ~468Cin Chinese with English abstract).

Zhu Dicheng, Zhao Zhidan, Niu Yaoling, et al. 2011. The Lhasa Terra-
ne: record of a microcontinent and its histories of drift and growth

[I]. Earth Planetary Science Letters, 301: 241 ~255.

Bt e 32 2% STk

YOKE, AR 1981, AA RS SRR IYEEIRLI]. b
SR AEARCEARBLARD , 1: 83 ~90.

BRAERS, #0h B b B3, A% 2003. A JFATREAT 0 A PR 5 AR 5
HRELI]. W24, 1003): 315 ~320.
WU, B2, & i, % 2006. 3

bat: #mtih e, 119.
M, ZRETE, 26, A% 2012, PR T 2SS E R TR
TR AE SR R A g L) ] TR, 31(3): 417 ~
437.

S E T MM

FEBESE. 2013, PR R A AR i ORI 2 PR A F R 5T

[D]. JR#HET k2, 1~107.

WRIRSE, £ 3, XK, 25 2012, VOB SRM 2 SR IR A
AL ER A SR R ORISR B 2R T ], HERFEAR, 33(4):
537 ~545.

TR, WBFE, M HE, 2 2010, VEIEIE B ATEETT A OB A
WF5EL) ] M SR, 46(4): 576 ~582.

w g, BRI, AR, S5 2009, P T AT VLR B SR B AR R
L4 B AR YR A # 4 shrimp 2 4F K H M5 LT D, st
AL, 83(10): 1436 ~1 444.

FEE, BIKRH, Fiegl, S5 2003, YIRH-FREE S 1E H—
DA S SR A g I 0], AR, 22(4): 319 ~333.
ERIE, SR, MRRWL, 5. 2006. TS UGS (LAY R4
PGS B I 2 o0 A f SR DL o

359.

B, KKE, Wi, &

IRRY B WA R B AR oy LT ]

127 ~148.

HEREAR. 2016, PHEH RN 2 &Ry
FID1. P EHFREAR, 1~

I, X1 W, A4, AE. 2006, PUHIX R U R R 4
MR O I ——k A RIL R 4207 PR (1 Re-Os R 38 4 i
UEHELT]. MhFGEAR, 25C12): 1481 ~1 486.

2N, AEPREE, BRARIT, 25, 2011, VGGHON AT IR B R R
LJ]. =®Hh ), 30(1): 122 ~126.

BRDLHE, R4, ZRR%, 5. 2012, USR] B R T2 X
L AN B B R VN T, MRS K, 48C 1)

33(2): 348 ~

JU AR R
HAT YR, 33(1):

2014. =m4)

B

PRAY RS R R R



258 HOoAH W B oy k& #37 %
12 ~23. FEHG, BRI, 2 3, 48 2009. VG XSO AR B AT
B, AL, TP 1994, WREANYT B 2 AR AT R Hh (4 U5 PRBAL S BRI TP LI ], 0924k, S1: 476 ~478.
WrHLI]. B RHTE, 1: 38 ~47. R, T 0, W R, 4% 20160 USRS EE A LA R YR
REAr, GERIEE, AR, 2. 2003, PUIH X R0 AR BB A AR AH A A DB B SR IR R KL T ). MR, 374D 461 ~
B ARG R BN B FIM A 2 480 KO Re-Os 4 TIE 470.
WLI]. WKL, 22: 246 ~252. NG, =R, HER . 2001, FRIE SRS R AT IR I 4 A R T

BUE A, BGEST, XA, 2003, BRI P K i 5 G4 e R Ak
FERmRLTT. H2E T2k, 10(3):135 ~ 148.

ek, MR, WL 1993, SR MFECEADIM].
A MBI AR, 1 ~282.

BRJi e, 1988. 2 BB AR 118y A R 4 A A & HFR A i e[ ].

FEAOT WA, 7(3):244 ~252.

By, 3OKE. 1995, A E VD R E R AR A 5

M RLI]. dE R M CAREIEIRD , 2: 224 ~228.

TAL, SR, RSO, 2. 2010, PEIESE WA IR S Ph 47
FAL BT B ) ORI R LT ], BRARHL R, 24: 52 ~S8.

T, AN, B, 2014, OO 2 SRR R

W AR R FH PR LT . P MR, 41(2): 562 ~576.

at, T, Rk, 45 2014, SBARMHLIX S LY A S

IR R ET AR R B XL ). A0 528, 33C1):

149 ~ 162.

NALGE, AN, FEL, 2012, VORTIGIE ARG AR T A

FRE SR L ). Husie4R, 86 11): 1735 ~ 1 747.

Fro ERRAL RTUE, M 2013, TSR R KA Y

AR LT ] WK, 32(1): 55 ~76.

WitEgt. 2013, VURIH SR AL £ 48 4 Jm B A0 4 25 R AE B
KR XID]. JRASE T K%, 1 ~66.

ok

=H

ﬂ:

FRAECT]. W RHBT, 20(2): 153 ~162.

By, BRSCEE, MEARUEL 1990, E®RETIRIMI. dbnt: MR
A, 164 ~171.

g, bROCRE, B 2012, FEBRATRIM] dbat R
WAL, 1 ~115.

B, KBRS, MROCRE. 1997, TRERY RET R A RS
FrE XSS EYR AL ] BRI 16(4): 318 ~329.

BEENEA, Newberry R J. 1996, XAlAT a4 1 24 i B8 2% 3L By 16 F
BRI, W24, 4: 442 ~ 449,

HEK, R, BRERK, A% 2007, XUR T ED S L FE: 26k
E AT U-Ph AEARAEALE AR BESRL )], MR —— [
Hi R 2474, 32(2) ¢ 155 ~ 166.

KAET, B4, B4, S5 2011, HTHEET R Z8 5 A b BT IR

WRETWREA I RE XL T]. HAYFERE,

267 ~280.

W, WNE, 2 g, 552015, VIVEREWG L SRR KA

B2 R e Fed i LT DL ST, 34(2 ~3): 548 ~568.

JAPREE, AR, SR, S5 2011, WSEEEHBSE R AT Y
SR RO R L)), A A, 30C1): 97 ~112.

Repl, WS, TALA, 45 2008. PR AT Ok B Al A Y
Iy 23 oA SR AL ) ). MR, 27(4): 458 ~468.

30(2):



